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A u xi n is  a  cr u ci al  gr o  wt h r e g ul at or t h at  g o v er ns  pl a nt  d e v el o p  m e nt  a n d r es p o ns es t o  e n vi-
r o n  m e nt al  p ert ur b ati o ns. It f u n cti o ns  at t h e  h e art  of    m a n y  d e v el o p  m e nt al  pr o c ess es, fr o  m
e  m br y o g e n esis t o  or g a n s e n es c e n c e,  a n d is  k e y t o  pl a nt i nt er a cti o ns   wit h t h e  e n vir o n  m e nt,
i n cl u di n g r es p o ns es t o  bi oti c  a n d  a bi oti c sti  m uli.   As r e  m ar k a bl e  as  a u xi n is, it  d o es  n ot  a ct
al o n e,  b ut r at h er s oli cits t h e  h el p  of,  or is s oli cit e d  b y,  ot h er  e n d o g e n o us si g n als, i n cl u di n g
t h e  pl a nt  h or  m o n es  a bs cisi c  a ci d,  br assi n ost er oi ds,  c yt o ki ni ns,  et h yl e n e,  gi b b er elli c  a ci d,
j as  m o n at es,  s ali c yli c  a ci d,  a n d  stri g ol a ct o n es.  T h e  i nt er a cti o ns  b et  w e e n  a u xi n  a n d  ot h er
h or  m o n es  o c c ur  at    m ulti pl e  l e v els:  h or  m o n es  r e g ul at e  o n e  a n ot h er ’s  s y nt h esis,  tr a ns p ort,
a n d/ or r es p o ns e; h or  m o n e-s p e cifi c tr a ns cri pti o n al r e g ul at ors f or diff er e nt p at h  w a ys p h ysi c al-
l y i nt er a ct  a n d/ or  c o n v er g e  o n  c o  m  m o n t ar g et  g e n es;  et c.   H o  w e v er,  o ur  u n d erst a n di n g  of
t his  cr osst al k is still fr a g  m e nt ar y,   wit h  o nl y  a f e  w  pi e c es  of t h e  gi g a nti c  p u z zl e fir  ml y  est a b-
lis h e d. I n t his r e vi e  w,   w e  pr o vi d e a gli  m ps e i nt o t h e c o  m pl e xit y of  h or  m o n e i nt er a cti o ns t h at
i n v ol v e  a u xi n,  u n d ers c ori n g  h o  w  p at c h y  o ur c urr e nt  u n d erst a n di n g is.

T h e   pl a nt   h or  m o n e   a u xi n  is   a n   ess e nti al
gr o  wt h  r e g ul at or  c e ntr al  t o  a   wi d e  v ari et y

of  d e v el o p  m e nt al  pr o c ess es, e n vir o n  m e nt al a d-
a pt ati o n,  a n d  p h e n ot y pi c  pl asti cit y (f or r e vi e  w,
s e e  E n d ers  a n d  Str a d er  2 0 1 5  a n d  L a v y  a n d  Es-
t ell e  2 0 1 6).   T h e  n a  m e  a u xi n  c o  m es  fr o  m  t h e
Gr e e k   w or d  “a u x ei n, ”  m e a ni n g  “ t o  gr o  w.”  T h e
b est-st u di e d f or  m  of a u xi n, i n d ol e- 3- a c eti c a ci d
(I  A  A),  is   s y nt h esi z e d  fr o  m  t h e   a  mi n o   aci d
tr y pt o p h a n  ( Tr p)  t hr o u g h  a  si  m pl e,  t  w o-st e p
p at h  w a y.    Tr p   a  mi n otr a nsf er as es   of   t h e    Tr p
A  MI  N  O T R  A  N S F E R  A S E    O F    A R  A BI  D  O P SI S 1
( T A  A 1)/ T A  A 1- R E L  A T E  D  ( T A R)  f a  mil y  c o n-
v ert   Tr p t o i n d ol e- 3- p yr u vi c aci d (I P y  A),   w hi c h

is t h e n   m et a b oli z e d t o I  A  A b y fl a vi n- c o nt ai ni n g
m o n o o x y g e n as es,   Y  U  C  C  As ( Y  U  Cs).   T h e a v ail-
a bilit y  of  bi ol o gi c all y  a cti v e  I  A  A  is  c o ntr oll e d
b y  a u xi n- c at a b oli zi n g  e n z y  m es  of  t h e   DI  O X Y-
G E  N  A S E   O F  A  U XI  N   O XI  D  A TI  O  N (  D  A  O) f a  m-
il y   t h at   o xi di z e   I  A  A   t o   2- o xi n d ol e- 3- ac eti c
a ci d,  a u xi n- c o nj u g ati n g  e n z y  m es  s u c h  as  t h e
I  A  A  a  mi d os y nt h et as es   G R E T C  H E  N   H  A  G E  N 3
(  G  H 3)  a n d  gl u c os yltr a nsf er as es  t h at  i n a cti v at e
a u xi n  b y  li n ki n g  it  t o  a  mi n o  aci ds  or  s u g ars,
r es p e cti v el y,   a n d   b y   a u xi n  tr a ns p ort ers  t h at
m o v e  a u xi n i n  a n d  o ut  of t h e c ell  a n d  b et  w e e n
c ells (f or r e vi e  w, s e e  E n d ers  a n d  Str a d er  2 0 1 5).
Fr e e  I  A  A  c a n  e nt er  pl a nt  c ells  p assi v el y  or  b e
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acti v el y  i  m p ort e d  vi a    A  U XI  N 1  (  A  U X 1)/ LI  K E
A  U X 1 ( L  A X) i n  fl u x  c arri ers. I  A  A  c a n  als o  e xit
c ells  vi a  ef fl u x  c arri ers  of  t h e  PI  N- F  O R  M E  D
( PI  N)   a n d   P-  G L Y  C  O P R  O T EI  N/  A T P- BI  N  D-
I  N  G    C  A S E T T E   tr a ns p ort er   f a  mili es.    A u xi n
p erc e pti o n t a kes  pl ac e i nsi d e t h e  c ell,  pre d o  mi-
n a ntl y  i n  t h e   n u cl e us,    w h ere   I  A  A   bi n ds  t o
t h e    T R  A  N S P  O R T   I  N  HI BI T  O R- R E SI S T A  N T 1
( TI R 1)/  A  U XI  N   SI  G  N  A LI  N  G   F- B  O X   (  A F B)
f a  mil y of a u xi n re c e pt ors a n d pr o  m ot es t h eir i n-
t er acti o n   wit h t h e a u xi n c ore c e pt ors,   A u x/I  A  As.
I n t h e a bs e n c e  of t h e  h or  m o n e,   A u x/I  A  As ass o-
ci at e   wit h   A  U XI  N   R E S P  O  N S E  F  A C T  O R (  A R F)
tr a ns cri pti o n f act ors ( T Fs) a n d  bl o c k t h eir tr a n-
s cri pti o n al  acti vit y  vi a t h e  re cr uit  m e nt  of   T  O P-
L E S S ( T P L) a n d c hr o  m ati n-re  m o d eli n g   m ac hi n-
er y. I n t h e  pres e n c e  of I  A  A,   A u x/I  A  As  u n d er g o
u bi q uiti n-  m e di at e d   pr ot e as o  m al   d e gr a d ati o n
tri g g ere d  b y t h e  S  K P- C  U L LI  N- F- B  O X ( S C FTI R )
E 3-li g as e c o  m pl e x, rel e asi n g   A R Fs a n d e n a bli n g
A R F-  m e di at e d tr a ns cri pti o n al re g ul ati o n of a u x-
i n-res p o ns e  g e n es  (f or  re vi e w,  s e e  E n d ers  a n d
Str a d er 2 0 1 5 a n d  L a v y a n d  Est ell e 2 0 1 6).

W hil e  a u xi n   g o v er ns    m ulti pl e  as p e cts   of
pl a nt   d e v el o p  m e nt,   p h ysi ol o g y,  a n d  e n vir o n-
m e nt al c o  m p et e n c e, it  d o es  n ot act i n is ol ati o n.
I n e v er y pr o c ess   w h er e t h e c o ntri b uti o ns of a u x-
i n  h a v e  b e e n e x pl or e d, it a p p e ars t o e nlist  or  b e
e nlist e d b y ot h er e n d o g e n o us si g n als a n d e xt er-
n al c u es, e n a bli n g t h e  pl a nt t o t ail or its  gr o  wt h
a n d  d e v el o p  m e nt  t o  t h e  s p e ci fi c  c o n diti o ns  it
h a p p e ns  t o  b e i n.   T his  arti cl e  ai  ms t o  pr es e nt
t h e  c urr e nt  st at e  of  k n o  wl e d g e  i n  t h e  ar e a  of
a u xi n i nt er acti o ns   wit h  ot h er  pl a nt  h or  m o n es,
s p e cifi c all y a bs cisi c a ci d (  A B  A), br assi n ost er oi d
( B R), c yt o ki ni n (  C  K), et h yl e n e ( E T), gi b b er elli c
aci d  (  G  A), j as  m o n at e  (J  A),  s ali c yli c  aci d  ( S  A),
a n d  stri g ol a ct o n e  ( S L).    We  c h os e  t o  str u ct ur e
t his   m a n us cri pt b y t h e p airs of pl a nt h or  m o n es,
wit h t h e c a v e at t h at i n   m a n y  pr o c ess es   m ulti pl e
pl a y ers ar e i n v ol ve d a n d   w e ar e  o nl y  b e gi n ni n g
t o u nt a n gl e t h e f ull c o  m pl e xit y of si g n al cr osst al k
i n  pl a nts.    We  h a ve i n cl u d e d  gr a p hi c al re pres e n-
t ati o ns  of ke y a u xi n i nt er acti o ns   wit h ot h er  h or-
m o n es d uri n g t h e pr o c ess es of s e e d g er  mi n ati o n,
r o ot, s h o ot, a n d fr uit d e vel o p  m e nt i n Fi g ures 1– 4,
res p e cti vel y.   Gi ve n t h e  bre a dt h  of t h e  a u xi n i n-
t er acti o n  n et  w or k,   we   were  u n a bl e t o  dis c uss  all
rel e v a nt  st u di es  a n d   wis h t o  a p ol o gi z e t o t h os e

res e arc h ers   w h os e   w or k   we c o ul d n ot d es cri be i n
li g ht  of s p ac e li  mit ati o ns i n t his arti cl e.

A  U XI  N – A B A I  N T E R A  C TI  O  N S

A B  A, ori gi n all y n a  m e d  “a bs cisi n II ” f or its r ol e i n
t h e  a bs cissi o n  of  c ott o n  fr uits  (  A d di c ott  et  al.
1 9 6 8),  is  a  s e q uist er p e n e  t h at   b el o n gs  t o  t h e
t er p e n oi d cl ass of   m et a b olit es. It is pri  m aril y s y n-
t h esi z e d i n t h e  v as c ul at ure  a n d  g u ar d  c ells  a n d
tr a ns p ort e d  b y    A B  A  tr a ns p ort ers  (f or  re vi e w,
s e e   E  m e n e c ker   a n d   Str a d er   2 0 2 0).    A B  A   is
p erc ei ve d   b y   s ol u bl e   P Y R  A B  A C TI  N    R E SI S-
T A  N C E 1 ( P Y R 1)/ P Y R 1- LI  K E ( P Y L)/ R E  G  U L  A-
T  O R Y    C  O  M P  O  N E  N T    O F    A B  A    R E  C E P T  O R
pr ot ei ns, l e a di n g t o t h e i n hi biti o n  of  P R  O T EI  N
P  H  O S P  H  A T A S E  2  C  ( P P 2 C).  F or  m ati o n  of t h e
A B  A- P Y R- P P 2  C c o  m pl e x c a us es t h e ac c u  m ul a-
ti o n of p h os p h or yl at e d pr ot ei n ki n as es i n s u b cl ass
III of t h e S  N F 1- R E L  A T E  D  P R  O T EI  N   KI  N  A S E 2
( S n R K 2)  f a  mil y,   w hi c h  p h os p h or yl at es  v ari o us
t ar g et   pr ot ei ns,  i n cl u di n g    A B  A- R E S P  O  N SI  V E
E L E  M E  N T- BI  N  DI  N  G   F  A C T  O Rs,   t o   ac hi e ve
t h e a p pr o pri at e c ell ul ar res p o ns e (f or re vi e w, s e e
E  m e n e c ker a n d Str a d er 2 0 2 0).

S e e d   D or  m a n c y a n d   G er  mi n ati o n

A B  A is t h e   m aj or  h or  m o n e i n v ol ve d i n t h e  es-
t a blis h  m e nt a n d   m ai nt e n a n c e of s e e d d or  m a n c y
( Fi g.  1; f or re vi e  w, s e e  B e ntsi n k a n d   K o or n n e ef
2 0 0 8).    A  m o n g    A B  A  si g n ali n g  c o  m p o n e nts  i n
Ar a bi d o psis  ,   T Fs   A B  A-I  N S E  N SI TI  V E 3 (  A BI 3),
A BI 4, a n d   A BI 5   w er e i d e nti  fi e d as  p ositi v e r e g-
ul at ors of   A B  A si g n ali n g a n d n e g ati v e r e g ul at ors
of s e e d g er  mi n ati o n (f or r e vi e  w, s e e  E  m e n e c k er
a n d Str a d er  2 0 2 0).

T h e B 3- d o  m ai n  T F  A BI 3 is tr a ns cri pti o n all y
i n d u c e d  b y   A B  A,  a n d  disr u pti o n  of t his  g e n e’s
f u n cti o n r e d u c es s e e d d or  m a n c y a n d all o  ws g er-
mi n ati o n  i n  t h e  pr es e n c e  of  e x o g e n o us    A B  A
(  K o or n n e ef et al. 1 9 8 4).  R e  m ar k a bl y, A BI 3  tr a n-
s cri pti o n is als o i n d u c e d b y e x o g e n o us I  A  A a n d
p ositi v el y r e g ul at e d  b y   A R F 1 0  a n d   A R F 1 6 ( Li u
et al. 2 0 1 3 b),   w hi c h ar e b ot h b eli e v e d t o f u n cti o n
as tr a ns cri pti o n al r e pr ess ors ( Fi g. 1;   W a n g et al.
2 0 0 5 b).  E v e n t h o u g h a p ot e nti al a u xi n r es p o ns e
el e  m e nt  (  A u x R E)  is  pr es e nt  i n  t h e  A BI 3  pr o-
m ot er,  n eit h er   A R F 1 0  n or   A R F 1 6  dir e ctl y  bi n d
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t h e A BI 3  pr o  m ot er, s u g g esti n g i n dir e ct a cti o n of
t h es e   T Fs b y r e pr essi n g a r e pr ess or of A BI 3  ( Li u
et al. 2 0 1 3 b). I n a d diti o n, a l oss- of-f u n cti o n   m u-
t a nt of I  A  A 8, i a a 8- 1, s h o  ws d el a y e d s e e d g er  mi-
n ati o n, a n d t h e I  A  A 8 pr ot ei n c a n ass o ci at e   wit h
a n   A u x R E   wit hi n t h e A BI 3  pr o  m ot er, s u g g esti n g
t h at I  A  A 8   m a y  bi n d t o t h e A BI 3  pr o  m ot er  vi a
y et u ni d e nti fi e d   A R Fs t o re g ul at e s e e d g er  mi n a-
ti o n  (  H uss ai n   et   al.   2 0 2 0).   Pr e vi o us  st u di es
r e ve al e d t h e  a bilit y  of   A R Fs, i n cl u di n g   A R F 1 6,
t o i nt er a ct   wit h I  A  A 8  ( Pi y a  et  al.  2 0 1 4),  b ut it
r e  m ai ns t o  b e  d et er  mi n e d   w hi c h s p e ci fi c   A R F-
A u x/I  A  A c o  m bi n ati o ns bi n d t h e  A BI 3  pr o  m ot-

er t o r e g ul at e its tr a ns cri pti o n. I nt er esti n gl y, a n
ol d er  st u d y  dis c o v er e d  t h at    A BI 3  dir e ctl y  re-
pr ess es   t h e   tr a ns cri pti o n   of  mi R 1 6 0 B  ,  a n
mi R  N  A  t h at  t ar g ets  A R F 1 0  a n d  A R F 1 6  ,  a n d
t h us  u p-r e g ul at es  A BI 3  t hr o u g h  a  p ot e nti all y
c o  m pl e x f e e d b a c k l o o p ( Fi g. 1;   Ti a n et al. 2 0 0 4).

A BI 4,  a n    A P E T A L  A 2  (  A P 2)- d o  m ai n    T F,
c o ntr ols  v ari o us  d e v el o p  m e nt al  pr o c ess es  (f or
r e vi e  w, s e e   C h a n dr as e k ar a n et al. 2 0 2 0). It r e g u-
l at es  s e e d  d or  m a n c y  b y  dir e ctl y  a cti v ati n g  a n
A B  A   bi os y nt h eti c   g e n e,  NI  N E- CI S- E P  O X Y-
C A R  O T E  N  OI  D    DI  O X Y  G E  N  A S E 6  (N C E  D 6  ),
a n d  a   G  A  c at a b oli c  g e n e,  G  A  2- B E T A-  DI  O X Y-
G E  N  A S E 7  (G  A 2 o x 7  )  ( Fi g.  1;  S h u  et  al.  2 0 1 3,
2 0 1 6).  F urt h er  m or e,  a bi 4  m ut a nt  s e e ds  ar e i n-
s e nsiti v e  t o  a u xi n-  m e di at e d  i n hi biti o n  of  s e e d
g er  mi n ati o n   a n d   s h o  w   r e d u c e d   d or  m a n c y
( R o h d e  et  al.  2 0 0 0).    T h e  pr os p e cti v e  r ol e  of
A BI 4 i n   m e di ati n g a u xi n eff e cts o n g er  mi n ati o n
is  f urt h er  s u p p ort e d   b y  a  r e c e nt  st u d y  t h at
s h o  w e d  t h at  Y  U C 4 - o v er e x pr essi n g  pl a nts  dis-
pl a y  e n h a n c e d  s e nsiti vit y  t o   A B  A  d uri n g  s e e d
g er  mi n ati o n,   w h er e as t h e s a  m e c o nstr u ct i n t h e
a bi 4 b a c k gr o u n d l e a ds t o  wil d-t y p e g er  mi n ati o n,
i n di c ati n g  t h at  A BI 4  is  r e q uir e d  f or  t h e    A B  A
h y p ers e nsiti vit y  of  Y  U C 4 - o v er e x pr essi n g  li n es
d uri n g  g er  mi n ati o n (  M u n g ui a- R o dri g u e z  et  al.
2 0 2 0).   T h us,   A BI 4 is a n ot h er c o n v er g e n c e p oi nt
b et  w e e n   A B  A  a n d  a u xi n  d uri n g  i n hi biti o n  of
g er  mi n ati o n ( Fi g. 1).

Fi n all y,   A BI 5,  a  b ZI P   T F,  f u n cti o ns  d o w n-
stre a  m of   A BI 3 a n d is als o a s u bstr at e of acti v at e d
S n R  K 2s  ( Fi g.  1;   Y u  et  al.  2 0 1 5).  It  bi n ds   A B  A-
res p o nsi ve el e  m e nt (  A B R E)- c o nt ai ni n g pr o  m ot-
ers  ( Fi n kelst ei n  a n d  L y n c h  2 0 0 0;   H oss ai n  et  al.
2 0 1 0;   Z h o u  et  al.  2 0 1 3).    W hil e t h e  Ar a bi d o psis
a bi 5  m ut a nt  s h o ws  s e e d  g er  mi n ati o n   d ef e cts,
ri c e  pl a nts   wit h    m ut ati o ns  i n  t h e  A BI 5- LI K E 1
(Os A B L 1  )  g e n e,   w hi c h is i n d u c e d  b y  b ot h   A B  A
a n d  a u xi n,  s h o w  n or  m al  s e e d  g er  mi n ati o n  b ut
s u p press e d  A B  A-tri g g ere d r o ot gr o wt h i n hi biti o n
a n d  h y p ers e nsiti vit y  t o  e x o g e n o us  a u xi n  ( Y a n g
et  al.  2 0 1 1).  I n  a d diti o n,  t h e    Os  A B L 1  pr ot ei n
c a n dire ctl y bi n d   A B R Es i n vitr o a n d t h e e x pres-
si o n l e vels of s e ver al   A B R E- c o nt ai ni n g g e n es p o-
t e nti all y rel at e d t o a u xi n   m et a b olis  m or si g n ali n g
are   alt ere d  i n  a bl 1  m ut a nts,  i n di c ati n g   t h at
Os  A B L 1  pl a ys  a  r ol e  i n  t h e  cr osst al k  b et  we e n
A B  A a n d a u xi n ( Y a n g et al. 2 0 1 1).

A u xi n

A F  R 1 0,   A  R F 1 6-I  A  A 8

mi  R 1 6 0 G er  mi n ati o n

A  BI 3    A  BI 5    A  BI 4

A  B  A

N  C  E  D 6

G  A

G  A 2 o x 7

Fi g ur e 1. A u xi n i nt er a cti o ns   wit h a bs cisi c a ci d (  A B  A)
i n t h e c o ntr ol of s e e d g er  mi n ati o n. S e e d d or  m a n c y is
pri  m aril y c o ntr oll e d b y t h e b al a n c e b et  we e n   A B  A a n d
gi b b er elli c  a ci d (  G  A),   w hi c h  o p p os e  o n e  a n ot h er i n
t h e  r e g ul ati o n  of  s e e d  g er  mi n ati o n:    A B  A  i n hi bits,
w h ere as   G  A  pr o  m ot es s e e d s pr o uti n g.   A u xi n,  a cti n g
t hr o u g h I  A  A 8 a n d   A R F 1 0/  A R F 1 6,   w or ks t o e n h a n c e
s e e d d or  m a n c y b y i n d u ci n g A BI 3  e x pr essi o n.   A BI 3, i n
t ur n,  d o  w n-r e g ul at es mi R 1 6 0  , a n   mi R  N  A t h at i n hi b-
its A R F 1 0  /1 6 ,  e n a bli n g  f e e d b a c k  re g ul ati o n  of   A R F
a cti vit y  b y   A BI 3.   Tr a ns cri pti o n  f a ct ors  ( T Fs)   A BI 3,
A BI 4,  a n d   A BI 5  all  c o ntri b ut e t o  bl o c ki n g s e e d  g er-
mi n ati o n.   A BI 4  re g ul at es   A B  A  pr o d u cti o n  a n d   G  A
m et a b olis  m  b y i n d u ci n g  a n   A B  A  bi os y nt h esis  g e n e,
N C E  D 6  ,  a n d  a   G  A  c at a b olis  m  g e n e, G  A 2 o x 7  .   A d di-
ti o n al i nt er a cti o ns t h at t a ke  pl a c e  b et  w e e n   A B  A  a n d
G  A,  b ut  d o  n ot  i n v ol ve  a u xi n,  are  o  mitt e d  i n  t his
s c h e  m ati c.   Arr o  w h e a ds re pr es e nt p ositi v e r e g ul ati o n;
bl u nt arr o  ws r e pr es e nt  n e g ati v e re g ul ati o n; s oli d a n d
i nt err u pt e d li n es re pr es e nt dire ct a n d i n dire ct re g ul a-
ti o n, r es p e cti v el y;  d as h es  b et  we e n  pr ot ei ns r e pr es e nt
dire ct i nt er a cti o n.   C ol ors re pr es e nt a u xi n (r e d),   A B  A
( or a n g e),   a n d    G  A   ( gr e e n)   p at h  w a y   c o  m p o n e nts.
Bl ac k  is  us e d  t o  d e pi ct  g e n es/ pr ot ei ns  t h at  d o  n ot
b el o n g t o a s p e ci fi c  h or  m o n e  p at h  w a y, as   w ell as t h e
d e v el o p  m e nt al  pr o c ess es t h e  n et  w or k re g ul at es.

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s

A d v a n c e d   O nli n e   Arti cl e.   Cit e t his  arti cl e  as  C ol d  S pri n g   H ar b  P ers p e ct   Bi ol  d oi:  1 0. 1 1 0 1/ cs h p ers p e ct. a 0 3 9 9 9 0 3

  o n   A pril  2 7,  2 0 2 1 -   P u bli s h e d  b y   C ol d   S pri n g   H ar b or  L a b or at or y   Pr e s s htt p:// c s h p er s p e cti v e s. c s hl p. or g/D o  w nl o a d e d fr o  m 

http://cshperspectives.cshlp.org/


R o ot    de v el o p  m e nt

L at er al r o ot  for  m ati o n

L at er al
r o ot

f or  m ati o n

R o ot   m eri s  t e  m   m ai nt e n a n c eC

B

A

L 
at
 e

r 
al
 r
 o
 o
t

f 
or
  
m 
at
i 
o 
n

R 
o 
ot
  
 m
 e

ri 
s 
 t 

e 
 m

m 
ai 

nt
 e
 n
 a
 n
 c 

e

S  A A u xi n
si g n al i ng

A u xi n
tr a ns p ort

A u xi n
tr a ns p ort

A u xi n
s y nt h e si s

A u xi n
s y nt h e si s

E T

C  K

C  K

G  A

S  A

E T

A  B  A

G  A

J  A

B  R

A  B  A

+–

S L

B  R

J  A

B  R

E  R F 1 0  9J  A

A  B  A
A  BI 4

P  Y L  8,   9 - M  Y  B 7 7 -   A  R F 7,  1 9

C  OI 1

J  A

E T
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S  H  Y 2

C  K
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A  R  R 1 2
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Fi g ur e 2. A u xi n i nt er a cti o ns   wit h  ot h er  h or  m o n es i n
r o ots.  (A  )    H or  m o n e  i nt er a cti o ns  re g ul ati n g  a u xi n
bi os y nt h esis,  tr a ns p ort,  a n d  si g n ali n g  d uri n g l at er al
r o ot   ( L R)  f or  m ati o n   a n d  r o ot    m erist e  m    m ai nt e-
n a n c e.    T h e    mi n us  si g n  si g ni fi es  re pr essi o n  of  t h e
r o ot  pr o c ess es  b y  t h e  h or  m o n es  list e d  o n  t h e  l eft
si d e  of  t h e  r o ot.   T h e  pl us  si g n  si g nifi es  pr o  m oti o n
of t h e r o ot  pr o c ess es  b y t h e  h or  m o n es list e d  o n t h e
ri g ht  si d e  of t h e  r o ot. (B )    M ol e c ul ar  n et  w or k  of t h e
h or  m o n e i nt er a cti o ns   m e di ati n g  L R f or  m ati o n.   A b-
s cisi c  a ci d (  A B  A) i n d u c es  L R  gr o  wt h t hr o u g h  P Y L 8.
T h e  i nt er a cti o n  of  P Y L 8,  P Y L 9,   wit h    M Y B 7 7  pr o-
m ot es t h e cr osst al k   wit h t h e a u xi n si g n ali n g  p at h  w a y
vi a   A R F 7  a n d   A R F 1 9.   A B  A  u p-r e g ul at es t h e e x pr es-
si o n of A BI 4  ,   w hi c h re pr ess es t h e e x pr essi o n of PI  N 1
t o   m o dif y a u xi n tr a ns p ort.   T h e  n e g ati ve eff e ct of t his
n et  w or k  o n  L R  f or  m ati o n  c a n  b e  r ei nf or c e d  b y  t h e
c yt o ki ni n   (  C  K)-  m e di at e d   r e pr essi o n   of  PI  N 1  or
w e a ke n e d   b y   a u xi n-  m e di at e d  i n hi biti o n   of  A BI 4  .
Et h yl e n e   i n d u c es   t h e   e x pr essi o n   of  PI  N 3  a n d
PI  N 7 ,   w hi c h r e d u c e t h e l o c al  a c c u  m ul ati o n  of  a u xi n
i n  t h e  L R  i niti ati o n  sit es,  a n d  t h er e b y  d e cr e as e  L R
f or  m ati o n.  J as  m o n at e  (J  A)  b o osts  t h e  f or  m ati o n  of
L Rs  b y  i n d u ci n g  t h e  e x pressi o n  of  E R F 1 0 9 ,    w hi c h
pr o  m ot es  a u xi n  bi os y nt h esis  b y   u p-r e g ul ati n g  t h e
e x pr essi o n   of  A S  A 1  a n d  Y  U C 2 .   Br assi n ost er oi d
( B R)  h as  a  p ositi v e  eff e ct  o n  t h e  f or  m ati o n  of  L Rs
b y i n d u ci n g  t h e  e x pressi o n  of  PI  N 2  a n d  PI  N 4 .  (C  )
M ol e c ul ar  n et  w or k  of  h or  m o n e i nt er a cti o ns i n  r o ot
m erist e  m   m ai nt e n a n c e.  Et h yl e n e ( E T) i n d u c es a u xi n
tr a ns p ort  a n d  bi os y nt h esis,  pr o  m oti n g t h e  a c c u  m u-
l ati o n  of  a u xi n  a n d  e n a bli n g r o ot   m erist e  m   m ai nt e-
n a n c e.    A u xi n   d a  m p e ns  t h e   n e g ati ve  eff e ct   of  t h e
E B Fs   o n   E T,   r ei nf or ci n g    m erist e  m  f u n cti o n.    C  K
a n d  gi b b er elli c  a ci d  (  G  A)  h a ve  o p p osit e  eff e cts  o n
m erist e  m   m ai nt e n a n c e  b y i n cr e asi n g a n d  d e cr e asi n g
t h e  a cti vit y  of   A R R 1/  A R R 1 2   C  K  si g n ali n g  c o  m p o-
n e nts,  res p e cti v el y,   w hi c h  i n  t ur n  r e pr ess es  t h e  e x-
pr essi o n   of  PI  N s  t hr o u g h  S  H Y 2  a n d    D  A R 2.    T h e
J  A-  m e di at e d re pr essi o n  of  P L Ts r e d u c es t h e  e x pr es-
si o n  of t h e  Y  U C s  a n d l o  w ers t h e  pr o d u cti o n  of  a u x-
i n,  t h us  n e g ati v el y  aff e cti n g  r o ot    m erist e  m    m ai nt e-
n a n c e.    Arr o  w h e a ds   a n d   bl u nt   arr o  ws   re pr es e nt
p ositi v e  a n d  n e g ati ve  r e g ul ati o n,  r es p e cti v el y.  S oli d
a n d i nt err u pt e d li n es i n  p a n el  A  ar e  us e d  t o  d e pi ct
dir e ct  a n d  i n dire ct  eff e cts,  r es p e cti v el y.   A  d as h  b e-
t  w e e n t  w o  pr ot ei ns i n  p a n el B  i n di c at es  dire ct  p h ys-
i c al  i nt er a cti o n.    H or  m o n es,  pr ot ei n/ g e n es  i n  t h es e
h or  m o n al  p at h  w a ys,  a n d  t h eir  a cti o ns  ar e  d e n ot e d
b y  t h e  f oll o  wi n g  c ol or  p all et,   A B  A is  or a n g e,  B R is
t ur q u ois e,   C  K is bl u e,  E T is gr a y,   G  A is gr e e n, I  A  A is
r e d,  J  A  is  br o  w n,  s ali c yli c  a ci d  ( S  A)  is  p ur pl e,  a n d
stri g ol a ct o n e  ( S L)  is  pi n k.  Bl ac k  is  us e d  t o  d e pi ct
g e n es/ pr ot ei ns t h at  d o  n ot  b el o n g t o  a  s p e ci fi c  h or-
m o n e  p at h  w a y,  as    w ell  as  t h e  d e v el o p  m e nt al  pr o-
c ess es t h e  n et  w or k  r e g ul at es.

S.  M.   M a z z o ni- P ut  m a n  et  al.
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Pri  m ar y  r o ot  ( P R)  gr o  wt h  r e g ul at e d  b y  a u xi n
d e p e n ds  o n   A u x/I  A  A-  A R F  si g n ali n g    m o d ul es.
A R F 2 dir e ctl y bi n ds t o   A u x R Es i n t h e pr o  m ot er
of t h e  zi n c  fi n g er  h o  m e o d o  m ai n   T F  H  O  M E  O-
B  O X  P R  O T EI  N 3 3  (H B 3 3  )  a n d  n e g ati v el y r e g u-
l at es its  e x pr essi o n  (  W a n g  et  al.  2 0 1 1).   Tr a ns-
g e ni c pl a nts o v er e x pr essi n g  H B 3 3  or   R  N  Ai li n es
wit h r e d u c e d  H B 3 3  l e v els ar e   m or e s e nsiti v e a n d
m or e  r esist a nt t o   A B  A  r es p e cti v el y i n t h e  s e e d
g er  mi n ati o n  a n d  P R  gr o  wt h  ass a ys, i n di c ati n g
t h at   H B 3 3 is  a  p ositi v e  r e g ul at or i n  t h e   A B  A-
m e di at e d pr o c ess es of s e e d g er  mi n ati o n a n d  P R
gr o  wt h (  W a n g  et  al.  2 0 1 1).  Li k e  wis e, i n   w h e at,
T a  A R F 4 t ar g ets  T a  H B 3 3  a n d t  w o  T a  G  H 3  g e n es

t o  c o n c o  mit a ntl y  re g ul at e   A B  A  s e nsiti vit y  a n d
I  A  A  h o  m e ost asis t o c o ntr ol r o ot gr o  wt h (  W a n g
et al.  2 0 1 9).

A u xi n-  A B  A cr osst al k is als o i n v ol v e d i n l at-
er al  r o ot  ( L R)  d e v el o p  m e nt  ( Fi g.  2  A, B).    T h e
A B  A  r e c e pt or    m ut a nt  p yl 8  s h o  ws  re d u c e d  L R
gr o  wt h i n t h e pr es e n c e of e x o g e n o us   A B  A, i n di-
c ati n g  t h at   A B  A  si g n ali n g  t hr o u g h  P Y L 8  pr o-
m ot es L R gr o  wt h ( Fi g. 2 B).   W h e n  p yl 8  s e e dli n gs
ar e e x p os e d t o b ot h   A B  A a n d I  A  A, L R gr o  wt h is
r es c u e d, s u g g esti n g t h at p yl 8  s e e dli n gs   m a y h a v e
a n  a u xi n  d e fi ci e n c y  or  re d u c e d  a u xi n r es p o ns e
( Z h a o et al. 2 0 1 4).   A pr e vi o us st u d y s h o  w e d t h at
P Y L 8 i nt er a cts   wit h   M Y B 7 7 ( Ar a bi d o psis  I nt er-
a ct o  m e    M a p pi n g    C o ns orti u  m  2 0 1 1)  t h at  c a n
pr o  m ot e  L R  gr o  wt h  b y i nt er a cti n g   wit h   A R F 7

C  K I  A  AA  R F 5

Di vi si o n  Diff er e nti ati o n

S  A  M

S h o ot  br a n c hi n g

I  P T 1,  2

C  K  X

I  A  A

C  C  D 7,  8
S L

P A T

C  K
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effl u x
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S L

P A T

I  A  A
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C  K
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B  R  C 1
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Fi g ur e  3. A u xi n i nt er a cti o ns   wit h  ot h er  h or  m o n es  d uri n g s h o ot  d e v el o p  m e nt. (  A  )   A u xi n  a n d  c yt o ki ni n (  C  K)
o p p os e o n e a n ot h er i n t h e re g ul ati o n of s h o ot br a n c hi n g. Stri g ol a ct o n e ( S L) a cts as a s e c o n d   m ess e n g er f or a u xi n
si g n ali n g:  a u xi n  fr o  m  t h e  s h o ot  pr o  m ot es  S L  pr o d u cti o n  i n  t h e  r o ot  a n d  s h o ot,   w hi c h  t h e n  a cts  t o  i n hi bit
br a n c hi n g.  ( B )   A u xi n  a cts t o  pr o  m ot e  diff er e nti ati o n i n t h e  s h o ot  a pi c al   m erist e  m   w hil e   C  K  pr o  m ot es  st e  m
c ell  di visi o n.  ( C  )   D uri n g  br a n c hi n g,  s h o ot- d eri v e d  a u xi n tr a vels  d o w n t h e   m ai n  st e  m   w h ere it  pr o  m ot es  S L
bi os y nt h esis.   T his S L t h e n tr a v els  u p t h e s h o ot a n d i n hi bits   C  K  pr o d u cti o n a n d p ol ar a u xi n tr a ns p ort ( P  A T) i n
t h e s h o ot, t h er e b y  bl o c ki n g  br a n c hi n g.   A u xi n re g ul at es l o c al   m et a b olis  m  of   C  K, r e d u ci n g   C  K l e v els,   w hil e   C  K
pr o  m ot es  a u xi n  ef fl u x fr o  m  t h e  d e v el o pi n g  b u d.   C  K  si g n ali n g i n  t h e  b u d  pr o  m ot es  b u d  r el e as e  a n d  br a n c h
o ut gr o  wt h.   C  K a n d S L als o o p p os e o n e a n ot h er i n r e g ul ati n g t h e e x pr essi o n of  B R C 1 , a n e g ati ve r e g ul at or of b u d
o ut gr o  wt h.   R e d  d e n ot es  a u xi n  a n d its  a cti o ns;  bl u e  d e n ot es   C  K  a n d its  a cti o ns;   m a g e nt a  d e n ot es  S L  a n d its
a cti o ns.   Arr o  w h e a ds r e pr es e nt p ositi v e re g ul ati o n; bl u nt arr o  ws r e pr es e nt n e g ati v e re g ul ati o n; i n p a n els  B  a n d C ,
d as h e d li n es r e pr es e nt i n dir e ct re g ul ati o n.
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i n t h e  S  O LI T A R Y   R  O  O T ( S L R, I  A  A 1 4)-  A R F 7/
A R F 1 9    m o d ul e  ( F u k a ki  et  al.  2 0 0 5;  S hi n  et  al.
2 0 0 7). F urt h er  m or e, P Y L 8 is f u n cti o n all y re d u n-
d a nt   wit h  p ar al o g o us  P Y L 9  ( Xi n g  et  al.  2 0 1 6)
a n d   t h e   t  w o   pr ot ei ns   i nt er act    wit h   s e v er al
M Y Bs, i n cl u di n g   M Y B 7 7, i n  Ar a bi d o psis  t o i n-
t e gr at e   A B  A a n d a u xi n si g n als i n t h e r e g ul ati o n
of  L R gr o  wt h ( Fi g. 2 B;   Z h a o et al. 2 0 1 4).

I n   a d diti o n   t o   c o ntr olli n g   L R   gr o  wt h
t hr o u g h   t h e   P Y L– M Y B 7 7   i nt er a cti o n,    A B  A
als o r e g ul at es  L Rs vi a t h e c or e   A B  A- S n R  K 2 si g-
n ali n g  p at h  w a y  ( Fi g.  2 B;  f or  r e vi e  w,  s e e  E  m e-
n e c k er a n d Str a d er 2 0 2 0).  a bi 4  m ut a nts  p oss ess
l o n g er  L Rs,  s u g g esti n g  t h at    A BI 4  i n hi bits  L R
gr o  wt h.  A BI 4  e x pr essi o n i n r o ots is i n d u c e d  b y
A B  A  b ut  r e pr ess e d  b y  a u xi n  ( S h k ol ni k-I n b ar

a n d  B ar- Z vi  2 0 1 0).  F urt h er  m or e,  PI  N 1  l e v els
ar e  d e cr e as e d i n  A BI 4  - o v er e x pr essi o n li n es  b ut
i n cre as e d  i n  a bi 4  m ut a nts.   T h us,    A BI 4  li k el y
m e di at es  A B  A-tri g g er e d i n hi biti o n of L R gr o  wt h
b y   s u p pr essi n g   PI  N 1   e x pr essi o n.   Si  mil arl y,
A BI 5  als o r e g ul at es r o ot  gr o  wt h  b y   m o d ul ati n g
t h e  a c c u  m ul ati o n  of  PI  N  pr ot ei ns  ( Y u a n  et  al.
2 0 1 4).

U n d er  os  m oti c/s alt  str ess  c o n diti o ns,  a n-
ot h er   T F,    W R  K Y 4 6, c a n  bi n d t h e  pr o  m ot ers  of
t h e  a u xi n- c o nj u g ati n g  e n z y  m e- e n c o di n g  g e n es
U  D P-  G L Y C  O S Y L T R  A  N S F E R  A S E   8 4 B 2  ,  I  N-
D  O L E- 3-  A C E T A T E  B E T A-  G L  U C  O S Y L T R  A  N S-
F E R  A S E ,  a n d  G  H 3. 1  ,  a n d  a n    A B  A  si g n ali n g
ge ne  A BI 4 .  I  m p ort a ntl y,  l oss- of-f u ncti o n wr k y 4 6
m ut a nts  a n d  o vere x pressi o n  of  W R K Y 4 6  si g nifi -

I  A  A

A  R F 7-I  A  A 9

G  A

D  E L L  A

G  H 3. 2

G  A 2 0 o x 1

G  A 3 o x 1

E  X  P 5

E T

A  C  O 4

E T

I  A  A

G  A

E T

I  A  A

E T  E  R F  .B 3  I  A  A 2 7

E T

I  A  A

I  A  A E T

I  A  A

A

C

B

Fi g ur e  4. A u xi n i nt er a cti o ns   wit h  ot h er  h or  m o n es i n fr uit  d e v el o p  m e nt. (  A  )   H or  m o n e i nt er a cti o ns i n  fl o  w er
d e v el o p  m e nt a n d fr uit s et.   A u xi n a n d et h yl e n e ( E T) pr o  m ot e p oll e n g er  mi n ati o n a n d p oll e n t u b e gr o  wt h.   A u xi n
i n d u c es a n d E T r e pr ess es st a  m e n d e v el o p  m e nt. E T p ositi vel y re g ul at es pistil a n d o v ul e d e v el o p  m e nt.   A u xi n a n d
gi b b er elli c a ci d (  G  A) pr o  m ot e fr uit i niti ati o n. ( I ns et)   M ol e c ul ar n et  w or k of t h e h or  m o n e cr osst al k d uri n g t o  m at o
fr uit i niti ati o n.  F ertili z ati o n tri g g ers  a u xi n-  m e di at e d   G  A  s y nt h esis.   A u xi n i n hi bits t h e   A R F 7-I  A  A 9  c o  m pl e x,
rel e asi n g t h e r e pr essi o n of ke y   G  A bi os y nt h eti c g e n es.   G  A – a u xi n i nt er a cti o n pr o  m ot es fr uit gr o  wt h b y i n d u ci n g
E X P 5  a n d r e d u c es t h e  pr o d u cti o n  of  E T  b y re pr essi n g  A C  O 4  . (B )   A u xi n r e g ul at es  e arl y c ell  di visi o n  a n d fr uit
d e v el o p  m e nt p h as es. ( C  ) Fr uit ri p e ni n g is pr o  m ot e d b y et h yl e n e a n d r e pr ess e d b y a u xi n.   D uri n g ri p e ni n g, a ke y
m ol e c ul ar i nt er a cti o n b et  w e e n  E T a n d I  A  A is   m e di at e d b y  E R F. B 3 a n d I  A  A 2 7.   H or  m o n es a n d t h eir a cti o ns ar e
d e n ot e d b y t h e f oll o wi n g c ol ors: E T is gr a y,   G  A is gr e e n, a n d I  A  A is r e d.   Arr o  w h e a ds a n d bl u nt arr o  ws r e pr es e nt
p ositi v e a n d  n e g ati ve re g ul ati o n.

S.  M.   M a z z o ni- P ut  m a n  et  al.
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c a ntl y re d uce a n d i ncre ase L R de vel o p  me nt, res pec-
ti vel y, s u g gesti n g t h at   W R K Y 4 6   m o d ul ates  L R  de-
vel o p  me nt t hr o u g h t he c ore g ul ati o n of   A B  A si g n al-
i n g a n d a u xi n h o  me ost asis (  Di n g et al. 2 0 1 5).

P at h o g e n   R e si st a n c e

Bl a c k  s p ot  dis e as e,  a    m aj or  dis e as e  i n  oils e e d
Br assic a  s p e ci es, is c a us e d  b y a gr o u p  of  p at h o-
g e ns i n cl u di n g  Alt er n ari a  br assic a e  , Alt er n ari a
br assicic ol a ,  a n d Alt er n ari a  r a p h a ni n  .   N u  m er-
o us    A B  A  a n d  a u xi n    m ut a nts  i n  Ar a bi d o psis
s h o  w  alt er e d  s us c e pti bilit y  t o  A.  br assicic ol a  ,
s u g g esti n g t h at b ot h  A B  A a n d a u xi n ar e i n v ol ve d
i n t h e res p o ns e a g ai nst t his p at h o g e n (  A di e et al.
2 0 0 7;   Qi et al. 2 0 1 2).   A r e c e nt st u d y s h o  w e d t h at
t h e  a u xi n r es p o ns e f a ct ors A R F 1 0  , A R F 1 6  ,  a n d
A R F 1 7  ar e  u p-r e g ul at e d i n t h e r esist a nt s p e ci es
Si n a pis al b a  u p o n c h all e n g e   wit h  A. br assicic ol a  ,
b ut n ot i n t h e s us c e pti bl e s p e ci es  Br assic a j u nc e a
(  M u k h erj e e  et  al.  2 0 1 9).  P at h o g e n-i n d u c e d  e x-
pr essi o n  of  Ar a bi d o psis   A R F 1 0  i n B. j u nc e a  e n-
h a n c es t ol er a n c e t o  A.  br assicic ol a,  a n d  s e v er al
A B  A-r es p o nsi v e  g e n es,  i n cl u di n g  A BI 3  , A BI 4  ,
a n d  A BI 5  , ar e  u p-r e g ul at e d i n t h e   m ost t ol er a nt
tr a ns g e ni c li n es.  F urt h er  m or e,   A R F 1 0 i nt er a cts
wit h t h e   A u x R Es i n t h e  A BI 5  pr o  m ot er, s u g g est-
i n g t h at t h e bi n di n g of  A R F 1 0 t o A BI 5  m o d ul at es
a u xi n-  A B  A  cr osst al k  t o  r e g ul at e  r esist a n c e  t o
A. br assicic ol a  (  M u k h erj e e et al. 2 0 1 9).

A  U XI  N  – B R I  N T E R A C TI  O  N S

B Rs,  s o  n a  m e d  b e c a us e  t h e  fi rst  e x a  m pl e   w as
i d e ntifi e d i n  r a p es e e d  ( Br assic a  n a p us ),  are  t h e
o nl y  cl ass  of  st er oi d  h or  m o n es f o u n d i n  pl a nts
t o d at e. B Rs are a gr o u p of   m a n y c o  m p o u n ds t h at
act as e xtr ac ell ul ar li g a n ds.   W hil e t h ere are   m ul-
ti pl e  r o ut es  i n v ol ve d  i n  B R  pr o d u cti o n,  all  of
t h e  m   pr o c e e d  t hr o u g h  trit er p e n oi d   p at h  w a ys
fr o  m  c a  m p est er ol  (f or  re vi e w,  s e e    C h u n g  a n d
C h o e  2 0 1 3).  B Rs  are  b eli e ve d t o  b e  s y nt h esi z e d
i n  t h e   e n d o pl as  mi c  reti c ul u  m   a n d    D  W A R F 4
(  D  W F 4) c at al y z es a r at e-li  miti n g st e p of  B R s y n-
t h esis (f or re vi e w, s e e  Pl a n as- Ri ver ol a et al. 2 0 1 9
a n d   N ol a n  et  al.  2 0 2 0).   U nli ke  ot h er  h or  m o n es
t h at  c a n  b e  tr a ns p ort e d  t hr o u g h o ut  t h e  pl a nt,
B Rs t y pi c all y  act l o c all y.  B Rs  bi n d  t o  t h e  pl as-
m a    m e  m br a n e-l o c ali z e d  re c e pt or,   B R-I  N S E  N-

SI TI  V E 1   ( B RI 1),   i n d u ci n g   a   c o nf or  m ati o n al
c h a n g e t h at  all o ws i nt er acti o n   wit h c ore c e pt ors,
s u c h as  B RI 1-  A S S  O  CI  A T E  D   KI  N  A S E 1 ( B  A  K 1).
T his i nt er acti o n i niti at es a si g n ali n g c as c a d e t h at
l e a ds t o t h e  acti v ati o n  of t  w o   T Fs,  B R  A S SI  N  A-
Z  O L E- R E SI S T A  N T 1   ( B Z R 1)   a n d   B RI 1   E  M S
S  U P P R E S S  O R 1  ( B E S 1). I n t h e  pres e n c e  of  B R,
B Z R 1 a n d  B E S 1 are st a bili z e d b y a  P P 2  A- d e p e n-
d e nt  d e p h os p h or yl ati o n  a n d  i n d u c e  t h e  tr a n-
s cri pti o n al  pr o gr a  m  of  B R- d e p e n d e nt  g e n es. I n
t h e  a bs e n c e  of  B R, si g n ali n g t hr o u g h t h e  B RI 1–
B  A K 1 c o  m pl e x is bl o c ke d b y a ut oi n hi biti o n a n d
t h e  ass o ci ati o n  of  i n hi bit or y  pr ot ei ns,  s u c h  as
B RI 1   KI  N  A S E I  N  HI BI T  O R,   w hi c h  disr u pts t h e
B RI 1 – B  A K 1 i nt er acti o n.  B Z R 1 a n d  B E S 1 are i n-
acti v at e d  vi a  p h os p h or yl ati o n  b y  B R-I  N S E  N SI-
TI  V E 2 ( BI  N 2), l e a di n g t o c yt o pl as  mi c ret e nti o n
a n d  d e gr a d ati o n  of  t h es e   T Fs  (f or  re vi e w,  s e e
Pl a n as- Ri ver ol a et al. 2 0 1 9 a n d   N ol a n et al. 2 0 2 0).

B R- d e fi ci e nt  pl a nts  h a v e  a  d  w arf e d  p h e n o-
t y p e, c o nsist e nt   wit h t h e  pri  m ar y r ol e of  B Rs i n
c ell  el o n g ati o n.  B R si g n ali n g  h as  als o  b e e n i  m-
pli c at e d i n a br o a d r a n g e of pl a nt bi ol o gi c al pr o-
c ess es, fr o  m c o ntr ol of c ell di visi o n t o bi oti c a n d
a bi oti c str ess r es p o ns es (f or r e vi e  w, s e e L v a n d Li
2 0 2 0  a n d    N ol a n  et  al.  2 0 2 0)  a n d,  as  o utli n e d
b el o  w,   t his   p h yt o h or  m o n e   c o or di n at es    wit h
a u xi n t o  r e g ul at e   m a n y  as p e cts  of  pl a nt  d e v el-
o p  m e nt.

R o ot   D e v el o p  m e nt

B R si g n ali n g is  criti c al f or  b ot h  c ell  el o n g ati o n
(  M o u c h el et al. 2 0 0 4) a n d c ell- c y cl e pr o gressi o n
i n  t h e  r o ot  (  G o n z al e z-  G ar ci a  et  al.  2 0 1 1;    H a-
c h a  m  et  al.  2 0 1 1),   wit h  b ot h  B R- d e fi ci e nt  a n d
B R- acti v at e d    m ut a nts  dis pl a yi n g  s  m all er  r o ot
m erist e  ms. I n  c o ntr ast t o t h e  s y n er g y  r e p ort e d
i n  s h o ot  el o n g ati o n, tr a ns cri pt o  mi c  a n al ysis  of
Ar a bi d o psis  r o ot ti ps r e v e al e d t h at   m a n y  a u xi n
a n d  B R c or es p o nsi v e g e n es ar e re g ul at e d i n  o p-
p osi n g   dir e cti o ns,  s u g g esti n g  t h es e  t  w o   h or-
m o n es c a n  act  as c h e c ks  o n  o n e  a n ot h er i n t h e
r o ot t o  d efi n e  diff er e nt r o ot  c ell t y p es  or f u n c-
ti o ns (  C h ai  w a n o n a n d   Wa n g  2 0 1 5).

