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Synopsis Basic s cience res earch, als o c alled <curiosit y-driven r esear ch,= is fun dam ental wor k don e with n o imm e diate e co- 
nomic go a l s but rather a focu s on di scovery for di sco very9s sake. Ho w ev er, basic s cience res earch is often ne e de d to se e d more 
applie d, e co no mica l ly oriente d, r esear ch. Both basic and applied r esear ch eforts ar e im portan t aspects of the <bioeconomy,=
deon ed h ere as th e contri bu tio ns to the overa l l e co no my fro m various b iology-re lated oe lds spannin g ev erythin g from museum- 
b ase d natura l history r esear ch to ag ricu ltura l fo o d and material pro duction to he alt hcar e. Her e, we pr opose that mor e collabo- 
rative eforts across fe dera l g rant in g ag encies in a v en ture-ca p i ta list-li ke <PO-driven m ode l= can h e lp dri ve app lie d innovat ion 
fro m collabo ratio ns facili tated by p rogram o ocer s (PO s). PO s fro m NS F, DOE, DARPA, US DA, NASA, an d oth er fe dera l agen- 
cies s h ou ld se ek out p ara l le l an d complem ent ary rese arch ide as from g rante es an d provide fun ds t o build t e