B R h as a d os e- d e p e n d e nt eff e ct o n  P R el o n-
g ati o n  (  Cl o us e  et  al.  1 9 9 6;    M üssi g  et  al.  2 0 0 2)
a n d  pr o  m ot es t h e f or  m ati o n  of  L Rs  b y r e g ul at-
i n g  p ol ar  a u xi n tr a ns p ort  ( P  A T)  ( Fi g.  2  A;  B a o

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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et  al.  2 0 0 4).  B R tr e at  m e nt  e n h a n c es  s h o ot  a n d
r o ot  P  A T i n r a p es e e d ( Li et al. 2 0 0 5). Ar a bi d o p-
sis  B R  bi os y nt h esis  a n d  si g n ali n g   m ut a nts  ( di-
mi n ut o 1  a n d  bri 1 )  s h o  w  d e cr e as e d  P  A T,   w hil e
pi n 1  m ut a nts  dis pl a y  d e cr e as e d  s e nsiti vit y  t o
B R-i n d u c e d i n hi biti o n  of  r o ot  el o n g ati o n,  a n d
pi n 2  m ut a nts  ar e  d e  fi ci e nt  i n  B R-i n d u c e d  L R
f or  m ati o n.   T h es e  r es ults  p oi nt  t o t h e    m o d ul a-
ti o n of  P  A T as a   m e c h a nis  m b y   w hi c h  B R r e g u-
l at es r o ot d e v el o p  m e nt ( Li et al. 2 0 0 5). St u di es i n
Ar a bi d o psis  r o ot   m erist e  ms i  m pli c at e tr a ns cri p-
ti o n al   a n d   p osttr a ns cri pti o n al   r e g ul ati o n   of
PI  N 2  a n d  PI  N 4  as  a  p ot e nti al    m e c h a nis  m  f or
B R- c o ntr oll e d  c ell  gr o  wt h  a n d  pr olif er ati o n i n
t h e r o ot   m erist e  m (  H a c h a  m et al.  2 0 1 2).

A n ot h er  n o d e  of  a u xi n  – B R i nt er acti o n  d ur-
i n g   r o ot   d e vel o p  m e nt   is   t h e   tr a ns cri pti o n al
c ore g ul at or  B R E  VI S   R  A  DI X ( B R X),   w hi c h  pr o-
m ot es t h e e x pressi o n of a cr u ci al  B R bi os y nt h esis
g e n e,  C  O  N S TI T  U TI V E  P  H  O T  O  M  O R P  H  O  G E  N-
E SI S   A  N  D   D  W A R FI S  M  (C P  D ).  I n  Ar a bi d o psis  ,
br x  m ut a nts  h a ve  alt ere d  r o ot    m erist e  ms,   wit h
i ncre as e d   r o ot   br a n c hi n g   a n d   s h ort er   r o ots
(  M o u c h el  et  al.  2 0 0 4).   T hes e  pl a nts  als o  dis pl a y
a  B R- d e fi ci e nt  p h e n ot y p e  a n d  att e n u at e d  a u xi n
tr a ns cri pti o n al  pr o gr a  m  (  M o u c h el  et  al.  2 0 0 6).
E x o g e n o us B R tre at  m e nt res c u es t h e B R- d e fi ci e nt
p he n ot y pe  a n d  rest ores  a u xi n-res p o nsi ve  g e n e
e x pressi o n. I nt eresti n gl y,  a u xi n  als o i n d u ces t h e
e x pressi o n  of  B R X , t h us  pr o  m oti n g  B R  pr o d u c-
ti o n (  M o u c h el  et  al.  2 0 0 6).   M ore re c e ntl y,  pl as-
m a-  m e  m br a n e- ass o ci at e d  B R X  h as  b e e n  s h o w n
t o i n hi bit PI  N pr ot ei n acti vit y i n d e vel o pi n g Ar a-
bi d o psis  r o ot pr ot o p hl o e  m si e ve el e  m e nts b y n e g-
ati vel y  re g ul ati n g  P R  O T EI  N   KI  N  A S E   A S S  O CI-
A T E  D   WI T  H B R X ( P  A X) (  w hi c h sti  m ul at es PI  N
acti vit y) (  M ar h a v a et al. 2 0 1 8) a n d b y pr o  m oti n g
t h e e n d o c yti c re  m o v al of PI  N 1 pr ot ei ns fr o  m t h e
pl as  m a    m e  m br a n e   (  M ar h a v a   et   al.   2 0 2 0).
T hr o u g h its acti o ns  o n  P  A X a n d  PI  N 1,  B R X i n-
hi bits a u xi n ef fl u x. I n t ur n, a u xi n h as b e e n s h o w n
t o  pr o  m ot e  B R X  pr ot ei n t ur n o ver ( Sc ac c hi et al.
2 0 0 9),  cre ati n g  a  c h ec k  o n  B R X  acti vit y if l o c al
a u xi n c o n c e ntr ati o ns  b e c o  m e t o o  hi g h.

S h o ot   D e v el o p  m e nt

B R a n d a u xi n a ct c o o p er ati v el y t o  pr o  m ot e l e af
l a  mi n a  b e n di n g i n  ri c e,  a n d  c ell  el o n g ati o n i n

n u  m er o us  s p e ci es,  i n cl u di n g  b e a n,  c u c u  m b er,
m ai z e, p e a, ri c e, s q u as h, a n d t o  m at o (f or r e vi e  w,
s e e   M a n d a v a 1 9 8 8,   Cl o us e a n d  S ass e  1 9 9 8, a n d
P ar k 1 9 9 8).  F urt h er st u di es i n  Ar a bi d o psis  c o n-
fi r  m e d t h at t h es e t  w o  h or  m o n es  a ct s y n er gisti-
c all y  t o  pr o  m ot e  h y p o c ot yl  el o n g ati o n  u n d er
m a n y  c o n diti o ns  ( T a n a k a,   2 0 0 3;    N e  m h a us er
et   al.   2 0 0 4).    A c c or di n gl y,  Ar a bi d o psis  A u x/
I  A  A  g ai n- of-f u n cti o n   m ut a nts  dis pl a y r e d u c e d
B R  s e nsiti vit y  i n  h y p o c ot yl  el o n g ati o n  ass a ys
(  N a k a  m ur a  et  al.  2 0 0 6)  a n d  B R  tr e at  m e nt  e n-
h a n c es  s h o ot  P  A T i n  r a p es e e d ( Li  et  al.  2 0 0 5).
C o or di n at e d  B R si g n ali n g a n d  P  A T als o c o ntr ol
v as c ul ar  p att er ni n g i n  Ar a bi d o psis  s h o ots,   wit h
a u xi n   m a xi  m a d e fi ni n g t h e l o c ati o n a n d  B R si g-
n ali n g d et er  mi ni n g t h e n u  m b er of v as c ul ar b u n-
dl es (I b a n es et al.  2 0 0 9).

B R  si g n ali n g  is  i  m p ort a nt  f or  pr o p er  li g ht
res p o ns es, a n d Ar a bi d o psis  B R   m ut a nts, s u c h as
d e- eti ol ate d 2  a n d  c p d, dis pl a y a c o nstit uti ve p h o-
t o  m or p h o g e ni c  p h e n ot y p e  ( Li  et  al.  1 9 9 6;  S z e-
keres  et  al.  1 9 9 6).  B ot h  a u xi n  a n d  B R si g n ali n g
are  re q uire d  f or  s h a d e  a v oi d a n c e  (  K e us k a  m p
et al. 2 0 1 1). I n res p o ns e t o l o w  bl u e li g ht c o n di-
ti o ns,  e ac h  h or  m o n e  re g ul at es  a  disti n ct  s et  of
g e n es, t h e f ull  c o  m pl e  m e nt  of   w hi c h is  n e e d e d
f or a pr o p er s h a d e a v oi d a n c e res p o ns e.   W hil e n o
dire ct li n k   w as est a blis h e d, t h e   N  A C   T F   A T A F 2,
w hi c h  re g ul at es  a u xi n  bi os y nt h esis  (  H u h  et  al.
2 0 1 2),   w as  als o  f o u n d  t o  re g ul at e  B R  t ur n o ver
i n Ar a bi d o psis  b y  bi n di n g t o t h e  pr o  m ot ers a n d
s u p pressi n g t h e  e x pressi o n  of t  w o  B R  c at a b oli c
e n z y  m e g e n es, P  H Y B- 4   A C TI  V A TI  O  N- T A  G  G E  D
S  U P P R E S S  O R 1 a n d S  U P P R E S S  O R   O F P  H Y B- 4 7
( Pe n g et al. 2 0 1 5). I n t his   w a y,   A T A F 2  pr o  m ot es
h y p o c ot yl  el o n g ati o n  b y  sti  m ul ati n g  a u xi n  bi o-
s y nt h esis a n d i n hi biti n g B R d e gr a d ati o n,  w h ere as
li g ht a n d B R s u p press A T F A F 2  e x pressi o n, cre at-
i n g  a  f e e d b ac k  re g ul at or y  circ uit  ( Pe n g  et  al.
2 0 1 5).

U n e q u al   a u xi n   distri b uti o n  l e a ds  t o  t h e
c ur vi n g  of s h o ots s e e n i n gr a vitr o pis  m, a n d  B R
a p pli c ati o n   pr o  m ot es   s h o ot   gr a vitr o pis  m   i n
b e a n (  M e u dt  1 9 8 7;  P ar k  1 9 9 8).   M or e o v er,  B R-
m e di at e d e n h a n c e  m e nt of r o ot gr a vitr o pi c c ur v-
i n g i n   m ai z e r e q uir es  P  A T (  Ki  m et al.  2 0 0 0). I n
Ar a bi d o psis  ,  B R tr e at  m e nt  a c c el er at es r o ot  a n d
s h o ot  gr a vitr o pis  m  a n d  a u xi n  r e p ort er  a cti vit y
f oll o  wi n g  gr a visti  m ul ati o n ( Li  et  al.  2 0 0 5).  F ol-
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l o  wi n g  B R  tr e at  m e nt,  PI  N 2  e x pr essi o n  is  e n-
h a n c e d  a n d  PI  N 2  pr ot ei n  l o c ali z ati o n    mi  mi cs
t h e  pr ot ei n  distri b uti o n s e e n   wit h gr a visti  m ul a-
ti o n.   T h es e fi n di n gs s u g g est t h at t h e i nt er acti o n
b et  w e e n   B R  a n d  a u xi n  i n  gr a vitr o pis  m  c o n-
v er g es  o n  P  A T.

A n ot h er  st u d y  f o u n d  t h at  i n  d ar k- gr o  w n
Ar a bi d o psis  s e e dli n gs,  B Rs i n hi bit  s h o ot  gr a vi-
tr o pis  m  (  V a n d e n b uss c h e  et  al.  2 0 1 1)  a n d  t h at
t h e    m e c h a nis  m   of  t his  i n hi biti o n  i n v ol v es  a
c o  m pl e x i nt er acti o n b et  w e e n  B R,  E T, a n d a u xi n
si g n ali n g  (  V a n d e n b uss c h e  et  al.  2 0 1 3). I n  p ar-
ti c ul ar,  s e v er al    A u x/I  A  A   pr ot ei ns  a n d    A R Fs,
A R F 7 a n d   A R F 1 9, ar e i  m pli c at e d i n B R-r e g ul at-
e d  gr a vitr o pi c  r es p o ns es.   H o  w e v er, t his i n hi bi-
ti o n is s e e n i n s e e dli n gs gr o  w n i n l o  w s u g ar c o n-
diti o ns, a n d t h e eff e ct is l ost   w h e n  g er  mi n ati n g
t h e s e e dli n gs  o n  v erti c al  pl at es  or s u p pl e  m e nt-
i n g t h e  gr o  wt h   m e di a   wit h  s u g ar (  V a n d e n b us-
s c h e et al. 2 0 1 1).   T h e a ut h ors s p e c ul at e t h at t h e
i  m p a ct of B R si g n ali n g o n gr a vitr o pis  m is d u e t o
a   w e a k e ni n g  of t h e  h y p o c ot yl  c ell   w all. I n d e e d,
f urt h er i n v esti g ati o n f o u n d i nt er a cti o ns b et  w e e n
gl u c os e,  B Rs, a n d  p ot e nti all y  P  A T  d uri n g  gr a v-
itr o pis  m a n d L R d e v el o p  m e nt ( Si n g h et al. 2 0 1 4;
G u pt a et al. 2 0 1 5).   Cl e arl y, t h e r ol e of a u xi n  – B R
i nt er a cti o ns  i n   s h o ot   d e v el o p  m e nt  is    m ulti-
f a c et e d,   wit h  tiss u e-  a n d  e n vir o n  m e nt-s p e cifi c
eff e cts.

Ot h er   C o nt e xt s

T h e  fi rst i d e ntifi e d  B R-r es p o nsi v e  g e n e,  B  U R 1 ,
w as f o u n d t o b e als o i n d u c e d b y a u xi n tr e at  m e nt
i n s o y b e a n, al b eit at a l at er ti  m e p oi nt ( 1 8  h vs. 2
h) ( Z ur e k a n d  Cl o us e 1 9 9 4).  T his p ot e nti al o v er-
l a p i n tr a ns cri pti o n al  c o ntr ol  h as  b e e n f urt h er
i n v esti g at e d  b y   m a n y st u di es (  G o d a et al.  2 0 0 2,
2 0 0 4;   M üssi g et al.  2 0 0 2;   Yi n et al.  2 0 0 2;   N e  m-
h a us er  et  al.  2 0 0 4).    A u xi n  a n d  B R  a p p e ar  t o
c o o p er ati v el y  re g ul at e  s o  m e  g e n es,    w hil e  t h e y
ar e  a nt a g o nisti c i n t h e c o ntr ol  of  ot h ers; t his is
fi tti n g,  c o nsi d eri n g t h e  v ari a bl e r ol es t h es e t  w o
h or  m o n es  pl a y i n  diff er e nt  as p e cts  of  pl a nt  d e-
v el o p  m e nt.   W hil e t h es e c o  m  m o n tr a ns cri pti o n-
al  pr o gr a  ms   m a y  b e  d u e t o  dir e ct r e g ul ati o n  of
B R bi os y nt h esis or  P  A T, o n e st u d y s u g g ests t h at
t h es e t  w o h or  m o n es c o n v er g e o n c o  m  m o n pr o-
m ot er   m otifs f o u n d i n c or e g ul at e d g e n es (  N e  m-

h a us er  et  al.  2 0 0 4)  a n d   C hI P  d at a  r e v e al  t h at
B Z R 1/ B E S 1   bi n d   t o    m a n y   a u xi n-r es p o nsi v e
g e n es ( S u n et al.  2 0 1 0;   Y u et al.  2 0 1 1).

I n hi biti o n  of  B R  bi os y nt h esis  i  m p airs  t h e
gr o  wt h- pr o  m oti n g  a cti o n  of  a u xi n  (  V ert  et  al.
2 0 0 8),  b ut t o g et h er t h e t  w o  h or  m o n es e n h a n c e
a n d p ot e nti at e t h e e x pr essi o n of c o  m  m o n t ar g et
g e n es.    Cl os er   e x a  mi n ati o n   r e v e al e d  t h at  t h e
BI  N 2  ki n as e r e g ul at es a u xi n si g n ali n g  b y  p h os-
p h or yl ati n g   A R F 2 a n d s u p pressi n g   D  N  A  bi n d-
i n g b y t his n e g ati v e re g ul at or of a u xi n r es p o ns es,
t h er e b y pr o  m oti n g tr a ns cri pti o n of its a u xi n t ar-
g et  g e n es  (  V ert  et  al.  2 0 0 8).  BI  N 2,  i n  t ur n,  is
n e g ati v el y  r e g ul at e d  b y  B R  ( P e n g  et  al.  2 0 0 8),
s u p p orti n g  t h e  h y p ot h esis  t h at  B R  bl o c ks  t h e
BI  N 2-  m e di at e d  acti v ati o n  of  t h e  a u xi n  tr a n-
s cri pti o n al  pr o gr a  m.   A d diti o n all y,  B R si g n ali n g
is  i  m pli c at e d  i n  t h e  c o ntr ol  of  A u x  /I  A  A  g e n e
e x pr essi o n  a n d  a cti vit y  i n  Ar a bi d o psis  (  N a k a-
m ur a et al. 2 0 0 3, 2 0 0 6;   C h o et al. 2 0 1 4).   D uri n g
Ar a bi d o psis  L R   d e v el o p  m e nt,  t h e    A R F 7  a n d
A R F 1 9   pr ot ei ns   b e c o  m e   p h os p h or yl at e d   b y
BI  N 2,  disr u pti n g  t h eir  i nt er a cti o n    wit h    A u x/
I  A  As  a n d  e n h a n ci n g  t h e  a u xi n  r es p o ns e  (  C h o
et  al.  2 0 1 4).   A  s cr e e n f or  a u xi n  tr a ns p ort    m u-
t a nts i n Ar a bi d o psis  r e v e al e d t h at  B R si g n ali n g
pr o  m ot es t h e  n u cl e ar ac c u  m ul ati o n  of a u xi n  b y
n e g ati v el y  r e g ul ati n g  PI  N- LI K E S  m R  N  A  a n d
pr ot ei n  e x pr essi o n  ( S u n  et  al.  2 0 2 0).   B R  h as
als o  b e e n  s h o  w n  t o  r e g ul at e  a u xi n  c at a b olis  m
i n  b arl e y  ( S a d ur a  et  al.  2 0 1 9).    M ut a nts  i n  k e y
B R  bi os y nt h eti c ( H v  D  W A R F  , H v C P  D  )  a n d si g-
n ali n g  ( H v B RI 1  )  g e n es  h a d   wil d-t y p e l e v els  of
t ot al  a cti v e  a u xi ns  b ut  alt er e d l e v els  of   m et h yl-
at e d a n d  o xi di z e d a u xi ns.

A u xi n si g n ali n g, i n t ur n, i n cr e as es  B R s e n-
siti vit y  b y  e n h a n ci n g  e x pr essi o n  of  t h e  B R  r e-
c e pt or  B RI 1  ( S a k a  m ot o et al.  2 0 1 3). I n ri c e, t h e
Os B RI 1  pr o  m ot er  h ar b ors  a n  a u xi n-r es p o nsi v e
el e  m e nt  (  A u x R E)  t h at  is  b o u n d  b y    Os  A R F 1 1
a n d  is  r e q uir e d  f or  t h e  u p-r e g ul ati o n  of  Os-
B RI 1  a n d   B R  p h e n ot y p es,  pr o vi di n g  a  dir e ct
c o n n e cti o n   b et  w e e n  a u xi n  si g n ali n g  a n d   B R
p er c e pti o n   ( S a k a  m ot o   et   al.   2 0 1 3).    D  W F 4,
w hi c h  c at al y z es  a r at e-li  miti n g  st e p i n  B R s y n-
t h esis, is tr a ns cri pti o n all y i n d u c e d  b y  a u xi n i n
Ar a bi d o psis  a n d    m a n y  a u xi n-i n d u ci bl e  g e n es
ar e  n ot  acti v at e d  i n  t h e  pr es e n c e  of  a  B R  i n-
hi bit or (  C h u n g et  al.  2 0 1 1), s u g g esti n g t h at t h e
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f ull  a u xi n tr a ns cri pti o n al  r es p o ns e  re q uir es i n-
t a ct  B R  si g n ali n g.

A  U XI  N  – C K I  N T E R A  C TI  O  N S

A u xi n  a n d   C  K   w or k t o  b al a n c e  o n e  a n ot h er i n
r e g ul ati n g   pl a nt   d e v el o p  m e nt al   pr o c ess es.  I n
f a ct,   C  K   w as  dis c o v er e d b as e d o n its i nt er acti o n
wit h a u xi n t o  pr o  m ot e t h e gr o  wt h a n d  di visi o n
of c ult ur e d  pl a nt c ells (  Mill er et al. 1 9 5 5, 1 9 5 6).
T h e t  w o h or  m o n es ar e g e n er all y a nt a g o nisti c of
o n e a n ot h er. F or e x a  m pl e,   w hil e b ot h h or  m o n es
ar e re q uir e d f or c all us f or  m ati o n i n c ell c ult ur e,
a n  e x c ess  of   C  K  pr o  m ot es  s h o ot  d e v el o p  m e nt,
w h er e as  e x c ess  a u xi n f a v ors r o ot  d e v el o p  m e nt.
T h es e  t  w o  h or  m o n es  h a v e  a  st ori e d  s ci e nti  fi c
p ast  (f or  r e vi e  w,  s e e  S c h all er  et  al.  2 0 1 5  a n d
Ki e b er  a n d  S c h all er  2 0 1 8).    H er e,   we  hi g hli g ht
t h e    m a n y  l e v els  of  i nt er acti o n  b et  w e e n  t h e  m.
M ost  of t h e f oll o  wi n g st u di es t a k e  pl a c e i n  Ar a-
bi d o psis ,  a n d    w hil e  it  is  k n o  w n  t h at    C  K  a n d
a u xi n r e g ul at e o n e a n ot h er i n s e v er al  pl a nt s p e-
ci es, t h e e xt e nt t o   w hi c h t h e  o bs er v ati o ns   m a d e
i n Ar a bi d o psis  c a n b e e xtr a p ol at e d t o ot h er s p e-
ci es r e  m ai ns t o  b e  dis c o v er e d.

C  Ks ar e a d e ni n e- d eri v e d  h or  m o n es t h at ar e
s y nt h esi z e d i n  a  s eri es  of  st e ps i n v ol vi n g  I S  O-
P E  N T E  N Y L    T R  A  N S F E R  A S E   (I P T),    C Y T  O-
C  H R  O  M E  P 4 5 0  F  A  MI L Y  7 3 5  A,  a n d  L  O  N E L Y
G  U Y  ( L  O  G)  e n z y  m es.   C  Ks  ar e  i n a cti v at e d  b y
c o nj u g ati o n  t o  s u g ar    m ol e c ul es  or  b y  d e gr a-
d ati o n  at  t h e  h a n ds  of  e n z y  m es  s u c h  as  t h e
C  K    O XI  D  A S E/  D E  H Y  D R  O  G E  N  A S E   (  C  K Xs).
W h e n   C  K bi n ds t o its r e c e pt ors,   A R  A BI  D  O P SI S
HI S TI  DI  N E    KI  N  A S Es  (  A  H  Ks),  t h e  r e c e pt or
a ut o p h os p h or yl at es,  i niti ati n g  a  p h os p h or yl a-
ti o n  c as c a d e.   T h e   A R  A BI  D  O P SI S   HI S TI  DI  N E
P  H  O S P  H  O T R  A  N S  MI T T E R   (  A  H P)   pr ot ei ns
tr a nsf er   p h os p h at es  fr o  m  t h e    A  H  Ks  t o  t h e
t y p e- B   A R  A BI  D  O P SI S   R E S P  O  N S E   R E  G  U L  A-
T  O Rs (  A R Rs), acti v ati n g t h e  m.   A  H P 1, 2, 3, a n d 5
ar e  b eli e v e d t o  p ositi v el y r e g ul at e   C  K si g n ali n g,
w hil e   A  H P 4   m a y b e a n e g ati v e r e g ul at or.   A  H P 6,
w hi c h l a c ks t h e  histi di n e  ki n as e  acti vit y  of t h e
ot h er   A  H Ps, als o i n hi bits   C  K si g n ali n g t hr o u g h
a n  u n cl e ar    m e c h a nis  m.    A  H P-  m e di at e d  p h os-
p h or yl ati o n  of  t h e  t y p e- B    A R Rs  i n d u c es  t h e
C  K  tr a ns cri pti o n al   r es p o ns e.    O n e  f a  mil y   of
g e n es  t h at  is  r a pi dl y  i n d u c e d  b y    C  K  ar e  t h e

t y p e-  A    A R Rs,  a  s et  of  pr ot ei ns  t h at  a ct  i n  a
f e e d b a c k    m a n n er   t o   re pr ess    C  K   si g n ali n g
(  H ut c his o n  et  al.  2 0 0 6;  f or  r e vi e  w,  s e e   Ki e b er
a n d S c h all er  2 0 1 8).

C  K  i n d u c es  a u xi n  bi os y nt h esis  i n  s e v er al
Ar a bi d o psis  tiss u es  a n d t his i n d u cti o n re q uir es
C  K si g n ali n g t hr o u g h   A  H Ps  a n d t y p e-  A   A R Rs
(J o n es  et  al.  2 0 1 0).   T h es e   A R Rs  h a v e  als o  b e e n
s h o  w n t o  b e  a  n o d e  of  a u xi n-  m e di at e d  c o ntr ol
of   C  K  si g n ali n g  (  O v er v o or d e  et  al.  2 0 0 5;    M ül-
l er a n d  S h e e n  2 0 0 8;  L e e  et  al.  2 0 0 9;   Z h a o  et  al.
2 0 1 0).    Usi n g  s e v er al  a u xi n  a n d    C  K    m ut a nts,
m ut u all y  i n hi bit or y   eff e cts   of  t h e  t  w o   h or-
m o n es   w er e f o u n d i n  a  s uit e  of  d e v el o p  m e nt al
p h e n ot y p es  (  K ur e p a  et  al.  2 0 1 9).   T h e  a ut h ors
pr o p os e d   t h at   t h e   a u xi n   si g n ali n g   pr ot ei ns
A R F 7 a n d I  A  A 1 7  pr o  m ot e t y p e-  A  A R R  e x pr es-
si o n  t o  i n hi bit    C  K  si g n ali n g.    H o  w e v er,    w hil e
t his  r o ut e  f or  a u xi n  c o ntr ol  of    C  K  si g n ali n g
h as  b e e n  pr e vi o usl y  i n v esti g at e d,  t h e  fi n di n gs
ar e  n ot  c o n c or d a nt; t h us, t h e   m e c h a nis  m,  a n d
e v e n  dir e cti o n,  of  t y p e-  A    A R R  re g ul ati o n  b y
a u xi n  r e  m ai ns  i n   q u esti o n.  It   h as  als o   b e e n
wi d el y  d e  m o nstr at e d  t h at    C  K  r e g ul at es  a u xi n
si g n ali n g   b y  alt eri n g  t h e  e x pr essi o n   of   PI  Ns
( Rů ž ič k a  et  al.  2 0 0 9;  f or  r e vi e  w,  s e e  S c h all er
et  al.  2 0 1 5).

Li k e wis e,  a u xi n i n fl u e n c es   C  K  bi os y nt h esis
i n Ar a bi d o psis  a n d  ot h er s p e ci es  vi a re g ul ati o n
of t h e  I P T  g e n es ( Z h a n g  et  al.  1 9 9 5;    Mi y a  w a ki
et al. 2 0 0 4;   N or dstr o  m et al. 2 0 0 4;   T a n a k a et al.
2 0 0 6;   C h e n g et al. 2 0 1 3).   As is oft e n t h e c as e, t h e
sit u ati o n  is  pr o b a bl y  f ar    m or e  c o  m pl e x,    wit h
a u xi n  s h o  w n  t o  als o  pr o  m ot e   C  K  t ur n o v er  b y
e n h a n ci n g  C K X  e x pr essi o n  ( P al ni  et  al.  1 9 8 8;
Wer n er et al. 2 0 0 6).

R o ot   D e v el o p  m e nt

C  K  a n d  a u xi n  g e n er all y  o p p os e  o n e  a n ot h er i n
r o ot  d e v el o p  m e nt  ( Fi g.  2;   K ur e p a  et  al.  2 0 1 9)
a n d t h e  b al a n c e  b et  w e e n  c ell  di visi o n  a n d  dif-
f ere nti ati o n  r eli es  o n  t h e  i nt er a cti o n  b et  w e e n
a u xi n  a n d   C  K (f or re vi e  w, s e e Ji n g  a n d  Str a d er
2 0 1 9).   C  K pr o  m ot es a s  m all er   m erist e  m vi a dif-
f ere nti ati o n of c ells i n t h e tr a nsiti o n z o n e,   w hil e
a u xi n f a v ors a l ar g er   m erist e  m b y pr o  m oti n g c ell
di visi o n ( Blil o u et al. 2 0 0 5;   D ell o I oi o et al. 2 0 0 7;
M o u b a yi di n  et  al.  2 0 1 0).   T his  eff e ct  of   C  K  o n
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m erist e  m  si z e is  d e p e n d e nt  u p o n  a u xi n  tr a ns-
p ort,  as  it  is  n ot  o bs er v e d  i n  a  pi n 2 /3 /7  tri pl e
m ut a nt  (  D ell o  I oi o  et  al.  2 0 0 7).   A d diti o n all y,
Ar a bi d o psis   C K X  - o v er e x pr essi n g li n es  h a v e  r e-
d u c e d  PI  N 2  a n d  PI  N 4  e x pr essi o n a n d a b n or  m al
r o ots   wit h  e x p a n d e d  a u xi n   m a xi  m a  a n d l ar g er
c ol u  m ell a c ells, s u g g esti n g t h at   C  K a cts t o r e g u-
l at e t h e e x pr essi o n of PI  N  g e n es a n d a u xi n tr a ns-
p ort, t h er e b y  b al a n ci n g  el o n g ati o n  a n d  c ell  di-
visi o n ( P er nis o v a et al. 2 0 0 9).

T h e    A u x/I  A  A   S  H  O R T    H Y P  O C  O T Y L 2
( S  H Y 2, I  A  A 3) h as b e e n i  m pli c at e d i n t h e re g ul a-
ti o n  of  a u xi n tr a ns p ort  b y   C  K ( Fi g.  2  C).  S  H Y 2
tr a ns cri pti o n  is  i n d u c e d   b y    C  K,   pres u  m a bl y
t hr o u g h  t h e  t y p e- B    A R Rs,    A R R 1  a n d    A R R 1 2
(  D ell o I oi o et al.  2 0 0 8;   M o u b a yi di n et al.  2 0 1 0).
S  H Y 2 re d u c es t h e e x pressi o n of  PI  N 1 , PI  N 3 ,  a n d
PI  N 7  tr a ns cri pts a n d  pr ot ei n, as ass ess e d  b y t h e
ac c u  m ul ati o n  of  tr a nsl ati o n al  f usi o n  re p ort ers
(  D ell o  I oi o  et  al.  2 0 0 8).   T h e  S  H Y 2- d e p e n d e nt
d e cre as e i n  PI  N  pr ot ei n l e vels  res ults i n  a l o c al
re distri b uti o n of a u xi n, c ell diff ere nti ati o n, a n d a
s  m all er   m erist e  m  (  D ell o  I oi o  et  al.  2 0 0 8;    M o u-
b a yi di n  et  al.  2 0 1 0).  S  H Y 2, i n t ur n, i n hi bits t h e
a u xi n-i n d u c e d  e x pressi o n  of  a n  I P T 5  pr o  m ot er
re p ort er f usi o n c o nstr u ct, c o  m pl eti n g  a n  a u xi n-
C  K re g ul at or y circ uit (  D ell o I oi o et al. 2 0 0 8).

A u xi n,  o n t h e  ot h er  h a n d,  pr o  m ot es  S  H Y 2
d e gr a d ati o n ( Fi g. 2  C;   Ti a n et al. 2 0 0 2), rest ori n g
PI  N  e x pr essi o n,  a u xi n l o c ali z ati o n,  a n d  c ell  di-
visi o n (  D ell o I oi o et al. 2 0 0 8). S  H Y 2   m a y t ar g et
PI  N  g e n es  dir e ctl y  or  it  c o ul d  b e  a n  i n dir e ct
i nt er a cti o n   t hr o u g h   r e pr essi o n   of   t h e   u bi q-
uiti n- bi n di n g   pr ot ei n    D  A 1- R E L  A T E  D   P R  O-
T EI  N 2  (  D  A R 2)  ( P e n g  et  al.  2 0 1 3).   T h e  eff e cts
of a u xi n or   C  K o n r o ot   m erist e  m si z e ar e l ost i n
d ar 2  m ut a nts  a n d  g e n eti c  a n al ys es  pl a c e  D  A R 2
d o  w nstr e a  m  of   C  K  si g n ali n g  a n d  S  H Y 2 .  F ur-
t h er,  d ar 2  m ut a nts  h a v e  r e d u c e d  a u xi n  tr a ns-
p ort t o  w ar d t h e r o ot   m erist e  m, a n d r e d u c e d   C  K
r e g ul ati o n   of   PI  N 3   a n d   PI  N 7   tr a nsl ati o n al
f usi o ns ( P e n g et al. 2 0 1 3). St u di es  of t h e Ar a bi-
d o psis  r o ot    m erist e  m  a n d  d e v el o pi n g  v as c ul a-
t ur e  f o u n d  t h at  t h e   C  K-i n d u c e d  re d u cti o n  of
PI  N  pr ot ei ns ( vi a i n d u cti o n  of  S  H Y 2 ) i n v ol v e d
t h e  tr a ns cri pti o n al  c or e g ul at or   B R X  ( S c a c c hi
et al. 2 0 1 0).   W h er e as t h e   m e c h a nis  m is u n cl e ar,
it   li kel y   i n v ol v es   r e ci pr o c al   tr a ns cri pti o n al
r e pr essi o n  b et  w e e n  S  H Y 2  a n d  B R X  a n d  c o  m-

p etiti o n f or   M  O  N  O P T E R  O S (  M P,   A R F 5) bi n d-
i n g.

Ar a bi d o psis   A R R 7  a n d  A R R 1 5  , t y p e-  A f e e d-
b a c k r e pr ess ors of   C  K si g n ali n g, ar e u p-r e g ul at-
e d  b y a u xi n i n t h e r o ot st e  m c ell  ni c h e (  M üll er
a n d  S h e e n  2 0 0 8).   T y p e-  A   A R Rs, i n t ur n, r e g u-
l at e  PI  N  pr ot ei ns  vi a  a n  u n k n o  w n   m e c h a nis  m.
T h e  Ar a bi d o psis arr 3  /4 /5 /6 /7 /8 /9 /1 5 m ut a nt h as
a  s  m all er    m erist e  m  a n d  r e d u c e d  PI  N 1,  PI  N 3,
a n d  PI  N 4 pr ot ei n l e v els.  PI  N 7 l e v els i n t h e st el e
ar e  d e cr e as e d,  b ut  ar e  hi g h er  i n  t h e  r o ot  c a p,
s u g g esti n g t h at   C  K  si g n ali n g  acts  o n  PI  N  pr o-
t ei ns  t o  alt er  a u xi n  distri b uti o n  a n d  re g ul at e
m eris t e  m si z e a n d  diff er e nti ati o n ( Z h a n g  et  al.
2 0 1 1).  F urt h er  m or e,  Ar a bi d o psis  t y p e- B   A R R 1
a n d   A R R 1 2 i n hi bit t h e  e x pr essi o n  of t h e  a u xi n
i nfl u x tr a ns p ort ers  L  A X 2  a n d A  U X 1  ,   wit h   A R R 1
dir e ctl y  bi n di n g t h e  pr o  m ot er  of  L  A X 2  ( Z h a n g
et al. 2 0 1 3).   A R R 1 als o  pr o  m ot es a u xi n  bi os y n-
t h esis,  at  l e ast  i n  p art  vi a  t h e  tr a ns cri pti o n al
a cti v ati o n   of  A  N T  H R  A  NI L  A T E   S Y  N T  H  A S E
B E T A  S  U B  U  NI T 1  (A S B 1  ) t h at c o d es f or a r at e-
li  miti n g e n z y  m e i n t h e bi os y nt h esis of t h e a u xi n
pr e c urs or   Tr p (  M o u b a yi di n  et  al.  2 0 1 3).  A R R 1
s u p pressi o n  b y  S  C  A R E  C R  O  W ( S  C R),  a criti c al
r e g ul at or of r o ot   m erist e  m a cti vit y,  d o  w n-r e g u-
l at es  a u xi n  bi os y nt h esis  t o    m ai nt ai n  t h e  r o ot
m erist e  m (  M o u b a yi di n et al. 2 0 1 3).   A d diti o n al-
l y,    A R R 1 2    w or ks  i n  c o n c ert    wit h    R E TI  N  O-
B L  A S T  O  M  A- R E L  A T E  D ( R B R)  pr ot ei n t o acti-
v at e  A R F 1 9  tr a ns cri pti o n  i n  t h e  r o ot   a pi c al
m erist e  m, pr o  m oti n g c ell diff er e nti ati o n ( R a d e-
m a c h er et al.  2 0 1 1;  P erilli et al.  2 0 1 3).

T h e r ol e  of  a u xi n – C K i nt er acti o ns i n  L R  d e-
vel o p  m e nt  h as  b e e n  e xt e nsi vel y st u die d (f or  re-
vie w, s e e Ji n g  a n d  Str a d er  2 0 1 9). I n  Ar a bi d o psis
L Rs,   C  K re g ul at es t h e e x pressi o n l e vel a n d p att er n
of PI  N  g e n es ( L a pl a z e et al. 2 0 0 7), a n d   m ut a nts f or
s e ver al  C  K si g n ali n g c o  m p o n e nts dis pl a y i  m pr o p-
er  PI  N l o c ali z ati o n (  M ar h a v ý et  al.  2 0 1 1;   C h a n g
et al. 2 0 1 3;   M oreira et al. 2 0 1 3).   C K   w as f o u n d t o
dire ct e n d o c yti c re c y cli n g of  PI  N 1 t o w ar d d e gr a-
d ati o n i n L R pri  m or di a, t h ere b y re d uci n g t h e ac-
c u  m ul ati o n of PI  N 1 pr ot ei ns o n t h e pl as  m a   m e  m-
br a n e  a n d  i n hi biti n g  L R  i niti ati o n  ( Fi g.  2  A, B;
M ar h a v ý  et  al.  2 0 1 1).   D uri n g l at er  st a g es  of  L R
f or  m ati o n,   C  K   w as  f o u n d  t o  d e pl et e  a nti cli n al
PI  N 1  pr ot ei n ac c u  m ul ati o n,  dire cti n g a u xi n  fl o w
t o pr o  m ot e L R gr o wt h (  M ar h a v ý et al. 2 0 1 4). Ar a-
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bi d o psis  a h p 6  m ut a nt pl a nts dis pl a y a   mil d d ef e ct
i n  L R e  m er g e n c e a n d c ell  di visi o n i n L R pri  m or-
di a, a n d h a ve a b n or  m al PI  N 1 pr ot ei n l o c ali z ati o n,
all re  mi nisc e nt  of   C  K tre at  m e nt eff e cts (  M oreira
et al.  2 0 1 3).  T h e a h p 6  m ut a nt p he n ot y pe is l ost i n
c o  m bi n ati o n   wit h C K X - o vere x pressi n g li n es, s u g-
g esti n g  t h at   A  H P 6    m a y  f u n cti o n  t o  re d uc e   C K
si g n ali n g  a n d    m ai nt ai n  pr o p er  L R  c ell  di visi o n.
T h e  A  H P 6  g e n e is tr a ns cri pti o n all y  u p-re g ul at e d
b y  a u xi n i n  v as c ul ar tiss u es,  p oi nti n g t o  a u xi n-
tri g gere d i n hi biti o n  of   C K si g n ali n g ( vi a   A  H P 6)
d uri n g  v as c ul ar  p att er ni n g i n  Ar a bi d o psis  r o ots
( Bis h o p p et al. 2 0 1 1). If A  H P 6  is als o a u xi n re g u-
l at e d i n  L R  pri  m or di a, it c o ul d s er ve as a g e n er al
p oi nt  of i nt e grati o n f or a u xi n a n d   C K si g n ali n g.
M ore re c e ntl y,   C K   w as s h o w n t o e x ert its eff e cts
o n  L R r o ot f or  m ati o n t hr o u g h   T R  A  N S P  O R T E R
O F  I B  A 1   ( T  O B 1)  t h at   bl o c ks   L R  f or  m ati o n
(  Mi c h ni e wi cz et  al.  2 0 1 9).   T  O B 1 is  a n i n d ol e- 3-
b ut yr u c  aci d (I B  A) tr a ns p ort er tr a ns cri pti o n all y
i n d u ce d b y   C K si g n ali n g. I B  A is a n a u xi n pre c ur-
s or, s u g g esti n g t h at   C  K si g n ali n g   m a y alt er a u xi n
distri b uti o n  b y  pr o  m oti n g  t h e  rel o c ali z ati o n  of
a u xi n i nt er  m e di at es.

A u xi n  pl a ys a   w ell- est a blis h e d r ol e i n gr a vi-
tr o pis  m a n d re g ul at es diff er e nti al c ell e x p a nsi o n
t o  a c hi e v e  r o ot  t ur ni n g.  I n  Ar a bi d o psis  ,  C  K
m o di  fi es t h e distri b uti o n of a u xi n b y e n h a n ci n g
as y  m  m etri c l o c ali z ati o n of  PI  N 1 pr ot ei ns t o t h e
b as al si d e of c ells, r e dir e cti n g t h e  fl o  w of a u xi n t o
pr o  m ot e   r o ot   gr a vitr o pis  m   (  M ar h a v ý   et   al.
2 0 1 4).  E n h a n c e  m e nt  of  a n    A  U X 1  fl u or es c e nt
r e p ort er si g n al   w as als o r e p ort e d i n  C K X 2-  a n d
C K X 3 - o v er e x pr essi o n li n es i n Ar a bi d o psis  , s u g-
g esti n g t h at   C  K als o r e g ul at es a u xi n i n fl u x ( P er-
nis o v a et al.  2 0 1 6).

D uri n g L R f or  m ati o n, e  m er gi n g r o ots est a b-
lis h a n a n gl e of gr o  wt h   wit h a c h ar act eristi c dis-
pl a c e  m e nt fr o  m t h e gr a vit y v e ct or (t h e s o- c all e d
gr a vitr o pi c s et p oi nt a n gl e).   T his all o  ws t h e r o ot
s yst e  m t o e x p a n d o ut  w ar d fr o  m t h e  P R.   C  K si g-
n ali n g  h as  als o  b e e n s h o  w n t o  a ct i n t h e  gr a vi-
tr o pi c res p o ns e b y o p p osi n g b e n di n g t o  w ar d t h e
gr a vit y  v e ct or  (  W ai d  m a n n  et  al.  2 0 1 9).   A  g e-
n o  m e-  wi d e  ass o ci ati o n  st u d y  (  G  W A S)  s cr e e n
i d e ntifi e d C K X 2  v ari a nts as a f a ct or i n d et er  mi n-
i n g  L R  a n gl e.   C  K tr e at  m e nt i n cr e as es t h e a n gl e
of  L Rs  i n  Ar a bi d o psis  a n d  r a p es e e d,    w h er e as
Ar a bi d o psis  C  K   re c e pt or    m ut a nts   s h o  w   d e-

cr e as e d  L R  a n gl es.  E n h a n c e d   C  K si g n ali n g   w as
o bs er v e d o n t h e t o psi d e of t h e e  m er gi n g L R a n d
i n hi bit e d r o ot gr o  wt h, c o  m pl e  m e nti n g t h e a u x-
i n-  m e di at e d gr o  wt h re pr essi o n o n t h e u n d ersi d e
of t h e r o ot.   W h er e as a dir e ct i nt er a cti o n   w as n ot
d e fi n e d, tr e at  m e nt   wit h t h e a u xi n tr a ns p ort i n-
hi bit or   n a p ht h yl p ht h al a  mi c   aci d   (  N P  A)   re-
d u c e d   C  K r e p ort er acti vit y a n d bl o c k e d t h e f or-
m ati o n of a   C  K si g n ali n g gr a di e nt.  T h e b al a n c e d
r e pr essi o n fr o  m a u xi n  a n d   C  K  pr o  m ot es r a di al
e x p a nsi o n  of t h e r o ot s yst e  m  b y  pr e ve nti n g t h e
L R fr o  m c o  m pl eti n g a f ull 9 0° t ur n t o ali g n   wit h
gr a vit y, d e  m o nstr ati n g h o  w t h es e t  w o h or  m o n es
c o or di n at e t o  fi n e-t u n e  L R  a n gl es  (  W ai d  m a n n
et al.  2 0 1 9).

Si  mil arl y, t his  a u xi n-  C  K c o  m p etiti o n is  b e-
li e v e d t o b e at pl a y i n L R h y dr otr o pis  m.  T h e E R-
ass o ci at e d    MI Z  U-  K  U S S EI 1  (  MI Z 1)  pr ot ei n  is
ess e nti al f or a pr o p er h y dr otr o pi c r es p o ns e (  K o-
b a y as hi et al. 2 0 0 7;   Y a  m a z a ki et al. 2 0 1 2).   W h e n
o v er e x pr ess e d  i n  Ar a bi d o psis  ,    MI Z 1  i n cre as es
C  K s e nsiti vit y, re d u c es  L R  n u  m b er,  a n d l o  w ers
fr e e  a u xi n l e v els,  b ut  e x o g e n o us  a u xi n  s u p pl e-
m e nt ati o n res c u e d t h e L R p h e n ot y p e (  M ori  w a ki
et  al.  2 0 1 1). I nt er esti n gl y,   C  K  pr o  m ot es t h e l o-
c ali z ati o n  of    MI Z 1  pr ot ei n  at  r o ot  pri  m or di a,
s u g g esti n g t h at   MI Z 1 s er v es  as  a  n o d e f or a u x-
i n-  C  K cr osst al k  d uri n g  L R f or  m ati o n.

S e v er al  ot h er g e n es  h a v e  b e e n i  m pli c at e d as
n o d es of a u xi n-  C  K c o  m  m u ni c ati o n d uri n g r o ot
d e v el o p  m e nt al  pr o c ess es.    A  U XI  N    U P- R E  G  U-
L  A T E  D  F- B  O X  P R  O T EI  N 1 is tr a ns cri pti o n all y
i n d u c e d b y a u xi n a n d pr o p os e d t o   m e di at e   C  K-
r e g ul at e d c ell e x p a nsi o n i n t h e r o ot b y r e g ul ati n g
PI  N  e x pr essi o n a n d, p ossi bl y, b y t ar g eti n g   A R R 1
f or  d e gr a d ati o n  ( Z h e n g  et  al.  2 0 1 1).    T h e    T F
T  M  O 5  is tr a ns cri pti o n all y  u p-r e g ul at e d b y a u x-
i n ( S c hl er et h  et  al.  2 0 1 0)  a n d  e n h a n c es t h e  e x-
pr essi o n  of  t h e    C  K- bi os y nt h esis  g e n e,  L O  G 4 ,
h el pi n g  d et er  mi n e  v as c ul ar  p att er ni n g  i n  t h e
Ar a bi d o psis  r o ot  (  D e    R y b el  et  al.   2 0 1 4).    Of
n ot e, t h e  P L E T  H  O R  A  (P L T )   T Fs, k e y r e g ul at ors
of r o ot  d e v el o p  m e nt t h at  ar e i n d u c e d  b y a u xi n
(  Ai d a et al. 2 0 0 4; Blil o u et al. 2 0 0 5;   G ali n h a et al.
2 0 0 7)  a n d  re g ul at e  b ot h  a u xi n  tr a ns p ort  a n d
s y nt h esis  ( Pi n o n  et   al.   2 0 1 3;   S a nt u ari  et   al.
2 0 1 6), are r e pr ess e d b y   C  K i n  Ar a bi d o psis  r o ots
(  D ell o  I oi o  et  al.  2 0 0 8).  Fi n all y,   C  K  h as  b e e n
i  m pli c at e d i n  pr o  m oti n g  a u xi n  res p o ns es  d ur-
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i n g n o d ul ati o n i n L ot us j a p o nic as  a n d M e dic a g o
tr u nc at ul a (f or r e vi e  w, s e e   K o hl e n  et  al.  2 0 1 8),
wit h  n o d ul e f or  m ati o n d ef e cts o bs er v e d i n l oss-
of-f u n cti o n   m ut a nts f or   C  K si g n ali n g a n d a u x-
i n  bi os y nt h esis  g e n es.   O n  t h e  ot h er  h a n d,   C  K
tr e at  m e nt,   C  K  si g n ali n g  g ai n- of-f u n cti o n    m u-
t a nts,  a n d  c h e  mi c al  i n hi biti o n  of  P  A T l e a d  t o
t h e  f or  m ati o n  of  n o d ul e-li k e  str u ct ur es  i n  t h e
a bs e n c e  of  r hi z o bi a i n  L. j a p o nic as  a n d  alf alf a
(M e dic a g o s ati v a  ) (f or r e vi e  w, s e e   K o hl e n et al.
2 0 1 8).

S h o ot   D e v el o p  m e nt

I n c o ntr ast t o t h eir r ol es i n r o ot   m erist e  m d e vel-
o p  m e nt, a u xi n acts t o pr o  m ot e s h o ot a pi c al   m er-
ist e  m diff ere nti ati o n   w hil e   C  K pr o  m ot es di visi o n
of  u n diff ere nti at e d  c ells  (f or  re vi e w,  s e e    A zi zi
et  al.  2 0 1 5).   T h ere  is  a  g e n er al  t h e  m e  of  hi g h
a u xi n l e vels re d u ci n g  C  K bi os y nt h esis or pr o  m ot-
i n g   C  K t ur n o ver,   w hil e risi n g   C  K l e vels  disr u pt
a u xi n  distri b uti o n  b y    m o d ul ati n g  PI  N  pr ot ei ns
( Fi g.   3  A).  I n  Ar a bi d o psis  h y p o c ot yl  e x pl a nts,
C  K  u p-re g ul at es  PI  N 3  a n d  PI  N 6 ,  b ut  re d u c es
t h e  e x pressi o n  of PI  N 2 , s h a pi n g  a u xi n  distri b u-
ti o n,  a n d  t h us  alt eri n g  t h e  c ell  di visi o n  vers us
diff ere nti ati o n  b al a n c e  ( Per nis o v a  et  al.  2 0 0 9).
O n  t h e   ot h er   h a n d,   d uri n g   s h o ot  i n d u cti o n
fr o  m c all us, a u xi n  pr o d u cti o n i n cre as es, acti v at-
i n g   A R F 3,   w hi c h i n t ur n s u p press es I P T 5 (  C h e n g
et al. 2 0 1 3). I n t his   w a y, a u xi n acts t o restri ct   C  K
acti vit y t o t h e sit e  of f ut ure   m erist e  ms.   A c c or d-
i n gl y, d e c a pit ati o n of  p e a  pl a nts, t h ere b y re  m o v-
i n g  y o u n g  e x p a n di n g l e a ves,   w hi c h  are  a   m aj or
a u xi n  s o urc e  i n  t h e  st e  m,  i n d u c es  PsI P T 1  a n d
PsI P T 2 ,    w hil e  e x o g e n o us  a u xi n  i n hi bits  t h e  m
( T a n a k a et al. 2 0 0 6). I n Cre  m astr a a p p e n dic ul at a
ps e u d o b ul bs, d e c a pit ati o n res ults i n a t ur n o ver of
a u xi n a n d i n d u cti o n of   C  K bi os y nt h esis ( L v et al.
2 0 1 8).  Tre at  m e nt   wit h t h e a u xi n tr a ns p ort i n hi b-
it ors   N P A a n d 2, 3, 5-trii o d o b e n z oi c aci d  u p-re g-
ul at e d  C aI P T ,  a n d  re d u c e d  t h e  e x pressi o n   of
C a C K X ,  pr o  m oti n g a n ac c u  m ul ati o n  of   C  K a n d
ps e u d o b ul b br a n c hi n g.

A u xi n  a n d   C  K  ar e  s p ati all y  r e g ul at e d  a n d
d e p e n d e nt  u p o n  o n e  a n ot h er  t o  or g a ni z e  t h e
f or  m ati o n of a xill ar y   m erist e  ms i n   m ulti pl e s p e-
ci es (  W a n g  et  al.  2 0 1 4;   Di er c k  et  al.  2 0 1 6;   Qi u
et al.  2 0 1 9).   T o c o nf er a pi c al  d o  mi n a n c e, a u xi n

bl o c ks  a xill ar y   gr o  wt h  a n d    C  K   pr o  m ot es  it.
A u xi n  ori gi n ati n g  fr o  m  t h e  s h o ot  a p e x  d o  w n-
r e g ul at es   C  K bi os y nt h esis i n st e  ms, r e d u ci n g   C  K
l e v els i n  a xill ar y  b u ds,  a n d   C  K  r e g ul at es  a u xi n
ef fl u x  fr o  m  br a n c h es  ( Fi g.  3  A;  f or  re vi e  w,  s e e
M üll er  a n d  L e ys er  2 0 1 1).  F or  e x a  m pl e, i n  p e a,
C  K  pr o  m ot es  p ol ari z ati o n  of  PI  N 1  pr ot ei n  i n
a xill ar y  b u ds  (  K al o us e k  et  al.  2 0 1 0)  a n d  i n-
cr e as es l e v els  of  PI  N 3,  4,  a n d  7  fl u or es c e nt f u-
si o n  pr ot ei ns i n t h e x yl e  m  p ar e n c h y  m a  of  Ar a-
bi d o psis  m ai n st e  ms (  W al di e  a n d  L e ys er  2 0 1 8).
C orr es p o n di n gl y,  C  K   w as f o u n d t o r e g ul at e b ot h
a u xi n   tr a ns p ort   a n d   b u d   a cti v ati o n   d uri n g
br a n c hi n g i n  p e a (  K ot o v a n d   K ot o v a 2 0 1 8).

T h e t y p e-  A   A R Rs  A R R 7  a n d  A R R 1 5  ar e i n-
d u c e d  b y   C  K  i n  t h e  Ar a bi d o psis  s h o ot  a pi c al
m erist e  m   b ut   r e pr ess e d   b y    A R F 5   ( Fi g.   3 B;
Z h a o  et  al.  2 0 1 0).   As t y p e-  A   A R Rs i n hi bit   C  K
si g n ali n g, t his i nt er acti o n r e v e als  a n i  m p ort a nt
p oi nt of c o or di n ati o n f or t h es e t  w o h or  m o n es i n
m ai nt e n a n c e  of t h e  s h o ot  st e  m  c ell  ni c h e.   T h e
r ol es  of    C  K  a n d  a u xi n  i n  r e g ul ati n g  a xill ar y
br a n c hi n g   ar e   n ot   y et   f ull y   el u ci d at e d   a n d
s o  m e st u di es  of t y p e-  A  a n d t y p e- B   A R Rs s e e  m
t o  pr es e nt  p ar a d o xi c al  fi n di n gs  (  M üll er  et  al.
2 0 1 5;   X u  et  al.  2 0 1 5;    W al di e  a n d  L e ys er  2 0 1 8;
Z h a  et  al.  2 0 1 9).   H o  w t h es e t  w o  h or  m o n es  c o-
or di n at e br a n c hi n g is s ur el y c o  m pl e x, i n v ol vi n g
si g n als fr o  m  ot h er  h or  m o n es a n d/ or  n utri e nts.

C  K a n d a u xi n si g n ali n g als o i nt er a ct d uri n g
s e c o n d ar y  s h o ot   v as c ul at ur e   d e v el o p  m e nt  i n
P o p ul us ,   w h er e   C  K   w as  f o u n d  t o  r e g ul at e  t h e
a u xi n  gr a di e nts  t h at  i n d u c e  c a  m bi u  m  f or  m a-
ti o n,  b ut t h e  u n d erl yi n g   m ol e c ul ar   m e c h a nis  m
w as n ot d et er  mi n e d.   O v er pr o d u cti o n of  C  K pr o-
m ot e d  t h e f or  m ati o n  of  c a  m bi u  m  t hr o u g h i n-
cr e as e d   m erist e  m  c ell  di visi o ns  a n d I  A  A  a c c u-
m ul ati o n  (I  m  m a n e n   et   al.   2 0 1 6),    w hil e    C  K
tr e at  m e nt  of   wil d-t y p e  pl a nts  r e d u c e d I  A  A  ac-
c u  m ul ati o n  a n d  f a v or e d  p hl o e  m  d e v el o p  m e nt
f oll o  wi n g i nj ur y (  C h e n et al.  2 0 1 9).

T h e    m ai z e  a b err a nt   p h yll ot a x y 1  (a b p h 1 )
m ut a nt   dis pl a ys   alt er e d   p h yll ot a xis   (  Gi uli ni
et  al.  2 0 0 4)  a n d r e d u c e d  a u xi n l e v els ( L e e et  al.
2 0 0 9).  Z  m  A B P  H 1  e n c o d es a t y p e-  A   A R R t h at is
u p-r e g ul at e d  b y  a u xi n  a n d    w h os e  a cti o n  d e-
p e n ds   o n  a u xi n  tr a ns p ort  ( L e e  et  al.   2 0 0 9).
B ot h  C  K a n d   A B P  H 1 i n d u c e  Z  m PI  N 1 tr a ns cri p-
ti o n, a n d  Z  m PI  N 1 l o c ali z es t o sit es  of i n ci pi e nt

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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l e af  pri  m or di u  m f or  m ati o n,  hi g hli g hti n g  a li n k
b et  w e e n  a u xi n,   C  K,  a n d t h e c o ntr ol  of l e af  pri-
m or di a f or  m ati o n ( L e e et al. 2 0 0 9). L e af s h a p e is
als o    m o d ul at e d  b y  a u xi n – C  K  i nt er acti o n.   T o-
m at o  Sli a a 9  a ntis e ns e  pl a nts  e x hi bit  a r a n g e  of
p h e n ot y p es    wit h   si  m pl er,   r at h er  t h a n   c o  m-
p o u n d,  l e af    m or p h ol o g y  a n d  l ess  l o b e d,  e v e n
e ntir e, l e af   m ar gi ns (  W a n g et al.  2 0 1 4).  F urt h er
st u di es  r e v e al e d  t h at  c o  m p o u n d  l e af  d e v el o p-
m e nt  i n  t o  m at o  is  r e g ul at e d  b y   C  K  si g n ali n g,
a n d t his eff e ct  of   C  K is  d e p e n d e nt  u p o n  pr o p er
Sl PI  N l o c ali z ati o n ( S h a ni et al.  2 0 1 0).

Re g ul ati o n  of  a u xi n  si g n ali n g  b y   C K is  als o
criti c al  d uri n g  fl o wer  d e vel o p  m e nt.   Tre at  m e nt  of
Ar a bi d o psis  pl a nts   wit h  C K or   N P A res ults i n si  m-
il ar g y n o e ci u  m p h e n ot y p es   wit h disr u pt e d a pi c o-
b as al p att er ns ( Z u ni g a-  M a y o et al. 2 0 1 4).   A  PI  N 1
tr a nsl ati o n al    G R E E  N   F L  U  O R E S C E  N T   P R  O-
T EI  N (  G F P) f usi o n,   w hi c h  n or  m all y  dis pl a ys re-
stri ct e d  e x pressi o n,   w as  d et e ct e d t hr o u g h o ut t h e
d e vel o pi n g i n fl ores c e n c e aft er   C K tre at  m e nt, s u g-
g esti n g t h at   C K   m e di at es its eff e ct o n  Ar a bi d o psis
g y n o e ci u  m p att er ni n g at l e ast i n p art b y   m o d ul at-
i n g  PI  N 1  e x pressi o n  a n d  l o c ali z ati o n  ( Z u ni g a-
M a y o  et  al.  2 0 1 4). I n d e e d,  Ar a bi d o psis  C K re c e p-
t or   m ut a nts s h o w t h at   C K p erc e pti o n is n e c ess ar y
f or pr o p er PI  N 1  e x pressi o n d uri n g o v ul e d e vel o p-
m e nt ( B e n ci ve n g a et al. 2 0 1 2).  T his eff e ct o n  PI  N 1
is  d e p e n d e nt  u p o n  t h e   T Fs  S P  O R  O C Y T E L E S S
a n d  B E L L 1,   w hi c h are tr a ns cri pti o n all y  u p-re g u-
l at e d   a n d   d o w n-re g ul at e d   b y    C K,  res p e cti vel y
( B e n ci ve n g a et al.  2 0 1 2).   M ore re c e ntl y,  b ot h   C K
a n d t h e  T F S P A T  U L  A ( S P T)  were f o u n d t o i n d u c e
t h e e x pressi o n  of t h e a u xi n  g e n es T A A 1  a n d PI  N 3
d uri n g  Ar a bi d o psis   g y n oeci u  m  d e vel o p  m e nt
( Re yes-  Ol al d e  et  al.  2 0 1 7).    T h e  eff e cts   of    C K
were f o u n d t o b e   m e di at e d b y S P T,   w hi c h u p-re g-
ul at es t h e e x pressi o n of t y p e- B  A R R 1  a n d A R R 1 2 .
T h es e   A R Rs, i n t ur n, i n d u c e t h e tr a ns cri pti o n  of
T A A 1  a n d  PI  N 3 ,  alt h o u g h it is  u n cl e ar   w h et h er
t h e y bi n d al o n e or c o o p er ati vel y   wit h S P T.

O n t h e ot h er h a n d, a u xi n   w as f o u n d t o pr o-
m ot e t h e e x pr essi o n of  A  H P 6  ,  w hi c h i n hi bits  C  K
si g n ali n g, t o di ct at e t h e p att er ni n g of d e v el o pi n g
i nfl or es c e n c es  i n  Ar a bi d o psis  ( B es n ar d  et  al.
2 0 1 4).    A n d  i n  fl or al    m erist e  ms,   a u xi n   a cts
t hr o u g h    A R F 3  t o  i n hi bit   C  K  si g n ali n g  b y  r e-
pr essi n g  I P T,  L O  G ,  a n d  A  H K 4  ( Z h a n g  et  al.
2 0 1 8).    D uri n g   s e p al   f or  m ati o n,    D E  V E L  O P-

M E  N T    R E L  A T E  D    M Y B- LI  K E 1   (  D R  M Y 1)
h el ps re g ul at e a u xi n a n d   C  K si g n ali n g t o  d e fi n e
s e p al i niti ati o n  a n d si z e ( Z h u et  al.  2 0 2 0).  Ar a-
bi d o psis   dr  m y 1- 2  pl a nts   dis pl a y    we a k er   a n d
m or e  diff us e  a u xi n r e p ort er  a cti vit y,  b ut str o n-
g er a n d   m or e  diff us e   C  K re p ort er a cti vit y.   T his
l a c k  of  pr o p er  s p ati ot e  m p or al  si g n ali n g  r es ults
i n  d el a y e d a n d s  m all er s e p als ( Z h u et al.  2 0 2 0).
T h es e  fi n di n gs  p ai nt  a c o  m pl e x  pi ct ur e  of  h o  w
a u xi n a n d   C  K r e g ul at e o n e a n ot h er t o cr e at e t h e
p att er ns   of   h or  m o n e   si g n ali n g   re q uir e d  f or
pr o p er  fl o  wer  d e v el o p  m e nt.

Ot h er   C o nt e xt s

A u xi n-  C K cr osst al k h as b e e n i  m pli c at e d i n   m yr-
i a d  a d diti o n al  pr o c ess es, i n cl u di n g  c ore g ul ati o n
of c o  m  m o n t ar g et g e n es (  H ur n y et al. 2 0 2 0) a n d
res p o ns es  t o  v ari o us  bi oti c  ( B oi vi n  et  al.  2 0 1 6;
H ur n y  et  al.  2 0 2 0)  a n d  a bi oti c  (  Wa n g  et  al.
2 0 0 6;   T o g n etti  et  al.  2 0 1 7;  Bi el ac h  et  al.  2 0 1 7;
Y a n g et al. 2 0 1 7) f act ors.   W h et h er t h es e i nt er ac-
ti o ns  are  c oi n ci d e nt al  or tr u e  cr osst al k  re q uires
f urt h er  e x pl or ati o n.   A  gre at er  u n d erst a n di n g  of
t h e i nt er pl a y b et  we e n t h es e t  w o h or  m o n es c o ul d
b e i nf or  m ati ve f or a d a pti n g cr o ps t o u nf a v or a bl e
a n d c h a n gi n g gr o wt h c o n diti o ns.

A  U XI  N – E T I  N T E R A C TI  O  N S

E T is  a  g as e o us  pl a nt  h or  m o n e  fi rst  dis c o v er e d
f or its eff e cts o n l e af a bs cissi o n a n d ri p e ni n g (f or
r e vi e  w, s e e   A b el es et al. 1 9 7 3).   T h e cr osst al k b e-
t  w e e n  E T a n d a u xi n is  ke y f or  pr o p er  pl a nt  d e-
v el o p  m e nt a n d   m a nif ests its elf i n a  wi d e r a n g e of
pr o c ess es.  Pl a nts  pr o d u c e  E T  fr o  m  t h e  a  mi n o
a ci d  L-  m et hi o ni n e (  M et) t h at is c o n v ert e d i nt o
S - a d e n os yl- L-  m et hi o ni n e  (  A d o  M et)   b y    A d o-
M et s y nt h et as e (  Gi o v a n elli et al. 1 9 8 5).   T h e  fi rst
c o  m  mitt e d  a n d  r at e-li  miti n g  st e p  i n  t h e   E T
bi os y nt h esis  p at h  w a y is t h e c o n v ersi o n  of   A d o-
M et  i nt o   1- a  mi n o c y cl o pr o p a n e- 1- c ar b o x yl at e
(  A C  C) b y   A C  C S Y  N T  H  A S E (  A C S). I n a s e c o n d
st e p,   A C  C   O XI  D  A S E (  A C  O) t ur ns   A C  C i nt o E T
(f or re vi e  w, s e e   Y a n g a n d   H off  m a n 1 9 8 4).   O n c e
s y nt h esi z e d,  E T   m o v es fr o  m  c ell t o  c ell  b y  dif-
f usi o n   wit h o ut re q uiri n g s p e cifi c tr a ns p ort ers.

E T is s e ns e d  b y  E R- a n d   G ol gi-l o c ali z e d r e-
c e pt ors  of t h e  E T   R E  C E P T  O R/ E T   R E S P  O  N S E

S.  M.   M a z z o ni- P ut  m a n  et  al.
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S E  N S  O R/ E T-I  N S E  N SI TI  V E 4   ( EI  N 4)   tr a ns-
m e  m br a n e   pr ot ei n   f a  mil y   (f or   r e vi e  w,   s e e
Bi n d er 2 0 2 0). I n t h e a bs e n c e of E T, t h e r e c e pt ors
c o nti n u o usl y  acti v at e    C  O  N S TI T  U TI  V E    T RI-
P L E   R E S P  O  N S E 1  (  C T R 1),  a  s eri n e/t hr e o ni n e
pr ot ei n  ki n as e t h at  p h os p h or yl at es  a n d i n a cti-
v at es t h e  tr a ns  m e  m br a n e  E R-l o c ali z e d  pr ot ei n
EI  N 2 (f or r e vi e  w, s e e  Bi n d er  2 0 2 0).  P h os p h or-
yl at e d EI  N 2 is t ar g et e d f or d e gr a d ati o n b y t  w o F-
B o x   EI  N 2- T A R  G E TI  N  G   P R  O T EI  Ns  a n d  t h e
m ast er    T Fs  of  t h e  E T  res p o ns e,   EI  N 3/ EI  N 3-
LI  K E 1  ( EI L 1),  ar e  t ar g et e d  f or  d e gr a d ati o n  b y
t h e  F- B o x  EI  N 3- BI  N  DI  N  G  F- B  O X  P R  O T EI  Ns
( E B Fs) (f or r e vi e  w, s e e J u a n d   C h a n g  2 0 1 5 a n d
Bi n d er  2 0 2 0). I n t h e  pr es e n c e  of  E T, t h e r e c e p-
t ors ar e t ur n e d off, i n a cti v ati n g   C T R 1, re d u ci n g
t h e p h os p h or yl ati o n of EI  N 2, a n d tri g g eri n g t h e
cl e a v a g e  of t h e  c ar b o x y-t er  mi n al  e n d  of  EI  N 2.
T h e EI  N 2   C- e n d bl o c ks tr a nsl ati o n of E B F 1 a n d
E B F 2 i n t h e c yt o pl as  m a n d pr o  m ot es t h e a cti vit y
of  EI  N 3/ EI L 1 i n t h e  n u cl e us  (  M er c h a nt e  et  al.
2 0 1 5; f or r e vi e  w, s e e  Bi n d er  2 0 2 0), eli citi n g t h e
tr a ns cri pti o n al   re g ul ati o n   of   t h o us a n ds   of
d o  w nstr e a  m  g e n es  t h at    m e di at e  E T  r es p o ns es
( Bi n d er et al.  2 0 0 4).

T h e  fi rst cl u e t o t h e i  m p ort a n c e of a u xi n- E T
cr osst al k  c a  m e  fr o  m  a n  o bs er v ati o n  t h at  a  r e-
m ar k a bl e  n u  m b er  of  a u xi n   m ut a nts  ar e  E T-i n-
s e nsiti v e,  i n cl u di n g   a u xi n  tr a ns p ort    m ut a nts
s u c h  as  a u x 1  a n d  pi n 2  (eir 1);    m ut a nts    wit h
i  m p air e d  a u xi n  bi os y nt h esis, s u c h  as we a k  E T-
i ns e nsiti ve 2 (wei 2  ),  wei 7  ,  a n d wei 8  ;  a u xi n  p er-
c e pti o n    m ut a nts,  s u c h  as  tir 1;  a n d    m ut a nts i n
c o  m p o n e nts  of  a u xi n  si g n al  tr a ns d u cti o n,  i n-
cl u di n g a xr 2  (i a a 7) a n d a xr 3  (i a a 1 7) (f or re vi e  w,
s e e   M er c h a nt e a n d St e p a n o v a 2 0 1 7).  T h es e fi n d-
i n gs s u g g est t h at  pr o p er l e v els  of  a u xi n  bi os y n-
t h esis, tr a ns p ort, si g n ali n g, a n d res p o ns e ar e r e-
q uir e d f or t h e  n or  m al r es p o ns e  of  pl a nts t o  E T.

R o ot   D e v el o p  m e nt

E T  pr o  m ot es l o c al  a u xi n  bi os y nt h esis i n  r o ots,
l o c all y  i n d u ci n g  T A  A 1  a n d  T A R 2  a n d  s e ver al
Y  U C  g e n es,   w hi c h  c o ntri b ut es  t o  E T-tri g g ere d
P R  s h ort e ni n g  ( Fi g.  2  A,  C;   R ů ž ič k a  et  al.  2 0 0 7;
St e p a n o v a  et  al.  2 0 0 7;  S  w ar u p  et  al.  2 0 0 7).   T h e
i d e ntifi c ati o n  of  t h e  s  m all    m ol e c ul e  L- k y n ure-
ni n e (  K y n) (  H e et al. 2 0 1 1) as a  p ot e nt i n hi bit or

of a u xi n  bi os y nt h esis  pr o vi d es a n ill ustr ati ve e x-
a  m pl e  of  t h e  i ntri c at e  cr osst al k  b et  we e n  a u xi n
a n d   E T.    K y n  bl o c ks  t h e  c o n versi o n  of  L- Tr p
i nt o  I P y  A,  c at al y z e d  b y   T A  A 1,  i n hi biti n g  E T-
i n d u c e d  a u xi n  pr o d u cti o n.   K y n  s u p press es  t h e
s h ort-r o ot   p h e n ot y p e   of   E T-tre at e d    wil d-t y p e
pl a nts  a n d  of  u ntre at e d  ctr 1  m ut a nts  t h at  dis-
pl a y  c o nstit uti ve  E T  res p o ns es,  s u p p orti n g  t h e
n oti o n t h at t h e r o ot  gr o wt h i n hi biti o n tri g g ere d
b y  E T  is    m e di at e d  b y   T A  A 1- d e p e n d e nt  a u xi n
bi os y nt h esis.   El e v at e d  l e vels   of  a u xi n,   o n  t h e
ot h er  h a n d,  pr o  m ot e  t h e  st a bili z ati o n  of  EI  N 3
i n  t h e  n u cl e us  b y  s u p pressi n g  its  E B F- d e p e n-
d e nt  d e gr a d ati o n.    T h us,  bl o c ki n g  a u xi n  ac c u-
m ul ati o n   wit h   K y n i n hi bits  EI  N 3  n u cl e ar  ac c u-
m ul ati o n  a n d  re press es  r o ot  res p o ns es  t o   E T
(  H e  et  al.  2 0 1 1).

T h e e pi d er  mis of t h e r o ot el o n g ati o n z o n e is a
ke y  sit e f or  E T-i n d u c e d  r o ot  gr o wt h i n hi biti o n
(  V as e v a et al. 2 0 1 8).  E T  pr o  m ot es t h e tr a nsiti o n
fr o  m t h e   mit oti c c y cl e t o  e n d ore d u pli c ati o n, re-
d u ci n g c ell di visi o n a n d, t h eref ore, t h e si z e of t h e
m erist e  m  a n d  r o ot  gr o wt h  ( Stre et  et  al.  2 0 1 5).
T h e  i n cre as e d   acti vit y   of  t h e   a u xi n   re p ort er
D R 5 i n t h e  r o ot  el o n g ati o n  z o n e i n  E T-tre at e d
pl a nts is li n ke d t o t h e a bilit y  of  E T t o arrest c ell
el o n g ati o n  a n d, t h us,  P R  gr o wt h ( R ů ž ič k a  et  al.
2 0 0 7; St e p a n o v a et al. 2 0 0 7; S  w ar u p et al.  2 0 0 7).
E T   i n hi bits   P R   gr o wt h   b y   tr a ns cri pti o n all y
u p-re g ul ati n g g e n es i n v ol ve d i n a u xi n bi os y nt h e-
sis   a n d   a u xi n   tr a ns p ort,   t h ere b y   sti  m ul ati n g
a u xi n  tr a nsl o c ati o n  fr o  m  t h e    m erist e  m  t o  t h e
el o n g ati o n z o n e a n d i n cre asi n g l o c al a u xi n l e vels
a b o ve t h e p h ysi ol o gi c al t hres h ol d re q uire d f or t h e
c ells t o  b e c o  m e f ull y  s e nsiti z e d  t o  E T  ( R ů ž ič k a
et  al.  2 0 0 7;  St e p a n o v a  et  al.  2 0 0 7;  S  w ar u p  et  al.
2 0 0 7).

A u xi n  pl a ys a  pi v ot al r ol e i n sti  m ul ati n g  L R
f or  m ati o n  b y  pri  mi n g  p eri c y cl e  c ells, i n d u ci n g
c ell  di visi o n,  a n d  pr o  m oti n g  r o ot  e  m er g e n c e
a n d  el o n g ati o n  (f or  r e vi e  w,  s e e  L a v e n us  et  al.
2 0 1 3).  E T r e d u c es l o c al  ac c u  m ul ati o n  of  a u xi n
r e q uir e d f or  L R f or  m ati o n b y i n cr e asi n g t h e e x-
pr essi o n  l e v els  of  PI  N 3  a n d  PI  N 7  a n d,  t h us,
s hifti n g  a u xi n  a  w a y  fr o  m  t h e  i niti ati o n  sit es
( Fi g.   2  A, B).    C orr es p o n di n gl y,   E T   c a us es   a
pr o  mi n e nt  d e cre as e  of    D R 5  re p ort er  l e v els  i n
t h e r e gi o ns of L R e  m er g e n c e, l e a di n g t o a r e d u c-
ti o n i n  L R e  m er g e n c e ( L e  wis et al.  2 0 1 1).

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s

A d v a n c e d   O nli n e   Arti cl e.   Cit e t his  arti cl e  as  C ol d  S pri n g   H ar b  P ers p e ct   Bi ol  d oi:  1 0. 1 1 0 1/ cs h p ers p e ct. a 0 3 9 9 9 0 1 5

  o n   A pril  2 7,  2 0 2 1 -   P u bli s h e d  b y   C ol d   S pri n g   H ar b or  L a b or at or y   Pr e s s htt p:// c s h p er s p e cti v e s. c s hl p. or g/D o  w nl o a d e d fr o  m 

http://cshperspectives.cshlp.org/


S h o ot   D e v el o p  m e nt

S h ortl y aft er g er  mi n ati o n, s e e dli n gs f or  m t h e a pi-
c al  h o o k  t o  pr ot e ct  t h e  s h o ot  a pi c al    m erist e  m
w hil e e  m er gi n g t hr o u g h t h e s oil. E T u p-re g ul at es
t h e e x pressi o n of a u xi n bi os y nt h eti c g e n es s u c h as
T A  A 1 , T A R 2 ,  a n d s e ver al Y  U C  g e n es i n t h e  h y-
p o c ot yl.  E T  als o   m o d ul at es  a u xi n tr a ns p ort, i n-
d u ci n g  A  U X 1 , L  A X 1,  a n d  PI  N 3  a n d i n hi biti n g
PI  N 1  a n d PI  N 4  e x pressi o n, t o ac hi e ve pref ere nti al
a u xi n l o c ali z ati o n  o n t h e i n n er si d e  of t h e  h o o k.
T his  E T-  m e di at e d  a u xi n  gr a di e nt  i niti at es  a n d
m ai nt ai ns  t h e  t e  m p or ar y  h o o k  str u ct ure  (  V a n-
d e n b uss c h e  et  al.  2 0 1 0;   Z á d ní k o v á  et  al.  2 0 1 0).
C o nsist e nt  wit h t h e r ol e of a u xi n  – E T i nt er acti o ns
i n a pi c al h o o k f or  m ati o n, t h e E T-i ns e nsiti ve   m u-
t a nt  ei n 2  dis pl a ys  a  d ef e cti ve  h o o k  t h at  c a n  b e
c orre ct e d   wit h e x o g e n o us a u xi n a p pli c ati o n, c o n-
sist e nt   wit h t h e n oti o n t h at E T i n d u c es t h e b o ost
i n  a u xi n  pr o d u cti o n  re q uire d  f or  pr o p er  h o o k
d e vel o p  m e nt (  V a n d e n b uss c h e et al. 2 0 1 0).   M ore-
o ver, E T sti  m ul at es t h e tr a ns cri pti o n of a n  N  - ac e-
t yltr a nsf er as e-li ke   g e n e  H  O  O K L E S S 1  (H L S 1  ),
w hi c h  d o w n-re g ul at es t h e e x pressi o n  of  A R F 2 ,  a
re press or  of t h e  a u xi n res p o ns e ( Li  et  al.  2 0 0 4).
T his re pressi o n  of a re press or res ults i n t h e g e n-
er al i n d u cti o n  of  a u xi n  res p o ns es.   A c c or di n gl y,
hls 1  m ut a nts  d o  n ot f or  m  a  h o o k,  hi g hli g hti n g
a n ot h er  p oi nt  of  i nt e gr ati o n  of  t h e  a u xi n  a n d
E T  c u es  d uri n g  a pi c al  h o o k  d e vel o p  m e nt  ( L e h-
m a n et al. 1 9 9 6).

Fr uit   D e v el o p  m e nt

A u xi n- E T cr osst al k is f u n d a  m e nt al f or t h e d e vel-
o p  m e nt of t h e   m al e a n d f e  m al e re pr o d u cti ve or-
g a ns (  A n et al. 2 0 1 2).   A u xi n i n d u c es,   w h ere as E T
re press es,  st a  m e n  d e vel o p  m e nt,  a n d  b ot h  pr o-
m ot e  p oll e n  g er  mi n ati o n  a n d t h e  gr o wt h  of t h e
p oll e n  t u b e  ( Fi g.  4  A;  f or  re vi e w,  s e e   A n  et  al.
2 0 2 0).   G e n es i n v ol ve d i n  E T  a n d  a u xi n  bi os y n-
t h esis a n d si g n ali n g are  hi g hl y e x press e d  d uri n g
pistil  d e vel o p  m e nt  a n d  s p e ci fi c all y i n  o v ul es  at
a nt h esis,  s u g g esti n g  t h at  t h es e  t  w o   h or  m o n es
c ore g ul at e t h e  pr o c ess  of fr uit s et,  b ut act at  dif-
f ere nt ti  m e p oi nts (f or re vi e w, s e e   A n et al. 2 0 2 0).
I n t o  m at o, a u xi n g o ver ns t h e i niti al p h as es of fr uit
d e vel o p  m e nt a n d E T c o ntr ols t h e ri p e ni n g of t h e
fr uit  b y  pr o  m oti n g  t h e  d e gr a d ati o n  of  c hl or o-

p h ylls,  c o n versi o n  of  x a nt h o p h ylls t o  c ar ot e n es,
i niti ati o n  of t h e  cli  m act eri c  E T  pr o d u cti o n,  et c.
( Fi g. 4 B,  C; Fr as er et al. 1 9 9 4). Fr uits tre at e d   wit h
a u xi n e x hi bit a d el a y i n t h e cli  m act eri c tr a nsiti o n
t o t h e E T-  m e di at e d ri p e ni n g pr o c ess es, pres er v a-
ti o n  of  hi g h l e vels  of  x a nt h o p h ylls  a n d  c hl or o-
p h yll,  a n d  t h e  i n hi biti o n  of  g e n es  i n v ol ve d  i n
c ar ot e n oi d bi os y nt h esis ( S u et al. 2 0 1 5).

T o  m at o  tr a ns g e ni c  li n es    wit h  r e d u c e d  e x-
pr essi o n of  SlI  A  A 3  e x hi bit a u xi n a n d E T p h e n o-
t y p es,   wit h d el a y e d ri p e ni n g a n d r e d u c e d a pi c al
d o  mi n a n c e,  a u xi n  s e nsiti vit y,  a n d  p eti ol e  e pi-
n ast y, s u g g esti n g t h at  SlI  A  A 3  is  a li n k  b et  w e e n
t h e  a u xi n  a n d  E T  r es p o ns e  p at h  w a ys  (  C h a a-
b o u ni  et  al.  2 0 0 9).  F urt h er  m or e,  b ot h  E T  a n d
a u xi n  i n d u c e  t h e   e x pr essi o n   of  t h e    T F  E T
R E S P  O  N S E   F A C T  O R. B 3  (Sl E R F. B 3 ),  a    m aj or
pl a y er i n t h e r e g ul ati o n of E T res p o ns es a n d fr uit
ri p e ni n g ( Li u  et  al.  2 0 1 3 a).  Sl E R F. B 3  i nt e gr at es
E T a n d a u xi n si g n als b y bi n di n g t o t h e pr o  m ot er
a n d  i n d u ci n g  t h e  e x pr essi o n  of  SlI  A  A 2 7  ( Fi g.
4  C;  Li u et al.  2 0 1 8).

Ot h er   C o nt e xt s

As    m e nti o n e d  a b o v e,  i n  t h e  I P y  A  p at h  w a y  of
a u xi n  bi os y nt h esis,    T A  A 1  a n d    T A Rs  c at al y z e
t h e  c o n v ersi o n  of   Tr p i nt o I P y  A t h at is  s u bs e-
q u e ntl y  us e d  b y  t h e    Y  U  Cs  t o  pr o d u c e  a u xi n
(  M as hi g u c hi  et  al.  2 0 1 1;  St e p a n o v a  et  al.  2 0 1 1;
W o n  et  al.  2 0 1 1).    T h e    V A S 1  e n z y  m e  dir e cts
I P y  A a  w a y fr o  m t h e   Y  U  Cs,  usi n g it a n d t h e  E T
bi os y nt h eti c pr e c urs or,   M et, t o pr o d u c e  Tr p a n d
2- o x o- 4-  m et h ylt hi o b ut yri c aci d, re d u ci n g I P y  A
a v ail a bilit y a n d, i n t ur n, a u xi n pr o d u cti o n.   C or-
r es p o n di n gl y, v as 1 m ut a nts e x hi bit el e v at e d l e v-
els  of  b ot h  I  A  A  a n d  t h e  E T  pr e c urs or    A C  C.
V A S 1 t h er ef or e r e pr es e nts a p oi nt of i nt er a cti o n
at  t h e    m et a b oli c  l e v el  b et  w e e n  a u xi n  a n d  E T
bi os y nt h esis ( Z h e n g et al. 2 0 1 3).

A  U XI  N – G A I  N T E R A  C TI  O  N S

G  As t a ke t h eir n a  m e fr o  m t h e gr o wt h-  m o dif yi n g
f u n g us Gi b berell a f uji k ur oi  t h at tri g g ers a “f o olis h
s e e dli n g dis e as e” i n ri c e. Si n c e   G  A  w as fi rst i d e n-
tifi e d i n t h e 1 9 3 0s,   m ore t h a n 1 3 0   G  As h a ve b e e n
dis c o vere d i n pl a nts, f u n gi, a n d b act eri a.   H o we v-
er, o nl y a h a n df ul,   G  A 1 ,  G  A3 ,  G  A4 ,  a n d  G  A7 ,  are

S.  M.   M a z z o ni- P ut  m a n  et  al.
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bi ol o gi c all y  acti ve,  a n d    m ost  n o n bi o acti ve   G  As
are  pre c urs ors  or  d e acti v at e d  c at a b olit es  of  t h e
bi o acti ve f or  ms.   G  As are d eri ve d fr o  m  tr a ns- g er-
a n yl g er a n yl   di p h os p h at e  (  G  G P P),   a  c o  m  m o n
C 2 0  pre c urs or f or  dit er p e n oi ds.  First,   G  G P P is
c o n vert e d  t o  t h e  t etr ac y cli c  h y dr o c ar b o n i nt er-
m e di at e,  e nt- k a ure n e,  b y t h e  dit er pre n e c y cl as es
E  N T-  C  O P A L Y L    DI P  H  O S P  H  A T E  S Y  N T  H  A S E
a n d  E  N T-  K  A  U R E  N E  S Y  N T  H  A S E.   T h e n,  e nt-
k a ure n e is c o n vert e d t o   G  A 1 2 b y a  pl asti d   m e  m-
br a n e- b o u n d  E  N T-  K  A  U R E  N E    O XI  D  A S E  a n d
a n  e n d o pl as  mi c  reti c ul u  m- b o u n d  E  N T-  K  A  U R-
E  N  OI  C   A CI  D   O XI  D  A S E. I n t h e t hir d st e p, t h e
c o n versi o n of   G  A 1 2 t o v ari o us i nt er  m e di at es a n d
bi o acti ve    G  As  is    m e di at e d  i n  t h e  c yt os ol   b y
G  A 2 0-  O XI  D  A S E  a n d   G  A 3-  O XI  D  A S E  t hr o u g h
t  w o  p ar all el  p at h  w a ys.  Bi o acti ve   G  As c a n  b e  d e-
acti v at e d  b y   G  A 2-  O XI  D  A S E  (  G  A 2 o x)  (f or  re-
vi e w, s e e  Bi n e n b a u  m et al. 2 0 1 8).

T he s ol u bl e re c e pt or  GI B B E R E L LI  N-I  N S E  N-
SI TI  V E   D  W A R F 1 (  GI  D 1) bi n ds t o   G  A i n t h e n u-
cl e us  tri g g eri n g  a  c o nf or  m ati o n al  c h a n g e  t h at
pr o  m ot es ass o ci ati o n  wit h t h e tr a ns cri pti o n al re g-
ul at ors   D E L L  As.  T h e f or  m ati o n of t h e   GI  D 1-  G  A-
D E L L  A  c o  m ple x  e n h a n c es    D E L L  A  bi n di n g  t o
GI  D 2/ S L Y 1  F- b o x  pr ot ei ns,    w hi c h  tri g g ers  t h e
d e gr a d ati o n  of   D E L L  A  vi a  t h e  2 6 S  pr ot e as o  m e
p at h  w a y,  acti v ati n g t h e   G  A res p o ns e. I n t h e  a b-
s e n c e of  G  A,  D E L L  A pr ot ei ns bi n d t o  T Fs, re press-
i n g t h e   G  A res p o ns e (f or re vie w, s e e   H er n á n d ez-
G arcí a et al. 2 0 2 0).   As t h e sites of   G  A bi os y nt h esis
are n ot al  w a ys c ol o c ali ze d  wit h t h e e x pressi o n d o-
m ai ns of   G  A  p erc e pti o n g e n es,   G  A   m o ve  m e nt is
t h o u g ht t o b e ess e nti al.  Alt h o u g h  G  A effl u x tr a ns-
p ort ers h a ve n ot b e e n i de nti fi e d yet, t h e  NI T R  A T E
T R  A  N S P  O R T E R 1/ P E P TI  D E    T R  A  N S P  O R T E R
f a  mil y  of  pr ot ei ns i n Ar a bi d o psis  h a ve  b e e n  d e-
s cri be d  as  b o n a  fi d e i n fl u x  c arri ers  (f or  re vi e w,
s e e Bi n e n b a u  m et al. 2 0 1 8). I n a d diti o n, t  w o   m e  m-
b ers of t h e S  W E E T tr a ns p ort er f a  mil y ( S  W E E T 1 3
a n d  S  W E E T 1 4)  are  als o  c a p a bl e  of tr a ns p orti n g
G  A (f or re vi e w, s e e Bi ne n b a u  m et al. 2 0 1 8).

W hil e  a u xi n  pl a ys  ess e nti al  r ol es i n  al  m ost
all d e v el o p  m e nt al pr o c ess es (f or re vi e  w, s e e   G al-
l ei et al. 2 0 2 0),   G  As pl a y i  m p ort a nt r ol es i n b ot h
c ell  di visi o n  a n d  c ell  el o n g ati o n,  s u c h  as  s e e d
g er  mi n ati o n,  st e  m/s h o ot  el o n g ati o n,  a n d  fl or al
or g a n d e v el o p  m e nt (  U b e d a- T o  m ás et al. 2 0 1 2).
It  is  g e n er all y  c o nsi d er e d  t h at  a u xi n  acts  u p-

str e a  m  of    G  A  b y  acti v ati n g    G  A  bi os y nt h esis
(  H u  et  al.  2 0 1 8 a),  b ut t h er e  ar e   m a n y l e v els  of
i nt er acti o n  b et  w e e n t h es e t  w o  h or  m o n es, as r e-
vi e  w e d  b el o  w.

R o ot   D e v el o p  m e nt

As d es cri be d a b o ve, t h e a u xi n- C  K re g ul at or y cir-
c uit    A R R 1- S  H Y 2- PI  N  c o ntr ols  r o ot    m erist e  m
si z e b y b al a n ci n g c ell diff ere nti ati o n   wit h c ell di-
visi o n ( Fi g.  2  C;    M o u b a yi di n  et  al.  2 0 1 0).   A R R 1
p h ysi c all y  i nt er acts   wit h    D E L L  A  pr ot ei ns    G  A-
I  N S E  N SI TI  V E (  G  AI) a n d   R E P R E S S  O R   O F   G  A
( R  G  A) a n d t his i nt er acti o n e n h a n c es its tr a ns ac-
ti v ati o n acti vit y ( R os a et al.  2 0 1 5).   T h us,  d uri n g
t h e   m erist e  m  gr o wt h  p h as e,  a  hi g h l e vel  of   G  A
re press es A R R 1  e x pressi o n  b y  pr o  m oti n g  d e gr a-
d ati o n of t h e   D E L L  A pr ot ei ns,   w hi c h res ults i n a
l o w l e vel  of  S  H Y 2, t h us  pr o  m oti n g  c ell  di visi o n
( Fi g. 2  C;   R os a et al. 2 0 1 5).

S h o ot   D e v el o p  m e nt

I n   t h e   a bs e n c e   of   li g ht,   s e e dli n gs   u n d er g o
s k ot o  m or p h o g e n esis/ eti ol ati o n,  r es ulti n g i n  a n
el o n g at e d   h y p o c ot yl,   pr es e n c e   of   a n   a pi c al
h o o k  a n d  s  m all  a n d  cl os e d  c ot yl e d o ns  (  V o n
Ar ni  m   a n d    D e n g   1 9 9 6).   S e v er al   P  H Y T  O-
C  H R  O  M E-I  N T E R  A C TI  N  G   F  A C T  O Rs  ( PI Fs)
i n cl u di n g  PI F 1,  PI F 3,  PI F 4,  a n d  PI F 6,  pl a y  a
criti c al r ol e i n eti ol ati o n (  H u q  a n d   Q u ail  2 0 0 2;
Ki  m  et  al.  2 0 0 3;   H u q  et  al.  2 0 0 4;    M o nt e  et  al.
2 0 0 4).    D E L L  As  p h ysi c all y  i nt er a ct    wit h  PI Fs,
pr e v e nti n g  PI F  bi n di n g  t o t h eir t ar g ets,   w hi c h
r es ults i n i n hi biti o n of h y p o c ot yl gr o  wt h ( d e L u-
c as  et  al.  2 0 0 8;  F e n g  et  al.  2 0 0 8).   O n t h e  ot h er
h a n d,   A R F 6  a n d   A R F 8  als o r e g ul at e  h y p o c ot yl
el o n g ati o n ( Ti a n et al. 2 0 0 4;   N a g p al et al. 2 0 0 5).
G e n o  m e-  wi d e   a n al ys es   i n di c at e   t h at    A R F 6
s h ar es  a l ar g e  n u  m b er  of t ar g et  g e n es   wit h t h e
B R si g n ali n g   T F  B Z R 1  a n d   wit h t h e li g ht/t e  m-
p er at ur e-r e g ul at e d  T F PI F 4 (  O h et al. 2 0 1 4), t  w o
c o  m p o n e nts of t h e PI F 4- B Z R 1-  D E L L  A   m o d ul e
t h at i nt e gr at es  si g n als fr o  m li g ht,  B R,  a n d   G  A
( B ai  et  al.  2 0 1 2 a, b),  s u g g esti n g t h at   A R F 6   m a y
i nt er act   wit h   D E L L  A.   A R F 6,   A R F 7,  a n d   A R F 8
w er e c o n  fi r  m e d t o  p h ysi c all y ass o ci at e   wit h t h e
D E L L  A pr ot ei n   R  G  A.   T hr o u g h t his i nt er acti o n,
R  G  A  bl o c ks   A R F 6  bi n di n g t o t h e  pr o  m ot ers  of

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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its  t ar g et  g e n es,  s u g g esti n g  t h at   G  A  pr o  m ot es
c ell el o n g ati o n i n t h e  Ar a bi d o psis  h y p o c ot yl  b y
e n h a n ci n g a u xi n/  A R F-  m e di at e d r es p o ns es (  O h
et al. 2 0 1 4).

D o  w nstr e a  m fr o  m   D E L L  A  a n d  PI F  si g n al-
i n g, t h e t  w o Ar a bi d o psis  p ar al o g o us   G  A T A  T Fs,
G  A T A    NI T R  A T E-I  N  D  U  CI B L E    C  A R B  O  N-
M E T A B  O LI S  M   I  N  V  O L V E  D   (  G  N  C)   a n d
G  N  C- LI  K E  (  G  N L),    w er e  i d e nti  fi e d   as   dir e ct
tr a ns cri pti o n al  t ar g ets  of   PI Fs  ( Ri c ht er  et  al.
2 0 1 0).  Si n gl e  a n d  d o u bl e  g nc  a n d  g nl  m ut a nt
s e e ds  g er  mi n at e f ast er t h a n   wil d-t y p e,   wit h t h e
d o u bl e   m ut a nt g er  mi n ati n g e v e n o n pl at es c o n-
t ai ni n g t h e   G  A  bi os y nt h esis i n hi bit or  p a cl o b u-
tr a z ol ( Ri c ht er et al. 2 0 1 0). F urt h er  m or e, g nc g nl
p arti all y s u p pr ess es t h e   G  A bi os y nt h esis   m ut a nt
g a 1 , s u g g esti n g t h at   G  N  C  a n d   G  N L  ar e re pr es-
s ors of   G  A si g n ali n g ( Ri c ht er et al. 2 0 1 0). g nc g nl
als o   s u p pr ess es  arf 2  p h e n ot y p es,   s u g g esti n g
t h at, g e n eti c all y, G  N C  a n d G  N L  act d o  w nstr e a  m
of  A R F 2  ( Ri c ht er  et  al.  2 0 1 3).   C o nsist e nt   wit h
t his i d e a,   A R F 2  a n d   A R F 7  c a n  dir e ctl y  bi n d t o
t h e  pr o  m ot ers  of  G  N C  a n d  G  N L  a n d  i n hi bit
t h eir e x pr essi o n.   T h us, G  N C  a n d G  N L  re pr es e nt
a n ot h er  p oi nt  of  c o n v er g e n c e f or t h e  cr osst al k
b et  w e e n a u xi n a n d   G  A ( Ri c ht er et al.  2 0 1 3).

A n ot h er  p ot e nti al  n o d e  of a u xi n  – G  A i nt er-
acti o n is  mi R 3 1 9  ,  a n i  m p ort a nt  pl a y er i n s h o ot
or g a n   m or p h o g e n esis (  C ur a b a et  al.  2 0 1 4) t h at
acts as a p ositi v e r e g ul at or of a u xi n si g n ali n g b y
i n dir e ctl y re pr essi n g S  H Y 2  a n d  S  M  A L L   A  U XI  N
U P   R  N  A 3 9  i n l e af    m or p h o g e n esis  ( Ti a n  et  al.
2 0 0 2;  P al at ni k et al.  2 0 0 3;   K a nt et al.  2 0 0 9). I n-
t er esti n gl y, mi R 3 1 9  c a n  aff e ct l e af c ell  diff er e n-
ti ati o n b y t ar g eti n g L  A  N C E  O L  A T E ,   w hi c h i n di-
r e ctl y i n hi bits   G  A  bi os y nt h esis (  Ori et al.  2 0 0 7;
Y a n ai  et  al.  2 0 1 1), t h us i  m pli c ati n g  mi R 3 1 9  i n
t h e a u xi n-  G  A cr osst al k c o ntr olli n g l e af or g a n o-
g e n esis (  C ur a b a et al.  2 0 1 4).

Si  mil ar  t o  pri  m ar y  st e  m  gr o  wt h,  c a  m bi al
gr o  wt h i n s e c o n d ar y st e  ms is  als o r e g ul at e d  b y
a u xi n a n d   G  A.   C o nsist e nt   wit h pr e vi o us st u di es
i n Ar a bi d o psis  a n d i n  p e a ( R oss et al. 2 0 0 0;  Fri-
g eri o   et   al.   2 0 0 6),   p o pl ar  Ptt  G  A 2 0 o x 1  a n d
Ptt  G  A 2 0 o x 4  tr a ns cri pt  l e v els  ar e  d e cre as e d  i n
t h e  st e  m  of  d e c a pit at e d  tr e es  a n d  i n d u c e d  b y
I  A  A, i n di c ati n g t h at a u xi n sti  m ul at es t h e e x pr es-
si o n   of    G  A   bi os y nt h esis   g e n es   i n   c a  m bi al
gr o  wt h.   F urt h er  m or e,    G  A- o nl y  tr e at  m e nt  i n-

cr e as es  c ell   di visi o n  i n  t h e  c a  m bi al  z o n e   of
d e c a pit at e d p o pl ar tr e es (i. e., u n d er a u xi n d e pl e-
ti o n)  ( Bj ör kl u n d  et  al.  2 0 0 7).   G  A, i n  t ur n, i n-
cr e as es l o c al  a u xi n l e v els  b y  pr o  m oti n g  e x pr es-
si o n   of   a   p ut ati v e   a u xi n   effl u x  tr a ns p ort er,
Ptt PI  N 1  ( Bj ör kl u n d et al.  2 0 0 7).   A r e c e nt st u d y
d e  m o nstr at e d t h at   G  A c a n re dir e ct pr ot ei n tr af-
fi c ki n g t o t h e pl as  m a   m e  m br a n e, t h us c or e g ul at-
i n g    m ulti pl e  pr o c ess es,  i n cl u di n g  PI  N- d e p e n-
d e nt a u xi n  fl u x es ( S al a n e n k a et  al. 2 0 1 8).

G  As n ot o nl y pr o  m ot e ve g et ati ve gr o wt h, b ut
als o i n d u c e  d e vel o p  m e nt al  p h as e tr a nsiti o ns. I n
Ar a bi d o psis  , t h e  G  A p at h  w a y pl a ys a   m aj or r ol e i n
fl o weri n g ti  m e  u n d er s h ort- d a y c o n diti o ns,  pr o-
m oti n g  fl o weri n g t hr o u g h t h e  acti v ati o n  of  fl o-
r al   i nt e gr at or   g e n es   s u c h   as  S  U P P R E S SI  O  N
O F    O V E R E X P R E S SI  O  N    O F    C  O  N S T A  N S 1  a n d
L E A F Y  (L F Y ) ( Bl á z q u e z et al. 1 9 9 8;  B o n h o  m  m e
et al. 2 0 0 0;   M o o n et al. 2 0 0 7).   O n t h e ot h er h a n d,
M P (  A R F 5) pl a ys a criti c al r ol e i n  fl o wer pri  m or-
di u  m i niti ati o n  ( Pr z e  m e c k  et  al.  1 9 9 6)  a n d  di-
re ctl y i n d u c es  L F Y  ( Y a  m a g u c hi  et  al.  2 0 1 3;    W u
et  al.  2 0 1 5).   T h us,  L F Y is  yet  a n ot h er  p oi nt  of
c o n ver g e n c e f or  t h e  cr osst al k  b et  we e n   G  A  a n d
a u xi n. I n a d diti o n,   M P  p h ysi c all y i nt er acts   wit h
B R  A  H  M  A  ( B R  M)  a n d  S P L  A Y E  D,  t  w o  rel at e d
Ar a bi d o psis  S  WI/ S  N F-s u b gr o u p    A T P as es  (  W u
et  al.  2 0 1 5),  a n d  B R  M  bi n ds  t h e  pr o  m ot ers  of
G  A bi os y nt h eti c g e n es s u c h as  G A 3 o x 1  as a n ac-
ti v at or (  Arc h ac ki et al.  2 0 1 3).  F urt h er  m ore, s e v-
er al   D E L L  A  pr ot ei ns  p h ysi c all y i nt er act   wit h a n
S  WI/ S  N F   s u b u nit   S  WI 3 C   ( S ar n o ws k a   et   al.
2 0 1 3).   T h us,  cr osst al k  b et  we e n    G  A  a n d  a u xi n
d uri n g  fl o weri n g    m a y  als o   b e   d e p e n d e nt   o n
M P-   a n d    D E L L  A-  m e di at e d  i nt er acti o ns    wit h
c hr o  m ati n-re  m o d eli n g c o  m pl e x es.

Fr uit   D e v el o p  m e nt

E x o g e n o us  a p pli c ati o n  of  di vers e  pl a nt  gr o wt h
s u bst a n c es,   m ai nl y  a u xi ns  a n d   G  As,  c a n i n d u ce
p art h e n o c ar pi c fr uit s et a n d  d e vel o p  m e nt  (  G or-
g uet et al. 2 0 0 5; Sri v ast a v a a n d   H a n d a 2 0 0 5).  C o n-
sist e nt   wit h t h es e  o bs er v ati o ns,   m ut ati o ns aff e ct-
i n g  a u xi n  si g n ali n g  or    G  A  bi os y nt h esis  g e n es
(s u c h as At A R F 8 , Sl A R F 7 , SlI A A 9 , a n d Sl  D E L L A )
c a n als o i n d u c e p art h e n o c ar pi c fr uits i n Ar a bi d o p-
sis  a n d  t o  m at o  (  Wa n g  et  al.  2 0 0 5 a,  2 0 0 9,  2 0 1 1;
G oet z  et  al.  2 0 0 7;  d e  J o n g  et  al.  2 0 0 9;    M o u n et

S.  M.   M a z z o ni- P ut  m a n  et  al.
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et al. 2 0 1 2). It   w as pr o p os e d t h at f ertili z ati o n tri g-
g ers  a u xi n-  m e di at e d   G  A s y nt h esis (  D orc e y et  al.
2 0 0 9).    A  re c e nt  st u d y  i n  t o  m at o  s h o we d  t h at
Sl  A R F 7  a n d  fi ve  ot h er  acti v at or  Sl  A R Fs i nt er act
wit h  Sl  D E L L  A  a n d  SlI  A  A 9,  a n d  t h at  Sl  A R F 7
a n d Sl  D E L L  A dire ctl y ass o ci at e   wit h t h e pr o  m ot-
ers  of   G  A  bi os y nt h esis  ( G A 2 0 o x 1  a n d  G A 3 o x 1  )
a n d  a u xi n  c at a b olis  m  ( G  H 3. 2  )  g e n es  ( Fi g.  4  A;
H u  et  al.  2 0 1 8 a).   T h e  dire ct i nt er acti o n  b et  we e n
t h e  acti v at or  Sl  A R F 7  a n d  t h e  re press or  SlI  A  A 9
m a y t ur n t h e Sl  A R F 7/ SlI  A  A 9 c o  m pl e x i nt o a tr a n-
s cri pti o n al  re press or,    w h ere as  Sl  D E L L  A  bl o c ks
Sl  A R F 7  bi n di n g  t o  t h e  pr o  m ot ers  of  its  t ar g et
g e n es,   t h us   a nt a g o ni zi n g   t h e   re pressi o n   b y
Sl  A R F 7/ SlI  A  A 9  of   G  A-  a n d  a u xi n-rel at e d  g e n es
(  H u et al. 2 0 1 8 a). I n c o ntr ast, t h e eff e ct of Sl  A R F 7/
SlI  A  A 9 a n d Sl  D E L L  A o n d o w nstre a  m gr o wt h-re-
l at e d g e n es, s u c h as E X P A  N SI  N 5  (E X P 5 ) a n d A C C
O XI  D A S E 4  (A C  O 4 ), is  a d diti ve ( Fi g.  4  A).   T a ke n
t o g et h er, t h es e fi n di n gs re ve al t h at dire ct cr osst al k
b et  we e n  Sl  D E L L  A-  m e di at e d    G  A  a n d  Sl  A R F 7/
SlI  A  A 9-  m e di at e d  a u xi n si g n ali n g  e ve nts  c ore g u-
l at es fr uit i niti ati o n i n t o  m at o (  H u et al. 2 0 1 8 a).

I nt eresti n gl y,   t his    D E L L  A/  A R F-  m e di at e d
re g ul ati o n  c e ntr al  t o  fr uit  i niti ati o n  i n  t o  m at o
a p pe ars  t o  b e  c o ns er ve d i n  gra p e  ( Z h a n g  et  al.
2 0 1 9 b),  als o  a tr u e  b ot a ni c al fr uit  d eri ve d fr o  m
o v ari es,  a n d  i n  str a w b err y  ( Z h o u  et  al.  2 0 2 0),
w hic h   m a kes ac c ess or y fr uits d eri ve d fr o  m re c e p-
t acl es.  F ve  A R F 6  a n d  F ve  A R F 8 i nt er act   wit h t h e
D E L L  A  re press or  F ve R  G  A 1.  Li ke  Sl  A R F 7  (  H u
et al. 2 0 1 8 a;   Z h o u et al. 2 0 2 0), F ve  A R F 8 i nt er acts
wit h  F ve R  G  A 1  a n d  F veI  A  A 4  t hr o u g h  disti nct
pr ot ei n  d o  m ai ns,  s u g g esti n g t h at  F ve  A R F 8   m a y
b e  si  m ult a n e o usl y  re press e d  b y  F ve R  G  A 1  a n d
F veI  A  A 4 pri or t o f ertili z ati o n ( Z h o u et al. 2 0 2 0).
F urt h er  m ore,  F ve  A R F 8  c a n  dire ctl y  bi n d t o t h e
pr o  m ot er a n d re press t h e e x pressi o n of  F ve  GI  D 1c ,
s u g g esti n g t h at t h e a u xi n-  G  A cr osst al k i n str a w-
b err y fr uits is   m ultif ac et e d ( Z h o u et al. 2 0 2 0).

A  U XI  N  – J A I  N T E R A C TI  O  N S

J  A is a f att y- aci d- d eri ve d  h or  m o n e t h at t a kes its
n a  m e fr o  m j as  mi n e  oil  of  J as  mi n u  m  gr a n difl o-
r u  m (  D e  m ol e et al.  1 9 6 2). J  A re g ul at es  n ot  o nl y
pl a nt stress res p o ns es  b ut als o  pl a nt gr o wt h a n d
d e vel o p  m e nt, i n  p art t hr o u g h its tiss u e-s p e ci fi c
i nt er acti o ns    wit h   a u xi n.   J  A   bi os y nt h esis   h as

b e e n e xt e nsi vel y re vi e we d (f or re vi e w, s e e F o ns e-
c a et al. 2 0 0 9 a n d  R u a n et al. 2 0 1 9). Bri e fl y, J  As are
li pi d- d eri ve d   m ol e c ul es  pr o d u c e d  vi a t  w o   m ai n
p at h  w a ys.  T h e o ct a d e c a n e p at h  w a y us es li n ol e ni c
aci d ( 1 8: 3) as a pre c urs or t o pr o d u c e 1 2- o x o- p h y-
t o di e n oi c aci d (  O P  D  A) a n d t h e h e x a d e c a n e p at h-
w a y  us es  h e x a d e c atri e n oi c  aci d  ( 1 6: 3)  yi el di n g
di n or- o x o- p h yt o di e n oi c aci d ( d n-  O P  D  A) (  C hi ni
et al. 2 0 1 8).  T h es e fi rst st e ps of b ot h p at h  w a ys t a ke
pl ac e i n t h e c hl or o pl asts. F urt h er re acti o ns l e a d t o
J  A  pr o d u cti o n i n t h e  p er o xis o  m es a n d its   m o di-
fi c ati o n t o   m et h yl-J  A (  M eJ  A)  or c o nj u g ati o n t o
is ol e u ci n e (Il e) t o   m a ke J  A-Il e i n t h e c yt o pl as  m.
T h e bi o acti ve f or  m of J  A is J  A-Il e,  w hi c h   m e di at es
pl a nt  res p o ns es t o  e n vir o n  m e nt al  a n d  d e vel o p-
m e nt al  c u es. J  A-Il e  c a n  pr o  m ot e resist a n c e t o  a
br o a d r a n g e  of  pl a nt  p at h o g e ni c  b act eri a, f u n gi,
a n d  h er bi v ores  (  C a  m p os  et  al.  2 0 1 4;    M ac h a d o
et al. 2 0 1 6, 2 0 1 7).

J  A  bi os y nt h esis  a n d  ac c u  m ul ati o n  of J  A-Il e
ar e  pr o  m ot e d  i n  r es p o ns e  t o  s p e ci fi c  e n d o g e-
n o us  a n d  e n vir o n  m e nt al  c u es.  J  A-Il e  bi n ds  t o
t h e   C  O R  O  N  A TI  N E-I  N S E  N SI TI  V E 1 (  C  OI 1) r e-
c e pt or,  i n d u ci n g  t h e  d e gr a d ati o n  of  t h e  J  A S-
M  O  N  A T E   ZI  M-  D  O  M  AI  N (J  A Z)  pr ot ei ns  a n d
r el e asi n g  t h e    M Y  C 2   T Fs fr o  m t h e  J  A Z-  M Y  C 2
c o  m pl e x.   T h e    M Y  C 2   T Fs t h e n i n d u c e  t h e  e x-
pr essi o n  of  J  A-r es p o nsi v e  g e n es  (  C hi ni  et  al.
2 0 1 8).

T h e  J  A  si g n ali n g  p at h  w a y  pr es e nts  c ert ai n
si  mil ariti es   t o   t h e   a u xi n   si g n ali n g   p at h  w a y.
C  OI 1   e n c o d es   a n   F- b o x   pr ot ei n,   rel at e d  t o
TI R 1/  A F B  f a  mil y  of  F- b o x  pr ot ei ns  t h at  bi n d
a u xi n.    O n c e  J  A-Il e  is  b o u n d,   C  OI 1  f u n cti o ns
i n  E 3- u bi q uiti n  li g as e-  m e di at e d  pr ot e ol ysis  of
t h e t ar g et e d  J  A Z  pr ot ei ns.   T h e  J  A Z  r e pr ess ors
pl a y a  n e g ati v e r ol e i n t h e J  A si g n ali n g  p at h  w a y
si  mil ar  t o  t h e  f u n cti o n  of   A u x/I  A  As  i n  a u xi n
si g n ali n g.  Li k e  wis e,  t h e    M Y  C   T Fs  u p-r e g ul at e
t h e e x pr essi o n of d o  w nstr e a  m g e n es as acti v at or
A R Fs  d o i n t h e a u xi n si g n ali n g  p at h  w a y (  C a  m-
p os  et  al.  2 0 1 6).   G e n er all y,   w hil e  a u xi n is  c o n-
si d er e d t o  b e t h e  gr o  wt h- pr o  m oti n g  h or  m o n e,
J  A is  k n o  w n t o r e pr ess  pl a nt gr o  wt h.

R o ot   D e v el o p  m e nt

A u xi n  pr o  m ot es  P R    m erist e  m  acti vit y  a n d  c ell
di visi o n b ut c a n als o i n hi bit P R gr o wt h b y re d u c-

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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i n g  c ell  el o n g ati o n i n  t h e  el o n g ati o n  z o n e  (f or
re vi e w,  s e e   O ver v o or d e  et  al.  2 0 1 0  a n d   V as e v a
et  al.  2 0 1 8).  I n  c o ntr ast,  J  A  tre at  m e nts  i n hi bit
P R   m erist e  m acti vit y,  d e cre asi n g c ell  n u  m b er i n
t h e r o ot   m erist e  m,  as   well  as re d u c e  c ell si z e i n
b ot h t h e   m erist e  m a n d t h e el o n g ati o n z o n e, t h us
l e a di n g t o t h e re d u cti o n of t h e o ver all r o ot gr o wt h
( Fi g.  2  A; f or re vi e w, s e e    Wast er n ac k  a n d   H a us e
2 0 1 3).   A u xi n  distri b uti o n  d e fi n es t h e l e vels  a n d
e x pressi o n p att er ns of P L E T  H  O R  As  (P L Ts ),  A P 2-
d o  m ai n   T Fs t h at   m e di at e t h e est a blis h  m e nt a n d
m ai nt e n a n c e of t h e r o ot st e  m c ell  ni c h e a n d c ell
pr olif er ati o n (  M ä h ö n e n  et  al.  2 0 1 4).   A R F 2  p os-
iti vel y   re g ul at es  P L T 1  a n d  P L T 2  e x pressi o n
( Pr o  m c h u e a et al. 2 0 1 7). I n t ur n,  P T Ls sti  m ul at e
t h e  pr o d u cti o n  of a u xi n  b y i n d u ci n g t h e e x pres-
si o n  of t h e  a u xi n  bi os y nt h esis  g e n es  A  N T  H R  A-
NI L A T E   S Y  N T  H  A S E    A L P  H  A   S  U B  U  NI T 1
(A S A 1 ),  Y  U C 1 ,  a n d Y  U C 4  ( Pi n o n  et  al.  2 0 1 3).
O n t h e  ot h er  h a n d,  P L Ts  are  als o  re g ul at e d  b y
J  A (  C h e n et al. 2 0 1 1).   U p o n J  A  p erc e pti o n, P L T
g e n es  are  re press e d i n  t h e  r o ot  st e  m  c ell  ni c h e
( Fi g.  2  C). I n J  A si g n ali n g   m ut a nts, s u c h  as  c oi 1
or  m yc 2  , J  A-  m e di at e d re g ul ati o n  of P L T  is a b ol-
is h e d,   w h ere as i n a  Tr p- a n d a u xi n- d efi ci e nt   m u-
t a nt as a 1  a n d i n a n a u xi n o ver pr o d u ci n g   m ut a nt
y uc 1  D ,  P L T s   dis pl a y   n or  m al  res p o ns es  t o  J  A
(  C h e n   et   al.   2 0 1 1).   F urt h er  m ore,  as a 1  a n d
y uc 1  D  m ut a nts  are  f ull y  s e nsiti ve  t o  J  A  i n  t h e
P R  gr o wt h  ass a y.   T h es e  res ults  ar g u e  t h at  t h e
J  A-tri g g ere d i n hi biti o n of t h e P L Ts  a n d t h e eff e ct
of J  A  o n r o ot  gr o wt h are i n d e p e n d e nt  of t h e ef-
f e cts of P L Ts  o n a u xi n bi os y nt h esis, a n d t h at a u x-
i n a n d J  A c ore g ul at e r o ot gr o wt h vi a P L T s i n d e-
p e n d e ntl y of o n e a n ot h er (  C h e n et al. 2 0 1 1).

I n  L R  d e v el o p  m e nt,  t h er e  is  e vi d e n c e  f or
dir e ct  cr osst al k  b et  w e e n  J  A  a n d  a u xi n  (f or  r e-
vi e  w, s e e    Wast er n a c k  a n d   H a us e  2 0 1 3).  E x o g e-
n o us a p pli c ati o n  of J  A or a n i n cr e as e i n e n d o g-
e n o us  J  A l e v els  c a us e d  b y t h e i n d u cti o n  of  J  A
bi os y nt h eti c g e n es r es ult i n e n h a n c e d a u xi n pr o-
d u cti o n a n d si g n ali n g ( Fi g. 2  A;   C ai et al. 2 0 1 5).
T h e  c oi 1- 1  J  A   re c e pt or    m ut a nt   e x hi bits   a n
u n e v e n distri b uti o n of L Rs a n d is u n a bl e t o pr o-
m ot e  t h e  f or  m ati o n  of  a d diti o n al  L Rs  i n  r e-
s p o ns e t o J  A. I n   wil d-t y p e  pl a nts, J  A tr e at  m e nt
b o osts  t h e  f or  m ati o n  of  L Rs  b y  i n d u ci n g  t h e
e x pr essi o n  of  t h e  E R F 1 0 9  T F  i n  t h e  L R  pri-
m or di u  m,  a n d i n t h e ti p  a n d  b as e  of  L Rs (  C ai

et  al.  2 0 1 4).  E R F 1 0 9  bi n ds  t o  t h e  pr o  m ot ers
of   a u xi n   bi os y nt h esis   g e n es   s u c h   as  Y  U C 2
(  C h e n g   et   al.   2 0 0 6)   a n d  A S  A 1  ( S u n   et   al.
2 0 0 9),  i n cre asi n g  a u xi n  l e v els  a n d  pr o  m oti n g
t h e   e  m er g e n c e   of   L Rs  ( Fi g.   2 B).    C o nsist e nt
wit h  t h e  i d e a  of  a u xi n  acti n g  d o  w nstr e a  m  of
J  A i n t his  pr o c ess,   m ut a nts   wit h  c o  m pr o  mis e d
a u xi n  si g n ali n g,  s u c h  as  s olit ar y  r o ot  (i a a 1 4)
a n d  t h e  d o u bl e    m ut a nt  arf 7  arf 1 9 ,  f ail  t o  i n-
cr e as e  L R  f or  m ati o n i n  r es p o ns e  t o  J  A  ( R a y a-
G o n z ál e z  et  al.  2 0 1 2).   T h es e  o bs er v ati o ns s u p-
p ort t h e  i d e a t h at J  A eff e cts i n  L R  d e v el o p  m e nt
ar e    m e di at e d  b y  a u xi n.

T h e f or  m ati o n of a d ve ntiti o us r o ots (  A Rs) is
a n ot h er  d e vel o p  m e nt al  pr o c ess  aff e ct e d  b y a u x-
i n– J  A i nt er acti o ns (  G uti erre z et al. 2 0 1 2).   A u xi n
c o ntr ols t h e l e vels  of  acti ve J  A-Il e  b y re g ul ati n g
t h e  e x pressi o n   of  s e ver al  G  H 3  g e n es,  G  H 3. 3  ,
G  H 3. 5  ,  a n d G  H 3. 6  ,   w h os e  pr ot ei n  pr o d u cts  are
b eli e ve d t o c o nj u g at e J  A t o a  mi n o aci ds,   m o d u-
l at e t h e l e vels of b ot h fre e J  A a n d J  A-Il e a n d, t h us,
fi n e-t u n e   A R f or  m ati o n  (  G uti erre z  et  al.  2 0 1 2).
A u xi n eff e cts are   m e di at e d b y s e ver al   A R Fs,   wit h
A R F 6  a n d   A R F 8  u p-re g ul ati n g  a n d   A R F 1 7  re-
pressi n g t h es e  G  H 3  s (  G uti erre z et al. 2 0 1 2).   T h e
f or  m ati o n of J  A c o nj u g at es b y t h e   G  H 3s re d u c es
t h e l e vel  of fre e,  acti ve J  A-Il e  a n d  pr o  m ot es t h e
f or  m ati o n   of    A Rs.   F urt h er  m ore,   J  A  i n d u c es
E R F 1 1 5,  a   T F t h at acti v at es   C  K si g n ali n g b y  u p-
re g ul ati n g A R R 5  a n d  A R R 7  a n d   C  K bi os y nt h esis
b y i n d u ci n g t h e e x pressi o n of  I P T 3, e n c o di n g o n e
of t h e r at e-li  miti n g  e n z y  m es i n   C  K  pr o d u cti o n.
T h us, J  A re press es   A R f or  m ati o n  b y   m o dif yi n g
C  K  h o  m e ost asis t hr o u g h  E R F 1 1 5  acti vit y ( L a ke-
h al et al. 2 0 2 0).

U p o n  r o ot  d a  m a g e,  t h e  s y n er gisti c  i nt er ac-
ti o n  b et  we e n  J  A  a n d  a u xi n  si g n ali n g  p at h  w a ys
f a v ors t h e acti v ati o n of t h e r o ot st e  m c ell di visi o n
a n d  tiss u e  re g e n er ati o n  ( Z h o u  et  al.  2 0 1 9).  I n
i nt act r o ots,  E R F 1 0 9  a n d  E R F 1 1 5   T Fs  ke e p t h e
q ui es c e nt c e nt er (  Q C) of t h e r o ot u n diff ere nti at-
e d  ( Z h o u  et  al.  2 0 1 9).   T h es e   T Fs   w or k i n  c o n-
j u n cti o n    wit h   a u xi n   a n d  C Y C LI  N    D 6; 1
(C Y C  D 6; 1 )  t o  pre ve nt  t h e  Q  C  fr o  m  di vi di n g,
w hil e  pr o  m oti n g  c ell  di visi o n  i n  ot h er  re gi o ns
of  t h e  r o ot    m erist e  m.   R o ot    w o u n di n g  tri g g ers
t h e r a pi d s yst e  mi c pr o d u cti o n of J  A a n d t h e l o c al
ac c u  m ul ati o n of a u xi n at t h e sit es of i nj ur y d u e t o
i  m p aire d P A T u p o n tiss u e d a  m a g e. J  A p erc e pti o n

S.  M.   M a z z o ni- P ut  m a n  et  al.
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acti v at es   M Y C 2,   w hi c h dire ctl y i n d u c es  E R F 1 0 9 ,
w hi c h i n t ur n t ar g ets a n d u p-re g ul at es  C Y C  D 6; 1
a n d  pr o  m ot es  a u xi n  bi os y nt h esis  b y  i n d u ci n g
A S A 1  ( Z h a n g et al.  2 0 1 9 a) a n d Y  U C 2  (  C ai et al.
2 0 1 4). J  A a n d a u xi n c o o p er ati vel y i n d u c e t h e e x-
pressi o n of  E R F 1 1 5 , a ke y   T F i n tiss u e re g e n er a-
ti o n t h at  pr o  m ot es  di visi o n  of t h e  c ells  dire ctl y
s urr o u n di n g  t h e   w o u n d e d  sit e  t o  re pl e nis h  t h e
d a  m a g e d c ells ( Ye et al. 2 0 2 0).

As  b ot h I  A  A  a n d J  A-Il e  ar e s e ns e d  b y  S  C F
E 3-li g as e  c o  m pl e x es,  S  C F TI R a n d  S  C F C  OI ,  r e-
s p e cti v el y, t h at s h ar e   m ulti pl e c o  m p o n e nts, dis-
r u pti o ns  of t h es e c o  m pl e x es ( e. g.,  d ef e cts i n t h e
g e n eri c  S  C F  s u b u nits  or  i n  u pstr e a  m  pl a y ers)
r es ult i n i  m p air e d r es p o ns es t o  b ot h  h or  m o n es
(  D h ar  m asiri et al.  2 0 0 7;   M o o n et al.  2 0 0 7).  F or
e x a  m pl e, si n gl e a u xi n resist a nt 1  (a xr 1 ) a n d d o u-
bl e  a xr 1   a xr 1-li ke  m ut a nts   d ef e cti v e  i n  t h e
R  U B 1- a cti v ati n g e n z y  m e E 1 dis pl a y P R i ns e nsi-
ti vit y t o s y nt h eti c a u xi n 2, 4-  D a n d t o   m et h yl-J  A
(  D h ar  m asiri et al. 2 0 0 7).   R  U B 1   m o difi c ati o n of
t h e   C ulli n  S  C F  s u b u nit  pr o  m ot es  S  C F  a cti vit y.
T h us,  t h e  a bilit y  t o  ass e  m bl e  f u n cti o n al  S  C F
c o  m pl e x es is  a p p ar e ntl y  n e c ess ar y f or  b ot h J  A
a n d a u xi n si g n ali n g.

S h o ot   D e v el o p  m e nt

Cr osst al k  b et  w e e n t h e  a u xi n si g n ali n g  p at h  w a y
a n d J  A pr o d u cti o n re g ul at es t h e d e v el o p  m e nt of
fl or al  or g a ns  a c c or di n g  t o  e xt er n al  c u es  a n d
fl o  w er p h e n ol o g y ( R e e v es et al. 2 0 1 2).  T h e a u xi n
r es p o ns e  f a ct ors,   A R F 6  a n d   A R F 8,  g o v er n  t h e
l at e st a g es of fl o  w er d e v el o p  m e nt l e a di n g t o a n-
t h esis.    T h e  d e v el o p  m e nt  of  arf 6  arf 8  m ut a nt
fl o  w ers is arr est e d at st a g e 1 2, r es ulti n g i n  fl o  w ers
wit h s h ort p et als a n d st a  m e n  fi l a  m e nts, a n d i  m-
m at ur e  a nt h ers  a n d  g y n o e ci u  m.   T h e  arf 6  arf 8
fl o  w ers  n e v er  u n d er g o  a nt h esis  a n d  ar e l ar g el y
m al e  a n d f e  m al e st eril e.   A R F 6  a n d   A R F 8 r e g u-
l at e  fl o  w er  d e v el o p  m e nt,  i n  p art  t hr o u g h  t h e
T E  O SI  N T E  B R  A  N C  H E  D/  C Y C L  OI  D E  A/ P C F 4-
m e di at e d  i n d u cti o n  of  J  A  s y nt h esis,    w hi c h  i n
t ur n  u p-re g ul at es  t h e  e x pressi o n  of  t h e  J  A-re-
s p o nsi ve   T Fs  M Y B 2 1  a n d  M Y B 2 4  t h at  c o ntr ol
p et al,   st a  m e n,   a n d   g y n o e ci u  m   d e v el o p  m e nt
( R e e v es  et  al.  2 0 1 2).    A c c or di n gl y,    m ut a nts  i n
t h e J  A  bi os y nt h esis  or si g n ali n g  p at h  w a ys  oft e n
e x hi bit  d el a y e d  a nt h er  d e his c e n c e,  l o  w  p oll e n

vi a bilit y, a n d c o  m pr o  mis e d  fi l a  m e nt el o n g ati o n
(f or r e vi e  w, s e e S o n g et al. 2 0 1 3).   D uri n g fl o  w er
d e v el o p  m e nt, t h e  arf 6 arf 8  m ut a nt pr o d u c es l o  w
l e v els  of J  A ( T a b at a et  al.  2 0 1 0).   C o ns e q u e ntl y,
a p pli c ati o n of e x o g e n o us J  A c a n res c u e t h e p et al
el o n g ati o n  a n d  a nt h er  d e his c e n c e  d ef e cts,  b ut
n ot t h e  st a  m e n  fi l a  m e nts  or  g y n o e ci u  m  d e v el-
o p  m e nt al  d e fi ci e n ci es  of  t h e  arf 6  arf 8  d o u bl e
m ut a nt  (  N a g p al  et  al.  2 0 0 5),  cl e arl y i n di c ati n g
t h at J  A  acts  d o  w nstr e a  m  of t h e  a u xi n si g n ali n g
a n d r es p o ns e p at h  w a ys   wit h r es p e ct t o p et al a n d
st a  m e n  d e v el o p  m e nt.

E x o g e n o us  a p pli c ati o ns  of  J  A  or  a u xi n i n-
d u c e  a n d  re pr ess  l e af  s e n es c e n c e,  res p e cti v el y.
J  A  pr o  m ot es l e af s e n es c e n c e t hr o u g h t h e   C  OI 1
si g n ali n g   p at h  w a y.    T h e    M Y  C    T Fs,  i n cl u di n g
M Y  C 2, i n d u c e t h e e x pr essi o n of g e n es i n v ol v e d
i n s e n es c e n c e  a n d  c hl or o p h yll  d e gr a d ati o n (  Qi
et  al.  2 0 1 5;   Z h u  et  al.  2 0 1 5).   T h e    W R  K Y 5 7   T F
pl a ys  a   m aj or r ol e r e pr essi n g t h e  e x pr essi o n  of
s e n es c e n c e- ass o ci at e d  g e n es (Ji a n g  et  al.  2 0 1 4).
U p o n J  A a p pli c ati o n,  W R K Y 5 7  tr a ns cri pti o n is
i n d u c e d,   w h er e as    W R  K Y 5 7  pr ot ei n  is  r a pi dl y
t ur n e d  o v er  b y  t h e  2 6 S  pr ot e as o  m e  p at h  w a y
pr e v e nti n g   its   ac c u  m ul ati o n.   I n   c o ntr ast,
a u xi n tr e at  m e nt  pr o  m ot es  b ot h   W R  K Y 5 7 tr a n-
s cri pt  a n d  pr ot ei n  a c c u  m ul ati o n.  F urt h er  m or e,
W R  K Y 5 7  p h ysi c all y  i nt er a cts    wit h  J  A Z 4  a n d
J  A Z 8,  as   w ell  as   wit h  I  A  A 2 9,  n e g ati v e  re g ul a-
t ors  of  t h e  J  A  a n d  a u xi n  si g n ali n g  p at h  w a ys,
r es p e cti v el y.   T his c o  m p etiti o n f or   W R  K Y 5 7 b e-
t  w e e n J  A Zs  a n d I  A  A 2 9 is t h o u g ht t o  als o  c o n-
tri b ut e t o t h e a nt a g o nisti c r ol e  of J  A a n d a u xi n
i n t h e r e g ul ati o n  of l e af s e n es c e n c e (Ji a n g et  al.
2 0 1 4).

A  U XI  N – S A I  N T E R A C TI  O  N S

S  A is a p h e n oli c c o  m p o u n d pr o d u c e d b y pl a nts i n
res p o ns e t o  p at h o g e n  e x p os ure  a n d,  al o n g   wit h
J  A, pl a ys a c e ntr al r ol e i n pl a nt d ef e ns es t o bi oti c
stress  (f or  re vi e w,  s e e  L ef e vere  et  al.  2 0 2 0).   Re-
m ar k a bl y, a u xi n a n d S  A s h are a c o  m  m o n pre c ur-
s or, c h oris  m at e,   w hi c h is pr o d u c e d vi a t h e s hi ki-
m at e  p at h  w a y  i n  t h e  c hl or o pl ast  ( P ére z- Ll orc a
et  al.  2 0 1 9).   C h oris  m at e  c a n  b e  c o n vert e d i nt o
Tr p t o s y nt h esi z e a u xi n  or i nt o is o c h oris  m at e t o
pr o d u c e  S  A.    T h e  S  A  bi os y nt h esis   p at h  w a y  is
t h o u g ht   t o   o c c ur   t hr o u g h   t  w o   i n d e p e n d e nt

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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r o ut es, o n e rel yi n g o n  P  H E  N Y L  A L  A  NI  N E   A  M-
M  O  NI  A- L Y  A S E  ( P A L)  a n d  t h e  ot h er  o n  I S  O-
C  H  O RI S  M  A T E  S Y  N T  H  A S E  (I C S),  b ot h  resi d-
i n g i n t h e  c yt os ol (  D e  m ps e y  a n d   Kl essi g  2 0 1 7).
I n  t h e  fi rst  re acti o n  of  t h e  P  A L  p at h  w a y,  P  A L
c at al y z es  t h e  c o n versi o n  of  p h e n yl al a ni n e  i nt o
tr a ns- ci n n a  mi c  aci d,   w hi c h is l at er   m et a b oli z e d
t o eit h er ort h o- c o u  m ari c aci d or b e n z oi c aci d i n-
t er  m e di at es  t o  fi n all y  pr o d u c e  S  A.  I n  t h e  I  C S
p at h  w a y,  I  C S  is  res p o nsi bl e  f or  t h e  c o n versi o n
of c h oris  m at e i nt o is o c h oris  m at e.  T h e n, a vr P p h B
S  U S  C E P TI B L E 3  ( P B S 3)   c o nj u g at es  is o c h oris-
m at e   wit h  gl ut a  m at e t o  pr o d u c e is o c h oris  m at e-
9- gl ut a  m at e,    w hi c h   c a n   b e  c o n vert e d   b y  t h e
ac yltr a nsf er as e  E  N  H  A  N C E  D  P S E  U  D  O  M  O  N  A S
S  U S  C E P TI BI LI T Y  1  ( E P S 1)  or  s p o nt a n e o usl y
c at a b oli z e d  i nt o  S  A  (f or  re vi e w,  s e e   L ef e vere
et al. 2 0 2 0).

M e  m b ers   of   t h e  N  O  N- E X P R E S S  O R    O F
P A T  H  O  G E  N E SI S- R E L  A T E  D  (N P R  ) g e n e f a  mil y
ar e p ost ul at e d t o b e S  A r e c e pt ors. I n t h e a bs e n c e
of  S  A,   N P R 1 is l o c at e d i n t h e  c yt o pl as  m i n  a n
oli g o  m eri c st at e.   U p o n S  A bi n di n g,   N P R 1 e x p e-
ri e n c es a c o nf or  m ati o n al c h a n g e t h at c a us es t h e
c o  m pl e x es t o diss o ci at e i nt o   m o n o  m ers t h at   mi-
gr at e t o t h e  n u cl e us   w h er e   N P R 1 i nt er a cts   wit h
t h e  T  G  A C  G- BI  N  DI  N  G F  A C T  O R ( T  G  A) f a  mil y
of   T Fs t o i n d u c e t h e e x pr essi o n of  P A T  H  O  G E  N-
E SI S- R E L  A T E  D  g e n es  (  W u  et  al.  2 0 1 2).   N P R 3
a n d   N P R 4  bi n d  S  A a n d a ct as a d a pt or  pr ot ei ns
r e g ul ati n g t h e a cti vit y  of t h e   C  U L 3  E 3  LI  G  A S E
t h at  d e gr a d es   N P R 1  d e p e n di n g  o n t h e  S  A c o n-
c e ntr ati o n i n t h e c ell. I n  h e alt h y  pl a nts, t h e l o  w
l e v els of S  A tri g g er t h e  d e gr a d ati o n of   N P R 1 b y
N P R 3,   N P R 4,  a n d t h e  pr ot e as o  m e, t h us  bl o c k-
i n g t h e i n d u cti o n of d ef e ns e g e n es.   As S  A l e v els
i n cr e as e   u p o n   p at h o g e n   att a c k,   S  A- b o u n d
N P R 3  a n d   N P R 4 l os e  t h eir  a bilit y  t o  pr o  m ot e
t h e  d e gr a d ati o n  of    N P R 1,  e n a bli n g  st a bili z e d
N P R 1  t o  i n d u c e  P A T  H  O  G E  N E SI S- R E L  A T E  D
g e n es ( F u et al.  2 0 1 2).

B esi d es  t h e    N P Rs,  a d diti o n al  S  A- bi n di n g
pr ot ei ns   m a y  b e i n v ol ve d i n  s p e ci fi c   N P R 1-i n-
d e p e n d e nt  S  A  i  m  m u n e  res p o ns es  a n d  i n  S  A-
m e di at e d  r e g ul ati o n  of  gr o  wt h.  S  A  pr o d u c e d
b y  pl a nts is i n v ol v e d  n ot  o nl y i n  pl a nt  d ef e ns es
b ut   als o  i n   pl a nt   gr o  wt h   a n d   d e v el o p  m e nt
(  W a n g  et  al.  2 0 0 7).   A u xi n  a n d  S  A  i nt er act  t o
m o d ul at e t h es e  pr o c ess es.

R o ot   D e v el o p  m e nt

Tr e at  m e nts   wit h e x o g e n o us S  A s h a p e t h e d e v el-
o p  m e nt  of t h e r o ot,  at l e ast i n  p art  b y aff e cti n g
a u xi n  pr o d u cti o n  a n d  distri b uti o n.  PI  N  ef fl u x
tr a ns p ort ers  ar e st a bili z e d  at t h e  pl as  m a   m e  m-
br a n e  b y  S  A  (  D u  et  al.  2 0 1 3).  L o  w  c o n c e ntr a-
ti o ns of S  A ( b el o  w 5 0  µ  M) i n d u c e t h e f or  m ati o n
of   A Rs  b ut re d u c e t h e si z e  of t h e  P R   m erist e  m,
w h er e as  hi g h  c o n c e ntr ati o ns  of  S  A  ( a b o v e  5 0
µ  M)  h a  m p er  all  r o ot  d e v el o p  m e nt al  pr o c ess es
( P ast er n a k  et  al.  2 0 1 9).  S  A  h as  a n  i n hi bit or y
eff e ct   o n   r o ot   el o n g ati o n,   i n   p art   d u e   t o
t h e  a cti v ati o n  of  a u xi n  s y nt h esis  vi a  T A  A 1  i n-
d u cti o n i n t h e e pi d er  mis of t h e el o n g ati o n z o n e
( Fi g.  2  A;  P ast er n a k  et  al.  2 0 1 9),  si  mil ar  t o  t h e
e x pr essi o n  b o ost  tri g g er e d  b y   E T  ( St e p a n o v a
et al.  2 0 0 8).

T h e    m e c h a nis  ms  g o v er ni n g   A R  f or  m ati o n
ar e  d e fi n e d  b y t h e cr osst al k  b et  w e e n  S  A, a u xi n,
E T, a n d J  A ( P ast er n a k et al.  2 0 1 9).   T h e a  mi d o-
s y nt h as es  e n c o d e d  b y t h e  G  H 3  g e n e f a  mil y ar e
a bl e t o c o nj u g at e  n ot o nl y I  A  A, b ut als o J  A a n d
S  A, t o  a  mi n o  a ci ds (f or re vi e  w, s e e    W o o d  w ar d
a n d  B art el  2 0 0 5  a n d   Z h a n g  et  al.  2 0 0 7).   T h e
a cti vit y  of   G  H 3  e n z y  m es  c o ntr ols t h e  e n d o g e-
n o us l e v els of a cti v e h or  m o n es, ulti  m at el y i n fl u-
e n ci n g t h e  n u  m b er  of   A Rs  a n d  ot h er   m or p h o-
m etri c  tr aits  ( St as  wi c k  et  al.  2 0 0 5;  S ori n  et  al.
2 0 0 6;   G uti err e z et al. 2 0 1 2). F or e x a  m pl e, tr a ns-
g e ni c  li n es   o v er e x pr essi n g  G  H 3. 5  e x hi bit  re-
d u c e d l e v els of fr e e a u xi ns a n d S  A, b ut el e v at e d
l e v els  of t h eir  as p art at e  c o nj u g at e d f or  ms,  a n d
s h o  w dr a  m ati c   m or p h ol o gi c al d ef e cts i n cl u di n g
s e v er e  d  w arfi s  m (  Westf all et al.  2 0 1 6).  F urt h er-
m or e,  b y  r e g ul ati n g  t h e l e v els  of  t h e  I  A  A  a n d
S  A,   G  H 3s  aff e ct  pl a nt  r es p o ns es  t o  p at h o g e ns
( Z h a n g et al. 2 0 0 7) a n d t o a  wi d e r a n g e of a bi oti c
str ess es i n cl u di n g  dr o u g ht, fr e e zi n g,  a n d  s ali n-
it y, c o nsist e nt   wit h t h e c e ntr al r ol e  of t h e   G  H 3
s u bstr at es i n t h es e  pr o c ess es ( P ar k et  al.  2 0 0 7).
I n s u  m  m ar y, t h e cr osst al k b et  w e e n S  A a n d a u x-
i n  aff e cts  t h e  ar c hit e ct ur e  of  t h e  r o ot  a n d  its
i nt er acti o n   wit h e n vir o n  m e nt al c u es.

S h o ot   D e v el o p  m e nt

D uri n g  a pi c al  h o o k f or  m ati o n,  E T a n d   G  A e n-
h a n c e t h e u n e v e n distri b uti o n of a u xi n, pr o  m ot-
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i n g t h e f or  m ati o n of a n e x a g g er at e d a pi c al h o o k,
w h er e as J  A  a n d  S  A  disr u pt t h e  diff er e nti al  dis-
tri b uti o n  of  a u xi n  a n d,  t h us,  t h e  f or  m ati o n  of
t h e  a pi c al  h o o k  (  W a n g  a n d   G u o  2 0 1 9). I n t h e
pr es e n c e of S  A,   N P R 1   m o n o  m ers   mi gr at e t o t h e
n u cl e us a n d i nt er a ct   wit h EI  N 3 a n d EI L 1, bl o c k-
i n g  t h e  e x pr essi o n  of  EI  N 3-  a n d  EI L 1-t ar g et
g e n es, i n cl u di n g t h os e i n v ol v e d i n a u xi n bi os y n-
t h esis a n d tr a ns p ort a n d, t h us, t h e f or  m ati o n of
t h e  a pi c al  h o o k  (  H u a n g  et  al.  2 0 2 0).   T his  S  A-
m e di at e d  eff e ct  o n t h e f or  m ati o n  of t h e  a pi c al
h o o k is   N P R 1- d e p e n d e nt,   wit h f or  m ati o n of t h e
a pi c al h o o k b ei n g i  m p air e d i n N P R 1  o v er e x pr es-
si o n li n es  a n d  e n h a n c e d  i n  n pr 1  l oss- of-f u n c-
ti o n   m ut a nts (  H u a n g et al.  2 0 2 0).

P at h o g e n   R e s p o n s e

A u xi n  a n d  S  A  e x hi bit  a nt a g o nisti c  f u n cti o ns
d uri n g pl a nt d ef e ns e (  W a n g et al. 2 0 0 7).   A n u  m-
b er of p at h o g e ns ar e c a p a bl e of eit h er pr o d u ci n g
a u xi n or i n d u ci n g a u xi n bi os y nt h esis i n t h e h ost
t o   m o dif y t h e  pl a nt  d e v el o p  m e nt al  pr o gr a  ms t o
t h eir  o  w n  b e n efi t  (  C h e n et  al.  2 0 0 7; f or r e vi e  w,
s e e   R o b ert- S eil a ni a nt z  et  al.  2 0 0 7).   T h e  e xtr a
a u xi n l o os e ns t h e  c ell   w alls  a n d  pr o  m ot es  c ell
el o n g ati o n,  f a v ori n g  p at h o g e n  att a c k  a n d  e n-
a bli n g t h e  d e v el o p  m e nt  of s y  m pt o  ms.

T o c o u nt er act p at h o g e ns, pl a nts h a ve e v ol ve d
m e c h a nis  ms t o  d a  m p e n t h e eff e cts  of t h e e x c ess
a u xi n  pr o d u c e d  d uri n g a n att ac k ( S p a e p e n et al.
2 0 0 7).   O n e pri  m ar y   m et h o d is t o ac c u  m ul at e hi g h
l e vels  of S  A t h at i n hi bit t h e res p o ns e t o a u xi n at
m ulti pl e l e vels. S  A d o w n-re g ul at es t h e e x pressi o n
of  s e ver al  PI  N  g e n es,  re d u ci n g  a u xi n  tr a ns p ort
(  Ar  m e n g ot et al. 2 0 1 4). F urt h er  m ore, S  A d a  m p-
e ns a u xi n si g n ali n g b y i n hi biti n g t h e e x pressi o n of
TI R 1  a n d  A F Bs , st a bili zi n g t h e   A u x/I  A  A re pres-
s ors  a n d, t h us,  bl o c ki n g  t h e  gl o b al  res p o ns e  t o
a u xi n (  Wa n g  et  al.  2 0 0 7). I n  a d diti o n,   m ut a nts
t h at  o ver ac c u  m ul at e  S  A  h a ve  l o wer  I  A  A  l e vels
rel ati ve t o   wil d-t y p e, s u g g esti n g t h at t h e i n hi bit o-
r y eff e ct of S  A o n a u xi n is i n p art d u e t o a re d u c-
ti o n i n a u xi n si g n ali n g a n d res p o ns e (  Wa n g et al.
2 0 0 7).  S  A  i  m p airs  t h e  pr o d u cti o n  of  a u xi n  b y
i n hi biti n g C A T A L A S E 2  (C A T 2 ) acti vit y. C A T 2  is
d o w n-re g ul at e d i n res p o ns e t o S  A, l e a di n g t o a n
i n cre as e i n  h y dr o g e n  p er o xi d e  t h at  tri g g ers t h e
s ulf e n yl ati o n   of    T R P  S Y  N T  H E T A S E   B  S  U B-

U  NI T 1,  re d u ci n g  t h e  pr o d u cti o n  of    Tr p  a n d,
t h us,   h a  m p eri n g   t h e   bi os y nt h esis   of   a u xi n
( Y u a n et al.  2 0 1 7).   C  A T 2 c o or di n at es t h e acti o n
of S  A  n ot  o nl y o n a u xi n  b ut als o  o n J  A  pr o d u c-
ti o n, t h us aff e cti n g  pl a nt s us c e pti bilit y t o  p at h o-
g e ns ( Y u a n et al. 2 0 1 7).

A  U XI  N – S L I  N T E R A C TI  O  N S

S Ls  ar e t h e   m ost r e c e nt  a d diti o n t o t h e  p h yt o-
h or  m o n e f a  mil y.  T h e y   w er e dis c o v er e d b as e d o n
t h eir i n v ol v e  m e nt i n pr o  m oti n g t h e g er  mi n ati o n
of  p ar asiti c  pl a nts  of t h e  Stri g a  g e n us (  C o o k et
al.  1 9 6 6).  S Ls  ar e  pr o d u c e d  fr o  m  c ar ot e n oi ds.
W hil e  t h e  c o  m pl et e  pi ct ur e  of  S L  s y nt h esis  is
still  u nf ol di n g,  i n  g e n er al,  S L  s y nt h esis  st arts
wit h t h e c o n v ersi o n of  β - c ar ot e n e t o c arl a ct o n e.
T his   pr o c ess  is  c at al y z e d   b y  t hre e  e n z y  m es:
D  W A R F 2 7   (  D 2 7),    C  A R  O T E  N  OI  D    C L E  A V-
A  G E 7  (  C  C  D 7),   a n d    C  C  D 8  (f or  r e vi e  w,  s e e
O  m o ar el oji e  et  al.  2 0 1 9).    M ost  S L  pr o d u cti o n
t a k es   pl a c e  i n  t h e  r o ot,   b ut  t h e  s h o ots  als o
m a k e  S L.  S L c a n  b e tr a ns p ort e d t o t h e s h o ot t o
m e di at e s h o ot d e v el o p  m e nt al pr o c ess es, s u c h as
br a n c hi n g (  G o  m e z- R ol d a n et al. 2 0 0 8;   U  m e h ar a
et  al.  2 0 0 8),  or s e cr et e d i nt o t h e r hi z os p h er e t o
m e di at e  s y  m bi oti c  a n d  p ar asiti c  r el ati o ns hi ps
(  C o o k et al.  1 9 6 6;   A ki y a  m a et al.  2 0 0 5).

T h e  c urr e nt    m o d el f or  S L  si g n ali n g is t h at
t h e  S L    m ol e c ul e  bi n ds t o its  r e c e pt or,  α /β - h y-
dr ol as e    D 1 4,  i niti ati n g  a  si g n ali n g  c as c a d e.  I n
t h e  pr es e n c e  of  S L,   D 1 4 f or  ms  a c o  m pl e x   wit h
a n  F- b o x  pr ot ei n    D 3  (i n  Ar a bi d o psis  ,    M  O R E
A XI L L  A R Y  B R  A  N  C  H E S,    M  A X 2).   T his  c o  m-
pl e x  dir e cts  pr ot ei n  t ar g ets,  s u c h  as  ri c e    D 5 3
(i n  Ar a bi d o psis  ,  t hr e e  r e d u n d a nt    m e  m b ers  of
t h e  S  U P P R E S S  O R   O F    M  A X 2  1- LI  K E  ( S  M X L)
f a  mil y)   f or   u bi q uiti n-  m e di at e d   d e gr a d ati o n.
T h e  l oss  of  t h es e  t ar g et  pr ot ei ns  r eli e v es  t h e
tr a ns cri pti o n al r e pr essi o n of S L-r e g ul at e d g e n es,
tri g g eri n g  s o  m e  S L-i n d u c e d  r es p o ns es  (f or  r e-
vi e  w, s e e   O  m o ar el oji e et al. 2 0 1 9 a n d B ür g er a n d
C h or y  2 0 2 0). I n t h e  fi n al st e p,   D 1 4  h y dr ol y z es
a n d  i n a cti v at es  t h e   S L    m ol e c ul e  ( S et o  et  al.
2 0 1 9).   T h er e is als o e vi d e n c e f or f e e d b a c k r e g u-
l ati o n  of  S L  si g n ali n g.  I n  p e a,  t h e  S L  p at h  w a y
m ut a nts  r a  m os us (r  ms 3, r  ms 4, a n d r  ms 5,  d ef e c-
ti v e i n t h e  ort h ol o gs  of ri c e Os  D 1 4  , Os  D 3  ,  a n d
Os C C  D 7  ,  r es p e cti v el y)  s h o  w  i n cr e as e d  e x pr es-
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si o n   of  Ps R  M S 1  (Os C C  D 8  ),   s u g g esti v e   of
f e e d b a c k  re g ul ati o n,  b ut  pl a nts  h ar b ori n g  t h e
r  ms 2  m ut ati o n   h a v e   r e d u c e d   e x pr essi o n   of
Ps R  M S 1  ( F o o  et  al.  2 0 0 5).  Ps R  M S 2  w as f o u n d
t o e n c o d e a n  ort h ol o g of t h e   TI R 1 a u xi n r e c e p-
t or t h at  u p-r e g ul at es S L  bi os y nt h esis,  pr o vi di n g
f urt h er s u p p ort f or t h e c o n n e cti o n b et  w e e n a u x-
i n res p o ns e a n d  S L  bi os y nt h esis i n  p e a ( Li g er ot
et al.  2 0 1 7).

R o ot   D e v el o p  m e nt

S L  tr e at  m e nt  of  r a p es e e d  s e e dli n gs  pr o  m ot es
b ot h s h o ot a n d r o ot gr o  wt h a n d r a pi dl y r e d u c es
e n d o g e n o us a u xi n l e v els, s u g g esti n g t h at a u xi n –
S L i nt er acti o ns ar e at pl a y b ot h a b o v e a n d b el o  w
gr o u n d  (  M a  et  al.  2 0 2 0).   T h e  Ar a bi d o psis  S L
m ut a nts  m a x 1  , m a x 2  ,  a n d m a x 4  ( a n  ort h ol o g
of  Os C C  D 8  )  h a v e a s h ort er  P R a n d f e  w er   m eri-
st e  m ati c  c ells  r el ati v e  t o   wil d-t y p e,  as    w ell  as
e x p a n d e d  a u xi n r e p ort er  a cti vit y ( R u yt er- S pir a
et al. 2 0 1 1).   A p pli c ati o n of a s y nt h eti c S L t o t h e
r o ots of pl a nts i n cr e as es t h e si z e of t h e r o ot   m er-
ist e  m a n d tr a nsiti o n z o n e,  bl o c ks  L R f or  m ati o n
a n d re d u c es t h e a u xi n c o nt e nt of l e a v es. S L tr e at-
m e nt  als o i n hi bits t h e  e x pr essi o n  of  PI  N  1,  3,
a n d  7  tr a nsl ati o n al  f usi o ns    wit h    G F P  i n  t h e
r o ot ti p, s u g g esti n g t h at a n i nt er a cti o n  b et  w e e n
S L  a n d  a u xi n tr a ns p ort is  criti c al f or  b al a n ci n g
r o ot gr o  wt h ( R u yt er- S pir a et al. 2 0 1 1). Si  mil arl y,
S L  pr o  m ot es  PI  N 2  e x pr essi o n  a n d  PI  N 2  p ol ar
l o c ali z ati o n  at t h e  pl as  m a   m e  m br a n e i n Ar a bi-
d o psis  r o ot ti ps, i  m pli c ati n g S L i n t h e r e g ul ati o n
of  PI  N-  m e di at e d  a u xi n tr a ns p ort i n r o ots ( Fi g.
2  A;  P a n d y a-  K u  m ar et al.  2 0 1 4).

Ar a bi d o psis    m a x 2  ,  m a x 3  ( ort h ol o g o us  t o
Os C C  D 7  ), a n d m a x 4  m ut a nts  all  dis pl a y a n i n-
cr e as e d  n u  m b er  of  L Rs,  a n d  S L  tr e at  m e nt  r e-
d u c es L R n u  m b er a n d i n cr e as es r o ot h air l e n gt h
i n m a x 3  a n d  m a x 4  (  K a p ul ni k  et  al.  2 0 1 1).  S L
r e g ul at es  L R  d e v el o p  m e nt i n ri c e  vi a i n hi biti o n
of a u xi n tr a ns p ort ( Fi g. 2  A; S u n et al. 2 0 1 9). S L
si g n ali n g  (d 3 )  a n d  bi os y nt h esis  (d 1 0 )    m ut a nts
dis pl a y  a n  i n cr e as e d  n u  m b er  of  L Rs,   w hi c h  is
f urt h er e n h a n c e d b y a u xi n tr e at  m e nt, b ut att e n-
u at e d  b y   N P  A.   T h e eff e ct  of a u xi n is a br o g at e d
b y a p pli c ati o n  of  S L i n  d 1 0 ,  b ut  n ot i n d 3 ,  pr o-
vi di n g e vi d e n c e t h at S L acts t o bl o c k a u xi n-  m e-
di at e d  L R gr o  wt h.

S  H Y 2, i n v ol v e d i n  a u xi n  a n d   C  K si g n ali n g,
pr o  m ot es a u xi n ac c u  m ul ati o n t o i n hi bit  L R  d e-
v el o p  m e nt  (  G o h  et  al.  2 0 1 2).   T h e  S L  si g n ali n g
m ut a nt  m a x 2  dis pl a ys a si  mil ar L R p h e n ot y p e as
a  s h y 2  l oss- of-f u n cti o n    m ut a nt,  a n d  b ot h  ar e
i ns e nsiti v e t o  S L tr e at  m e nt  (  K or e n et  al.  2 0 1 3).
C o n v ers el y,   wil d-t y p e pl a nts a n d a  s h y 2 g ai n- of-
f u n cti o n   m ut a nt ar e b ot h s e nsiti v e t o e x o g e n o us
S L.   T h e a ut h ors pr o p os e t h at S  H Y 2 acts t o i nt e-
gr at e si g n als fr o  m   m ulti pl e  h or  m o n e  p at h  w a ys,
i n cl u di n g S L a n d a u xi n (  K or e n et al.  2 0 1 3).

S L ri c e   m ut a nts h a v e a d e cr e as e d n u  m b er of
A Rs  p er till er,  b ut  hi g h er l e v els  of  e n d o g e n o us
a u xi n  a n d  a u xi n  re p ort er  acti vit y  ( S u n  et  al.
2 0 1 5).   Tre at  m e nt  of t h e  d 1 0  m ut a nt   wit h e x o g-
e n o us S L i n cr e as es t h e n u  m b er of   A Rs, d e cr e as es
t h e e x pr essi o n of a u xi n tr a ns p ort g e n es, a n d i n-
hi bits  a u xi n  re p ort er  acti vit y.    M or e o v er,   w hil e
N P  A  tr e at  m e nt  d o es  n ot  alt er   A R  n u  m b er  i n
t h e d 3  or  d 1 0  m ut a nts, it  d o es r e d u c e   A R  n u  m-
b er i n   wil d-t y p e pl a nts t o a l e v el a ki n t o S L   m u-
t a nts.   T o g et h er, t h es e d at a s h o  w t h at, i n ri c e, S L
pr o  m ot es   A R f or  m ati o n,   w hi c h   m a y b e   m e di at-
e d  b y its  a cti o ns  o n  P  A T.   H o  w e v er,  st u di es i n
Ar a bi d o psis  a n d  p e a s u g g est t h at,  u nli k e i n ri c e,
S L  a n d  a u xi n   mi g ht  b e l ar g el y i n d e p e n d e nt  of
o n e a n ot h er i n t h eir c o ntr ol of   A R d e v el o p  m e nt
( R as  m uss e n et al.  2 0 1 2).

I n t o  m at o,  S L tr e at  m e nt  r e d u c es t h e  a b u n-
d a n c e a n d l e n gt h  of r o ot  h airs, a n d  bl o c ks a u x-
i n-  m e di at e d i n hi biti o n of r o ot el o n g ati o n (  K ol-
t ai  et  al.  2 0 1 0).  E x o g e n o us  a u xi n  is  u n a bl e  t o
r es c u e  t h e  S L  p h e n ot y p e,  b ut  tr e at  m e nt    wit h
2, 4-  D,  a  s y nt h eti c  a u xi n  a n al o g  t h at is  a  p o or
s u bstr at e  f or  a u xi n  effl u x  c arri ers,  r es c u es  t h e
r o ot  h air a n d r o ot el o n g ati o n  p h e n ot y p es, s u g-
g esti n g t h at, i n t o  m at o,  S L   m o d ul at es  r o ot  d e-
v el o p  m e nt vi a eff e cts  o n a u xi n tr a ns p ort.

S Ls are e x u d e d fr o  m pl a nt r o ots as a si g n al t o
sti  m ul at e ar b us c ul ar   m y c orr hi z al (  A  M) c ol o ni z a-
ti o n (  A ki y a  m a et al. 2 0 0 5). I n t o  m at o r o ots,   A  M
f u n gi  i n d u c e  SlI  A A 2 7  e x pressi o n  ( B ass a  et  al.
2 0 1 3) a n d sil e n ci n g of  SlI  A A 2 7  re d u c es   A  M c ol-
o ni z ati o n  (  G uill oti n  et  al.  2 0 1 7).  I nt eresti n gl y,
sil e n ci n g  of SlI  A A 2 7  als o re d u c es t h e e x pressi o n
of  S L   bi os y nt h esis  g e n es  Sl  N S P 1 ,  Sl  D 2 7 ,  a n d
Sl  M  A X 1 ,  a n d tre at  m e nt   wit h  e x o g e n o us  S L  re-
st ores  t h e    A  M  p h e n ot y p e  of  SlI  A A 2 7 -sil e n c e d
pl a nts  (  G uill oti n  et  al.  2 0 1 7).  F urt h er  e vi d e n c e
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i n p e a s u p p orts t h e i d e a t h at a u xi n a n d S L i nt er act
t o  pr o  m ot e   A  M  s y  m bi osis.   A n  a u xi n- d efi ci e nt
m ut a nt,  b us h y  (bs h ), e x hi bits l o wer Ps C C  D 8  e x-
pressi o n,  re d u c e d  S L i n  r o ot  e x u d at es,  a n d  d e-
cre as e d   m y c orr hi z al c ol o ni z ati o n ( F o o 2 0 1 3). I n
wil d-t y p e   pl a nts,   bl o c ki n g   e n d o g e n o us   a u xi n
tr a ns p ort t o r o ots  b y st e  m  gir dli n g  als o re d u c es
S L  l e vels  i n  r o ot  e x u d at es,  a n d  e x o g e n o us  S L
tre at  m e nt rest ores c ol o ni z ati o n i n t h e bs h m ut a nt,
s u g g esti n g t h at s h o ot- d eri ve d a u xi n acts t hr o u g h
S L t o pr o  m ot e   A  M c ol o ni z ati o n.

S h o ot   D e v el o p  m e nt

It  h as b e e n pr o p os e d t h at S L i n hi bits br a n c hi n g
b y acti n g li k e a s e c o n d   m ess e n g er f or a u xi n: a n
a u xi n si g n al fr o  m t h e y o u n g e x p a n di n g l e a v es i n
t h e  pri  m ar y  s h o ot  pr o  m ot es  S L  pr o d u cti o n i n
t h e   m ai n st e  m a n d r o ot, a n d t h e n S L tr a v els  u p
i nt o  a xill ar y    m erist e  ms t o i nfl u e n c e  br a n c hi n g
( Fi g.  3  A;  Br e  w er  et  al.  2 0 0 9).   A u xi n-  m e di at e d
a pi c al  d o  mi n a n c e  r e q uir es  i nt a ct  S L  si g n ali n g
i n  p e a  ( B e v eri d g e  et  al.  2 0 0 0)  a n d Ar a bi d o psis
( S or ef a n et al. 2 0 0 3), a n d S L tr e at  m e nt pr e v e nts
d e c a pit ati o n-i n d u c e d  br a n c hi n g i n  p e a ( Br e  w er
et  al.  2 0 0 9).   Bl o c ki n g   P  A T  i n  t h e   b u d    wit h
N P  A  t a k es  d a ys t o  h a v e  a n  eff e ct,   w h er e as  S L
tr e at  m e nt r a pi dl y i n hi bits  b u d  o ut gr o  wt h, s u g-
g esti n g  t h at  S L,  a n d  n ot  t h e  est a blis h  m e nt  of
a u xi n   e x p ort,   re g ul at es   b u d   rel e as e   ( Br e  w er
et al.  2 0 0 9).   A u xi n  h as  b e e n s h o  w n t o  pr o  m ot e
S L  pr o d u cti o n  d uri n g  s h o ot  br a n c hi n g  b y  i n-
cr e asi n g   e x pr essi o n   of   t h e   g e n es   e n c o di n g
C  C  D 7  a n d   C  C  D 8 i n ri c e,  p e a,  a n d  Ar a bi d o psis
( Fi g.  3  C;  S or ef a n  et  al.  2 0 0 3;  B ai n bri d g e  et  al.
2 0 0 5;  F o o  et  al.  2 0 0 5; J o h ns o n  et  al.  2 0 0 6;   Z o u
et al. 2 0 0 6;  Arit e et al. 2 0 0 7;   H a y  w ar d et al. 2 0 0 9).
I n Ar a bi d o psis  , a u xi n-tri g g er e d i n d u cti o n  of S L
bi os y nt h esis is l ost i n t h e a u xi n-i ns e nsiti v e   m u-
t a nt a xr 1  (  H a y  w ar d et al. 2 0 0 9), b ut s y nt h eti c S L
c a n  still i n hi bit  a xr 1  s h o ot  br a n c hi n g  ( Br e  w er
et al.  2 0 0 9), s u p p orti n g t h e i d e a t h at a u xi n a cts
t hr o u g h   A X R 1 t o pr o  m ot e S L bi os y nt h esis a n d,
t h us, i n hi bit s h o ot  d e v el o p  m e nt.

S Ls  h a v e  b e e n  s h o  w n  t o  alt er  P  A T  b y  d e-
cr e asi n g t h e e x pr essi o n of  PI  N  g e n es a n d/ or t h e
m e  m br a n e  a b u n d a n c e  a n d l o c ali z ati o n  of  PI  N
pr ot ei ns, l e a di n g t o t h e i n hi biti o n of b u d  d e v el-
o p  m e nt i n  Ar a bi d o psis  ( Fi g. 3  A,  C;  B e n n ett et al.

2 0 0 6;    Cr a  wf or d  et  al.  2 0 1 0;  S hi n o h ar a  et  al.
2 0 1 3).  Ar a bi d o psis  S L    m ut a nts  h a v e  i n cr e as e d
a u xi n  tr a ns p ort,  u p-r e g ul at e d  PI  N  pr ot ei n  e x-
pr essi o n,  a n d  e n h a n c e d   br a n c hi n g  (  w hi c h  is
l ost  u p o n   N P  A tr e at  m e nt  or   w h e n  a n  S L    m u-
t a nt is  cr oss e d t o t h e  pi n 1  m ut a nt), i n di c ati n g
t h at S L i n hi bits br a n c hi n g vi a re g ul ati o n of a u x-
i n  tr a ns p ort  ( B e n n ett  et  al.  2 0 0 6;  L a z ar  a n d
G o o d  m a n 2 0 0 6).   W h e n t h e  pi n 3 /4 /7  tri pl e   m u-
t a nt   w as cr oss e d t o hi g hl y br a n c h e d S L   m ut a nts
(m a x 2  a n d  m a x 4  ), t h e  q u a dr u pl e   m ut a nts  h a d
r e d u c e d  br a n c hi n g  a n d l ess  a u xi n tr a ns p ort i n
t h e  st e  m t h a n t h e  S L  si n gl e    m ut a nts,  bri n gi n g
t h eir  p h e n ot y p es  cl os er t o   wil d-t y p e ( v a n   R o n-
g e n  et  al.  2 0 1 9).  Li k e  wis e,  t h e  a u xi n  tr a ns p ort
m ut a nt  a bc b 1 9 ,    w h e n  cr oss e d  t o  S L    m ut a nts,
dis pl a y e d  r e d u c e d   br a n c hi n g.    T h es e  fi n di n gs
s u g g est t h at  s e v er al  a u xi n tr a ns p ort ers i nt er a ct
wit h S L t o r e g ul at e a u xi n tr a ns p ort a n d br a n c h-
i n g.  Si  mil ar t o Ar a bi d o psis  , ri c e  S L   m ut a nts e x-
hi bit i n cr e as e d  a u xi n l e v els  (  Arit e  et  al.  2 0 0 7).
H o  w e v er, c o n  fl i cti n g e x p eri  m e nts i n  p e a f o u n d
t h at   S L    m ut a nts   d o   n ot   h a v e   alt er e d   a u xi n
tr a ns p ort a n d S L  di d  n ot re q uir e  P  A T t o i n hi bit
br a n c hi n g ( Br e  w er et  al.  2 0 0 9,  2 0 1 5).   T his  v ar-
i ati o n  c o ul d  b e  d u e  t o  diff er e n c es  i n  s p e ci es,
t h e t y p e  of   m ut a nts  a n al y z e d,  or  e x p eri  m e nt al
d esi g n.

A u xi n  – S L i nt er acti o ns ar e at  pl a y i n s e v er al
ot h er  pl a nt  s p e ci es  as   w ell.  I n t all f es c u e  r o ots
a n d l e a v es, e x pr essi o n  of t h e  S L si g n ali n g c o  m-
p o n e nt  g e n es  F a  D 3  a n d  F a  D 1 4  is  u p-r e g ul at e d
b y  e x o g e n o us   a u xi n,   b ut   d o  w n-r e g ul at e d   b y
N P  A,  pr o vi di n g  e vi d e n c e  f or  a u xi n-  m e di at e d
r e g ul ati o n of S L p er c e pti o n a n d si g n al tr a ns d u c-
ti o n (  H u et al. 2 0 1 8 b, 2 0 1 9). I n p e a c h, b ot h a u x-
i n   a n d   S L  i n hi bit   a xill ar y   b u d   d e v el o p  m e nt
t hr o u g h  acti o ns i n v ol vi n g   C  K  ( Li  et  al.  2 0 1 8).
A u xi n-tr e at e d pl a nts s h o  w d e cre as e d e x pr essi o n
of  P pI P Ts  aft er  d e c a pit ati o n,  a n d  S L  re d u c es
a u xi n  tr a ns p ort  b y  d e cr e asi n g  P p PI  N 1  e x pr es-
si o n  ( Fi g. 3  C).  I n t ur n,  d e cr e as e d  a u xi n tr a ns-
p ort  i n hi bits    C  K   bi os y nt h esis   a n d   b u d   o ut-
gr o  wt h.  Li k e  wis e,  i n  a p pl e,  S L  tr e at  m e nt  a n d
N P  A tr e at  m e nt  h a v e si  mil ar  p h e n ot y pi c eff e cts,
wit h  b ot h tr e at  m e nts  d e cr e asi n g t h e e x pr essi o n
of  Ms PI  N 1  ,  i n  c o ntr ast  t o    C  K  tr e at  m e nt  t h at
e n h a n c es  Ms PI  N 1  tr a ns cri pt  l e v els  ( T a n  et  al.
2 0 1 9).

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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M a n y of t h e s e e  mi n gl y irre c o n cil a bl e res ults
m a y  b e  d u e  t o  t h e  eff e cts  of  a  t hir d  h or  m o n e
criti c al t o  br a n c hi n g a n d a pi c al  d o  mi n a n c e:   C  K.
C  K a n d S L are b ot h re g ul at e d b y a u xi n, a n d c o n-
ver g e  o n  t h e   T F  B R  A  N C  H E  D 1  ( B R  C 1)  (  D u n
et  al.  2 0 1 2),  k n o w n t o  pl a y  a criti c al r ol e i n t h e
S L-  m e di at e d  c o ntr ol  of  br a n c hi n g  i n    m ulti pl e
s p e ci es  ( Bre wer  et  al.  2 0 0 9;    Mi n a k u c hi  et  al.
2 0 1 0;  Br a u n  et  al.  2 0 1 2;   D u n  et  al.  2 0 1 2).   C  K
a n d S L o p p os e o n e a n ot h er i n re g ul ati n g t h e e x-
pressi o n of  Ps B R C 1  a n d br a n c hi n g ( Fi g. 3  C;   D u n
et al. 2 0 1 2), a d di n g a n ot h er l a yer of c o  m pl e xit y t o
t h e i nt er pret ati o ns  of t h e  a u xi n- S L rel ati o ns hi p.
T h e i nt er acti o ns  b et  we e n a u xi n a n d   C  K are  dis-
c uss e d i n   m ore  d et ail i n t h e   A u xi n – C  K s e cti o n
a b o ve.

Ot h er   C o nt e xt s

I n  Ar a bi d o psis  ,  l o  w  i n or g a ni c  p h os p h at e  ( Pi)
c o n diti o ns i n cr e as e r o ot  h air  d e nsit y (  M a et  al.
2 0 0 1) a n d L R d e nsit y,   w hi c h c oi n ci d es   wit h u p-
r e g ul ati o n  of  t h e  a u xi n  r e c e pt or  TI R 1  (  M a y z-
lis h-  G ati et al.  2 0 1 2). I n d u cti o n  of TI R 1  b y l o  w
Pi is l ost i n a  m a x 2  m ut a nt,  b ut I  A  A tr e at  m e nt
r es c u es t h e   m ut a nt r o ot  h air  p h e n ot y p e.    W hil e
t his eff e ct is s p e cifi c t o a c ert ai n  d e v el o p  m e nt al
ti  m e   wi n d o  w,  it  s u g g ests  t h at  S L  c a n  r e g ul at e
r o ot  h air f or  m ati o n i n r es p o ns e t o l o  w  Pi  c o n-
diti o ns  b y  u p-r e g ul ati n g  TI R 1  a n d  e n h a n ci n g
a u xi n  si g n ali n g.   A n ot h er  st u d y  i n  Ar a bi d o psis
f o u n d t h at  S L   m e di at es t h e l o  w  Pi r es p o ns e  b y
alt eri n g  PI  N 2 p ol arit y (  K u  m ar et al. 2 0 1 5), s u g-
g esti n g t h at S L re g ul at es  n ot o nl y a u xi n p er c e p-
ti o n,  b ut  als o  a u xi n  tr a ns p ort.  Si  mil arl y,  l o  w
Pi  or l o  w   N  c o n diti o ns i n  ri c e i n d u c e  S L  bi o-
s y nt h esis  ( S u n  et  al.  2 0 1 4),  a n d    m ut ati o ns  i n
S L   si g n ali n g   a n d   bi os y nt h esis   g e n es   ( Os  D 3  ;
Os  D 1 0  a n d Os  D 2 7  , r es p e cti v el y) l e a d t o re d u c e d
r o ot r es p o ns es t o Pi or   N d efi ci e n c y. L o  w Pi, l o  w
N,  or  S L tr e at  m e nt i n hi bit I  A  A tr a ns p ort fr o  m
s h o ot t o r o ot a n d r e d u c e t h e a cti vit y of a n a u xi n
r e p ort er c o nstr u ct, s u g g esti n g t h at a u xi n – S L i n-
t er a cti o ns   als o    m e di at e  r es p o ns e  t o   n utri e nt
a v ail a bilit y i n ri c e.

I n t all f es c u e  u n d er  h e at str ess, a u xi n i n hi b-
its r o ot el o n g ati o n, b ut S L pr o  m ot es it (  H u et al.
2 0 1 8 b). S L a n d/ or   N P  A tr e at  m e nt r es ult i n si  m-
il ar r o ot  p h e n ot y p es  a n d  S L tr e at  m e nt i n hi bits

t h e  e x pr essi o n  of  a u xi n  tr a ns p ort  g e n es  (F a-
TI R 1 ,  F a PI  N 1 ,  F a PI  N 2 ,  a n d  F a PI  N 5 )  i n  r o ot
ti ps,   es p e ci all y   u n d er   h e at  str ess   c o n diti o ns.
N e arl y i d e nti c al r es ults   w er e f o u n d i n t all f es c u e
l e a v es (  H u  et  al.  2 0 1 9),  s u g g esti n g t h at  S L  a n d
a u xi n  c o or di n at e  i n  a  g e n er al  h e at  str ess  re-
s p o ns e.

C  O  N  C L  U  DI  N  G   R E  M A R K S

T h e  c o  m pl e xit y  of  t h e  h or  m o n e  cr osst al k  a n d
t h e fr a g  m e nt ar y vi e  w t h at   w e  h a v e  b e e n a bl e t o
g e n er at e  u p  t o  t his  p oi nt  hi g hli g ht  t h e  criti c al
n e e d  t o  b al a n c e  t h e  eff orts  of  diss e cti n g  t h e
f u n cti o n  of  i n di vi d u al  h or  m o n es   wit h  i n vesti-
g ati n g t h e   m ol e c ul ar   m e c h a nis  ms  of  h or  m o n e
i nt er acti o ns.   Alt h o u g h st u d yi n g a u xi n a n d ot h er
gr o  wt h r e g ul at ors i n di vi d u all y  h as pr o v e n fr uit-
f ul, a   m or e h olisti c o utl o o k o n si g n al i nt er a cti o n
is  r e q uir e d t o  b ett er  u n d erst a n d t h e tr u e  c o  m-
pl e xit y  of  t h e  r ol e  of  t h es e  h or  m o n es i n  pl a nt
gr o  wt h a n d  d e v el o p  m e nt.   W h at  h as  b e e n  h ol d-
i n g pl a nt bi ol o gists b a c k fr o  m g e n er ati n g a   m or e
c o  m pre h e nsi v e vi e  w of t h e h or  m o n e i nt er a cti o n
n et  w or k a n d fr o  m u n c o v eri n g t h e f ull c o  m pl e x-
it y  of t h e  si g n al  cr osst al k?  Per h a ps,  o n e  of t h e
e xisti n g li  mit ati o ns is t h e l a c k of a d e q u at e t o ols
t o   m o nit or   m ulti pl e h or  m o n es i n p ar all el   wit h a
c ell ul ar  res ol uti o n,   w hi c h  is  a  pr er e q uisit e  f or
i d e ntif yi n g  a n d  i  m pli c ati n g  a d diti o n al  pl a y ers
i n t h e  pr o c ess  of i nt er est  or e x pl ai ni n g  a  pl ei o-
tr o pi c  p h e n ot y p e  of  a   m ut a nt.   T o t his  e n d, t h e
d e v el o p  m e nt of   m ulti h or  m o n e r e p ort ers or bi o-
s e ns ors  t h at  e n a bl e  si  m ult a n e o us  d et e cti o n  of
s e v er al   h or  m o n es  is  cl e arl y  a   pr essi n g   n e e d.
T h e  s e c o n d    m aj or  r o a d bl o c k i n  st u d yi n g  h or-
m o n e  cr osst al k is t h e ti  m e  a n d  eff ort  r e q uir e d
t o g e n er at e d esir e d   m ulti g e n e   m ut a nt c o  m bi n a-
ti o ns t o r es ol v e g e n e f u n cti o n al re d u n d a n c y a n d
t o si  m ult a n e o usl y  d er e g ul at e s e v er al i nt er acti n g
p at h  w a ys.   F ort u n at el y,   hi g h er- or d er    m ut a nt
g e n er ati o n h as  n o  w b e e n si g ni fi c a ntl y ac c el er at-
e d   wit h t h e i  m pl e  m e nt ati o n  of  g e n o  m e- e diti n g
t e c h n ol o gi es i n pl a nts, p a vi n g t h e   w a y t o r a pi dl y
m a k e   m ut a nt c o  m bi n ati o ns t h at   w er e pr e vi o usl y
dif fi c ult, or e v e n i  m p ossi bl e, t o g e n er at e vi a tr a-
diti o n al  cr oss es ( e. g.,  d u e t o li n k a g e).    We  h o p e
t h at   t h e   c o nti n u o us   o pti  mi z ati o n   a n d    wi d e
a d o pti o n  of  t h e  l at est    m ol e c ul ar  g e n eti c  t o ols

S.  M.   M a z z o ni- P ut  m a n  et  al.
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i n  pl a nt  bi ol o g y,  s u c h  as  b as e  e diti n g,  bi os e n-
s ors,  a n d  si n gl e  c ell  s e q u e n ci n g,   will   m a k e t h e
st u d y  of  h or  m o n e  i nt er acti o ns  l ess  d a u nti n g,
will  attr a ct  n e  w t al e nt,  a n d  s h e d   m u c h- n e e d e d
li g ht  o n t h e   we b  of si g n al cr osst al k i n  pl a nts.

A C K  N  O  W L E  D  G  M E  N T S

T h e   w or k i n  t h e   Al o ns o- St e p a n o v a l a b or at or y
is  s u p p ort e d  b y  t h e   N ati o n al  S ci e n c e  F o u n d a-
ti o n   Gr a nts 1 4 4 4 5 6 1 a n d 1 9 4 0 8 2 9 t o J.  M.  A. a n d
A.  N. S., a n d  1 7 5 0 0 0 6 t o   A.  N. S.

R E F E R E  N  C E S

A b el es  F B,    M or g a n  P  W,  S alt veit    M E  Jr.  1 9 7 3.  Et h yl e n e i n
pl a nt bi ol o g y .   A c a d e  mi c,   N e  w   Y or k.

A d di c ott F T, L y o n J L,   O h k u  m a   K,   T hi ess e n   W E,   C ar ns   H R,
S  mit h    O E,    C or nf ort h  J  W,    Mil b orr o  w   B  V,    R y b ac k    G,
War ei n g  P F. 1 9 6 8.   A bs cisi c a ci d: a n e  w n a  m e f or a bs cisi n
II  ( d or  mi n).  Sci e nc e  1 5 9:  1 4 9 3.  d oi: 1 0. 1 1 2 6/s ci e n c e. 1 5 9
. 3 8 2 2. 1 4 9 3

A di e  B  A T,  P ére z- P ére z J,  P ére z- P ére z   M  M,   G o d o y   M,  S á n-
c h e z- S err a n o J,  S c h  m el z  E  A,  S ol a n o   R.  2 0 0 7.   A B  A is  a n
ess e nti al si g n al f or pl a nt resist a n c e t o p at h o g e ns aff e cti n g
J  A  bi os y nt h esis  a n d t h e  a cti v ati o n  of  d ef e ns es i n  Ar a bi-
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C,   N uss a u  m e L,   N o h  Y S,   A  m asi n o  R, S c h eres B. 2 0 0 4.  T h e
P L E T  H  O R  A g e n es   m e di at e p att er ni n g of t h e  Ar a bi d o psis
r o ot st e  m c ell  ni c h e. Cell  1 1 9:  1 0 9 – 1 2 0. d oi: 1 0. 1 0 1 6/j. c ell
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A ki y a  m a   K,   M ats u z a ki   K,   H a y as hi   H. 2 0 0 5.  Pl a nt s es q uit er-
p e n es i n d u c e  h y p h al  br a n c hi n g i n  ar b us c ul ar   m y c orr hi-
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t o  m e    m a p.  Sci e nc e  3 3 3:  6 0 1 – 6 0 7.   d oi: 1 0. 1 1 2 6/s ci e n c e
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p ositi ve  re g ul at or  of  gi b b erelli n-  m e di at e d  r es p o ns es  i n
Ar a bi d o psis  . P L o S    O  N E  8:  e 5 8 5 8 8.  d oi: 1 0. 1 3 7 1/j o ur n al
. p o n e. 0 0 5 8 5 8 8

Arit e   T,  I  w at a   H,   O hs hi  m a   K,    M a e k a w a    M,   N a k aji  m a    M,
K oji  m a    M,  S a k a ki b ar a   H,   K y o z u k a J.  2 0 0 7.   D  W A R F 1 0,
a n    R  M S 1/  M  A X 4/  D  A  D 1  ort h ol o g,  c o ntr ols  l at er al  b u d

o ut gr o  wt h i n  ri c e.  Pl a nt  J  5 1:  1 0 1 9 – 1 0 2 9.  d oi: 1 0. 1 1 1 1/j
. 1 3 6 5- 3 1 3 X. 2 0 0 7. 0 3 2 1 0. x

Ar  m e n g ot  L,   M ar q u ès- B u e n o   M  M,  S ori a-  G arci a   A,   M üll er
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M  A,    R as hi d A  A,  S a h e bi M.  2 0 1 5.    U n d erst a n di n g  t h e
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Z.  2 0 1 2 a.  Br assi n ost er oi d,  gi b b erelli n,  a n d  p h yt o c hr o  m e
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B ai    M,  F a n    M,   O h  E,    W a n g   Z.  2 0 1 2 b.   A tri pl e  h eli x-l o o p-
h eli x/ b asi c   h eli x-l o o p- h eli x   c as c a d e   c o ntr ols   c ell
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r o n  m e nt al si g n ali n g  p at h  w a ys i n  Ar a bi d o psis  . Pl a nt   Cell
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B ai n bri d g e   K, S or ef a n   K,   War d S, L e ys er   O. 2 0 0 5.   H or  m o n-
all y c o ntr oll e d e x pressi o n of t h e Ar a bi d o psis  M  A X 4 s h o ot
br a n c hi n g  r e g ul at or y  g e n e.  Pl a nt  J  4 4:  5 6 9 – 5 8 0.  d oi: 1 0
. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 0 5. 0 2 5 4 8. x
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D el al a n d e   C.  2 0 1 3.  Sl-I  A  A 2 7  g e n e e x pr essi o n is i n d u c e d
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ki ni n  a n d  a u xi n  si g n ali n g  d uri n g  o v ul e  d e vel o p  m e nt i n
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al.  2 0 1 4.   C yt o ki ni n  si g n alli n g  i n hi bit or y  fi el ds  pr o vi d e
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a u xi n tr a ns p ort  a n d  h as  a  c o  m  m o n tr a ns cri pt o  m e   wit h
a u xi n. Pl a nt J  5 2:  4 9 9 – 5 1 1. d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 0 7
. 0 3 2 5 0. x

Bl á z q u e z   M  A,   Gre e n   R,   Nilss o n   O, S uss  m a n   M R,   Wei g el   D.
1 9 9 8.   Gi b b erelli ns  pr o  m ot e  fl o  weri n g  of  Ar a bi d o psis  b y
acti v ati n g t h e  L E  A F Y  pr o  m ot er.  Pl a nt   Cell  1 0:  7 9 1 – 8 0 0.
d oi: 1 0. 1 1 0 5/t p c. 1 0. 5. 7 9 1

Blil o u I,  X u J,   Wil d  w at er   M,   Will e  ms e n   V, P a p o n o v I, Fri  ml J,
H ei dstr a   R,   Ai d a   M,  P al  m e   K,  S c h er es  B.  2 0 0 5.   T h e  PI  N
a u xi n ef fl u x f acilit at or  n et  w or k c o ntr ols gr o  wt h a n d  p at-
t er ni n g i n Ar a bi d o psis  r o ots.  N at ure  4 3 3:  3 9 – 4 4.  d oi: 1 0
. 1 0 3 8/ n at ure 0 3 1 8 4

B oi vi n S, F o n o u ni- F ar d e   C, Fr u gi er F. 2 0 1 6.   H o  w a u xi n a n d
c yt o ki ni n  p h yt o h or  m o n es   m o d ul at e r o ot   mi cr o b e i nt er-
acti o ns.  Fr o nt  Pl a nt  Sci  7:  1 2 4 0.  d oi: 1 0. 3 3 8 9/f pls. 2 0 1 6
. 0 1 2 4 0

B o n h o  m  m e  F,   K ur z  B,    M el z er  S,  B er ni er   G,  J a c q  m ar d   A.
2 0 0 0.   C yt o ki ni n  a n d  gi b b erelli n  acti v at e  S a  M  A  D S   A ,  a
g e n e a p p are ntl y i n v ol ve d i n re g ul ati o n  of t h e  fl or al tr a n-
siti o n i n Si n a pis  al b a . Pl a nt J  2 4:  1 0 3 – 1 1 1.  d oi: 1 0. 1 0 4 6/j
. 1 3 6 5- 3 1 3 x. 2 0 0 0. 0 0 8 5 9. x

Br a u n   N,  d e  S ai nt   G er  m ai n   A,  Pill ot J P,  B o ut et-  M er c e y  S,
D al  m ais   M,   A nt o ni a di I,  Li   X,   M ai a-  Gr o n d ar d   A,  L e  Si-
g n or   C,  B o ut eill er   N, et al. 2 0 1 2.   T h e  p e a   T C P tr a ns cri p-
ti o n f act or  Ps B R  C 1 a cts  d o  w nstr e a  m  of stri g ol act o n es t o
c o ntr ol  s h o ot  br a n c hi n g.  Pl a nt  P h ysi ol  1 5 8:  2 2 5 – 2 3 8.
d oi: 1 0. 1 1 0 4/ p p. 1 1 1. 1 8 2 7 2 5

Bre  wer P B,   D u n E  A, F er g us o n BJ,   R a  m e a u   C, B e veri d g e   C  A.
2 0 0 9. Stri g ol act o n e a cts  d o  w nstre a  m  of a u xi n t o r e g ul at e
b u d o ut gr o wt h i n p e a a n d  Ar a bi d o psis  . Pl a nt P h ysi ol  1 5 0:
4 8 2 – 4 9 3.  d oi: 1 0. 1 1 0 4/ p p. 1 0 8. 1 3 4 7 8 3

Bre  wer P B,   D u n E  A,   G ui  R,   M as o n   M  G, B e veri d g e   C  A. 2 0 1 5.
Stri g ol act o n e i n hi biti o n of br a n c hi n g i n d e p e n d e nt of p o-
l ar a u xi n tr a ns p ort. Pl a nt  P h ysi ol  1 6 8:  1 8 2 0 – 1 8 2 9. d oi: 1 0
. 1 1 0 4/ p p. 1 5. 0 0 0 1 4

B ür g er   M,   C h or y J. 2 0 2 0.   T h e   m a n y   m o d els of stri g ol act o n e
si g n ali n g.  Tre n ds  Pl a nt  Sci  2 5:  3 9 5 – 4 0 5.  d oi: 1 0. 1 0 1 6/j
.t pl a nts. 2 0 1 9. 1 2. 0 0 9

C ai   X,   X u P,  Z h a o P, Li u   R,   Y u L,   Xi a n g   C. 2 0 1 4.  Ar a bi d o psis
E R F 1 0 9   m e di at es  cr oss-t al k  b et  we e n j as  m o ni c  a ci d  a n d
a u xi n  bi os y nt h esis  d uri n g  l at er al  r o ot  f or  m ati o n.  N at
C o  m  m u n  5:  5 8 3 3.  d oi: 1 0. 1 0 3 8/ n c o  m  ms 6 8 3 3

C ai   X,   X u P,   W a n g   Y,   Xi a n g   C. 2 0 1 5.   A cti v at e d e x pressi o n of
At E  D T 1  /H  D  G 1 1  pr o  m ot es l at er al r o ot f or  m ati o n i n  Ar a-
bi d o psis  m ut a nt  e dt 1  b y  u pr e g ul ati n g j as  m o n at e  bi os y n-

t h esis. J I nt e gr Pl a nt Bi ol 5 7:  1 0 1 7 – 1 0 3 0. d oi: 1 0. 1 1 1 1/ji p b
. 1 2 3 4 7

C a  m p os   M L,   K a n g J,   H o we   G  A.  2 0 1 4. J as  m o n at e-tri g g ere d
pl a nt i  m  m u nit y.  J   C h e  m  Ec ol 4 0:  6 5 7 – 6 7 5.  d oi: 1 0. 1 0 0 7/
s 1 0 8 8 6- 0 1 4- 0 4 6 8- 3

C a  m p os    M L,   Y os hi d a   Y,    M aj or I T,  d e   Oli v eir a  Ferr eir a   D,
Wer a d u  w a g e S  M, Fr o e hli c h J E, J o h ns o n B F,   Kr a  m er   D  M,
J a n d er   G, S h ar ke y   T  D, et al. 2 0 1 6.   R e wiri n g of j as  m o n at e
a n d  p h yt o c hr o  m e  B  si g n alli n g  u n c o u pl es  pl a nt  gr o wt h-
d ef e ns e  tr a d e offs.  N at   C o  m  m u n  7:  1 2 5 7 0.  d oi: 1 0. 1 0 3 8/
n c o  m  ms 1 2 5 7 0

C h a a b o u ni  S, J o n es  B,   D el al a n d e   C,    W a n g   H,  Li   Z,   Mil a I,
Fr ass e  P, L at c h é   A,  P e c h J,  B o u z a ye n   M. 2 0 0 9. Sl-I  A  A 3, a
t o  m at o   A u x/I  A  A at t h e cr ossr o a ds of a u xi n a n d et h yl e n e
si g n alli n g i n v ol ve d i n  diff ere nti al  gr o wt h.  J  E x p  B ot  6 0:
1 3 4 9 – 1 3 6 2.  d oi: 1 0. 1 0 9 3/j x b/ er p 0 0 9

C h ai  w a n o n J,    Wa n g   Z Y.  2 0 1 5.  S p ati ot e  m p or al  br assi n ost e-
r oi d  si g n ali n g  a n d  a nt a g o nis  m   wit h  a u xi n  p att er n  st e  m
c ell  d y n a  mi cs i n  Ar a bi d o psis  r o ots.  C urr  Bi ol  2 5:  1 0 3 1 –
1 0 4 2.  d oi: 1 0. 1 0 1 6/j. c u b. 2 0 1 5. 0 2. 0 4 6

C h a n dr as e k ar a n   U,  L u o   X,   Z h o u   W, S h u   K. 2 0 2 0.   M ultif ac-
et e d si g n ali n g  n et  w or ks   m e di at e d  b y a bs cisi c aci d i ns e n-
siti v e  4.  Pl a nt    C o  m  m u n  1:  1 0 0 0 4 0.   d oi: 1 0. 1 0 1 6/j. x pl c
. 2 0 2 0. 1 0 0 0 4 0

C h a n g  L,   R a  mire d d y  E,  S c h  m ülli n g   T.  2 0 1 3.  L at er al  r o ot
f or  m ati o n a n d gr o  wt h of Ar a bi d o psis  is r e d u n d a ntl y r e g-
ul at e d  b y  c yt o ki ni n    m et a b olis  m  a n d  si g n alli n g  g e n es.  J
E x p  B ot  6 4:  5 0 2 1 – 5 0 3 2.  d oi: 1 0. 1 0 9 3/j x b/ ert 2 9 1

C h e n  Z, A g n e  w J L,   C o h e n J  D,   H e P, S h a n L, S h e e n J,   K u n kel
B  N.   2 0 0 7.   Ps e u d o  m o n as   s yri n g a e   t y p e   III   eff e ct or
A vr R pt 2  alt ers  Ar a bi d o psis  t h ali a n a  a u xi n  p h ysi ol o g y.
Pr oc   N atl   Ac a d  Sci  1 0 4:  2 0 1 3 1 – 2 0 1 3 6.  d oi: 1 0. 1 0 7 3/ p n as
. 0 7 0 4 9 0 1 1 0 4

C h e n   Q, S u n J,  Z h ai   Q,  Z h o u   W,   Qi L,  X u L,   W a n g B,  C h e n  R,
Ji a n g   H,   Qi J, et al. 2 0 1 1.   T h e b asi c h eli x-l o o p- h eli x tr a n-
s cri pti o n f a ct or   M Y  C 2 dir e ctl y re pr ess es P L E T  H  O R  A  e x-
pr essi o n  d uri n g j as  m o n at e-  m e di at e d   m o d ul ati o n  of t h e
r o ot st e  m c ell  ni c h e i n  Ar a bi d o psis  . Pl a nt   Cell  2 3:  3 3 3 5 –
3 3 5 2.  d oi: 1 0. 1 1 0 5/t p c. 1 1 1. 0 8 9 8 7 0

C h e n JJ,    Wa n g  L Y, I  m  m a n e n J,   Ni e  mi n e n   K,  S pi c er   R,   H e-
l ari utt a   Y,   Z h a n g J,   H e   X  Q.  2 0 1 9.   Diff ere nti al r e g ul ati o n
of  a u xi n  a n d  c yt o ki ni n  d uri n g  t h e  s e c o n d ar y  v as c ul ar
tiss u e  re g e n er ati o n  i n  P o p ul us  tr e es.  N e w  P h yt ol  2 2 4:
1 8 8 – 2 0 1.  d oi: 1 0. 1 1 1 1/ n p h. 1 6 0 1 9

C h e n g   Y,   D ai   X,   Z h a o   Y.  2 0 0 6.   A u xi n  bi os y nt h esis  b y t h e
Y  U  C  C  A  fl a vi n   m o n o o x y g e n as es  c o ntr ols t h e f or  m ati o n
of  fl or al or g a ns a n d v as c ul ar tiss u es i n  Ar a bi d o psis  . G e n es
D e v  2 0:  1 7 9 0 – 1 7 9 9.  d oi: 1 0. 1 1 0 1/ g a d. 1 4 1 5 1 0 6

C h e n g   ZJ,   Wa n g  L, S u n   W,   Z h a n g   Y,   Z h o u   C, S u   Y  H, Li   W,
S u n   T T,   Z h a o   X Y, Li   X  G, et al. 2 0 1 3. P att er n of a u xi n a n d
c yt o ki ni n res p o ns es f or s h o ot   m erist e  m i n d u cti o n r es ults
fr o  m t h e re g ul ati o n of c yt o ki ni n bi os y nt h esis b y   A  U XI  N
R E S P  O  N S E   F  A C T  O R 3.  Pl a nt   P h ysi ol  1 6 1:  2 4 0 – 2 5 1.
d oi: 1 0. 1 1 0 4/ p p. 1 1 2. 2 0 3 1 6 6

C hi ni   A,   M o nt e I,   Z a  m arre ñ o   A  M,   H a  m b er g   M, L ass u e ur S,
R e y  m o n d P,   Weiss S, Sti nt zi   A, S c h all er   A, P or z el   A, et al.
2 0 1 8.   A n   O P R 3-i n d e p e n d e nt  p at h  w a y  us es  4, 5- di d e h y-
dr oj as  m o n at e f or j as  m o n at e s y nt h esis.  N at   C h e  m Bi ol  1 4:
1 7 1 – 1 7 8.  d oi: 1 0. 1 0 3 8/ n c h e  m bi o. 2 5 4 0

C h o   H,   R y u   H,   R h o S,   Hill   K, S  mit h S,   A u d e n a ert   D,  P ar k J,
H a n  S,  B e e c k  m a n   T,  B e n n ett   MJ, et  al.  2 0 1 4.   A s e cr et e d
p e pti d e acts o n BI  N 2-  m e di at e d p h os p h or yl ati o n of   A R Fs

S.  M.   M a z z o ni- P ut  m a n  et  al.

2 8 A d v a n c e d   O nli n e   Arti cl e.   Cit e t his  arti cl e  as  C ol d  S pri n g   H ar b  P ers p e ct   Bi ol  d oi:  1 0. 1 1 0 1/ cs h p ers p e ct. a 0 3 9 9 9 0
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t o  p ot e nti at e a u xi n res p o ns e  d uri n g l at er al r o ot  d e v el o p-
m e nt.  N at   Cell  Bi ol  1 6:  6 6 – 7 6.  d oi: 1 0. 1 0 3 8/ n c b 2 8 9 3

C h u n g   Y,   C h o e  S.  2 0 1 3.   T h e  re g ul ati o n  of  br assi n ost er oi d
bi os y nt h esis i n  Ar a bi d o psis  . Crit   Re v  Pl a nt  Sci  3 2:  3 9 6 –
4 1 0.  d oi: 1 0. 1 0 8 0/ 0 7 3 5 2 6 8 9. 2 0 1 3. 7 9 7 8 5 6

C h u n g   Y,    M a h arj a n  P  M,  L e e   O,  F uji o k a  S, J a n g  S,   Ki  m  B,
T a k ats ut o  S,   Ts uji  m ot o    M,   Ki  m    H,   C h o  S,  et  al.  2 0 1 1.
A u xi n  sti  m ul at es   D  W A R F 4  e x pressi o n  a n d  br assi n ost e-
r oi d  bi os y nt h esis  i n  Ar a bi d o psis  .  Pl a nt  J  6 6:  5 6 4 – 5 7 8.
d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 1 1. 0 4 5 1 3. x

Cl o us e S  D, S ass e J  M. 1 9 9 8. B R  A S SI  N  O S T E R  OI  D S: ess e nti al
re g ul at ors  of  pl a nt  gr o wt h  a n d  d e vel o p  m e nt.  A n n u   Re v
Pl a nt  P h ysi ol  Pl a nt    M ol  Bi ol  4 9:  4 2 7 – 4 5 1.  d oi: 1 0. 1 1 4 6/
a n n ure v. ar pl a nt. 4 9. 1. 4 2 7

Cl o us e S  D, L a n gf or d   M,   M c  M orris   T C. 1 9 9 6.   A br assi n ost e-
r oi d-i ns e nsiti v e   m ut a nt i n  Ar a bi d o psis t h ali a n a  e x hi bits
m ulti pl e d ef e cts i n gr o wt h a n d d e v el o p  m e nt.  Pl a nt  P h ys-
i ol 1 1 1:  6 7 1 – 6 7 8.  d oi: 1 0. 1 1 0 4/ p p. 1 1 1. 3. 6 7 1

C o o k  C E,   W hi c h ar d L P,  T ur n er B,   Wall   M E, E gl e y   G  H. 1 9 6 6.
G er  mi n ati o n of   Wit c h  we e d (  Stri g a l ut e a  L o ur.): is ol ati o n
a n d  pr o p erti es  of a  p ot e nt sti  m ul a nt.  Sci e nc e  1 5 4:  1 1 8 9 –
1 1 9 0.  d oi: 1 0. 1 1 2 6/s ci e n c e. 1 5 4. 3 7 5 3. 1 1 8 9

Cr a wf or d S, S hi n o h ar a   N, Si e b er er   T,   Willi a  ms o n L,   G e or g e
G,    H e p  w ort h  J,    M ull er   D,   D o  m a g als k a    M  A,  L e ys er    O.
2 0 1 0. Stri g ol act o n es e n h a n c e c o  m p etiti o n b et  we e n s h o ot
br a n c h es  b y  d a  m p e ni n g  a u xi n  tr a ns p ort.  D e vel o p  m e nt
1 3 7:  2 9 0 5 – 2 9 1 3.  d oi: 1 0. 1 2 4 2/ d e v. 0 5 1 9 8 7

C ur a b a J, Si n g h   M B,  B h all a  P L. 2 0 1 4.   mi R  N  As i n t h e cr oss-
t al k  b et  we e n  p h yt o h or  m o n e  si g n alli n g  p at h  w a ys.  J  E x p
B ot  6 5:  1 4 2 5 – 1 4 3 8.  d oi: 1 0. 1 0 9 3/j x b/ er u 0 0 2

d e J o n g    M,    W olt ers-  Arts    M,  Fer o n   R,    M ari a ni   C,   Vri e z e n
W  H.  2 0 0 9.   T h e  S ol a n u  m  l yc o p ersic u  m  a u xi n  res p o ns e
f act or 7 (Sl  A R F 7) r e g ul at es a u xi n si g n ali n g d uri n g t o  m a-
t o fr uit s et a n d  d e vel o p  m e nt. Pl a nt J  5 7:  1 6 0 – 1 7 0.  d oi: 1 0
. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 0 8. 0 3 6 7 1. x

D ell o I oi o   R,  Li n h ares  F S, S c ac c hi  E,   C as a  mitj a n a-  M arti n e z
E,   H ei dstr a   R,   C ost a nti n o  P, S a b ati ni S. 2 0 0 7.   C yt o ki ni ns
d et er  mi n e  Ar a bi d o psis  r o ot-  m erist e  m si z e  b y c o ntr olli n g
c ell  diff ere nti ati o n.  C urr  Bi ol  1 7:  6 7 8 – 6 8 2.  d oi: 1 0. 1 0 1 6/j
. c u b. 2 0 0 7. 0 2. 0 4 7

D ell o I oi o   R,   N a k a  m ur a   K,   M o u b a yi di n L,  Perilli S,   T a ni g u-
c hi   M,   M orit a   M T,   A o y a  m a   T,   C ost a nti n o  P,  S a b ati ni  S.
2 0 0 8.   A g e n eti c fr a  m e w or k f or t h e c o ntr ol of c ell di visi o n
a n d  diff ere nti ati o n  i n  t h e  r o ot    m erist e  m.  Sci e nc e  3 2 2:
1 3 8 0 – 1 3 8 4.  d oi: 1 0. 1 1 2 6/s ci e n c e. 1 1 6 4 1 4 7

d e L u c as   M,  D a vi ère J,   R o drí g u e z- F al c ó n   M, P o nti n   M, I gl e-
si as- Pe dr a z J  M,  L orr ai n  S,  F a n k h a us er   C,  Bl á z q u e z   M  A,
Tit are n k o  E,  Pr at  S.  2 0 0 8.   A    m ol e c ul ar  fr a  m e w or k  f or
li g ht  a n d  gi b b erelli n  c o ntr ol  of  c ell  el o n g ati o n.  N at ure
( L o n d o n) 4 5 1:  4 8 0 – 4 8 4.  d oi: 1 0. 1 0 3 8/ n at ure 0 6 5 2 0

D e  m ol e  E,  L e d er er  E,   M erci er   D.  1 9 6 2. Is ol e  m e nt et  d ét er-
mi n ati o n   d e  l a   str u ct ure   d u  j as  m o n at e   d e    m ét h yl e,
c o nstit u a nt o d or a nt c ar a ct éristi q u e d e l ’ess e n c e d e j as  mi n
[Is ol ati o n  a n d  d et er  mi n ati o n  of t h e  str u ct ure  of   m et h yl
j as  m o n at e, a c h ar a ct eristi c fr a gr a nt c o nstit u e nt of j as  mi n e
ess e n c e].  H el v   C hi  m   Act a  4 5:  6 7 5 – 6 8 5.  d oi: 1 0. 1 0 0 2/ hl c a
. 1 9 6 2 0 4 5 0 2 3 3

D e  m ps e y   D  A,   Kl essi g   D F. 2 0 1 7.   H o w  d o es t h e   m ultif ac et e d
pl a nt h or  m o n e s ali c yli c a ci d c o  m b at dis e as e i n pl a nts a n d
ar e si  mil ar   m e c h a nis  ms utili z e d i n h u  m a ns? B  M C Bi ol  1 5:
2 3.  d oi: 1 0. 1 1 8 6/s 1 2 9 1 5- 0 1 7- 0 3 6 4- 8

D e   R y b el  B,   A di bi    M,  Bre d a   A S,    We n dri c h  J R,  S  mit    M E,
N o v á k   O,   Y a  m a g u c hi   N,   Y os hi d a S,   V a n Ist er d a el   G,  P a-
l o v a ar a J,  et  al.  2 0 1 4.  Pl a nt  d e vel o p  m e nt. I nt e gr ati o n  of
gr o wt h  a n d  p att er ni n g  d uri n g  v as c ul ar tiss u e f or  m ati o n
i n Ar a bi d o psis  . Sci e nc e 3 4 5:  1 2 5 5 2 1 5. d oi: 1 0. 1 1 2 6/s ci e n c e
. 1 2 5 5 2 1 5

D h ar  m asiri   N,   D h ar  m asiri  S,    Weij ers   D,   K ar u n ar at h n a   N,
J ur g e ns   G,  Est ell e   M.  2 0 0 7.   A X L a n d   A X R 1  h a ve re d u n-
d a nt f u n cti o ns i n   R  U B c o nj u g ati o n  a n d  gr o  wt h  a n d  d e-
v el o p  m e nt  i n  Ar a bi d o psis  . Pl a nt  J  5 2:  1 1 4 – 1 2 3.  d oi: 1 0
. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 0 7. 0 3 2 1 1. x

Di er c k   R,   D e   K e ys er  E,   D e   Ri e k J,   D h o o g h e  E,   V a n   H u yl e n-
br o e c k J, Pri ns e n E,   V a n   D er Str a et e n   D. 2 0 1 6.   C h a n g e i n
a u xi n a n d c yt o ki ni n l e vels c oi n ci d es   wit h alt ere d e x pr es-
si o n of br a n c hi n g g e n es d uri n g a xill ar y b u d o ut gr o wt h i n
c hr ys a nt h e  m u  m.  P L o S   O  N E  1 1:  e 0 1 6 1 7 3 2.  d oi: 1 0. 1 3 7 1/
j o ur n al. p o n e. 0 1 6 1 7 3 2

Di n g   ZJ,   Y a n  J Y,  Li   C X,  Li   G X,    W u   Y R,   Z h e n g  SJ.  2 0 1 5.
Tr a ns cri pti o n  f a ct or    W R  K Y 4 6    m o d ul at es  t h e  d e vel o p-
m e nt  of  Ar a bi d o psis  l at er al  r o ots  i n  os  m oti c/s alt  str ess
c o n diti o ns  vi a  re g ul ati o n  of    A B  A  si g n ali n g  a n d  a u xi n
h o  m e ost asis.  Pl a nt J  8 4:  5 6 – 6 9.  d oi: 1 0. 1 1 1 1/t pj. 1 2 9 5 8

D or c e y  E,   Ur b e z   C,  Bl á z q u e z   M  A,   C ar b o n ell J,  Per e z-  A  m a-
d or    M.  2 0 0 9.  Fertili z ati o n- d e p e n d e nt  a u xi n r es p o ns e i n
o v ul es tri g g ers fr uit d e vel o p  m e nt t hr o u g h t h e   m o d ul ati o n
of gi b b erelli n   m et a b olis  m i n  Ar a bi d o psis  . Pl a nt J  5 8:  3 1 8 –
3 3 2.  d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 0 8. 0 3 7 8 1. x

D u   Y,   Tej os   R,  B e c k    M,    Hi  ms c h o ot  E,  Li    H,   R o b at z e k  S,
V a n n est e  S,  Fri  ml  J.  2 0 1 3.  S ali c yli c  a ci d i nt erf eres   wit h
cl at hri n-  m e di at e d e n d o c yti c pr ot ei n tr af fi c ki n g. Pr oc   N atl
Ac a d Sci  1 1 0:  7 9 4 6 – 7 9 5 1.  d oi: 1 0. 1 0 7 3/ p n as. 1 2 2 0 2 0 5 1 1 0

D u n  E  A,  d e  S ai nt   G er  m ai n   A,   R a  m e a u   C,  B e veri d g e   C  A.
2 0 1 2.   A nt a g o nisti c a cti o n  of stri g ol act o n e a n d c yt o ki ni n
i n  b u d  o ut gr o  wt h  c o ntr ol.  Pl a nt  P h ysi ol  1 5 8:  4 8 7 – 4 9 8.
d oi: 1 0. 1 1 0 4/ p p. 1 1 1. 1 8 6 7 8 3

E  m e n e c ker   RJ,  Str a d er  L  C.  2 0 2 0.   A u xi n- a bs cisi c a ci d i nt er-
a cti o ns i n  pl a nt  gr o  wt h  a n d  d e v el o p  m e nt.  Bi o  m ol ec ul es
1 0:  2 8 1.  d oi: 1 0. 3 3 9 0/ bi o  m 1 0 0 2 0 2 8 1

E n d ers   T A,  Str a d er  L  C.  2 0 1 5.   A u xi n  a cti vit y:  p ast,  pr es e nt,
a n d  f ut ur e.  A  m  J   B ot  1 0 2:  1 8 0 – 1 9 6.   d oi: 1 0. 3 7 3 2/ aj b
. 1 4 0 0 2 8 5

F e n g S, M arti n e z   C,   G us  m ar oli   G,   Wa n g   Y,   Z h o u J,   Wa n g F,
C h e n  L,   Y u  L, I gl esi as- Pe dr a z J  M,   Kir c h er  S, et al.  2 0 0 8.
C o or di n at e d re g ul ati o n  of  Ar a bi d o psis t h ali a n a  d e vel o p-
m e nt  b y  li g ht  a n d  gi b b erelli ns.  N at ure  4 5 1:  4 7 5 – 4 7 9.
d oi: 1 0. 1 0 3 8/ n at ure 0 6 4 4 8

Fi n k elst ei n   R R,  L y n c h   TJ.  2 0 0 0.   T h e  Ar a bi d o psis  a bs cisi c
a ci d  res p o ns e  g e n e  A BI 5  e n c o d es  a  b asi c l e u ci n e  zi p p er
tr a ns cri pti o n f act or. Pl a nt   Cell  1 2:  5 9 9 – 6 0 9. d oi: 1 0. 1 1 0 5/
t p c. 1 2. 4. 5 9 9

F o ns e c a  S,   C hi c o J  M,  S ol a n o   R.  2 0 0 9.   T h e j as  m o n at e  p at h-
w a y: t h e li g a n d, t h e r e c e pt or a n d t h e c ore si g n alli n g   m o d-
ul e.  C urr   O pi n  Pl a nt  Bi ol  1 2:  5 3 9 – 5 4 7.  d oi: 1 0. 1 0 1 6/j. p bi
. 2 0 0 9. 0 7. 0 1 3

F o o  E.  2 0 1 3.   A u xi n i n fl u e n c es stri g ol act o n es i n  p e a   m y c or-
r hi z al  s y  m bi osis.  J  Pl a nt  P h ysi ol  1 7 0:  5 2 3 – 5 2 8.  d oi: 1 0
. 1 0 1 6/j.j pl p h. 2 0 1 2. 1 1. 0 0 2

F o o  E,  B ulli er  E,   G o uss ot    M,  F o u c h er  F,   R a  m e a u   C,  B e ve-
ri d g e   C  A.  2 0 0 5.   T h e  br a n c hi n g  g e n e  R  A  M  O S  U S 1  m e di-
at es i nt er a cti o ns  a  m o n g t  w o  n o v el  si g n als  a n d  a u xi n i n
p e a.  Pl a nt   Cell  1 7:  4 6 4 – 4 7 4.  d oi: 1 0. 1 1 0 5/t p c. 1 0 4. 0 2 6 7 1 6

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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Fr as er P  D,   Tr u es d al e   M R, Bir d   C R, S c h u c h   W, Br a  ml e y P  M.
1 9 9 4.   C ar ot e n oi d bi os y nt h esis d uri n g t o  m at o fr uit d e vel-
o p  m e nt  ( e vi d e n c e  f or  tiss u e-s p e ci fi c  g e n e  e x pressi o n).
Pl a nt  P h ysi ol  1 0 5:  4 0 5 – 4 1 3.  d oi: 1 0. 1 1 0 4/ p p. 1 0 5. 1. 4 0 5

Fri g eri o    M,    Al a b a dí    D,  P ére z-  G ó  m e z  J,    G ar cí a-  C árc el  L,
P hilli ps   A L,   H e d d e n  P,  Bl á z q u e z    M  A.  2 0 0 6.   Tr a ns cri p-
ti o n al re g ul ati o n of gi b b erelli n   m et a b olis  m g e n es b y a u xi n
si g n ali n g  i n  Ar a bi d o psis  .  Pl a nt   P h ysi ol  1 4 2:  5 5 3 – 5 6 3.
d oi: 1 0. 1 1 0 4/ p p. 1 0 6. 0 8 4 8 7 1

F u   Z  Q,   Y a n S, S al e h   A,   Wa n g   W,   R u bl e J,   O k a   N,   M o h a n   R,
S p o el S  H,   T a d a   Y,   Z h e n g   N, et al. 2 0 1 2.   N P R 3 a n d   N P R 4
ar e  r e c e pt ors  f or  t h e  i  m  m u n e  si g n al  s ali c yli c  aci d  i n
pl a nts.  N at ure  4 8 6:  2 2 8 – 2 3 2.  d oi: 1 0. 1 0 3 8/ n at ure 1 1 1 6 2

F u k a ki   H,   N a k a o   Y,   O k us hi  m a   Y,   T h e ol o gis   A,   T as a k a    M.
2 0 0 5.  Tiss u e-s p e ci fi c e x pr essi o n of st a bili z e d S  O LI T A R Y-
R  O  O T/I  A  A 1 4  alt ers l at er al  r o ot  d e v el o p  m e nt i n  Ar a bi-
d o psis .  Pl a nt  J  4 4:  3 8 2 – 3 9 5.   d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 1 3 X
. 2 0 0 5. 0 2 5 3 7. x

G ali n h a   C,   H of h uis   H,  L uijt e n    M,    Will e  ms e n   V,  Blil o u  I,
H ei dstr a    R,  S c h eres  B.  2 0 0 7.  P L E T  H  O R  A  pr ot ei ns  as
d os e- d e p e n d e nt    m ast er  re g ul at ors  of  Ar a bi d o psis  r o ot
d e vel o p  m e nt.  N at ure  4 4 9:  1 0 5 3 – 1 0 5 7.   d oi: 1 0. 1 0 3 8/ n a
t ure 0 6 2 0 6

G all ei    M,  L us c h ni g   C,  Fri  ml  J.  2 0 2 0.   A u xi n  si g n alli n g  i n
gr o  wt h: S c hr ö di n g er ’s c at o ut of t h e b a g. C urr   O pi n Pl a nt
Bi ol  5 3:  4 3 – 4 9.  d oi: 1 0. 1 0 1 6/j. p bi. 2 0 1 9. 1 0. 0 0 3

Gi o v a n elli J,   M u d d S  H,   D at k o   A  H. 1 9 8 5.   Q u a ntit ati ve a n al-
ysis of p at h  w a ys of   m et hi o ni n e   m et a b olis  m a n d t h eir re g-
ul ati o n i n  L e  m n a . Pl a nt P h ysi ol  7 8:  5 5 5 – 5 6 0. d oi: 1 0. 1 1 0 4/
p p. 7 8. 3. 5 5 5

Gi uli ni   A,   Wa n g J, J a c ks o n   D. 2 0 0 4.   C o ntr ol of p h yll ot a x y b y
t h e  c yt o ki ni n-i n d u ci bl e  res p o ns e  re g ul at or  h o  m ol o g u e
A B P  H Y L 1.  N at ure  4 3 0:  1 0 3 1 – 1 0 3 4.  d oi: 1 0. 1 0 3 8/ n at ure
0 2 7 7 8

G o d a   H,  S hi  m a d a   Y,   As a  mi   T,  F uji o k a  S,   Y os hi d a  S.  2 0 0 2.
Mi cr o arr a y a n al ysis of br assi n ost er oi d-r e g ul at e d g e n es i n
Ar a bi d o psis  . Pl a nt  P h ysi ol  1 3 0:  1 3 1 9 – 1 3 3 4.  d oi: 1 0. 1 1 0 4/
p p. 0 1 1 2 5 4

G o d a   H, S a  w a S,   As a  mi   T, F uji o k a S, S hi  m a d a   Y,   Y os hi d a S.
2 0 0 4.  C o  m pre h e nsi ve c o  m p aris o n of a u xi n-re g ul at e d a n d
br assi n ost er oi d-r e g ul at e d   g e n es  i n  Ar a bi d o psis .  Pl a nt
P h ysi ol  1 3 4:  1 5 5 5 – 1 5 7 3.  d oi: 1 0. 1 1 0 4 / p p. 1 0 3. 0 3 4 7 3 6

G o et z   M,   H o o p er L  C, J o h ns o n S  D,   R o dri g u es J  C  M,   Vi vi a n-
S  mit h   A,   K olt u n o w   A  M.  2 0 0 7.  E x pr essi o n  of  a b err a nt
f or  ms  of A  U XI  N   R E S P  O  N S E  F A C T  O R 8  sti  m ul at es  p ar-
t h e n o c ar p y i n Ar a bi d o psis  a n d t o  m at o. Pl a nt P h ysi ol ( B e-
t h es d a) 1 4 5:  3 5 1 – 3 6 6.  d oi: 1 0. 1 1 0 4/ p p. 1 0 7. 1 0 4 1 7 4

G o h   T,   K as a h ar a   H,   Mi  m ur a   T,   K a  mi y a   Y,  F u k a ki   H.  2 0 1 2.
M ulti pl e    A  U X/I  A  A-  A R F    m o d ul es  r e g ul at e  l at er al  r o ot
f or  m ati o n: t h e r ol e of Ar a bi d o psis  S  H Y 2/I  A  A 3-  m e di at e d
a u xi n si g n alli n g.  P hil os   Tr a ns   R S oc  L o n d  B  Bi ol Sci  3 6 7:
1 4 6 1 – 1 4 6 8.  d oi: 1 0. 1 0 9 8/rst b. 2 0 1 1. 0 2 3 2

G o  m e z- R ol d a n    V,  Fer  m as  S,  Bre  wer  P B,  P u e c h- P a g ès    V,
D u n E  A,  Pill ot J P, L etiss e F,   M at us o v a   R,   D a n o u n S,  P or-
t ais  J  C,  et  al.  2 0 0 8.  Stri g ol act o n e  i n hi biti o n  of  s h o ot
br a n c hi n g.  N at ure  4 5 5:  1 8 9 – 1 9 4.   d oi: 1 0. 1 0 3 8/ n at ure
0 7 2 7 1

G o n z al e z-  G ar ci a   M P,   Vil arr as a- Bl asi J,   Z hi p o n o v a   M,   Di v ol
F,   M or a-  G arci a  S,   R ussi n o v a  E,   C a n o-  D el g a d o   AI.  2 0 1 1.
Br assi n ost er oi ds c o ntr ol   m erist e  m si z e b y pr o  m oti n g c ell
c y cl e pr o gressi o n i n  Ar a bi d o psis  r o ots. D e vel o p  m e nt  1 3 8:
8 4 9 – 8 5 9.  d oi: 1 0. 1 2 4 2/ d e v. 0 5 7 3 3 1

G or g u et  B,   H e us d e n   A  W, Li n d h o ut  P. 2 0 0 5. P art h e n o c ar pi c
fr uit  d e v el o p  m e nt i n t o  m at o. Pl a nt  Bi ol ( St utt g art,   G er-
m a n y)  7:  1 3 1 – 1 3 9.  d oi: 1 0. 1 0 5 5/s- 2 0 0 5- 8 3 7 4 9 4

G uill oti n  B,  Et e  m a di   M,   A u dr a n   C,  B o u z a ye n   M,  B é c ar d   G,
C o  m bi er J P.  2 0 1 7.  Sl-I  A  A 2 7  r e g ul at es  stri g ol act o n e  bi o-
s y nt h esis a n d   m y c orr hi z ati o n i n t o  m at o ( v ar. Micr o T o  m  ).
N e w  P h yt ol  2 1 3:  1 1 2 4 – 1 1 3 2.  d oi: 1 0. 1 1 1 1/ n p h. 1 4 2 4 6

G u pt a   A, Si n g h   M, L a x  mi   A. 2 0 1 5. I nt er acti o n b et  we e n gl u-
c os e  a n d  br assi n ost er oi d  d uri n g t h e r e g ul ati o n  of l at er al
r o ot d e v el o p  m e nt i n Ar a bi d o psis  . Pl a nt P h ysi ol  1 6 8:  3 0 7 –
3 2 0.  d oi: 1 0. 1 1 0 4/ p p. 1 1 4. 2 5 6 3 1 3

G uti err e z L,   M o n g el ar d   G, Fl o k o v á   K, P  ă c ur ar   DI,   N o v á k   O,
St as  wi c k  P,   K o w al c z y k   M,  P ă c ur ar   M,   D e  m aill y   H,   G eiss
G,  et  al.  2 0 1 2.   A u xi n  c o ntr ols  Ar a bi d o psis  a d v e ntiti o us
r o ot i niti ati o n  b y  r e g ul ati n g j as  m o ni c  a ci d  h o  m e ost asis.
Pl a nt   Cell  2 4:  2 5 1 5 – 2 5 2 7.  d oi: 1 0. 1 1 0 5/t p c. 1 1 2. 0 9 9 1 1 9

H a c h a  m   Y,   H oll a n d   N,  B utt er  fi el d   C,   U b e d a- T o  m as S,  B e n-
n ett   MJ,   C h or y J, S a v al di-  G ol dst ei n S. 2 0 1 1.  Br assi n ost e-
r oi d  p erc e pti o n i n t h e e pi d er  mis c o ntr ols r o ot   m erist e  m
si z e. D e vel o p  m e nt  1 3 8:  8 3 9 – 8 4 8.  d oi: 1 0. 1 2 4 2/ d e v. 0 6 1 8 0 4

H a c h a  m   Y, S el a   A, Fri e dl a n d er L, S a v al di-  G ol dst ei n S. 2 0 1 2.
B RI 1  acti vit y  i n  t h e  r o ot    m erist e  m  i n v ol ves  p ost-tr a n-
s cri pti o n al re g ul ati o n  of  PI  N  a u xi n effl u x c arri ers.  Pl a nt
Si g n al  B e h a v  7:  6 8 – 7 0.  d oi: 1 0. 4 1 6 1/ ps b. 7. 1. 1 8 6 5 7

H a y  w ar d   A, Stir n b er g P,  B e veri d g e   C, L e ys er   O. 2 0 0 9. I nt er-
a cti o ns b et  we e n a u xi n a n d stri g ol act o n e i n s h o ot br a n c h-
i n g  c o ntr ol. Pl a nt  P h ysi ol  1 5 1:  4 0 0 – 4 1 2.  d oi: 1 0. 1 1 0 4/ p p
. 1 0 9. 1 3 7 6 4 6

H e    W,  Br u  m os J,  Li   H, Ji   Y,   K e   M,   G o n g   X,   Z e n g   Q,  Li    W,
Z h a n g   X,   A n F, et al. 2 0 1 1.   A s  m all-  m ol e c ul e s cre e n i d e n-
tifi es  L- k y n ure ni n e  as  a  c o  m p etiti v e i n hi bit or  of   T A  A 1/
T A R a cti vit y i n et h yl e n e- dire ct e d a u xi n bi os y nt h esis a n d
r o ot  gr o wt h  i n  Ar a bi d o psis  . Pl a nt   Cell  2 3:  3 9 4 4 – 3 9 6 0.
d oi: 1 0. 1 1 0 5/t p c. 1 1 1. 0 8 9 0 2 9

H er n á n d e z-  G ar cí a  J,   Bri o n es-  M or e n o    A,   Bl á z q u e z    M  A.
2 0 2 0.   Ori gi n  a n d  e v ol uti o n  of  gi b b erelli n  si g n ali n g  a n d
m et a b olis  m i n  pl a nts.  S e  mi n   Cell   D e v  Bi ol  1 0 9:  4 6 – 5 4.
d oi: 1 0. 1 0 1 6/j.s e  m c d b. 2 0 2 0. 0 4. 0 0 9

H oss ai n   M  A,   C h o J,   H a n   M,   A h n   C, J e o n J,   A n   G,  P ar k  P B.
2 0 1 0.    T h e    A B R E- bi n di n g   b ZI P   tr a ns cri pti o n   f a ct or
Os  A B F 2  is   a   p ositi ve  re g ul at or   of   a bi oti c  str ess  a n d
A B  A  si g n ali n g i n  ri c e.  J  Pl a nt  P h ysi ol  1 6 7:  1 5 1 2 – 1 5 2 0.
d oi: 1 0. 1 0 1 6/j.j pl p h. 2 0 1 0. 0 5. 0 0 8

H u J, Isr a eli   A,   Ori   N, S u n  T. 2 0 1 8 a.  T h e i nt er acti o n b et  we e n
D E L L  A a n d   A R F/I  A  A   m e di at es cr osst al k b et  we e n gi b b er-
elli n a n d a u xi n si g n ali n g t o c o ntr ol fr uit i niti ati o n i n t o-
m at o.  Pl a nt  Cell  3 0:  1 7 1 0 – 1 7 2 8. d oi: 1 0. 1 1 0 5/t p c. 1 8. 0 0 3 6 3

H u   Q,   Z h a n g  S,   H u a n g  B.  2 0 1 8 b.  Stri g ol act o n es  a n d i nt er-
a cti o n   wit h a u xi n r e g ul ati n g r o ot el o n g ati o n i n t all f es c u e
u n d er  diff ere nt t e  m p er at ure re gi  m es.  Pl a nt  Sci  2 7 1:  3 4 –
3 9.  d oi: 1 0. 1 0 1 6/j. pl a nts ci. 2 0 1 8. 0 3. 0 0 8

H u   Q,   Z h a n g S,   H u a n g  B. 2 0 1 9. Stri g ol act o n es pr o  m ot e l e af
el o n g ati o n i n t all f es c u e t hr o u g h u pr e g ul ati o n of c ell c y cl e
g e n es a n d d o  w nre g ul ati o n of a u xi n tr a ns p ort g e n es i n t all
f es c u e  u n d er  diff ere nt t e  m p er at ure re gi  m es. I nt J   M ol Sci
2 0:  1 8 3 6. 1 0. 3 3 9 0/ij  ms 2 0 0 8 1 8 3 6.

H u a n g P,   D o n g  Z,   G u o P,  Z h a n g  X,   Qi u  Y, Li B,   Wa n g  Y,   G u o
H.  2 0 2 0.  S ali c yli c aci d s u p pr ess es a pi c al  h o o k f or  m ati o n
vi a   N P R 1-  m e di at e d re pr essi o n of  EI  N 3 a n d  EI L 1 i n  Ar a-
bi d o psis .  Pl a nt    Cell  3 2:  6 1 2 – 6 2 9.   d oi: 1 0. 1 1 0 5/t p c. 1 9
. 0 0 6 5 8

S.  M.   M a z z o ni- P ut  m a n  et  al.
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H u h S  U,  L e e S B,   Ki  m   H  H,  P a e k   K  H.  2 0 1 2.   A T A F 2, a   N  A C
tr a ns cri pti o n f act or,  bi n ds t o t h e  pr o  m ot er a n d re g ul at es
NI T 2 g e n e e x pr essi o n i n v ol ve d i n a u xi n bi os y nt h esis.  M ol
Cells  3 4:  3 0 5 – 3 1 3.  d oi: 1 0. 1 0 0 7/s 1 0 0 5 9- 0 1 2- 0 1 2 2- 2

H u q  E,   Q u ail  P  H.  2 0 0 2.  PI F 4,  a  p h yt o c hr o  m e-i nt er acti n g
b  H L  H f a ct or, f u n cti o ns as a  n e g ati v e r e g ul at or of  p h yt o-
c hr o  m e  B  si g n ali n g i n  Ar a bi d o psis  . E  M B  O  J  2 1:  2 4 4 1 –
2 4 5 0.  d oi: 1 0. 1 0 9 3/ e  m b oj/ 2 1. 1 0. 2 4 4 1

H u q  E,   Al- S a d y  B,   H u ds o n    M,   Ki  m   C,   A p el   K,   Q u ail  P  H.
2 0 0 4. P h yt o c hr o  m e-i nt er a cti n g f a ct or 1 is a criti c al b  H L  H
re g ul at or of c hl or o p h yll bi os y nt h esis. Sci e nc e  3 0 5:  1 9 3 7 –
1 9 4 1.  d oi: 1 0. 1 1 2 6/s ci e n c e. 1 0 9 9 7 2 8

H ur n ý   A,   C u est a   C,   C a v all ari   N,   Öt v ös   K,   D u cl erc q J,   D o-
kl á d al  L,    M o nt esi n os  J  C,    G all e  mí    M,  S e  m er á d o v á    H,
R a ut er   T,  et  al.  2 0 2 0.  S Y  N E R  GI S TI  C   O  N   A  U XI  N   A  N  D
C Y T  O  KI  NI  N 1 p ositi vel y r e g ul at es gr o  wt h a n d att e n u at es
s oil  p at h o g e n  resist a n c e.  N at   C o  m  m u n  1 1:  2 1 7 0 – 2 1 7 5.
d oi: 1 0. 1 0 3 8/s 4 1 4 6 7- 0 2 0- 1 5 8 9 5- 5

H uss ai n  S,   Ki  m  S  H,  B a h k  S,   Ali   A,    N g u ye n   X  C,   Y u n    D,
C h u n g    W S.  2 0 2 0.   T h e  a u xi n  si g n ali n g  r e press or  I  A  A 8
pr o  m ot es s e e d  g er  mi n ati o n t hr o u g h  d o w n-re g ul ati o n  of
A BI 3  tr a ns cri pti o n  i n  Ar a bi d o psis  . Fr o nt  Pl a nt  Sci  1 1:
1 1 1.  d oi: 1 0. 3 3 8 9/f pls. 2 0 2 0. 0 0 1 1 1

H ut c his o n   C E,  Li J,   Ar g u es o   C,   G o n z al e z    M,  L e e  E,  L e  wis
M  W,   M a x  well B B, Per d u e  T  D, S c h all er   G E,   Al o ns o J  M, et
al. 2 0 0 6.   T h e  Ar a bi d o psis  histi di n e  p h os p h otr a nsf er  pr o-
t ei ns  ar e r e d u n d a nt  p ositi ve r e g ul at ors  of  c yt o ki ni n si g-
n ali n g.  Pl a nt    Cell  1 8:  3 0 7 3 – 3 0 8 7.   d oi: 1 0. 1 1 0 5/t p c. 1 0 6
. 0 4 5 6 7 4

I b a n es    M,  F a bre g as    N,   C h or y  J,   C a n o-  D el g a d o   AI.  2 0 0 9.
Br assi n ost er oi d  si g n ali n g  a n d  a u xi n  tr a ns p ort  ar e  r e-
q uire d  t o  est a blis h  t h e  p eri o di c  p att er n  of  Ar a bi d o psis
s h o ot  v as c ul ar  b u n dl es.  Pr oc   N atl   Ac a d  Sci  1 0 6:  1 3 6 3 0 –
1 3 6 3 5.  d oi: 1 0. 1 0 7 3/ p n as. 0 9 0 6 4 1 6 1 0 6

I  m  m a n e n J,   Ni e  mi n e n   K, S  m ol a n d er   O P,   K oji  m a   M,   Al o ns o
S err a J,   K os ki n e n  P,   Z h a n g J,  El o   A,   M ä h ö n e n   A P, Stre et
N,  et  al.  2 0 1 6.   C yt o ki ni n  a n d  a u xi n  dis pl a y  disti n ct  b ut
i nt erc o n n e ct e d distri b uti o n a n d si g n ali n g pr ofi l es t o sti  m-
ul at e  c a  m bi al  a cti vit y.  C urr  Bi ol  2 6:  1 9 9 0 – 1 9 9 7.  d oi: 1 0
. 1 0 1 6/j. c u b. 2 0 1 6. 0 5. 0 5 3

Ji a n g   Y, Li a n g   G,   Y a n g S,   Y u   D. 2 0 1 4. Ar a bi d o psis  W R  K Y 5 7
f u n cti o ns as a n o d e of c o n ver g e n c e f or j as  m o ni c aci d- a n d
a u xi n-  m e di at e d  si g n ali n g i n j as  m o ni c  a ci d-i n d u c e d l e af
s e n es c e n c e.  Pl a nt   Cell  2 6:  2 3 0 – 2 4 5.  d oi: 1 0. 1 1 0 5/t p c. 1 1 3
. 1 1 7 8 3 8

Ji n g   H, Str a d er L  C. 2 0 1 9. I nt er pl a y of a u xi n a n d c yt o ki ni n i n
l at er al  r o ot  d e v el o p  m e nt.  I nt  J    M ol  Sci  2 0:  4 8 6.  d oi: 1 0
. 3 3 9 0/ij  ms 2 0 0 3 0 4 8 6

J o h ns o n   X,  Brci c h   T,    D u n  E  A,   G o uss ot    M,    H a ur o g n é   K,
B e veri d g e   C  A,  R a  m e a u  C. 2 0 0 6. Br a n c hi n g g e n es ar e c o n-
s er ve d a cr oss s p e ci es.   G e n es c o ntr olli n g a  n o vel si g n al i n
p e a ar e c ore g ul at e d  b y ot h er l o n g- dist a n c e si g n als.  Pl a nt
P h ysi ol  1 4 2:  1 0 1 4 – 1 0 2 6.  d oi: 1 0. 1 1 0 4/ p p. 1 0 6. 0 8 7 6 7 6

J o n es  B,   G u n n er ås S  A,  Pet erss o n S  V,   T ar k o ws ki  P,   Gr a h a  m
N,   M a y  S,   D ol e z al   K,  S a n d b er g   G,  Lj u n g   K.  2 0 1 0.   C yt o-
ki ni n  re g ul ati o n  of  a u xi n  s y nt h esis  i n  Ar a bi d o psis  i n-
v ol ves  a  h o  m e ost ati c  f e e d b ac k l o o p  r e g ul at e d  vi a  a u xi n
a n d  c yt o ki ni n  si g n al tr a ns d u cti o n.  Pl a nt   Cell 2 2:  2 9 5 6 –
2 9 6 9.  d oi: 1 0. 1 1 0 5/t p c. 1 1 0. 0 7 4 8 5 6

J u C,   C h a n g   C.  2 0 1 5.   M e c h a nisti c i nsi g hts i n et h yl e n e  p er-
c e pti o n  a n d si g n al tr a ns d u cti o n.  Pl a nt  P h ysi ol  1 6 9:  8 5 –
9 5.  d oi: 1 0. 1 1 0 4/ p p. 1 5. 0 0 8 4 5

K al o us e k  P,  B u c ht o v á   D,  B all a  J,   R ei n ö hl   V,  Pr o c h á z k a  S.
2 0 1 0.   C yt o ki ni ns a n d p ol ar tr a ns p ort of a u xi n i n a xill ar y
p e a  b u ds.  Pl a nt J  6 5:  5 7 1 – 5 7 7.

K a nt  S,  Bi   Y,   Z h u   T,   R ot hst ei n  SJ.  2 0 0 9.  S  A  U R 3 9 ,  a  s  m all
a u xi n- u p   R  N  A g e n e, acts as a  n e g ati v e r e g ul at or of a u xi n
s y nt h esis  a n d tr a ns p ort i n ri c e.  Pl a nt  P h ysi ol ( B et h es d a)
1 5 1:  6 9 1 – 7 0 1.  d oi: 1 0. 1 1 0 4/ p p. 1 0 9. 1 4 3 8 7 5

K a p ul ni k   Y,   R es ni c k    N,    M a y zlis h-  G ati  E,    K a pl a n   Y,    Wi-
ni n g er  S,   H ers h e n h or n J,   K olt ai   H.  2 0 1 1.  Stri g ol act o n es
i nt er act   wit h  et h yl e n e  a n d  a u xi n i n re g ul ati n g r o ot- h air
el o n g ati o n  i n  Ar a bi d o psis  .  J   E x p   B ot  6 2:  2 9 1 5 – 2 9 2 4.
d oi: 1 0. 1 0 9 3/j x b/ er q 4 6 4

K e us k a  m p   D  H,  S asi d h ar a n   R,   V os I,  Pe et ers   AJ,   V o es e n e k
L  A,  Pi eri k   R. 2 0 1 1.  Bl u e-li g ht-  m e di at e d s h a d e a v oi d a n c e
r e q uires  c o  m bi n e d  a u xi n  a n d  br assi n ost er oi d  a cti o n  i n
Ar a bi d o psis  s e e dli n gs.  Pl a nt J  6 7:  2 0 8 – 2 1 7.  d oi: 1 0. 1 1 1 1/
j. 1 3 6 5- 3 1 3 X. 2 0 1 1. 0 4 5 9 7. x

Ki e b er  JJ,  S c h all er   G E.  2 0 1 8.   C yt o ki ni n  si g n ali n g i n  pl a nt
d e v el o p  m e nt.  D e vel o p  m e nt  1 4 5:  d e v 1 4 9 3 4 4. 1 0. 1 2 4 2/ d e v
. 1 4 9 3 4 4

Ki  m  S  K,   C h a n g  S  C,  L e e  EJ,   C h u n g    W S,   Ki  m   Y S,   H  w a n g  S,
L e e J S. 2 0 0 0. I n v ol ve  m e nt of br assi n ost er oi ds i n t h e gr a v-
itr o pi c res p o ns e  of  pri  m ar y r o ot  of   m ai z e. Pl a nt  P h ysi ol
1 2 3:  9 9 7 – 1 0 0 4.  d oi: 1 0. 1 1 0 4/ p p. 1 2 3. 3. 9 9 7

Ki  m J,   Yi   H,   C h oi   G,  S hi n  B,  S o n g  P,   C h oi   G.  2 0 0 3.  F u n c-
ti o n al c h ar act eri z ati o n of p h yt o c hr o  m e i nt er a cti n g f a ct or
3  i n  p h yt o c hr o  m e-  m e di at e d  li g ht  si g n al  tr a ns d u cti o n.
Pl a nt   Cell  1 5:  2 3 9 9 – 2 4 0 7.  d oi: 1 0. 1 1 0 5/t p c. 0 1 4 4 9 8

K o b a y as hi   A,   T a k a h as hi   A,   K a ki  m ot o   Y,   Mi y a z a w a   Y,  F ujii
N,   Hi g as hit a ni   A,  T a k a h as hi   H. 2 0 0 7.   A g e n e ess e nti al f or
h y dr otr o pis  m  i n  r o ots.  Pr oc   N atl   Ac a d  Sci  1 0 4:  4 7 2 4 –
4 7 2 9.  d oi: 1 0. 1 0 7 3/ p n as. 0 6 0 9 9 2 9 1 0 4

K o hl e n    W,   N g J L P,   D ei n u  m  E E,   M at h esi us   U.  2 0 1 8.   A u xi n
tr a ns p ort,   m et a b olis  m, a n d si g n alli n g  d uri n g  n o d ul e i ni-
ti ati o n: i n d et er  mi n at e a n d d et er  mi n at e n o d ul es. J E x p B ot
6 9:  2 2 9 – 2 4 4.  d oi: 1 0. 1 0 9 3/j x b/ er x 3 0 8

K olt ai    H,    D or  E,    H ers h e n h or n  J,  J o el    D  M,    Wei ni n g er  S,
L e k all a S, S h e alti el   H,  B h att a c h ar y a   C,  Eli a h u  E,   Res ni c k
N,  et  al.  2 0 1 0.  Stri g ol act o n es  ’ eff e ct  o n r o ot  gr o  wt h  a n d
r o ot- h air  el o n g ati o n    m a y  b e    m e di at e d  b y  a u xi n- ef fl u x
c arri ers.  J  Pl a nt   Gr o wt h   Re g ul 2 9:  1 2 9 – 1 3 6.  d oi: 1 0. 1 0 0 7/
s 0 0 3 4 4- 0 0 9- 9 1 2 2- 7

K o or n n e ef   M, R e uli n g G,   K arss e n   C  M.  1 9 8 4.   T h e is ol ati o n
a n d c h ar a ct eri z ati o n  of a bs cisi c a ci d-i ns e nsiti v e   m ut a nts
of  Ar a bi d o psis t h ali a n a  . P h ysi ol  Pl a nt ar u  m  6 1:  3 7 7 – 3 8 3.
d oi: 1 0. 1 1 1 1/j. 1 3 9 9- 3 0 5 4. 1 9 8 4.t b 0 6 3 4 3. x

K or e n   D,  Res ni c k   N,   M a y zlis h   G ati E, B el a us o v E,   Wei ni n g er
S,   K a p ul ni k   Y,   K olt ai   H.  2 0 1 3.  Stri g ol act o n e si g n ali n g i n
t h e e n d o d er  mis is s uffi ci e nt t o rest or e r o ot r es p o ns es a n d
i n v ol ves  S  H  O R T   H Y P  O  C  O T Y L  2 ( S  H Y 2)  a cti vit y. N e w
P h yt ol  1 9 8:  8 6 6 – 8 7 4.  d oi: 1 0. 1 1 1 1/ n p h. 1 2 1 8 9

K ot o v   A  A,   K ot o v a  L  M.  2 0 1 8.   A u xi n- c yt o ki ni n i nt er a cti o ns
i n t h e re g ul ati o n of c orr el ati v e i n hi biti o n i n t  w o- br a n c h e d
p e a s e e dli n gs.  J  E x p  B ot 6 9:  2 9 6 7 – 2 9 7 8.  d oi: 1 0. 1 0 9 3/j x b/
er y 1 1 7

K u  m ar    M,  P a n d y a-  K u  m ar   N,   D a  m   A,   H a or   H,    M a y zlis h-
G ati  E,  B el a us o v  E,   Wi ni n g er S,   A b u-  A bi e d   M,   M c Erl e a n
C S, Br o  m h e a d LJ, et al. 2 0 1 5.  Ar a bi d o psis  r es p o ns e t o l o  w-
p h os p h at e  c o n diti o ns  i n cl u d es  a cti ve  c h a n g es  i n  acti n
fi l a  m e nts  a n d  PI  N 2  p ol ari z ati o n  a n d  is  d e p e n d e nt  o n
stri g ol act o n e si g n alli n g. J  E x p  B ot 6 6:  1 4 9 9 – 1 5 1 0.  d oi: 1 0
. 1 0 9 3/j x b/ er u 5 1 3

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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K ure p a J, S h ull   T E, S  m all e J  A. 2 0 1 9.   A nt a g o nisti c acti vit y of
a u xi n a n d c yt o ki ni n i n s h o ot a n d r o ot  or g a ns.  Pl a nt   Di-
rect 3:  e 0 0 1 2 1.  d oi: 1 0. 1 0 0 2/ pl d 3. 1 2 1

L a ke h al   A,   D o b   A,   R a h n es h a n  Z,   N o v a k   O, Es c a  m e z S,   Al al-
l a q  S,  Str n a d   M,   T u o  mi n e n   H,  B elli ni   C.  2 0 2 0.  E T  H Y L-
E  N E   R E S P  O  N S E F  A C T  O R 1 1 5 i nt e gr at es j as  m o n at e a n d
c yt o ki ni n  si g n ali n g    m ac hi n eri es  t o  re press  a d ve ntiti o us
r o oti n g i n Ar a bi d o psis  . N e w  P h yt ol  2 2 8:  1 6 1 1 – 1 6 2 6.  d oi:
1 0. 1 1 1 1/ n p h. 1 6 7 9 4

L a pl a z e  L,   B e n k o v a  E,    C asi  mir o  I,    M a es  L,    V a n n est e  S,
S  w ar u p   R,   Weij ers   D,   C al v o   V,  P ari z ot  B,   H errer a- R o dri-
g u e z   M, et al. 2 0 0 7.   C yt o ki ni ns act dir e ctl y o n l at er al r o ot
f o u n d er  c ells  t o  i n hi bit  r o ot  i niti ati o n.  Pl a nt    Cell  1 9:
3 8 8 9 – 3 9 0 0.  d oi: 1 0. 1 1 0 5/t p c. 1 0 7. 0 5 5 8 6 3

L a v e n us  J,   G o h   T,   R o b erts  I,   G u y o  m arc ’h  S,  L u c as    M,   D e
S  m et  I,  F u k a ki   H,  B e e c k  m a n   T,  B e n n ett    M,  L a pl a z e  L.
2 0 1 3.   L at er al   r o ot   d e v el o p  m e nt  i n  Ar a bi d o psis  :  fi ft y
s h a d es  of  a u xi n.  Tre n ds  Pl a nt  Sci  1 8:  4 5 0 – 4 5 8.  d oi: 1 0
. 1 0 1 6/j.t pl a nts. 2 0 1 3. 0 4. 0 0 6

L a v y    M,  Est ell e    M.  2 0 1 6.    M e c h a nis  ms  of  a u xi n  si g n ali n g.
D e vel o p  m e nt  1 4 3:  3 2 2 6 – 3 2 2 9.  d oi: 1 0. 1 2 4 2/ d e v. 1 3 1 8 7 0

L a z ar   G,   G o o d  m a n    H  M.  2 0 0 6.    M  A X 1,  a  re g ul at or  of  t h e
fl a v o n oi d  p at h  w a y,  c o ntr ols  ve g et ati v e  a xill ar y  b u d  o ut-
gr o  wt h i n  Ar a bi d o psis  . Pr oc   N atl   Ac a d Sci  1 0 3:  4 7 2 – 4 7 6.
d oi: 1 0. 1 0 7 3/ p n as. 0 5 0 9 4 6 3 1 0 2

L e e  B  H, J o h nst o n   R,   Y a n g   Y,   G all a v otti   A,   K oji  m a   M,   Tr a-
ve n ç ol o  B  A,   C ost a L d a F, S a k a ki b ar a   H, J a c ks o n   D. 2 0 0 9.
St u di es of  a b err a nt p h yll ot a x y 1  m ut a nts of   m ai z e i n di c at e
c o  m pl e x i nt er acti o ns b et  we e n a u xi n a n d c yt o ki ni n si g n al-
i n g i n t h e s h o ot a pi c al   m erist e  m. Pl a nt  P h ysi ol  1 5 0:  2 0 5 –
2 1 6.  d oi: 1 0. 1 1 0 4/ p p. 1 0 9. 1 3 7 0 3 4

L ef e ver e   H,  B a ut ers  L,   G h e ys e n   G.  2 0 2 0.  S ali c yli c  aci d  bi o-
s y nt h esis i n  pl a nts. Fr o nt  Pl a nt Sci  d oi: 1 0. 3 3 8 9/f pls. 2 0 2 0
. 0 0 3 3 8

L e h  m a n   A,  Bl ac k   R,  E c ker J R.  1 9 9 6.   H  O  O  K L E S S 1,  a n et h-
yl e n e res p o ns e g e n e, is re q uir e d f or  diff ere nti al c ell el o n-
g ati o n  i n  t h e  Ar a bi d o psis  h y p o c ot yl.  Cell  8 5:  1 8 3 – 1 9 4.
d oi: 1 0. 1 0 1 6/ S 0 0 9 2- 8 6 7 4( 0 0) 8 1 0 9 5- 8

L e wis   D R,   N e gi  S,  S u k u  m ar  P,    M u d a y   G  K.  2 0 1 1.  Et h yl e n e
i n hi bits l at er al r o ot d e vel o p  m e nt, i n cre as es I  A  A tr a ns p ort
a n d  e x pressi o n  of  PI  N 3  a n d  PI  N 7  a u xi n  ef fl u x  c arri ers.
D e vel o p  m e nt  1 3 8:  3 4 8 5 – 3 4 9 5.  d oi: 1 0. 1 2 4 2/ d e v. 0 6 5 1 0 2

Li J,   N a g p al P,   Vit art   V,   M c  M orris   T C,   C h or y J. 1 9 9 6.   A r ol e
f or  br assi n ost er oi ds i n li g ht- d e p e n d e nt  d e v el o p  m e nt  of
Ar a bi d o psis  . Sci e nc e  2 7 2:  3 9 8 – 4 0 1.  d oi: 1 0. 1 1 2 6/s ci e n c e
. 2 7 2. 5 2 6 0. 3 9 8

Li   H, J o h ns o n P ,  St e p a n o v a   A,   Al o ns o J  M,  E c ker J R.  2 0 0 4.
C o n ver g e n c e  of si g n ali n g  p at h  w a ys i n t h e c o ntr ol  of  dif-
f er e nti al c ell gr o wt h i n Ar a bi d o psis  . D e v   Cell  7:  1 9 3 – 2 0 4.
d oi: 1 0. 1 0 1 6/j. d e v c el. 2 0 0 4. 0 7. 0 0 2

Li L,   X u J,   X u  Z  H,   X u e   H  W. 2 0 0 5. Br assi n ost er oi ds sti  m ul at e
pl a nt tr o pis  ms t hr o u g h   m o d ul ati o n of  p ol ar a u xi n tr a ns-
p ort  i n  Br assic a  a n d  Ar a bi d o psis  . Pl a nt   Cell  1 7:  2 7 3 8 –
2 7 5 3.  d oi: 1 0. 1 1 0 5/t p c. 1 0 5. 0 3 4 3 9 7

Li   M,   Wei   Q,   Xi a o   Y,  Pe n g  F.  2 0 1 8.   T h e eff e ct  of a u xi n a n d
stri g ol act o n e   o n    A T P/  A  D P  is o p e nt e n yltr a nsf er as e  e x-
pressi o n a n d t h e re g ul ati o n of a pi c al d o  mi n a n c e i n p e a c h.
Pl a nt   Cell   Re p  3 7:  1 6 9 3 – 1 7 0 5.  d oi: 1 0. 1 0 0 7/s 0 0 2 9 9- 0 1 8-
2 3 4 3- 0

Li g er ot  Y, d e S ai nt   G er  m ai n   A,   W al di e  T,  Tr o a d e c   C,   Cit er n e
S,   K a d a ki a   N, Pill ot J P, Pri g g e   M,   A u b ert   G, B e n d a h  m a n e
A, et al. 2 0 1 7.   T h e p e a br a n c hi n g   R  M S 2 g e n e e n c o d es t h e

Ps  A F B 4/ 5  a u xi n  re c e pt or  a n d  is  i n v ol ve d  i n  a n  a u xi n-
stri g ol act o n e re g ul ati o n l o o p.  P L o S   G e n et  1 3:  e 1 0 0 7 0 8 9.
d oi: 1 0. 1 3 7 1/j o ur n al. p g e n. 1 0 0 7 0 8 9

Li u   M,  Pirrell o J,   K es ari   R,   Mil a I,   R o ust a n J, Li   Z,  L at c h é   A,
Pe c h J,  B o u z a y e n   M,   Re g a d F. 2 0 1 3 a.   A d o  mi n a nt r e pres-
s or v ersi o n of t h e t o  m at o Sl- E R F .B 3  g e n e c o nf ers et h yl e n e
h y p ers e nsiti vit y  vi a f e e d b ac k  r e g ul ati o n  of  et h yl e n e  si g-
n ali n g  a n d  res p o ns e  c o  m p o n e nts.  Pl a nt  J  7 6:  4 0 6 – 4 1 9.
d oi: 1 0. 1 1 1 1/t pj. 1 2 3 0 5

Li u   X,   Z h a n g   H,   Z h a o   Y, Fe n g   Z, Li   Q,   Y a n g   H, L u a n S, Li J,
H e   Z.  2 0 1 3 b.    A u xi n  c o ntr ols  s e e d  d or  m a n c y  t hr o u g h
sti  m ul ati o n  of  a bs cisi c  a ci d  si g n ali n g  b y i n d u ci n g   A R F-
m e di at e d  A BI 3  a cti v ati o n i n  Ar a bi d o psis  . Pr oc   N atl   Ac a d
Sci  1 1 0:  1 5 4 8 5 – 1 5 4 9 0.  d oi: 1 0. 1 0 7 3/ p n as. 1 3 0 4 6 5 1 1 1 0

Li u   M,   C h e n   Y,   C h e n   Y, S hi n J,   Mil a I,   A u dr a n   C,   Z o ui n e   M,
Pirr ell o J,  B o u z a ye n    M.  2 0 1 8.   T h e t o  m at o  Et h yl e n e   Re-
s p o ns e  F act or  Sl- E R F. B 3  i nt e gr at es  et h yl e n e  a n d  a u xi n
si g n ali n g vi a dire ct re g ul ati o n of Sl-  A u x/I  A  A 2 7 . N e w P h y-
t ol 2 1 9:  6 3 1 – 6 4 0.  d oi: 1 0. 1 1 1 1/ n p h. 1 5 1 6 5

L v   M, Li J. 2 0 2 0.   M ol e c ul ar   m e c h a nis  ms of br assi n ost er oi d-
m e di at e d res p o ns es t o c h a n gi n g e n vir o n  m e nts i n  Ar a bi-
d o psis . I nt J   M ol Sci 2 1:  2 7 3 7. 1 0. 3 3 9 0/ij  ms 2 1 0 8 2 7 3 7

L v   X,   Z h a n g   M,  Li   X,   Ye   R,    Wa n g   X.  2 0 1 8.   Tr a ns cri pt o  m e
pr o fi l es r e ve al t h e cr u ci al r ol es  of a u xi n a n d c yt o ki ni n i n
t h e “ s h o ot  br a n c hi n g”  of  Cre  m astr a  a p p e n dic ul at a . I nt J
M ol Sci  1 9: 3 3 5 4. 1 0. 3 3 9 0/ij  ms 1 9 1 1 3 3 5 4

M a   Z, Bi el e n b er g D  G, Br o  w n   K  M,  L y n c h J P.  2 0 0 1.   R e g ul a-
ti o n  of  r o ot  h air  d e nsit y  b y  p h os p h or us  a v ail a bilit y  i n
Ar a bi d o psis  t h ali a n a  .  Pl a nt    Cell  E n vir o n  2 4:  4 5 9 – 4 6 7.
d oi: 1 0. 1 0 4 6/j. 1 3 6 5- 3 0 4 0. 2 0 0 1. 0 0 6 9 5. x

M a   N,    Wa n  L,   Z h a o   W,  Li u   H,  Li J,   Z h a n g   C.  2 0 2 0.  E x o g e-
n o us stri g ol act o n es pr o  m ot e l at er al r o ot gr o wt h b y re d u c-
i n g t h e e n d o g e n o us a u xi n l e vel i n r a p es e e d. J I nt e gr ati ve
A gric ult ure  1 9:  4 6 5 – 4 8 2.   d oi: 1 0. 1 0 1 6/ S 2 0 9 5- 3 1 1 9( 1 9)
6 2 8 1 0- 8

M a c h a d o   R  A R,   M c  Cl ure   M,   H er v é   M R,  B al d  wi n I T,  Er b   M.
2 0 1 6.  B e n e fi ts  of j as  m o n at e- d e p e n d e nt  d ef e ns es  a g ai nst
v ert e br at e  h er bi v or es i n  n at ure.  e Lif e  5:  e 1 3 7 2 0.

M a c h a d o   R  A R,  B al d  wi n  I T,  Er b    M.  2 0 1 7.    H er bi v or y-i n-
d u c e d  j as  m o n at es  c o nstr ai n  pl a nt  s u g ar  a c c u  m ul ati o n
a n d  gr o  wt h  b y  a nt a g o ni zi n g  gi b b erelli n  si g n ali n g  a n d
n ot   b y   pr o  m oti n g   s e c o n d ar y    m et a b olit e   pr o d u cti o n.
N e w  P h yt ol  2 1 5:  8 0 3 – 8 1 2.  d oi: 1 0. 1 1 1 1/ n p h. 1 4 5 9 7

M ä h ö n e n   A P,   Te n   T uss c h er   K, Sili g at o   R, S  m et a n a   O,   Dí a z-
Tri vi ñ o S, S al oj är vi J,   W ac hs  m a n   G, Pr as a d   K,   H ei dstr a  R,
S c h eres  B.  2 0 1 4.  P L E T  H  O R  A gr a di e nt f or  m ati o n   m e c h-
a nis  m  s e p ar at es  a u xi n  r es p o ns es.  N at ure  5 1 5:  1 2 5 – 1 2 9.
d oi: 1 0. 1 0 3 8/ n at ure 1 3 6 6 3

M a n d a v a    N B.  1 9 8 8.  Pl a nt  gr o  wt h- pr o  m oti n g  br assi n ost e-
r oi ds. A n n u   Re v  Pl a nt  P h ysi ol  Pl a nt   M ol  Bi ol  3 9:  2 3 – 5 2.
d oi: 1 0. 1 1 4 6/ a n n ure v. p p. 3 9. 0 6 0 1 8 8. 0 0 0 3 2 3

M ar h a v a P,  B ass u k as   A E L,   Z o ur eli d o u   M,   K ol b   M,   M oret  B,
F ast n er    A,   S c h ul z e    W X,    C att a n e o   P,    H a  m  m es    U Z,
S c h  we c h h ei  m er   C,  et  al.  2 0 1 8.   A   m ol e c ul ar r h e ost at  a d-
j usts a u xi n fl u x t o  pr o  m ot e r o ot  pr ot o p hl o e  m  diff ere nti-
ati o n.  N at ure  5 5 8:  2 9 7 – 3 0 0.   d oi: 1 0. 1 0 3 8/s 4 1 5 8 6- 0 1 8-
0 1 8 6- z

M ar h a v a  P,    Ali a g a  F a n di n o   A C,   K o h  S  W  H,  J elí n k o v á   A,
K ol b    M,  J a n ac e k    D P,  Br e d a    A S,   C att a n e o  P,    H a  m  m es
U Z,  Petr á  še k  J,  et  al.  2 0 2 0.  Pl as  m a    m e  m br a n e  d o  m ai n
p att er ni n g  a n d  s elf-rei nf orci n g  p ol arit y  i n  Ar a bi d o psis  .
D e v  Cell  5 2:  2 2 3 – 2 3 5. e 5. d oi: 1 0. 1 0 1 6/j. d e vc el. 2 0 1 9. 1 1. 0 1 5

S.  M.   M a z z o ni- P ut  m a n  et  al.
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M ar h a v ý  P,  Bi el ac h   A,   A b as  L,   A b u z ei n e h   A,   D u cl erc q  J,
T a n a k a   H,  P a ře z o v á   M,  Petr á še k J,  Fri  ml J,   Kl ei n e-  Ve h n
J, et al. 2 0 1 1.  C yt o ki ni n   m o d ul at es e n d o c yti c tr affi c ki n g of
PI  N 1 a u xi n ef fl u x c arri er t o c o ntr ol pl a nt or g a n o g e n esis.
D e v   Cell  2 1:  7 9 6 – 8 0 4.  d oi: 1 0. 1 0 1 6/j. d e v c el. 2 0 1 1. 0 8. 0 1 4

M ar h a v ý  P,   D u cl erc q J,    Well er  B,  Fer ar u  E,  Bi el ac h   A,   Off-
ri n g a   R,  Fri  ml J, S c h  we c h h ei  m er   C,   M ur p h y   A,  B e n k o v á
E.  2 0 1 4.   C yt o ki ni n c o ntr ols  p ol arit y  of  PI  N 1- d e p e n d e nt
a u xi n tr a ns p ort  d uri n g l at er al  r o ot  or g a n o g e n esis.  C urr
Bi ol  2 4:  1 0 3 1 – 1 0 3 7.  d oi: 1 0. 1 0 1 6/j. c u b. 2 0 1 4. 0 4. 0 0 2

M as hi g u c hi   K,   T a n a k a   K,  S a k ai   T,  S u g a w ar a  S,   K a w ai d e   H,
N ats u  m e   M,   H a n a d a   A,   Y a e n o   T, S hir as u   K,   Y a o   H, et al.
2 0 1 1.   T h e   m ai n a u xi n bi os y nt h esis p at h  w a y i n  Ar a bi d o p-
sis. Pr oc   N atl   Ac a d  Sci  1 0 8:  1 8 5 1 2 – 1 8 5 1 7.  d oi: 1 0. 1 0 7 3/
p n as. 1 1 0 8 4 3 4 1 0 8

M a y zlis h-  G ati  E,   D e-  C u y p er   C,   G o or  m ac hti g  S,  B e e c k  m a n
T,   V u ylst e ke   M,  Br e  wer  P B,  B e v eri d g e   C  A,   Yer  mi y a h u   U,
K a pl a n   Y, E n z er   Y, et al. 2 0 1 2. Stri g ol act o n es ar e i n v ol ve d
i n  r o ot  res p o ns e t o l o  w  p h os p h at e  c o n diti o ns i n Ar a bi-
d o psis . Pl a nt P h ysi ol  1 6 0:  1 3 2 9 – 1 3 4 1. d oi: 1 0. 1 1 0 4/ p p. 1 1 2
. 2 0 2 3 5 8

M erc h a nt e  C, St e p a n o v a   A  N. 2 0 1 7.  T h e tri pl e res p o ns e ass a y
a n d its us e t o c h ar a ct eri z e et h yl e n e   m ut a nts i n  Ar a bi d o p-
sis. M et h o ds   M ol  Bi ol  1 5 7 3:  1 6 3 – 2 0 9. d oi: 1 0. 1 0 0 7/ 9 7 8- 1-
4 9 3 9- 6 8 5 4- 1 _ 1 3

M erc h a nt e   C, Br u  m os J,   Y u n J,   H u   Q, S p e n c er   K R, E nrí q u e z
P,  Bi n d er  B  M,   H e b er S, St e p a n o v a   A  N,   Al o ns o J  M. 2 0 1 5.
G e n e-s p e ci  fi c tr a nsl ati o n re g ul ati o n   m e di at e d b y t h e h or-
m o n e-si g n ali n g   m ol e c ul e EI  N 2.  Cell  1 6 3:  6 8 4 – 6 9 7. d oi: 1 0
. 1 0 1 6/j. c ell. 2 0 1 5. 0 9. 0 3 6

M e u dt    WJ.  1 9 8 7.  I n vesti g ati o ns  o n  t h e    m e c h a nis  m  of  t h e
br assi n ost er oi d  r es p o ns e.    VI:  Eff e ct  of  br assi n oli d e  o n
gr a vitr o pis  m  of  b e a n  h y p o c ot yls.  Pl a nt  P h ysi ol  8 3:  1 9 5 –
1 9 8.  d oi: 1 0. 1 1 0 4/ p p. 8 3. 1. 1 9 5

Mi c h ni e wi c z   M,   H o   C  H, E n d ers   T A, Fl or o E,   D a  m o d ar a n S,
G u nt h er  L  K,  P o wers  S  K,  Fri c k  E  M,   T o p p   C  N,  Fr o  m  m er
W B,  et  al.  2 0 1 9.   T R  A  N S P  O R T E R   O F I B  A 1 li n ks  a u xi n
a n d c yt o ki ni n t o i n fl u e n c e r o ot ar c hit e ct ure.  D e v   Cell  5 0:
5 9 9 – 6 0 9. e 4.  d oi: 1 0. 1 0 1 6/j. d e vc el. 2 0 1 9. 0 6. 0 1 0

Mill er   C  O,  S k o o g  F,   V o n  S alt z a   M  H,  Str o n g  F  M.  1 9 5 5.   Ki-
n eti n, a c ell di visi o n f a ct or fr o  m   D E  O X Y RI B  O  N  U  C L EI  C
A CI  D.  J   A  m  C h e  m S oc 7 7:  1 3 9 2. d oi: 1 0. 1 0 2 1/j a 0 1 6 1 0 a 1 0 5

Mill er   C  O,  S k o o g  F,   O k u  m ur a  F S,   V o n  S alt z a    M  H,  Str o n g
F  M.  1 9 5 6. Is ol ati o n, str u ct ure a n d s y nt h esis  of  ki n eti n, a
s u bst a n c e  pr o  m oti n g  c ell  di visi o n.  J   A  m   C h e  m  S oc  7 8:
1 3 7 5 – 1 3 8 0.  d oi: 1 0. 1 0 2 1/j a 0 1 5 8 8 a 0 3 2

Mi n a k u c h i K, K a  m e o k a   H,   Y as u n o   N,   U  m e h ar a   M,  L u o  L,
K o b a y as hi   K,   H a n a d a   A,   U e n o   K,   As a  mi  T,   Y a  m a g u c hi S,
et  al.  2 0 1 0.  FI  N E   C  U L  M 1  ( F  C 1)   w or ks  d o  w nstr e a  m  of
stri g ol act o n es t o i n hi bit t h e o ut gr o wt h of a xill ar y b u ds i n
ri c e.  Pl a nt   Cell  P h ysi ol  5 1:  1 1 2 7 – 1 1 3 5.  d oi: 1 0. 1 0 9 3/ p c p/
p c q 0 8 3

Mi y a w a ki   K,   M ats u  m ot o-  Kit a n o   M,   K a ki  m ot o   T. 2 0 0 4.  E x-
pressi o n of c yt o ki ni n bi os y nt h eti c is o p e nt e n yltr a nsf er as e
g e n es i n  Ar a bi d o psis  : tiss u e s p e cifi cit y a n d r e g ul ati o n  b y
a u xi n, c yt o ki ni n, a n d  nitr at e.  Pl a nt J  3 7:  1 2 8 – 1 3 8. d oi: 1 0
. 1 0 4 6/j. 1 3 6 5- 3 1 3 X. 2 0 0 3. 0 1 9 4 5. x

M o nt e   E,    Te p p er  m a n  J  M,    Al- S a d y   B,    K ac z or o  ws ki    K  A,
Al o ns o  J  M,  E c k er  J R,  Li   X,   Z h a n g   Y,    Q u ail  P  H.  2 0 0 4.
T h e  p h yt o c hr o  m e-i nt er a cti n g tr a ns cri pti o n f act or,  PI F 3,
acts e arl y, s el e cti vel y, a n d p ositi v el y i n li g ht-i n d u c e d c hl o-

r o pl ast  d e v el o p  m e nt.  Pr oc    N atl    Ac a d  Sci  1 0 1:  1 6 0 9 1 –
1 6 0 9 8.  d oi: 1 0. 1 0 7 3/ p n as. 0 4 0 7 1 0 7 1 0 1

M o o n J,   Z h a o   Y,   D ai   X,   Z h a n g   W,   Gr a y   W  M,   H u q E, Est ell e
M. 2 0 0 7.   A  n e  w   C  U L LI  N 1   m ut a nt h as alt ere d r es p o ns es
t o  h or  m o n es a n d li g ht i n Ar a bi d o psis  . Pl a nt  P h ysi ol  1 4 3:
6 8 4 – 6 9 6.  d oi: 1 0. 1 1 0 4/ p p. 1 0 6. 0 9 1 4 3 9

M or eir a  S,   Bis h o p p    A,    C ar v al h o    H,    C a  m pil h o    A.  2 0 1 3.
A  H P 6 i n hi bits c yt o ki ni n si g n ali n g t o re g ul at e t h e  ori e n-
t ati o n  of  p eri c y cl e c ell  di visi o n  d uri n g l at er al r o ot i niti a-
ti o n.  P L o S    O  N E  8:  e 5 6 3 7 0.   d oi: 1 0. 1 3 7 1/j o ur n al. p o n e
. 0 0 5 6 3 7 0

M ori  w a ki   T,    Mi y a z a w a   Y,   K o b a y as hi   A,   U c hi d a    M,    Wat a-
n a b e   C, F ujii   N,  T a k a h as hi   H. 2 0 1 1.   H or  m o n al re g ul ati o n
of l at er al r o ot  d e v el o p  m e nt i n  Ar a bi d o psis  m o d ul at e d  b y
MI Z 1  a n d re q uir e  m e nt of   G  N  O  M acti vit y f or MI Z 1  f u n c-
ti o n.  Pl a nt  P h ysi ol  1 5 7:  1 2 0 9 – 1 2 2 0.  d oi: 1 0. 1 1 0 4/ p p. 1 1 1
. 1 8 6 2 7 0

M o u b a yi di n  L,  Perilli  S,   D ell o I oi o   R,   Di    M a  m br o   R,   C os-
t a nti n o P, S a b ati ni S. 2 0 1 0.   T h e r at e of c ell diff ere nti ati o n
c o ntr ols  t h e  Ar a bi d o psis  r o ot    m erist e  m  gr o wt h  p h as e.
C urr  Bi ol  2 0:  1 1 3 8 – 1 1 4 3.  d oi: 1 0. 1 0 1 6/j. c u b. 2 0 1 0. 0 5. 0 3 5

M o u b a yi di n  L,   Di   M a  m br o   R, S o z z a ni   R,  P aci  fi ci  E, S al vi  E,
Ter pstr a I,  B a o   D, v a n   Dij k e n   A,   D ell o I oi o   R,  Perilli S, et
al.  2 0 1 3.  S p ati al  c o or di n ati o n  b et  we e n  st e  m  c ell  a cti vit y
a n d c ell diff ere nti ati o n i n t h e r o ot   m erist e  m.  D e v   Cell  2 6:
4 0 5 – 4 1 5.  d oi: 1 0. 1 0 1 6/j. d e vc el. 2 0 1 3. 0 6. 0 2 5

M o u c h el   C F,  Bri g gs   G  C,   H ar dt ke   C S. 2 0 0 4.   N at ur al g e n eti c
v ari ati o n  i n  Ar a bi d o psis  i d e ntifi es   B R E  VI S    R  A  DI X,  a
n o vel  re g ul at or  of  c ell  pr olif er ati o n  a n d  el o n g ati o n  i n
t h e   r o ot.  G e n es    D e v  1 8:  7 0 0 – 7 1 4.   d oi: 1 0. 1 1 0 1/ g a d
. 1 1 8 7 7 0 4

M o u c h el C F,  Os  m o nt   K S,   H ar dt ke   C S. 2 0 0 6.  B R X   m e di at es
f e e d b a c k b et  we e n br assi n ost er oi d l e v els a n d a u xi n si g n al-
li n g i n  r o ot  gr o wt h. N at ure  4 4 3:  4 5 8 – 4 6 1.  d oi: 1 0. 1 0 3 8/
n at ure 0 5 1 3 0

M o u n et  F,    M oi n g   A,   K o w al c z y k    M,   R o hr  m a n n  J,  Petit  J,
G ar ci a   V,   M a u c o urt   M,   Y a n o   K,   D e b or d e   C,   A o ki   K,  et
al.  2 0 1 2.   D o  w n-re g ul ati o n  of  a si n gl e a u xi n ef fl u x tr a ns-
p ort  pr ot ei n i n t o  m at o i n d u c es  pre c o ci o us fr uit  d e vel o p-
m e nt.  J  E x p  B ot 6 3:  4 9 0 1 – 4 9 1 7.  d oi: 1 0. 1 0 9 3/j x b/ ers 1 6 7

M u k h erj e e   A,   M a z u  m d er   M, J a n a J,   Arc h a n a   K S,   M o n d al  B,
D e   A,   G h os h S, S a h a   U,  B os e   R,   C h att erj e e S, et al. 2 0 1 9.
E n h a n c e  m e nt of   A B  A s e nsiti vit y t hr o u g h c o n diti o n al e x-
pr essi o n  of  t h e  A R F 1 0  g e n e  i n  Br assic a  j u nc e a  r e ve als
f ertil e  pl a nts   wit h  t ol er a n c e  a g ai nst  Alt er n ari a  br assici-
c ol a. M P  MI  3 2:  1 4 2 9 – 1 4 4 7.  d oi: 1 0. 1 0 9 4/  M P  MI- 0 5- 1 9-
0 1 3 2- R

M üll er   D,  L e ys er   O. 2 0 1 1.   A u xi n, c yt o ki ni n a n d t h e c o ntr ol
of  s h o ot  br a n c hi n g.  A n n   B ot  1 0 7:  1 2 0 3 – 1 2 1 2.  d oi: 1 0
. 1 0 9 3/ a o b/  m cr 0 6 9

M üll er  B, S h e e n J. 2 0 0 8.   C yt o ki ni n a n d a u xi n i nt er acti o n i n
r o ot  st e  m- c ell  s p e cifi c ati o n  d uri n g  e arl y  e  m br y o g e n esis.
N at ure  4 5 3:  1 0 9 4 – 1 0 9 7.  d oi: 1 0. 1 0 3 8/ n at ure 0 6 9 4 3

M üll er   D,   W al di e  T,   Mi y a  w a ki   K,  T o J P,   M el n y k   C  W,   Ki e b er
JJ,   K a ki  m ot o   T, L e ys er   O. 2 0 1 5.   C yt o ki ni n is r e q uire d f or
es c a p e  b ut  n ot rel e as e fr o  m a u xi n   m e di at e d a pi c al  d o  m-
i n a n c e. Pl a nt J  8 2:  8 7 4 – 8 8 6.  d oi: 1 0. 1 1 1 1/t pj. 1 2 8 6 2

M u n g uí a- R o drí g u e z   A  G,  L ó p e z- B u ci o J S,   R ui z-  H errer a  L F,
Orti z-  C astr o   R,    G u e v ar a-  G arcí a    A  A,    M ars c h-  M artí n e z
N,    C arr e ó n-  A b u d    Y,  L ó p e z- B u ci o  J,    M artí n e z- Tr ujill o
M.  2 0 2 0.   Y  U  C  C  A 4  o ver e x pressi o n   m o d ul at es a u xi n  bi o-
s y nt h esis a n d tr a ns p ort a n d i nfl u e n c es  pl a nt gr o wt h a n d

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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d e vel o p  m e nt vi a cr osst al k   wit h a bs cisi c a ci d i n  Ar a bi d o p-
sis t h ali a n a. G e n et   M ol  Bi ol  4 3:  e 2 0 1 9 0 2 2 1.  d oi: 1 0. 1 5 9 0/
1 6 7 8- 4 6 8 5- g  m b- 2 0 1 9- 0 2 2 1

M üssi g   C,  Fis c h er S,   Alt  m a n n   T. 2 0 0 2.  Br assi n ost er oi d-re g-
ul at e d  g e n e  e x pr essi o n.  Pl a nt  P h ysi ol  1 2 9:  1 2 4 1 – 1 2 5 1.
d oi: 1 0. 1 1 0 4/ p p. 0 1 1 0 0 3

N a g p al P, Ellis   C  M,   We b er   H, Pl o e ns e S E,  B ar k a wi L S,   G uil-
f o yl e  TJ,   H a g e n   G,   Al o ns o J  M,  C o h e n J  D, F ar  m er E E, et al.
2 0 0 5.   A u xi n r es p o ns e f act ors   A R F 6  a n d   A R F 8  pr o  m ot e
j as  m o ni c  a ci d  pr o d u cti o n a n d fl o  wer   m at ur ati o n.  D e vel-
o p  m e nt  1 3 2:  4 1 0 7 – 4 1 1 8.  d oi: 1 0. 1 2 4 2/ d e v. 0 1 9 5 5

N a k a  m ur a   A,    Hi g u c hi   K,   G o d a    H,  F uji  w ar a    M T,  S a w a  S,
K os hi b a   T, S hi  m a d a   Y,   Y os hi d a S.  2 0 0 3.  Br assi n oli d e i n-
d u c es  I  A  A 5, I  A  A 1 9, a n d   D R 5, a s y nt h eti c a u xi n res p o ns e
el e  m e nt  i n  Ar a bi d o psis  ,  i  m pl yi n g  a  cr oss  t al k  p oi nt  of
br assi n ost er oi d  a n d  a u xi n  si g n ali n g.  Pl a nt  P h ysi ol  1 3 3:
1 8 4 3 – 1 8 5 3.  d oi: 1 0. 1 1 0 4/ p p. 1 0 3. 0 3 0 0 3 1

N a k a  m ur a   A,   N a k aji  m a   N,   G o d a   H, S hi  m a d a   Y,   H a y as hi   K,
N o z a ki   H,   As a  mi   T,   Y os hi d a  S,  F uji o k a  S.  2 0 0 6.  Ar a bi-
d o psis   A u x /I  A  A  g e n es  ar e  i n v ol ve d  i n  br assi n ost er oi d-
m e di at e d  gr o wt h  res p o ns es i n  a    m a n n er  d e p e n d e nt  o n
or g a n  t y p e.  Pl a nt  J  4 5:  1 9 3 – 2 0 5.   d oi: 1 0. 1 1 1 1/j. 1 3 6 5-
3 1 3 X. 2 0 0 5. 0 2 5 8 2. x

N e  m h a us er J L,   M o c kl er  T C,  C h or y J. 2 0 0 4. I nt er d e p e n d e n c y
of  br assi n ost er oi d  a n d  a u xi n  si g n ali n g  i n  Ar a bi d o psis  .
P L o S  Bi ol  2:  E 2 5 8.  d oi: 1 0. 1 3 7 1/j o ur n al. p bi o. 0 0 2 0 2 5 8

N ol a n   T  M,   V u k a  ši n o vić N, Li u   D,   R ussi n o v a E,   Yi n   Y. 2 0 2 0.
Br assi n ost er oi ds:    m ulti di  m e nsi o n al  r e g ul at ors  of  pl a nt
gr o  wt h,  d e vel o p  m e nt,  a n d  str ess  res p o ns es.  Pl a nt    Cell
3 2:  2 9 5 – 3 1 8.  d oi: 1 0. 1 1 0 5/t p c. 1 9. 0 0 3 3 5

N or dstr o  m   A,   T ar k o  ws ki P,   T ar k o  ws k a   D,   N or b a e k   R,   Ast ot
C,   D ol e z al   K, S a n d b er g   G.  2 0 0 4.   A u xi n r e g ul ati o n  of c y-
t o ki ni n  bi os y nt h esis i n Ar a bi d o psis t h ali a n a  :  a f a ct or  of
p ot e nti al  i  m p ort a n c e  f or  a u xi n- c yt o ki ni n-re g ul at e d  d e-
vel o p  m e nt.  Pr oc   N atl   Ac a d  Sci  1 0 1:  8 0 3 9 – 8 0 4 4.  d oi: 1 0
. 1 0 7 3/ p n as. 0 4 0 2 5 0 4 1 0 1

O h  E,   Z h u  J,   R y u   H,   H  w a n g  I,    W a n g   Z.  2 0 1 4.   T  O P L E S S
m e di at es  br assi n ost er oi d-i n d u c e d tr a ns cri pti o n al re pres-
si o n  t hr o u g h  i nt er acti o n    wit h  B Z R 1.  N at    C o  m  m u n  5:
4 1 4 0.  d oi: 1 0. 1 0 3 8/ n c o  m  ms 5 1 4 0

O  m o arel oji e  L  O,    K ul k ar ni    M  G,  Fi n ni e  J F,    V a n  St a d e n  J.
2 0 1 9.  Stri g ol act o n es  a n d t h eir cr osst al k   wit h  ot h er  p h y-
t o h or  m o n es.  A n n  B ot 1 2 4:  7 4 9 – 7 6 7.  d oi: 1 0. 1 0 9 3/ a o b/
m c z 1 0 0

Ori  N, C o h e n   A R,  Et zi o ni   A,  Br a n d   A,   Y a n ai   O,  S hl ei z er S,
M e n d a   N,   A  ms ell e  m   Z,  Efr o ni  I,  Pe k k er  I,  et  al.  2 0 0 7.
Re g ul ati o n  of  L  A  N  C E  O L  A T E  b y   mi R 3 1 9 is re q uir e d f or
c o  m p o u n d-l e af  d e vel o p  m e nt  i n  t o  m at o.  N at   G e n et  3 9:
7 8 7 – 7 9 1.  d oi: 1 0. 1 0 3 8/ n g 2 0 3 6

O ver v o or d e PJ,   O k us hi  m a   Y,   Al o ns o J  M,   C h a n   A,   C h a n g   C,
E c ker J R,   H u g h es  B,  Li u   A,   O n o d er a   C,   Q u a c h   H,  et  al.
2 0 0 5.  F u n cti o n al  g e n o  mi c  a n al ysis  of  t h e  A  U XI  N/I  N-
D  O L E- 3-  A C E TI C   A CI  D  g e n e f a  mil y   m e  m b ers i n  Ar a bi-
d o psis t h ali a n a .Pl a nt  Cell  1 7:  3 2 8 2 – 3 3 0 0. d oi: 1 0. 1 1 0 5/t p c
. 1 0 5. 0 3 6 7 2 3

O ver v o or d e  P,  F u k a ki   H,  B e e c k  m a n   T. 2 0 1 0.   A u xi n c o ntr ol
of  r o ot  d e vel o p  m e nt.  C ol d  S pri n g   H ar b  Pers p ect  Bi ol  2:
a 0 0 1 5 3 7.  d oi: 1 0. 1 1 0 1/ cs h p ers p e ct. a 0 0 1 5 3 7

P al at ni k J F,   All e n  E,    W u   X,  S c h o  m  m er   C,  S c h  w a b   R,   C ar-
ri n gt o n J  C,    Wei g el   D.  2 0 0 3.   C o ntr ol  of l e af   m or p h o g e n-
esis  b y   mi cr o R  N  As.  N at ure  4 2 5:  2 5 7 – 2 6 3.  d oi: 1 0. 1 0 3 8/
n at ur e 0 1 9 5 8

P al ni  L  M,  B ur c h  L,    H or g a n   R.  1 9 8 8.   T h e  eff e ct  of  a u xi n
c o n c e ntr ati o n   o n  c yt o ki ni n  st a bilit y  a n d    m et a b olis  m.
Pl a nt a  1 7 4:  2 3 1 – 2 3 4.  d oi: 1 0. 1 0 0 7/ B F 0 0 3 9 4 7 7 5

P a n d y a-  K u  m ar    N,  S h e  m a   R,   K u  m ar    M,    M a y zlis h-  G ati  E,
L e v y   D,   Z e  m ac h   H,  B el a us o v  E,    Wi ni n g er  S,   A b u-  A bi e d
M,   K a p ul ni k   Y,  et  al.  2 0 1 4.  Stri g ol act o n e  a n al o g   G R 2 4
tri g g ers c h a n g es i n  PI  N 2  p ol arit y,  v esi cl e tr affi c ki n g a n d
a cti n  fi l a  m e nt ar c hit e ct ure. N e w  P h yt ol  2 0 2:  1 1 8 4 – 1 1 9 6.
d oi: 1 0. 1 1 1 1/ n p h. 1 2 7 4 4

P ar k   WJ. 1 9 9 8. Eff e ct of e pi br assi n oli d e o n h y p o c ot yl gr o wt h
of  t h e  t o  m at o    m ut a nt  di a g e otr o pi c a.  Pl a nt a  2 0 7:  1 2 0 –
1 2 4.  d oi: 1 0. 1 0 0 7/s 0 0 4 2 5 0 0 5 0 4 6 3

P ar k J, P ar k J,   Ki  m   Y, St as  wi c k P E, J e o n J,   Y u n J,   Ki  m S,   Ki  m
J, L e e   Y,  P ar k   C. 2 0 0 7.   G  H 3-  m e di at e d a u xi n h o  m e ost asis
li n ks gr o wt h r e g ul ati o n   wit h str ess a d a pt ati o n r es p o ns e i n
Ar a bi d o psis  . J Bi ol   C h e  m 2 8 2:  1 0 0 3 6 – 1 0 0 4 6. d oi: 1 0. 1 0 7 4/
j b c.  M 6 1 0 5 2 4 2 0 0

P ast er n a k   T,   Gr o ot  E P,   K a z a nts e v  F  V,   Te al e    W,   O  m el y a n-
c h u k   N,   K o vri z h n y k h   V,  P al  m e   K,   Mir o n o v a   V  V.  2 0 1 9.
S ali c yli c  aci d  aff e cts r o ot   m erist e  m  p att er ni n g  vi a  a u xi n
distri b uti o n i n a c o n c e ntr ati o n- d e p e n d e nt   m a n n er.  Pl a nt
P h ysi ol  1 8 0:  1 7 2 5 – 1 7 3 9.  d oi: 1 0. 1 1 0 4/ p p. 1 9. 0 0 1 3 0

P e n g  P,   Y a n   Z,   Z h u   Y,  Li J.  2 0 0 8.   Re g ul ati o n  of t h e  Ar a bi-
d o psis  G S  K 3-li ke  ki n as e  B R  A S SI  N  O S T E R  OI  D-I  N S E  N-
SI TI  V E  2 t hr o u g h  pr ot e as o  m e-  m e di at e d  pr ot ei n  d e gr a-
d ati o n.  M ol  Pl a nt  1:  3 3 8 – 3 4 6.  d oi: 1 0. 1 0 9 3/  m p/ss n 0 0 1

P e n g   Y,   M a   W,   C h e n L,   Y a n g L, Li S,   Z h a o   H,   Z h a o   Y, Ji n   W,
Li   N, B e v a n   M  W, et al. 2 0 1 3.  C o ntr ol of r o ot   m erist e  m si z e
b y    D  A 1- R E L  A T E  D   P R  O T EI  N 2  i n  Ar a bi d o psis  .  Pl a nt
P h ysi ol  1 6 1:  1 5 4 2 – 1 5 5 6.  d oi: 1 0. 1 1 0 4 / p p. 1 1 2. 2 1 0 23 7

P e n g   H,   Z h a o J,   N eff    M  M.  2 0 1 5.   A T A F 2 i nt e gr at es  Ar a bi-
d o psis  br assi n ost er oi d  i n a cti v ati o n  a n d  s e e dli n g  p h ot o-
m or p h o g e n esis.  D e vel o p  m e nt  1 4 2:  4 1 2 9 – 4 1 3 8.   d oi: 1 0
. 1 2 4 2/ d e v. 1 2 4 3 4 7

P ér e z- Ll orc a   M,   M u ñ o z P,   M üll er   M,   M u n n é- B os c h S. 2 0 1 9.
Bi os y nt h esis,   m et a b olis  m a n d f u n cti o n of a u xi n, s ali c yli c
a ci d  a n d    m el at o ni n  i n  cli  m act eri c  a n d  n o n- cli  m act eri c
fr uits.  Fr o nt   Pl a nt   Sci  1 0:  1 3 6.   d oi: 1 0. 3 3 8 9/f pls. 2 0 1 9
. 0 0 1 3 6

P erilli S, Per e z- P ere z J,   Di   M a  m br o  R, P eris  C L,   Di a z- Tri vi n o
S,   D el  Bi a n c o   M,  Pi er d o n ati  E,   M o u b a yi di n  L,   Cr u z- R a-
mir e z   A,   C ost a nti n o P, et al. 2 0 1 3.  R E TI  N  O B L  A S T  O  M  A-
R E L  A T E  D  pr ot ei n  sti  m ul at es  c ell  diff ere nti ati o n  i n  t h e
Ar a bi d o psis  r o ot   m erist e  m  b y i nt er a cti n g   wit h c yt o ki ni n
si g n ali n g. Pl a nt   Cell  2 5:  4 4 6 9 – 4 4 7 8.  d oi: 1 0. 1 1 0 5/t p c. 1 1 3
. 1 1 6 6 3 2

P er nis o v a   M,   Kli  m a P,   H or a k J,   V al k o v a   M,   M al b e c k J, S o u-
c e k  P,   Rei c h  m a n  P,   H o yer o v a   K,   D u b o v a J,  Fri  ml J, et al.
2 0 0 9.   C yt o ki ni ns   m o d ul at e a u xi n-i n d u c e d or g a n o g e n esis
i n pl a nts vi a re g ul ati o n of t h e a u xi n effl u x.  Pr oc   N atl   Ac a d
Sci  1 0 6:  3 6 0 9 – 3 6 1 4.  d oi: 1 0. 1 0 7 3/ p n as. 0 8 1 1 5 3 9 1 0 6

P er nis o v a   M, Pr at  T,   Gr o n es P,   H ar usti a k o v a   D,   M at o n o h o v a
M, S pi c h al  L,   N o d z y ns ki   T,  Fri  ml J,   H ej at k o J. 2 0 1 6.   C y-
t o ki ni ns i nfl u e n c e r o ot  gr a vitr o pis  m  vi a  diff ere nti al r e g-
ul ati o n of a u xi n tr a ns p ort er e x pr essi o n a n d l o c ali z ati o n i n
Ar a bi d o psis  . N e w  P h yt ol  2 1 2:  4 9 7 – 5 0 9.  d oi: 1 0. 1 1 1 1/ n p h
. 1 4 0 4 9

Pi n o n   V,  Pr as a d   K,   Gri g g  S P,  S a n c h e z- Per e z   G F,  S c h eres  B.
2 0 1 3. L o c al a u xi n bi os y nt h esis r e g ul ati o n b y P L E T  H  O R  A
tr a ns cri pti o n f act ors c o ntr ols  p h yll ot a xis i n Ar a bi d o psis  .
Pr oc    N atl    Ac a d  Sci  1 1 0:  1 1 0 7 – 1 1 1 2.  d oi: 1 0. 1 0 7 3/ p n as
. 1 2 1 3 4 9 7 1 1 0

S.  M.   M a z z o ni- P ut  m a n  et  al.
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Pi y a S, S hrest h a S  K,  Bi n d er  B, St e  w art   C  N,   H e w e zi   T.  2 0 1 4.
Pr ot ei n- pr ot ei n i nt er a cti o n a n d g e n e c o- e x pressi o n   m a ps
of   A R Fs a n d   A u x/I  A  As i n  Ar a bi d o psis  . Fr o nt  Pl a nt Sci  5:
7 4 4.  d oi: 1 0. 3 3 8 9/f pls. 2 0 1 4. 0 0 7 4 4

Pl a n as- Ri ver ol a    A,    G u pt a    A,   B et e g ó n- P ut z e  I,   B os c h    N,
I b a ñ es    M,   C a ñ o-  D el g a d o   AI.  2 0 1 9.  Br assi n ost er oi d  si g-
n ali n g  i n  pl a nt  d e v el o p  m e nt  a n d  a d a pt ati o n  t o  str ess.
D e vel o p  m e nt  1 4 6:  d e v 1 5 1 8 9 4. 1 0. 1 2 4 2/ d e v. 1 5 1 8 9 4

Pr o  m c h u e a S,   Z h u   Y,   C h e n   Z,   Z h a n g J,   G o n g   Z. 2 0 1 7.   A R F 2
c o or di n at es   wit h  P L E T  H  O R  As  a n d  PI  Ns t o  or c h estr at e
A B  A-  m e di at e d  r o ot    m erist e  m  acti vit y  i n  Ar a bi d o psis  . J
I nt e gr  Pl a nt  Bi ol 5 9:  3 0 – 4 3.  d oi: 1 0. 1 1 1 1/ji p b. 1 2 5 0 6

Pr z e  m e c k   G  H,   M attss o n J,   H ar dt ke   C,  S u n g   Z R,  B erl et h   T.
1 9 9 6.  St u di es  o n t h e  r ol e  of t h e  Ar a bi d o psis  g e n e    M  O-
N  O P T E R  O S i n v as c ul ar  d e v el o p  m e nt a n d  pl a nt c ell a xi-
ali z ati o n.  Pl a nt a  2 0 0:  2 2 9 – 2 3 7.  d oi: 1 0. 1 0 0 7/ B F 0 0 2 0 8 3 1 3

Qi L,   Y a n J, Li   Y, Ji a n g   H, S u n J,   C h e n   Q, Li   H,   C h u J,   Y a n   C,
S u n   X,  et  al.  2 0 1 2.  Ar a bi d o psis t h ali a n a  pl a nts  diff ere n-
ti all y   m o d ul at e  a u xi n  bi os y nt h esis  a n d tr a ns p ort  d uri n g
d ef e ns e res p o ns es t o t h e  n e cr otr o p hi c  p at h o g e n  Alt er n a-
ri a  br assicic ol a. N e w  P h yt ol  1 9 5:  8 7 2 – 8 8 2.  d oi: 1 0. 1 1 1 1/j
. 1 4 6 9- 8 1 3 7. 2 0 1 2. 0 4 2 0 8. x

Qi   T,   Wa n g J,   H u a n g   H, Li u  B,   G a o   H, Li u   Y, S o n g S,   Xi e   D.
2 0 1 5.  Re g ul ati o n of j as  m o n at e-i n d u c e d l e af s e n es c e n c e b y
a nt a g o nis  m b et  we e n b  H L  H s u b gr o u p III e a n d III d f a ct ors
i n Ar a bi d o psis  . Pl a nt   Cell  2 7:  1 6 3 4 – 1 6 4 9. d oi: 1 0. 1 1 0 5/t p c
. 1 5. 0 0 1 1 0

Qi u   Y,   G u a n S  C,   We n   C,  Li  P,   G a o   Z,   C h e n   X. 2 0 1 9.   A u xi n
a n d c yt o ki ni n c o or di n at e t h e d or  m a n c y a n d o ut gr o wt h of
a xill ar y  b u d  i n  str a  w b err y  r u n n er.  B  M C  Pl a nt  Bi ol  1 9:
5 2 8.  d oi: 1 0. 1 1 8 6/s 1 2 8 7 0- 0 1 9- 2 1 5 1- x

R a d e  m ac h er E  H,   M öll er B, L o kers e   A S, Ll a v at a- Peris   CI, v a n
d e n B er g   W,   Weij ers   D. 2 0 1 1.  A c ell ul ar e x pr essi o n   m a p of
t h e Ar a bi d o psis  A  U XI  N   R E S P  O  N S E F  A C T  O R g e n e f a  m-
il y.  Pl a nt  J  6 8:  5 9 7 – 6 0 6.  d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 1 1
. 0 4 7 1 0. x

R as  m uss e n   A,   M as o n   M  G,   D e   C u y p er   C, Br e w er P B,   H er ol d
S,   A g usti J,   G e el e n   D,   Gre b   T,   G o or  m ac hti g S,  B e e c k  m a n
T, et al. 2 0 1 2. Stri g ol act o n es s u p press a d ve ntiti o us r o oti n g
i n Ar a bi d o psis  a n d  p e a.  Pl a nt  P h ysi ol  1 5 8:  1 9 7 6 – 1 9 8 7.
d oi: 1 0. 1 1 0 4/ p p. 1 1 1. 1 8 7 1 0 4

R a y a-  G o n z ál e z J, Pel a gi o- Fl ores   R, L ó p e z- B u ci o J. 2 0 1 2.  T h e
j as  m o n at e  r e c e pt or   C  OI 1  pl a ys  a  r ol e  i n j as  m o n at e-i n-
d u c e d l at er al r o ot f or  m ati o n a n d l at er al r o ot  p ositi o ni n g
i n Ar a bi d o psis t h ali a n a  . J  Pl a nt  P h ysi ol 1 6 9:  1 3 4 8 – 1 3 5 8.
d oi: 1 0. 1 0 1 6/j.j pl p h. 2 0 1 2. 0 5. 0 0 2

Re e v es  P  H,  Ellis   C  M,  Pl o e ns e S E,   W u   M,   Y a d a v   V,   T h oll   D,
C h ét el at   A,   H a u pt I,   K e n n erl e y BJ,   H o d g e ns  C, et al. 2 0 1 2.
A r e g ul at or y  n et  w or k f or c o or di n at e d  fl o  wer   m at ur ati o n.
P L o S    G e n et  8:  e 1 0 0 2 5 0 6.  d oi: 1 0. 1 3 7 1/j o ur n al. p g e n. 1 0 0
2 5 0 6

Re y es-  Ol al d e JI,   Z ú ñi g a-  M a y o   V  M,  S er  w at o  ws k a J,   C h a v e z
M o nt es   R  A,  L o z a n o- S ot o  m a y or  P,    H errer a-  U b al d o    H,
G o n z al e z-  A g uil er a   K L,  B all est er  P,   Ri p oll JJ,  E z q u er I, et
al.  2 0 1 7. T h e  b  H L  H tr a ns cri pti o n f act or  S P  A T  U L  A  e n-
a bl es c yt o ki ni n si g n ali n g, a n d b ot h a cti v at e a u xi n bi os y n-
t h esis  a n d tr a ns p ort  g e n es  at t h e   m e di al  d o  m ai n  of t h e
g y n o e ci u  m.  P L o S   G e n et  1 3:  e 1 0 0 6 7 2 6.  d oi: 1 0. 1 3 7 1/j o ur
n al. p g e n. 1 0 0 6 7 2 6

Ri c ht er   R,  B e hri n g er   C,   M üll er I  K, S c h  we c h h ei  m er   C. 2 0 1 0.
T h e    G  A T A-t y p e  tr a ns cri pti o n  f a ct ors    G  N  C  a n d    G  N L/
C  G  A 1  r e press  gi b b erelli n  si g n ali n g   d o  w nstr e a  m  fr o  m

D E L L  A   pr ot ei ns   a n d   P  H Y T  O  C  H R  O  M E-I  N T E R  A C T-
I  N  G  F  A C T  O R S. G e n es   D e v  2 4:  2 0 9 3 – 2 1 0 4.  d oi: 1 0. 1 1 0 1/
g a d. 5 9 4 9 1 0

Ri c ht er   R,  B e hri n g er   C,   Z o ur eli d o u    M,  S c h  we c h h ei  m er   C.
2 0 1 3.   C o n ver g e n c e  of a u xi n a n d gi b b erelli n si g n ali n g o n
t h e  re g ul ati o n  of  t h e   G  A T A  tr a ns cri pti o n  f a ct ors   G  N  C
a n d    G  N L  i n  Ar a bi d o psis  t h ali a n a  . Pr oc    N atl   Ac a d  Sci
1 1 0:  1 3 1 9 2 – 1 3 1 9 7.  d oi: 1 0. 1 0 7 3/ p n as. 1 3 0 4 2 5 0 1 1 0

R o b ert- S eil a ni a nt z   A,   N a v arr o  L,  B ari   R, J o n es J  D  G.  2 0 0 7.
P at h ol o gi c al  h or  m o n e i  m b al a n c es.  C urr   O pi n  Pl a nt  Bi ol
1 0:  3 7 2 – 3 7 9.  d oi: 1 0. 1 0 1 6/j. p bi. 2 0 0 7. 0 6. 0 0 3

R o h d e   A,   D e  R y c k e   R, B e e c k  m a n   T, E n gl er   G,   V a n   M o nt a g u
M, B o erj a n   W. 2 0 0 0.  A BI 3 aff e cts pl asti d diff ere nti ati o n i n
d ar k- gr o w n  Ar a bi d o psis  s e e dli n gs.  Pl a nt   Cell  1 2:  3 5 – 5 2.
d oi: 1 0. 1 1 0 5/t p c. 1 2. 1. 3 5

R os a   N  M,  Pf eiff er   A,   Hill   K,  L o c as ci o   A,  B h al er a o   R P,   Mis-
k ol c zi  P,   Gr ø nl u n d   A L,    W a n c h o o-  K o hli   A,   T h o  m as  S  G,
B e n n ett   MJ, et al.  2 0 1 5.   G e n o  m e   wi d e  bi n di n g sit e a n al-
ysis  re ve als tr a ns cri pti o n al  c o a cti v ati o n  of  c yt o ki ni n-re-
s p o nsi ve   g e n es   b y    D E L L  A   pr ot ei ns.  P L o S    G e n et  1 1:
e 1 0 0 5 3 3 7.

R oss JJ,   O ’n eill   D P, S  mit h JJ,  K er c k h offs L  H, Elli ott  R  C. 2 0 0 0.
E vi d e n c e t h at a u xi n pr o  m ot es gi b b erelli n   A 1 bi os y nt h esis
i n p e a. Pl a nt J  2 1:  5 4 7 – 5 5 2. d oi: 1 0. 1 0 4 6/j. 1 3 6 5- 3 1 3 x. 2 0 0 0
. 0 0 7 0 2. x

R u a n  J,   Z h o u   Y,   Z h o u    M,   Y a n  J,   K h urs hi d    M,    We n g    W,
C h e n g J,  Z h a n g   K. 2 0 1 9. J as  m o ni c a ci d si g n ali n g p at h  w a y
i n  pl a nts. I nt J   M ol Sci 2 0:  2 4 7 9.

R u yt er- S pir a   C,   K o hl e n   W,   C h ar ni k h o v a   T, v a n   Z eijl   A, v a n
B e z o u  we n  L,  d e   R uijt er   N,   C ar d os o   C,  L o p e z- R a e z  J  A,
M at us o v a   R,  B o urs   R,  et  al.  2 0 1 1.  P h ysi ol o gi c al  eff e cts
of t h e s y nt h eti c stri g ol act o n e a n al o g   G R 2 4 o n r o ot s yst e  m
ar c hit e ct ure i n Ar a bi d o psis  : a n ot h er b el o  w gr o u n d r ol e f or
stri g ol act o n es?  Pl a nt  P h ysi ol  1 5 5:  7 2 1 – 7 3 4.  d oi: 1 0. 1 1 0 4/
p p. 1 1 0. 1 6 6 6 4 5

R ů ž ič k a   K, Lj u n g   K,   V a n n est e S,  P o d h ors k á   R,  B e e c k  m a n   T,
Fri  ml J,  B e n k o v á  E. 2 0 0 7.  Et h yl e n e re g ul at es r o ot gr o wt h
t hr o u g h  eff e cts  o n  a u xi n  bi os y nt h esis  a n d tr a ns p ort- d e-
p e n d e nt  a u xi n  distri b uti o n.  Pl a nt   Cell  1 9:  2 1 9 7 – 2 2 1 2.
d oi: 1 0. 1 1 0 5/t p c. 1 0 7. 0 5 2 1 2 6

R ů ž ič k a   K,  Š i  m ášk o v á   M,   D u cl erc q J, Petr á še k J,  Z a ž í  m al o v á
E, Si  m o n S,  Fri  ml J,   V a n   M o nt a g u,   M ar c   C E,  B e n k o v á  E.
2 0 0 9.  C yt o ki ni n re g ul at es r o ot   m erist e  m a cti vit y vi a   m o d-
ul ati o n  of t h e  p ol ar  a u xi n tr a ns p ort.  Pr oc   N atl   Ac a d  Sci
1 0 6:  4 2 8 4 – 4 2 8 9.  d oi: 1 0. 1 0 7 3/ p n as. 0 9 0 0 0 6 0 1 0 6

S a d ur a  I,  P o ci e c h a  E,   D zi ur k a    M,   O kl est k o v a  J,   N o v a k   O,
Gr us z k a    D,   J a n e c z k o    A.   2 0 1 9.    M ut ati o ns   i n   t h e
H v  D  W A R F,   H v  C P  D a n d   H v B RI 1 g e n es-i n v ol ve d i n br as-
si n ost er oi d bi os y nt h esis/si g n alli n g: alt ere d p h ot os y nt h et-
i c  effi ci e n c y,   h or  m o n al   h o  m e ost asis  a n d  t ol er a n c e  t o
hi g h/l o  w  t e  m p er at ures  i n  b arl e y.  J  Pl a nt   Gr o wt h   Re g ul
3 8:  1 0 6 2 – 1 0 8 1.  d oi: 1 0. 1 0 0 7/s 0 0 3 4 4- 0 1 9- 0 9 9 1 4- z

S a k a  m ot o   T,    M ori n a k a   Y,  I n u k ai   Y,   Kit a n o    H,  F uji o k a  S.
2 0 1 3.   A u xi n si g n al tr a ns cri pti o n f a ct or re g ul at es e x pr es-
si o n  of t h e  br assi n ost er oi d re c e pt or  g e n e i n ri c e.  Pl a nt J
7 3:  6 7 6 – 6 8 8.  d oi: 1 0. 1 1 1 1/t pj. 1 2 0 7 1

S al a n e n k a   Y,   Verstr a et e n I,  L öf ke   C,   T a b at a   K,   N ar a  m ot o S,
Gl a n c    M,  Fri  ml  J.  2 0 1 8.    Gi b b erelli n    D E L L  A  si g n ali n g
t ar g ets t h e retr o  m er c o  m pl e x t o re dir e ct  pr ot ei n tr affi c k-
i n g  t o  t h e  pl as  m a    m e  m br a n e.  Pr oc   N atl   Ac a d  Sci  1 1 5:
3 7 1 6 – 3 7 2 1.  d oi: 1 0. 1 0 7 3/ p n as. 1 7 2 1 7 6 0 1 1 5

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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S a nt u ari L, S a n c h e z- Per e z   G F, L uijt e n   M,  R utj e ns B,  Ter pstr a
I,  B er ke  L,    G ort e    M,  Pr as a d   K,  B a o    D,   Ti  m  m er  m a ns-
H ereij g ers J L, et  al.  2 0 1 6.   T h e  P L E T  H  O R  A  g e n e re g ul a-
t or y  n et  w or k  g ui d es  gr o wt h  a n d  c ell  diff ere nti ati o n  i n
Ar a bi d o psis  r o ots.  Pl a nt    Cell  2 8:  2 9 3 7 – 2 9 5 1.   d oi: 1 0
. 1 1 0 5/t p c. 1 6. 0 0 6 5 6

S ar n o ws k a  E  A,   R oli c k a   A T,  B u ci or  E,   C  wi e k  P,   T o h g e   T,
Fer ni e   A R, Ji k u  m ar u   Y,   K a  mi y a   Y,  Fr a n z e n   R, S c h  m el z er
E, et al. 2 0 1 3.   D E L L  A-i nt er a cti n g S  WI 3  C c ore s u b u nit of
s  wit c h/s u cr os e   n o nf er  m e nti n g   c hr o  m ati n   re  m o d eli n g
c o  m pl e x   m o d ul at es  gi b b erelli n res p o ns es  a n d  h or  m o n al
cr oss  t al k  i n  Ar a bi d o psis  .  Pl a nt  P h ysi ol  1 6 3:  3 0 5 – 3 1 7.
d oi: 1 0. 1 1 0 4/ p p. 1 1 3. 2 2 3 9 3 3

S c ac c hi  E,   Os  m o nt   K S,  B e u c h at J,  S ali n as  P,   N a v arr et e-  G o-
m e z    M,   Tri g u er os    M,  Ferr a n di z   C,    H ar dt ke   C S.  2 0 0 9.
D y n a  mi c, a u xi n-res p o nsi ve pl as  m a   m e  m br a n e-t o- n u cl e-
us    m o v e  m e nt  of  Ar a bi d o psis  B R X.  D e vel o p  m e nt  1 3 6:
2 0 5 9 – 2 0 6 7.  d oi: 1 0. 1 2 4 2/ d e v. 0 3 5 4 4 4

S c ac c hi E, S ali n as P,   G uj as B, S a nt u ari L,   Kr o g a n   N,   R a g ni L,
B erl et h  T,   H ar dt ke   C S. 2 0 1 0. S p ati o-t e  m p or al s e q u e n c e of
cr oss-re g ul at or y  e v e nts  i n  r o ot    m erist e  m  gr o wt h.  Pr oc
N atl    Ac a d   Sci  1 0 7:  2 2 7 3 4 – 2 2 7 3 9.   d oi: 1 0. 1 0 7 3/ p n as
. 1 0 1 4 7 1 6 1 0 8

S c h all er   G E,  Bis h o p p   A,   Ki e b er  JJ.  2 0 1 5.   T h e  yi n- y a n g  of
h or  m o n es: c yt o ki ni n a n d a u xi n i nt er a cti o ns i n  pl a nt  d e-
vel o p  m e nt.  Pl a nt    Cell  2 7:  4 4 – 6 3.   d oi: 1 0. 1 1 0 5/t p c. 1 1 4
. 1 3 3 5 9 5

S c hl eret h    A,    M öll er  B,  Li u    W,   Ki e nt z    M,  Fli ps e  J,   R a d e-
m ac h er E  H, S c h  mi d   M, J ür g e ns   G,   Weij ers   D. 2 0 1 0.   M  O-
N  O P T E R  O S c o ntr ols e  m br y o ni c r o ot i niti ati o n  b y r e g u-
l ati n g a   m o bil e tr a ns cri pti o n f a ct or. N at ure  4 6 4:  9 1 3 – 9 1 6.
d oi: 1 0. 1 0 3 8/ n at ure 0 8 8 3 6

S et o   Y,   Y as ui   R,   K a  m e o k a   H,   T a  mir u   M,   C a o   M,  Ter a u c hi   R,
S a k ur a d a   A,   Hir a n o   R,   Kis u gi   T,   H a n a d a   A,  et  al.  2 0 1 9.
Stri g ol act o n e  p erc e pti o n a n d  d e acti v ati o n b y a  h y dr ol as e
re c e pt or   D  W A R F 1 4.  N at   C o  m  m u n  1 0:  1 9 1 – 1 9 7.  d oi: 1 0
. 1 0 3 8/s 4 1 4 6 7- 0 1 8- 0 8 1 2 4- 7

S h a ni  E,  B e n-  G er a   H,  S hl ei z er- B ur k o  S,  B ur k o   Y,    Weiss   D,
Ori   N. 2 0 1 0.   C yt o ki ni n r e g ul at es c o  m p o u n d l e af d e v el o p-
m e nt i n t o  m at o.  Pl a nt   Cell  2 2:  3 2 0 6 – 3 2 1 7.  d oi: 1 0. 1 1 0 5/
t p c. 1 1 0. 0 7 8 2 5 3

S hi n   R,  B urc h   A Y,    H u p p ert   K  A,   Ti  w ari  S B,    M ur p h y   A S,
G uilf o yl e    TJ,  S c h ac ht  m a n    D P.  2 0 0 7.    T h e  Ar a bi d o psis
tr a ns cri pti o n   f act or    M Y B 7 7    m o d ul at es   a u xi n   si g n al
tr a ns d u cti o n. Pl a nt   Cell  1 9:  2 4 4 0 – 2 4 5 3.  d oi: 1 0. 1 1 0 5/t p c
. 1 0 7. 0 5 0 9 6 3

S hi n o h ar a   N,   T a yl or   C,  L e ys er   O.  2 0 1 3.  Stri g ol act o n e  c a n
pr o  m ot e  or i n hi bit  s h o ot  br a n c hi n g  b y tri g g eri n g  r a pi d
d e pl eti o n of t h e a u xi n ef fl u x pr ot ei n  PI  N 1 fr o  m t h e pl as-
m a   m e  m br a n e.  P L o S  Bi ol  1 1:  e 1 0 0 1 4 7 4. d oi: 1 0. 1 3 7 1/j o ur
n al. p bi o. 1 0 0 1 4 7 4

S h k ol ni k-I n b ar   D,  B ar- Z vi   D.  2 0 1 0.  A BI 4  m e di at es a bs cisi c
aci d a n d c yt o ki ni n i n hi biti o n of l at er al r o ot f or  m ati o n b y
re d u ci n g  p ol ar a u xi n tr a ns p ort i n Ar a bi d o psis  . Pl a nt   Cell
2 2:  3 5 6 0 – 3 5 7 3.  d oi: 1 0. 1 1 0 5/t p c. 1 1 0. 0 7 4 6 4 1

S h u   K,   Z h a n g   H,    Wa n g  S,   C h e n    M,    W u   Y,   T a n g  S,  Li u   C,
Fe n g   Y,   C a o   X,   Xi e   Q. 2 0 1 3.   A BI 4 re g ul at es pri  m ar y s e e d
d or  m a n c y  b y  re g ul ati n g  t h e  bi o g e n esis  of  a bs cisi c  aci d
a n d   gi b b er elli ns  i n  Ar a bi d o psis .  P L o S    G e n et  9:
e 1 0 0 3 5 7 7.  d oi: 1 0. 1 3 7 1/j o ur n al. p g e n. 1 0 0 3 5 7 7

S h u   K,   C h e n   Q,   W u   Y, Li u   R,   Z h a n g   H,   Wa n g P, Li   Y,   W a n g
S,   T a n g S,  Li u   C, et al.  2 0 1 6.   A BI 4   m e di at es a nt a g o nisti c

eff e cts  of  a bs cisi c  a ci d  a n d  gi b b erelli ns  at tr a ns cri pt  a n d
pr ot ei n l e vels.  Pl a nt J  8 5:  3 4 8 – 3 6 1. d oi: 1 0. 1 1 1 1/t pj. 1 3 1 0 9

Si n g h   M,   G u pt a   A,  L a x  mi   A.  2 0 1 4.   Gl u c os e c o ntr ol  of r o ot
gr o wt h  dire cti o n i n  Ar a bi d o psis t h ali a n a  . J  E x p  B ot  6 5:
2 9 8 1 – 2 9 9 3.  d oi: 1 0. 1 0 9 3/j x b/ er u 1 4 6

S o n g  S,   Qi   T,   H u a n g   H,   Xi e   D.  2 0 1 3.   R e g ul ati o n  of st a  m e n
d e v el o p  m e nt b y c o or di n at e d acti o ns of j as  m o n at e, a u xi n,
a n d  gi b b erelli n i n  Ar a bi d o psis  . M ol  Pl a nt  6:  1 0 6 5 – 1 0 7 3.
d oi: 1 0. 1 0 9 3/  m p/sst 0 5 4

S or ef a n   K, B o o ker J,   H a ur o g n e   K,   G o uss ot   M, B ai n bri d g e   K,
F o o E,   C h at fi el d S,   War d S,  B e veri d g e   C,   R a  m e a u   C, et al.
2 0 0 3.   M  A X 4 a n d  R  M S 1 ar e ort h ol o g o us di o x y g e n as e-li k e
g e n es t h at  re g ul at e  s h o ot  br a n c hi n g i n  Ar a bi d o psis  a n d
p e a.  G e n es   D e v  1 7:  1 4 6 9 – 1 4 7 4.  d oi: 1 0. 1 1 0 1/ g a d. 2 5 6 6 0 3

S ori n   C,   N e gr o ni  L,  B alli a u   T,   C orti   H, J a c q u e  m ot   M,   D a-
v a nt ur e   M, S a n d b er g   G,   Zi v y   M,  B elli ni   C. 2 0 0 6.  Pr ot e o-
mi c a n al ysis of diff ere nt   m ut a nt g e n ot y p es of  Ar a bi d o psis
l e d  t o  t h e i d e ntifi c ati o n  of  1 1  pr ot ei ns  c orrel ati n g   wit h
a d v e ntiti o us  r o ot  d e vel o p  m e nt.  Pl a nt  P h ysi ol  1 4 0:  3 4 9 –
3 6 4.  d oi: 1 0. 1 1 0 4/ p p. 1 0 5. 0 6 7 8 6 8

S p a e p e n S,   V a n d erl e y d e n J,  R e  m a ns  R. 2 0 0 7. I n d ol e- 3- a c eti c
a ci d  i n    mi cr o bi al  a n d    mi cr o or g a nis  m- pl a nt  si g n ali n g.
F E  M S    Micr o bi ol    Re v  3 1:  4 2 5 – 4 4 8.  d oi: 1 0. 1 1 1 1/j. 1 5 7 4-
6 9 7 6. 2 0 0 7. 0 0 0 7 2. x

Sri v ast a v a   A,   H a n d a   A  K.  2 0 0 5.   H or  m o n al r e g ul ati o n  of t o-
m at o fr uit  d e v el o p  m e nt: a   m ol e c ul ar  p ers p e cti ve.  J  Pl a nt
Gr o wt h   Re g ul  2 4:  6 7 – 8 2. d oi: 1 0. 1 0 0 7/s 0 0 3 4 4- 0 0 5- 0 0 1 5- 0

St as  wi c k  P E, S er b a n  B,   R o we   M,   Tir y a ki I,   M al d o n a d o   M T,
M al d o n a d o    M  C,  S u z a    W.  2 0 0 5.   C h ar act eri z ati o n  of  a n
Ar a bi d o psis  e n z y  m e f a  mil y t h at  c o nj u g at es  a  mi n o  a ci ds
t o  i n d ol e- 3- ac eti c  a ci d.  Pl a nt   Cell  1 7:  6 1 6 – 6 2 7.  d oi: 1 0
. 1 1 0 5/t p c. 1 0 4. 0 2 6 6 9 0

St e p a n o v a   A  N,   Y u n  J,  Li k h ac h e v a   A V,    Al o ns o  J  M.  2 0 0 7.
M ultil e vel  i nt er a cti o ns  b et  we e n  et h yl e n e  a n d  a u xi n  i n
Ar a bi d o psis  r o ots.  Pl a nt    Cell  1 9:  2 1 6 9 – 2 1 8 5.   d oi: 1 0
. 1 1 0 5/t p c. 1 0 7. 0 5 2 0 6 8

St e p a n o v a   A  N,   R o b erts o n-  H o yt J,   Y u n J, B e n a ve nt e L  M,   Xi e
D,   D ol e  ž al   K,  S c hl eret h   A, J ür g e ns   G,   Al o ns o J  M.  2 0 0 8.
T A  A 1-  m e di at e d  a u xi n  bi os y nt h esis is  ess e nti al f or  h or-
m o n e  cr osst al k  a n d  pl a nt  d e vel o p  m e nt. Cell  1 3 3:  1 7 7 –
1 9 1.  d oi: 1 0. 1 0 1 6 /j. c ell. 2 0 0 8. 0 1. 0 4 7

St e p a n o v a   A  N,   Y u n J,   R o bl es  L  M,   N o v a k   O,   H e   W,   G u o   H,
Lj u n g   K,   Al o ns o  J  M.  2 0 1 1.   T h e  Ar a bi d o psis  Y  U  C  C  A 1
fl a vi n   m o n o o x y g e n as e f u n cti o ns i n t h e i n d ol e- 3- p yr u vi c
a ci d  br a n c h  of  a u xi n  bi os y nt h esis.  Pl a nt   Cell  2 3:  3 9 6 1 –
3 9 7 3.  d oi: 1 0. 1 1 0 5/t p c. 1 1 1. 0 8 8 0 4 7

Str e et I  H,   A  m a n S,  Z u b o  Y,  R a  m z a n   A,   Wa n g   X, S h a ke el S  N,
Ki e b er JJ, S c h all er   G E. 2 0 1 5.  Et h yl e n e i n hi bits c ell pr olif-
er ati o n  of t h e  Ar a bi d o psis  r o ot    m erist e  m.  Pl a nt  P h ysi ol
1 6 9:  3 3 8 – 3 5 0.  d oi: 1 0. 1 1 0 4/ p p. 1 5. 0 0 4 1 5

S u  L,    Dir ett o   G,  P ur g att o  E,    D a n o u n  S,   Z o ui n e    M,  Li   Z,
R o ust a n  J,  B o u z a y e n    M,   Gi uli a n o   G,   C h er vi n   C.  2 0 1 5.
C ar ot e n oi d  a c c u  m ul ati o n  d uri n g  t o  m at o  fr uit  ri p e ni n g
is   m o d ul at e d  b y t h e a u xi n- et h yl e n e  b al a n c e. B  M C  Pl a nt
Bi ol  1 5:  1 1 4.

S u n J,  X u  Y,  Ye S, Ji a n g   H,  C h e n   Q, Li u F,  Z h o u   W,  C h e n  R, Li
X,   Ti et z   O, et al. 2 0 0 9.  Ar a bi d o psis   A S  A 1  is i  m p ort a nt f or
j as  m o n at e-  m e di at e d re g ul ati o n of a u xi n bi os y nt h esis a n d
tr a ns p ort  d uri n g  l at er al  r o ot  f or  m ati o n.  Pl a nt   Cell  2 1:
1 4 9 5 – 1 5 1 1.  d oi: 1 0. 1 1 0 5/t p c. 1 0 8. 0 6 4 3 0 3

S u n   Y, F a n   X Y,   C a o   D  M,   T a n g   W,   H e   K,   Z h u J Y,   H e J X,  B ai
M Y,   Z h u S,   O h  E, et al.  2 0 1 0. I nt e gr ati o n  of  br assi n ost e-

S.  M.   M a z z o ni- P ut  m a n  et  al.
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r oi d  si g n al tr a ns d u cti o n   wit h t h e tr a ns cri pti o n  n et  w or k
f or  pl a nt  gr o wt h re g ul ati o n i n Ar a bi d o psis  . D e v   Cell  1 9:
7 6 5 – 7 7 7.  d oi: 1 0. 1 0 1 6/j. d e vc el. 2 0 1 0. 1 0. 0 1 0

S u n   H,   T a o J,  Li u S,   H u a n g S,   C h e n S,   Xi e   X,   Y o n e y a  m a   K,
Z h a n g  Y,  X u   G. 2 0 1 4. Stri g ol act o n es ar e i n v ol ve d i n p h os-
p h at e-  a n d  nitr at e- d e fi ci e n c y-i n d u c e d r o ot  d e vel o p  m e nt
a n d  a u xi n  tr a ns p ort  i n  ri c e.  J  E x p  B ot  6 5:  6 7 3 5 – 6 7 4 6.
d oi: 1 0. 1 0 9 3/j x b/ er u 0 2 9

S u n   H,   T a o J,   H o u   M,   H u a n g S,   C h e n S, Li a n g   Z,   Xi e   T,   Wei
Y,  Xi e  X,  Y o n e y a  m a   K, et al. 2 0 1 5.   A stri g ol act o n e si g n al is
re q uir e d f or a d v e ntiti o us r o ot f or  m ati o n i n ri c e. A n n  B ot
1 1 5:  1 1 5 5 – 1 1 6 2.  d oi: 1 0. 1 0 9 3/ a o b/  m c v 0 5 2

S u n   H,   X u F,   G u o   X,   W u   D,  Z h a n g   X, L o u   M, L u o F,  Z h a o   Q,
X u   G,   Z h a n g   Y. 2 0 1 9.   A Stri g ol act o n e si g n al i n hi bits s e c-
o n d ar y l at er al r o ot  d e v el o p  m e nt i n ri c e.  Fr o nt  Pl a nt  Sci
1 0:  1 5 2 7.  d oi: 1 0. 3 3 8 9/f pls. 2 0 1 9. 0 1 5 2 7

S u n L, F er ar u  E, Fer ar u   MI,   Wai d  m a n n S,   W a n g   W,  P ass ai a
G,   W a n g  Z Y,   Wa b ni k   K,   Kl ei n e-  Ve h n J. 2 0 2 0. PI  N- LI  K E S
c o or di n at e  br assi n ost er oi d  si g n ali n g   wit h  n u cl e ar  a u xi n
i n p ut i n Ar a bi d o psis t h ali a n a  . C urr  Bi ol  3 0:  1 5 7 9 – 1 5 8 8.
e 6.  d oi: 1 0. 1 0 1 6/j. c u b. 2 0 2 0. 0 2. 0 0 2

S  w ar u p    R,  Perr y  P,    H a g e n b e e k    D,    V a n    D er  Str a et e n    D,
B e e  mst er   G T S, S a n d b er g   G, B h al er a o  R, Lj u n g   K, B e n n ett
MJ. 2 0 0 7. Et h yl e n e u pr e g ul at es a u xi n bi os y nt h esis i n  Ar a-
bi d o psis  s e e dli n gs t o e n h a n c e i n hi biti o n of r o ot c ell el o n-
g ati o n.  Pl a nt    Cell  1 9:  2 1 8 6 – 2 1 9 6.   d oi: 1 0. 1 1 0 5/t p c. 1 0 7
. 0 5 2 1 0 0

S z e ker es   M,   N é  m et h  K,  K o n c z-  K ál  m á n  Z,   M at h ur J,   K a us c h-
m a n n   A,   Alt  m a n n  T,  R é d ei   G P,   N a g y F, S c h ell J,   K o n c z   C.
1 9 9 6.  Br assi n ost er oi ds r es c u e t h e  d e fi ci e n c y of   C Y P 9 0, a
c yt o c hr o  m e  P 4 5 0, c o ntr olli n g c ell el o n g ati o n a n d  d e- eti-
ol ati o n  i n  Ar a bi d o psis  .  Cell  8 5:  1 7 1 – 1 8 2.  d oi: 1 0. 1 0 1 6/
S 0 0 9 2- 8 6 7 4( 0 0) 8 1 0 9 4- 6

T a b at a   R,  I k e z a ki    M,  F uji b e   T,   Ai d a    M,   Ti a n   C,   U e n o   Y,
Y a  m a  m ot o    K T,    M ac hi d a    Y,    N a k a  m ur a    K,  Is hi g ur o  S.
2 0 1 0.  Ar a bi d o psis  a u xi n r es p o ns e f a ct or 6  a n d  8 r e g ul at e
j as  m o ni c aci d bi os y nt h esis a n d fl or al or g a n d e vel o p  m e nt
vi a re pressi o n  of cl ass  1   K  N  O X g e n es.  Pl a nt   Cell  P h ysi ol
5 1:  1 6 4 – 1 7 5.  d oi: 1 0. 1 0 9 3/ p c p/ p c p 1 7 6

T a n   M, Li   G,   C h e n   X,   Xi n g L,   M a J,   Z h a n g   D,   G e   H,   H a n   M,
S h a   G,   A n   N.  2 0 1 9.   R ol e  of c yt o ki ni n, stri g ol act o n e, a n d
a u xi n e x p ort o n o ut gr o  wt h of a xill ar y b u ds i n a p pl e. Fr o nt
Pl a nt Sci  1 0:  6 1 6.  d oi: 1 0. 3 3 8 9/f pls. 2 0 1 9. 0 0 6 1 6

T a n a k a   K.  2 0 0 3.  P h ysi ol o gi c al  r ol es  of  br assi n ost er oi ds i n
e arl y gr o  wt h of  Ar a bi d o psis  :  br assi n ost er oi ds  h a ve a s y n-
er gisti c  rel ati o ns hi p   wit h  gi b b erelli n  as   well  as  a u xi n i n
li g ht- gr o w n  h y p o c ot yl  el o n g ati o n. J  Pl a nt   Gr o wt h   Re g ul
2 2:  2 5 9 – 2 7 1.  d oi: 1 0. 1 0 0 7/s 0 0 3 4 4- 0 0 3- 0 1 1 9- 3

T a n a k a   M,   T a k ei   K,   K oji  m a   M, S a k a ki b ar a   H,   M ori   H. 2 0 0 6.
A u xi n c o ntr ols l o c al c yt o ki ni n  bi os y nt h esis i n t h e  n o d al
st e  m i n a pi c al  d o  mi n a n c e. Pl a nt J  4 5: 1 0 2 8 – 1 0 3 6.  d oi: 1 0
. 1 1 1 1/j.1 3 6 5- 3 1 3 X. 2 0 0 6. 0 2 6 5 6. x

Ti a n Q,   U hlir   NJ,   R e e d J  W.  2 0 0 2.  Ar a bi d o psis  S  H Y 2/I  A  A 3
i n hi bits  a u xi n-re g ul at e d  g e n e  e x pressi o n. Pl a nt   Cell  1 4:
3 0 1 – 3 1 9.  d oi: 1 0. 1 1 0 5/t p c. 0 1 0 2 8 3

Ti a n   C,    M ut o    H,    Hi g u c hi   K,    M at a  m ur a   T,   T at e  m ats u   K,
K os hi b a   T,   Y a  m a  m ot o   K T.  2 0 0 4.   Disr u pti o n  a n d  o ver-
e x pr essi o n of  a u xi n res p o ns e f act or 8  g e n e of  Ar a bi d o psis
aff e ct  h y p o c ot yl el o n g ati o n  a n d r o ot  gr o  wt h  h a bit, i n di-
c ati n g its  p ossi bl e i n v ol ve  m e nt i n  a u xi n  h o  m e ost asis i n
li g ht c o n diti o n. Pl a nt J  4 0:  3 3 3 – 3 4 3.  d oi: 1 0. 1 1 1 1/j. 1 3 6 5-
3 1 3 X. 2 0 0 4. 0 2 2 2 0. x

T o g n etti   V B, Bi el a c h   A,   Hrt y a n   M. 2 0 1 7.  Re d o x r e g ul ati o n at
t h e  sit e  of  pri  m ar y  gr o wt h:  a u xi n,  c yt o ki ni n  a n d   R  O S
cr osst al k.  Pl a nt    Cell   E n vir o n  4 0:  2 5 8 6 – 2 6 0 5.   d oi: 1 0
. 1 1 1 1/ p c e. 1 3 0 2 1

U b e d a- T o  m ás  S,  B e e  mst er    G T S,  B e n n ett    MJ.  2 0 1 2.    H or-
m o n al r e g ul ati o n  of r o ot gr o wt h: i nt e gr ati n g l o c al a cti vi-
ti es i nt o gl o b al  b e h a vi o ur. Tre n ds  Pl a nt Sci  1 7:  3 2 6 – 3 3 1.
d oi: 1 0. 1 0 1 6/j.t pl a nts. 2 0 1 2. 0 2. 0 0 2

U  m e h ar a    M,    H a n a d a   A,   Y os hi d a  S,   A ki y a  m a   K,   Arit e   T,
T a ke d a-  K a  mi y a    N,    M a g o  m e    H,    K a  mi y a   Y,  S hir as u    K,
Y o n e y a  m a   K,  et  al.  2 0 0 8. I n hi biti o n  of  s h o ot  br a n c hi n g
b y  n e  w t er p e n oi d pl a nt h or  m o n es.  N at ure  4 5 5:  1 9 5 – 2 0 0.
d oi: 1 0. 1 0 3 8/ n at ure 0 7 2 7 2

V a n d e n b uss c h e  F,  Petr ás e k  J,   Z á d ní k o v á  P,    H o yer o v á    K,
Pes e k  B,   R a z    V,  S  w ar u p   R,  B e n n ett    M,   Z a zí  m al o v á  E,
B e n k o v á  E,  et  al.  2 0 1 0.   T h e  a u xi n i n fl u x  c arri ers   A  U X 1
a n d  L  A X 3  ar e  i n v ol ve d  i n  a u xi n- et h yl e n e  i nt er a cti o ns
d uri n g a pi c al  h o o k  d e vel o p  m e nt i n  Ar a bi d o psis t h ali a n a
s e e dli n gs.  D e vel o p  m e nt  1 3 7:  5 9 7 – 6 0 6.  d oi: 1 0. 1 2 4 2/ d e v
. 0 4 0 7 9 0

V a n d e n b uss c h e  F,  S usl o v   D,   D e   Gr a u  w e  L,  L er o u x   O,   Vis-
s e n b er g   K,   V a n  d er  Str a et e n   D.  2 0 1 1.   T h e r ol e  of  br assi-
n ost er oi ds  i n  s h o ot   gr a vitr o pis  m.  Pl a nt   P h ysi ol  1 5 6:
1 3 3 1 – 1 3 3 6.  d oi: 1 0. 1 1 0 4/ p p. 1 1 1. 1 7 7 8 7 3

V a n d e n b uss c h e F,   C all e b ert P,  Z a d ni k o v a P, B e n k o v a E,   V a n
D er  Str a et e n   D.  2 0 1 3.  Br assi n ost er oi d  c o ntr ol  of  s h o ot
gr a vitr o pis  m i nt er a cts   wit h et h yl e n e a n d d e p e n ds o n a u x-
i n si g n ali n g c o  m p o n e nts. A  m J  B ot  1 0 0:  2 1 5 – 2 2 5.  d oi: 1 0
. 3 7 3 2/ aj b. 1 2 0 0 2 6 4

v a n   R o n g e n    M,  B e n n ett   T,   Ti c c hi arelli  F,  L e ys er   O.  2 0 1 9.
C o n n e cti ve a u xi n tr a ns p ort c o ntri b ut es t o stri g ol act o n e-
m e di at e d  s h o ot  br a n c hi n g  c o ntr ol  i n d e p e n d e nt  of  t h e
tr a ns cri pti o n  f a ct or   B R  C 1.  P L o S    G e n et  1 5:  e 1 0 0 8 0 2 3.
d oi: 1 0. 1 3 7 1/j o ur n al. p g e n. 1 0 0 8 0 2 3

V as e v a  II,    Q u d ei  m at  E,  P ot us c h a k   T,    D u   Y,    G e ns c hi k  P,
V a n d e n b uss c h e  F,   V a n   D er  Str a et e n   D.  2 0 1 8.   T h e  pl a nt
h or  m o n e  et h yl e n e  r estri cts  Ar a bi d o psis  gr o wt h  vi a  t h e
e pi d er  mis.  Pr oc    N atl    Ac a d   Sci  1 1 5:  E 4 1 3 0 – E 4 1 3 9.
d oi: 1 0. 1 0 7 3/ p n as. 1 7 1 7 6 4 9 1 1 5

V ert   G,   Wal c h er   C L,   C h or y J,   N e  m h a us er J L. 2 0 0 8. I nt e gr a-
ti o n of a u xi n a n d br assi n ost er oi d p at h  w a ys b y   A u xi n   Re-
s p o ns e  F act or  2.  Pr oc    N atl    Ac a d  Sci  1 0 5: 9 8 2 9 – 9 8 3 4.
d oi: 1 0. 1 0 7 3/ p n as. 0 8 0 3 9 9 6 1 0 5

V  o n Ar ni  m   A,   D e n g   X.  1 9 9 6.  Li g ht c o ntr ol  of s e e dli n g  d e-
v el o p  m e nt.  A n n u   Re v  Pl a nt  P h ysi ol  Pl a nt    M ol  Bi ol  4 7:
2 1 5 – 2 4 3.  d oi: 1 0. 1 1 4 6/ a n n ure v. ar pl a nt. 4 7. 1. 2 1 5

W ai d  m a n n S,   R ui z   R os q u et e   M, S c h öll er   M, S ar k el  E,  Li n d-
n er   H,  L a R u e   T,  Pet ří k I,   D ü ns er   K,   M art o p a wir o  S,  S a-
si d h ar a n   R, et al.  2 0 1 9.   C yt o ki ni n f u n cti o ns as a n as y  m-
m etri c  a n d  a nti- gr a vitr o pi c  si g n al  i n  l at er al  r o ots.  N at
C o  m  m u n  1 0:  3 5 4 0 – 3 5 4 4.   d oi: 1 0. 1 0 3 8/s 4 1 4 6 7- 0 1 9- 1 1 4
8 3- 4

W al di e   T, L e ys er   O. 2 0 1 8.   C yt o ki ni n t ar g ets a u xi n tr a ns p ort
t o pr o  m ot e s h o ot br a n c hi n g. Pl a nt P h ysi ol  1 7 7:  8 0 3 – 8 1 8.
d oi: 1 0. 1 1 0 4/ p p. 1 7. 0 1 6 9 1

W a n g   Y,   G u o   H.  2 0 1 9.   O n  h or  m o n al r e g ul ati o n  of t h e  d y-
n a  mi c a pi c al  h o o k  d e v el o p  m e nt.  N e w  P h yt ol  2 2 2:  1 2 3 0 –
1 2 3 4.  d oi: 1 0. 1 1 1 1/ n p h. 1 5 6 2 6

W a n g    H,  J o n es  B,  Li   Z,  Fr ass e  P,    D el al a n d e   C,   Re g a d  F,
C h a a b o u ni  S,  L at c h é   A,  Pe c h  J  C,  B o u z a y e n    M.  2 0 0 5 a.
T h e  t o  m at o  A u x  /I  A  A  tr a ns cri pti o n  f a ct or  I  A  A 9  is  i n-

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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v ol ve d  i n  fr uit   d e vel o p  m e nt  a n d  l e af    m or p h o g e n esis.
Pl a nt   Cell  1 7:  2 6 7 6 – 2 6 9 2.  d oi: 1 0. 1 1 0 5/t p c. 1 0 5. 0 3 3 4 1 5

Wa n g  J,    W a n g  L,    M a o   Y,   C ai    W,   X u e   H,   C h e n   X.  2 0 0 5 b.
C o ntr ol  of  r o ot  c a p  f or  m ati o n  b y    mi cr o R  N  A-t ar g et e d
a u xi n  res p o ns e  f a ct ors  i n  Ar a bi d o psis  .  Pl a nt    Cell  1 7:
2 2 0 4 – 2 2 1 6.  d oi: 1 0. 1 1 0 5/t p c. 1 0 5. 0 3 3 0 7 6

Wa n g   G,  R ö  m h el d   V, Li   C, B a n g ert h F. 2 0 0 6. I n v ol ve  m e nt of
a u xi n  a n d   C  Ks i n  b or o n  d e fi ci e n c y i n d u c e d  c h a n g es i n
a pi c al  d o  mi n a n c e  of  p e a  pl a nts  ( Pis u  m  s ati v u  m  L.).  J
Pl a nt  P h ysi ol  1 6 3:  5 9 1 – 6 0 0.  d oi: 1 0. 1 0 1 6/j.j pl p h. 2 0 0 5. 0 9
. 0 1 4

Wa n g   D, P aj er o  ws k a-  M u k ht ar   K,   C ull er   A  H,   D o n g   X. 2 0 0 7.
S ali c yli c a ci d i n hi bits  p at h o g e n gr o wt h i n  pl a nts t hr o u g h
re pressi o n  of t h e  a u xi n si g n ali n g  p at h  w a y.  C urr  Bi ol  1 7:
1 7 8 4 – 1 7 9 0.  d oi: 1 0. 1 0 1 6/j. c u b. 2 0 0 7. 0 9. 0 2 5

Wa n g   H, S c h a u er   N,   Us a d el B, Fr ass e P,  Z o ui n e   M,   H er n o ul d
M,  L at c h é   A,  Pe c h J, F er ni e   A R,  B o u z a ye n   M. 2 0 0 9.   Re g-
ul at or y  f e at ures  u n d erl yi n g  p olli n ati o n- d e p e n d e nt  a n d
-i n d e p e n d e nt t o  m at o fr uit s et re ve al e d  b y tr a ns cri pt a n d
pri  m ar y   m et a b olit e  pr o fi li n g. Pl a nt   Cell  2 1:  1 4 2 8 – 1 4 5 2.
d oi: 1 0. 1 1 0 5/t p c. 1 0 8. 0 6 0 8 3 0

Wa n g  L,   H u a   D,   H e J,   D u a n   Y,   C h e n   Z,   H o n g   X,   G o n g   Z.
2 0 1 1.   A u xi n  r es p o ns e f a ct or 2  (  A R F 2)  a n d its  re g ul at e d
h o  m e o d o  m ai n g e n e   H B 3 3   m e di at e a bs cisi c a ci d res p o ns e
i n Ar a bi d o psis  . P L o S   G e n et  7:  e 1 0 0 2 1 7 2. d oi: 1 0. 1 3 7 1/j o ur
n al. p g e n. 1 0 0 2 1 7 2

Wa n g   Y,   W a n g J, S hi  B,   Y u   T,   Qi J,   M e y er o wit z  E  M, Ji a o   Y.
2 0 1 4.   T h e  st e  m  c ell  ni c h e i n l e af  a xils is  est a blis h e d  b y
a u xi n a n d c yt o ki ni n i n  Ar a bi d o psis  . Pl a nt   Cell  2 6:  2 0 5 5 –
2 0 6 7.  d oi: 1 0. 1 1 0 5/t p c. 1 1 4. 1 2 3 0 8 3

Wa n g J,    W a n g   R,   M a o   X,  Li  L,   C h a n g   X,   Z h a n g   X, Ji n g   R.
2 0 1 9.   T a  A R F 4 g e n es ar e li n ke d t o r o ot gr o wt h a n d  pl a nt
h ei g ht i n   w h e at.  A n n B ot  1 2 4:  9 0 3 – 9 1 5. d oi: 1 0. 1 0 9 3/ a o b/
m c y 2 1 8

Wast er n ac k  C,   H a us e B. 2 0 1 3. J as  m o n at es: bi os y nt h esis, p er-
c e pti o n,  si g n al  tr a ns d u cti o n  a n d  acti o n  i n  pl a nt  str ess
res p o ns e,  gr o  wt h  a n d  d e vel o p  m e nt.    A n  u p d at e  t o  t h e
2 0 0 7  re vi e w  i n  A n n als  of  B ot a n y . A n n  B ot  1 1 1:  1 0 2 1 –
1 0 5 8.  d oi: 1 0. 1 0 9 3/ a o b/  m ct 0 6 7

Wer n er  T,  K öll  m er I, B artri n a I,   H olst  K, S c h  m ülli n g  T. 2 0 0 6.
N e w i nsi g hts i nt o t h e  bi ol o g y  of  c yt o ki ni n  d e gr a d ati o n.
Pl a nt   Bi ol   ( St utt g)  8:  3 7 1 – 3 8 1.   d oi: 1 0. 1 0 5 5/s- 2 0 0 6-
9 2 3 9 2 8

Westf all   C S,  S h er p    A  M,   Z u bi et a   C,    Al v are z  S,  S c hr aft  E,
M arc elli n   R,   R a  mire z  L, J e z J  M.  2 0 1 6. Ar a bi d o psis t h ali-
a n a  G  H 3. 5 a c yl a ci d a  mi d o s y nt h et as e   m e di at es   m et a b ol-
i c cr osst al k i n a u xi n a n d s ali c yli c aci d  h o  m e ost asis. Pr oc
N atl    Ac a d   Sci  1 1 3:  1 3 9 1 7 – 1 3 9 2 2.   d oi: 1 0. 1 0 7 3/ p n as
. 1 6 1 2 6 3 5 1 1 3

W o n   C,  S h e n   X,   M as hi g u c hi   K,   Z h e n g   Z,   D ai   X,   C h e n g   Y,
K as a h ar a   H,   K a  mi y a   Y,   C h or y J,   Z h a o   Y.  2 0 1 1.   C o n ver-
si o n  of tr y pt o p h a n t o i n d ol e- 3- ac eti c  aci d  b y   T R Y P T  O-
P  H  A  N    A  MI  N  O T R  A  N S F E R  A S E S    O F  A R  A BI  D  O P SI S
a n d   Y  U  C  C  As  i n  Ar a bi d o psis  . Pr oc    N atl   Ac a d  Sci  1 0 8:
1 8 5 1 8 – 1 8 5 2 3.  d oi: 1 0. 1 0 7 3/ p n as. 1 1 0 8 4 3 6 1 0 8

W o o d  w ar d   A  W,  B art el  B.  2 0 0 5.   A u xi n:  re g ul ati o n,  a cti o n,
a n d i nt er acti o n.  A n n  B ot  9 5:  7 0 7 – 7 3 5.  d oi: 1 0. 1 0 9 3/ a o b/
m ci 0 8 3

W u   Y,   Z h a n g   D,   C h u J Y,  B o yl e  P,    W a n g   Y,  Bri n dl e I  D,   D e
L u c a   V,   D es pr és   C. 2 0 1 2.   T h e  Ar a bi d o psis  N P R 1  pr ot ei n
is a r e c e pt or f or t h e pl a nt d ef e ns e h or  m o n e s ali c yli c a ci d.
Cell   Re p  1:  6 3 9 – 6 4 7.  d oi: 1 0. 1 0 1 6/j. c elr e p. 2 0 1 2. 0 5. 0 0 8

W u   M,  Y a  m a g u c hi   N,  Xi a o J, B ar g  m a n n B, Est ell e   M, S a n g  Y,
W a g n er   D.  2 0 1 5.   A u xi n-re g ul at e d  c hr o  m ati n  s  wit c h  di-
r e cts ac q uisiti o n of fl o w er pri  m or di u  m f o u n d er f at e.  e Lif e
4:  e 0 9 2 6 9.  d oi: 1 0. 7 5 5 4/ e Lif e. 0 9 2 6 9

Xi n g  L,   Z h a o   Y,   G a o J,   Xi a n g   C,   Z h u J  K.  2 0 1 6.   T h e   A B  A
r e c e pt or  P Y L 9  t o g et h er   wit h  P Y L 8  pl a ys  a n  i  m p ort a nt
r ol e i n  re g ul ati n g l at er al  r o ot  gr o  wt h.  Sci   Re p  6:  2 7 1 7 7.
d oi: 1 0. 1 0 3 8/sr e p 2 7 1 7 7

X u J,   Z h a   M,  Li   Y,   Di n g   Y,   C h e n  L,   Di n g   C,    Wa n g  S.  2 0 1 5.
T h e i nt er a cti o n  b et  we e n  nitr o g e n  a v ail a bilit y a n d  a u xi n,
c yt o ki ni n,   a n d  stri g ol act o n e  i n  t h e   c o ntr ol   of  s h o ot
br a n c hi n g  i n  ri c e  ( Or y z a  s ati v a  L.).  Pl a nt   Cell   Re p  3 4:
1 6 4 7 – 1 6 6 2.  d oi: 1 0. 1 0 0 7/s 0 0 2 9 9- 0 1 5- 1 8 1 5- 8

Y a  m a g u c hi   N,   W u   M,   Wi nt er   C  M,  B er ns   M  C,   N ol e-  Wils o n
S,   Y a  m a g u c hi    A,   C o u pl a n d    G,   Kri z e k  B  A,    W a g n er    D.
2 0 1 3.   A   m ol e c ul ar fr a  m e  w or k f or a u xi n-  m e di at e d i niti a-
ti o n  of  fl o  wer  pri  m or di a.  D e v   Cell  2 4:  2 7 1 – 2 8 2.  d oi: 1 0
. 1 0 1 6/j. d e vc el. 2 0 1 2. 1 2. 0 1 7

Y a  m a z a ki  T,   Mi y a z a  w a   Y,   K o b a y as hi   A,   M ori  w a ki  T, F ujii   N,
T a k a h as hi   H.  2 0 1 2.    MI Z 1,  a n  ess e nti al  pr ot ei n f or  r o ot
h y dr otr o pis  m, is  ass o ci at e d   wit h t h e c yt o pl as  mi c f a c e  of
t h e  e n d o pl as  mi c  reti c ul u  m    m e  m br a n e  i n  Ar a bi d o psis
r o ot  c ells.  F E B S  L ett  5 8 6:  3 9 8 – 4 0 2.  d oi: 1 0. 1 0 1 6/j.f e bsl et
. 2 0 1 2. 0 1. 0 0 8

Y a n ai   O,  S h a ni  E,   R uss   D,   Ori   N.  2 0 1 1.   Gi b b erelli n  p artl y
m e di at es  L  A  N  C E  O L  A T E  a cti vit y i n t o  m at o:  gi b b erelli n
p artl y   m e di at es L  A  N  C E  O L  A T E a cti vit y.  Pl a nt J  6 8:  5 7 1 –
5 8 2.  d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 1 1. 0 4 7 1 6. x

Y a n g  S F,   H off  m a n   N E.  1 9 8 4.  Et h yl e n e  bi os y nt h esis  a n d its
r e g ul ati o n  i n  hi g h er  pl a nts.  A n n   R e v  Pl a nt P h ysi ol  3 5:
1 5 5 – 1 8 9.  d oi: 1 0. 1 1 4 6/ a n n ure v. p p. 3 5. 0 6 0 1 8 4. 0 0 1 1 0 3

Y a n g   X,   Y a n g   Y,   X u e  L,   Z o u   M,  Li u J,   C h e n F,   X u e   H. 2 0 1 1.
Ri c e    A BI 5- Li ke 1  r e g ul at es  a bs cisi c  aci d  a n d  a u xi n  re-
s p o ns es  b y aff e cti n g t h e e x pr essi o n  of   A B R E- c o nt ai ni n g
g e n es.  Pl a nt  P h ysi ol  1 5 6:  1 3 9 7 – 1 4 0 9. d oi: 1 0. 1 1 0 4/ p p. 1 1 1
. 1 7 3 4 2 7

Y a n g   Z B, Li u   G, Li u J,   Z h a n g B,   M e n g   W,   M üll er B,   H a y as hi
KI,   Z h a n g   X,   Z h a o   Z,   D e  S  m et I, et  al.  2 0 1 7.  S y n er gisti c
a cti o n  of  a u xi n  a n d  c yt o ki ni n    m e di at es  al u  mi n u  m-i n-
d u c e d r o ot gr o  wt h i n hi biti o n i n  Ar a bi d o psis  . E  M B  O   Re p
1 8:  1 2 1 3 – 1 2 3 0.  d oi: 1 0. 1 5 2 5 2/ e  m br. 2 0 1 6 4 3 8 0 6

Ye  B, S h a n g   G,  P a n   Y,   X u   Z,   Z h o u   C,   M a o   Y,  B a o   N, S u n  L,
X u   T,   W a n g J. 2 0 2 0.   A P 2/ E R F tr a ns cri pti o n f act ors i nt e-
gr at e a g e a n d   w o u n d si g n als f or r o ot re g e n er ati o n.  Pl a nt
Cell  3 2:  2 2 6 – 2 4 1.  d oi: 1 0. 1 1 0 5/t p c. 1 9. 0 0 3 7 8

Yi n   Y,    Wa n g   Z Y,   M or a-  G arci a  S,  Li J,   Y os hi d a  S,   As a  mi   T,
C h or y  J.  2 0 0 2.  B E S 1  a c c u  m ul at es i n  t h e  n u cl e us i n  re-
s p o ns e  t o  br assi n ost er oi ds  t o  re g ul at e  g e n e  e x pressi o n
a n d  pr o  m ot e st e  m el o n g ati o n.  Cell  1 0 9:  1 8 1 – 1 9 1.  d oi: 1 0
. 1 0 1 6/ S 0 0 9 2- 8 6 7 4( 0 2) 0 0 7 2 1- 3

Y u   X,  Li  L,   Z ol a  J,    Al ur u    M,   Ye    H,  F o u dre e    A,    G u o    H,
A n d ers o n S,   Al ur u S, Li u  P, et al. 2 0 1 1.   A br assi n ost er oi d
tr a ns cri pti o n al n et  w or k re v e al e d b y g e n o  m e-  wi d e i d e nti-
fi c ati o n  of   B E SI  t ar g et  g e n es  i n  Ar a bi d o psis  t h ali a n a  .
Pl a nt   J  6 5:  6 3 4 – 6 4 6.   d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 1 0
. 0 4 4 4 9. x

Y u  F,    W u   Y,   Xi e   Q. 2 0 1 5.  Pre cis e  pr ot ei n  p ost-tr a nsl ati o n al
m o di  fi c ati o ns    m o d ul at e   A BI 5  a cti vit y.  Tre n ds  Pl a nt  Sci
2 0:  5 6 9 – 5 7 5.  d oi: 1 0. 1 0 1 6/j.t pl a nts. 2 0 1 5. 0 5. 0 0 4

Y u a n  T T,   X u   H  H,  Z h a n g   K X,   G u o  T T, L u   Y T. 2 0 1 4.   Gl u c os e
i n hi bits r o ot   m erist e  m gr o wt h vi a A B  A I  N S E  N SI TI  V E 5  ,
w hi c h re pr ess es PI  N 1 ac c u  m ul ati o n a n d a u xi n acti vit y i n

S.  M.   M a z z o ni- P ut  m a n  et  al.
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Ar a bi d o psis  .  Pl a nt   Cell  E n vir o n  3 7:  1 3 3 8 – 1 3 5 0.  d oi: 1 0
. 1 1 1 1/ p c e. 1 2 2 3 3

Y u a n   H,  Li u    W,  L u   Y.  2 0 1 7.   C  A T A L  A S E 2 c o or di n at es  S  A-
m e di at e d re pr essi o n  of  b ot h a u xi n ac c u  m ul ati o n a n d J  A
bi os y nt h esis i n pl a nt d ef e ns es.  Cell   H ost   Micr o b e  2 1:  1 4 3 –
1 5 5.  d oi: 1 0. 1 0 1 6/j. c h o  m. 2 0 1 7. 0 1. 0 0 7

Z á d ní k o v á  P,  Petr ás e k J,   M ar h a v y  P,   R a z   V,   V a n d e n b uss c h e
F,   Di n g   Z,  S c h  w ar z er o v á   K,    M orit a   M T,   T as a k a   M,   H e-
j át k o J, et al.  2 0 1 0.   R ol e  of  PI  N-  m e di at e d a u xi n effl u x i n
a pi c al  h o o k  d e v el o p  m e nt  of  Ar a bi d o psis t h ali a n a  . D e vel-
o p  m e nt  1 3 7:  6 0 7 – 6 1 7.  d oi: 1 0. 1 2 4 2/ d e v. 0 4 1 2 7 7

Z h a    M,  I  mr a n    M,    Wa n g   Y,   X u  J,   Di n g   Y,    Wa n g  S.  2 0 1 9.
Tr a ns cri pt o  m e  a n al ysis  re v e al e d  t h e  i nt er acti o n  a  m o n g
stri g ol act o n es,  a u xi n,  a n d  c yt o ki ni n  i n  c o ntr olli n g  t h e
s h o ot  br a n c hi n g  of  ri c e.  Pl a nt    Cell    Re p  3 8:  2 7 9 – 2 9 3.
d oi: 1 0. 1 0 0 7/s 0 0 2 9 9- 0 1 8- 2 3 6 1- y

Z h a n g   R,   Z h a n g   X,    Wa n g  J,  L et h a  m    D S,    M c  Ki n n e y  S  A,
Hi g gi ns  TJ  V. 1 9 9 5.  T h e eff e ct of a u xi n o n c yt o ki ni n l e vels
a n d   m et a b olis  m i n tr a ns g e ni c t o b ac c o tiss u e  e x pressi n g
a n  i pt g e n e.  Pl a nt a  1 9 6:  8 4 – 9 4.  d oi: 1 0. 1 0 0 7/ B F 0 0 1 9 3 2 2 1

Z h a n g   Z,  Li   Q,  Li   Z,  St as  wi c k  P E,    Wa n g    M,   Z h u   Y,   H e   Z.
2 0 0 7.   D u al re g ul ati o n r ol e  of  G  H 3. 5  i n s ali c yli c aci d a n d
a u xi n  si g n ali n g  d uri n g  Ar a bi d o psis  -Ps e u d o  m o n as s yri n-
g a e  i nt er a cti o n. Pl a nt  P h ysi ol  1 4 5:  4 5 0 – 4 6 4. d oi: 1 0. 1 1 0 4/
p p. 1 0 7. 1 0 6 0 2 1

Z h a n g    W,   T o  J P,   C h e n g   C Y,  S c h all er   G E,   Ki e b er JJ.  2 0 1 1.
T y p e-  A r es p o ns e re g ul at ors  ar e re q uir e d f or  pr o p er r o ot
a pi c al    m erist e  m  f u n cti o n  t hr o u g h  p ost-tr a ns cri pti o n al
re g ul ati o n  of  PI  N a u xi n effl u x c arri ers.  Pl a nt J  6 8:  1 – 1 0.
d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 1 3 X. 2 0 1 1. 0 4 6 6 8. x

Z h a n g   W, S  w ar u p  R, B e n n ett   M, S c h all er   G E,  Ki e b er JJ. 2 0 1 3.
C yt o ki ni n i n d u c es c ell di visi o n i n t h e q ui es c e nt c e nt er of
t h e Ar a bi d o psis  r o ot a pi c al   m erist e  m. C urr Bi ol  2 3:  1 9 7 9 –
1 9 8 9.  d oi: 1 0. 1 0 1 6/j. c u b. 2 0 1 3. 0 8. 0 0 8

Z h a n g  K,   Wa n g  R,  Zi   H, Li  Y,  C a o  X, Li   D,   G u o L,  T o n g J, P a n
Y,  Ji a o   Y,  et  al.  2 0 1 8.    A  U XI  N   R E S P  O  N S E  F  A C T  O R 3
re g ul at es fl or al   m erist e  m d et er  mi n ac y b y re pressi n g c yt o-
ki ni n bi os y nt h esis a n d si g n ali n g.  Pl a nt   Cell  3 0:  3 2 4 – 3 4 6.
d oi: 1 0. 1 1 0 5/t p c. 1 7. 0 0 7 0 5

Z h a n g   G,  Z h a o F,   C h e n L, P a n  Y, S u n L, B a o   N,  Z h a n g  T,   C ui
C,    Qi u   Z,   Z h a n g   Y,  et  al.  2 0 1 9 a.  J as  m o n at e-  m e di at e d
w o u n d   si g n alli n g   pr o  m ot es   pl a nt   r e g e n er ati o n.  N at
Pl a nts  5:  4 9 1 – 4 9 7.  d oi: 1 0. 1 0 3 8/s 4 1 4 7 7- 0 1 9- 0 4 0 8- x

Z h a n g W  , A b d elr a h  m a n   M, Ji u S,   G u a n  L,   H a n J,   Z h e n g   T,
Ji a    H,  S o n g    C,  F a n g  J,    Wa n g    C.  2 0 1 9 b.    V v  mi R 1 6 0s/
V v  A R Fs  i nt er acti o n  a n d  t h eir  s p ati o-t e  m p or al  e x pres-
si o n/ cl e a v a g e pr o d u cts d uri n g   G  A-i n d u c e d gr a p e p art h e-
n o c ar p y.  B  M C  Pl a nt  Bi ol  1 9:  1 1 1.  d oi: 1 0. 1 1 8 6/s 1 2 8 7 0-
0 1 9- 1 7 1 9- 9

Z h a o   Z,   A n d ers e n S  U,  Lj u n g   K,   D ol e z al   K,   Mi ot k   A, S c h ul-
t h eiss  SJ,  L o h  m a n n  J  U.  2 0 1 0.   H or  m o n al  c o ntr ol  of t h e
s h o ot  st e  m- c ell  ni c h e.  N at ure  4 6 5:  1 0 8 9 – 1 0 9 2.  d oi: 1 0
. 1 0 3 8/ n at ure 0 9 1 2 6

Z h a o   Y,   Xi n g  L,    W a n g   X,   H o u   Y,   G a o J,    Wa n g  P,   D u a n   C,
Z h u   X,   Z h u J.  2 0 1 4.   T h e   A B  A re c e pt or  P Y L 8  pr o  m ot es
l at er al   r o ot   gr o wt h   b y   e n h a n ci n g    M Y B 7 7- d e p e n d e nt
tr a ns cri pti o n   of  a u xi n-res p o nsi ve  g e n es.  Sci  Si g n al  7:
r a 5 3.  d oi: 1 0. 1 1 2 6/s cisi g n al. 2 0 0 5 0 5 1

Z h e n g   X,    Mill er    N  D,  L e wis    D R,   C hristi a ns    MJ,  L e e   K  H,
M u d a y    G  K,  S p al di n g  E P,    Vi erstr a    R  D.  2 0 1 1.    A  U XI  N
U P- R E  G  U L  A T E  D F- B  O X P R  O T EI  N 1 r e g ul at es t h e cr oss
t al k b et  we e n a u xi n tr a ns p ort a n d c yt o ki ni n si g n ali n g d ur-
i n g  pl a nt  r o ot  gr o wt h.  Pl a nt  P h ysi ol  1 5 6:  1 8 7 8 – 1 8 9 3.
d oi: 1 0. 1 1 0 4/ p p. 1 1 1. 1 7 9 8 1 2

Z h e n g   Z,   G u o   Y,   N o v á k   O,   D ai   X,   Z h a o   Y, Lj u n g   K,   N o el J P,
C h or y J.  2 0 1 3.   C o or di n ati o n  of  a u xi n  a n d  et h yl e n e  bi o-
s y nt h esis b y t h e a  mi n otr a nsf er as e   V A S 1. N at  C h e  m Bi ol  9:
2 4 4 – 2 4 6.  d oi: 1 0. 1 0 3 8/ n c h e  m bi o. 1 1 7 8

Z h o u   X,   Y u a n  F,    Wa n g   M,   G u o   A,   Z h a n g   Y,   Xi e   C  G.  2 0 1 3.
M ol e c ul ar c h ar a ct eri z ati o n of a n   A B  A i ns e nsiti ve 5 ort h o-
l o g u e i n Br assic a ol er ac e a . Bi oc h e  m Bi o p h ys   Res   C o  m  m u n
4 3 0:  1 1 4 0 – 1 1 4 6.  d oi: 1 0. 1 0 1 6/j. b brc. 2 0 1 2. 1 2. 0 2 3

Z h o u   W, L o z a n o- T orres J L, Blil o u I,  Z h a n g  X,  Z h ai   Q, S  m a nt
G,  Li   C, S c h eres  B. 2 0 1 9.   A j as  m o n at e si g n ali n g  n et  w or k
a cti v at es r o ot st e  m c ells a n d  pr o  m ot es re g e n er ati o n.  Cell
1 7 7:  9 4 2 – 9 5 6. e 1 4.  d oi: 1 0. 1 0 1 6/j. c ell. 2 0 1 9. 0 3. 0 0 6

Z h o u  J,  Sitt  m a n n  J,   G u o  L,   H u a n g   X,  P ul a p a k a   A,  Li u   Z.
2 0 2 0.   Gi b b erelli n  a n d  a u xi n  si g n ali n g  g e n es  R  G  A 1  a n d
A R F 8  re press  ac c ess or y fr uit i niti ati o n i n  di pl oi d str a  w-
b err y.  Pl a nt  P h ysi ol  d oi: 1 0. 1 0 9 3/ pl p h ys/ ki a a 0 8 7

Z h u   X,   C h e n J,   Xi e   Z,   G a o J,   Re n   G,   G a o S,   Z h o u   X,   K u ai  B.
2 0 1 5. J as  m o ni c aci d pr o  m ot es d e gr e e ni n g vi a   M Y  C 2/ 3/ 4-
a n d    A  N  A C 0 1 9/ 0 5 5/ 0 7 2-  m e di at e d  re g ul ati o n   of    m aj or
c hl or o p h yll  c at a b oli c  g e n es.  Pl a nt J  8 4:  5 9 7 – 6 1 0.  d oi: 1 0
. 1 1 1 1/t pj. 1 3 0 3 0

Z h u    M,   C h e n    W,    Mir a b et   V,   H o n g  L,  B o vi o  S,  Str a uss  S,
S c h  w ar z  E  M,   Ts u g a w a S,    W a n g   Z,  S  mit h   R S, et al.  2 0 2 0.
R o b ust or g a n si z e r e q uires r o b ust ti  mi n g of i niti ati o n or-
c h estr at e d b y f o c us e d a u xi n a n d c yt o ki ni n si g n alli n g.  N at
Pl a nts  6:  6 8 6 – 6 9 8.  d oi: 1 0. 1 0 3 8/s 4 1 4 7 7- 0 2 0- 0 6 6 6- 7

Z o u J,  Z h a n g S,  Z h a n g   W, Li   G,  C h e n  Z,  Z h ai   W,  Z h a o  X, P a n
X,    Xi e    Q,    Z h u   L.  2 0 0 6.    T h e  ri c e  HI  G  H- TI L L E RI  N  G
D  W A R F 1  e n c o di n g a n  ort h ol o g  of  Ar a bi d o psis  M  A X 3 is
r e q uire d f or  n e g ati v e r e g ul ati o n of t h e o ut gr o wt h of a xil-
l ar y  b u ds. Pl a nt J  4 8: 6 8 7 – 6 9 8.  d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 1 3 X
. 2 0 0 6. 0 2 9 1 6. x

Z u ni g a-  M a y o   V  M,   Re y es-  Ol al d e JI,   M ars c h-  M arti n e z   N, d e
F olt er  S.  2 0 1 4.   C yt o ki ni n  tr e at  m e nts  aff e ct  t h e  a pi c al-
b as al  p att er ni n g  of  t h e  Ar a bi d o psis  g y n o e ci u  m  a n d  re-
s e  m bl e  t h e  eff e cts  of  p ol ar  a u xi n  tr a ns p ort  i n hi biti o n.
Fr o nt  Pl a nt Sci  5:  1 9 1.

Z ur e k   D  M,   Cl o us e S  D. 1 9 9 4.   M ol e c ul ar cl o ni n g a n d c h ar ac-
t eri z ati o n  of a  br assi n ost er oi d-re g ul at e d g e n e fr o  m el o n-
g ati n g s o y b e a n ( Gl yci n e   m a x  L.)  e pi c ot yls.  Pl a nt  P h ysi ol
1 0 4:  1 6 1 – 1 7 0.  d oi: 1 0. 1 1 0 4/ p p. 1 0 4. 1. 1 6 1

A u xi n  ’s I nt er a cti o n s   wit h   Ot h er   H or  m o n e s
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  p u bli s h e d  o nli n e   A pril  2 6,  2 0 2 1C ol d   S pri n g   H ar b   P er s p e ct   Bi ol 
 
S eri n a   M.   M a z z o ni-  P ut  m a n,  J a vi er   Br u  m o s,   C h e n g s o n g  Z h a o,  J o s e   M.   Al o n s o  a n d   A n n a   N.   St e p a n o v a
 
A u xi n I nt er a cti o n s   wit h   Ot h er   H or  m o n e s i n   Pl a nt   D e v el o p  m e nt

S u bj e ct   C oll e cti o n  A u xi n   Si g n ali n g

Str e s s e s
Ar c hit e ct ur e i n   R e s p o n s e t o   E n vir o n  m e nt al 
U n c o v eri n g   H o  w   A u xi n   O pti  mi z e s   R o ot   S y st e  m s

Ni c ol a  L eftl e y,  J a s o n   B a n d a,   Bi pi n   P a n d e y,  et  al.

D e v el o p  m e nt
A u xi n I nt er a cti o n s   wit h   Ot h er   H or  m o n e s i n   Pl a nt

C h e n g s o n g  Z h a o,  et  al.
S eri n a   M.   M a z z o ni-  P ut  m a n,  J a vi er   Br u  m o s,

S h o ot   A pi c al   M eri st e  m
A u xi n   D o e s t h e   S  A  M b a:   A u xi n   Si g n ali n g i n t h e

M ar k ét a   P er ni s o v á  a n d  T e v a   V er n o u x

T h e   St or y  of   A u xi n-  Bi n di n g   Pr ot ei n  1 (  A  B  P 1)
Ri c h ar d   N a pi er
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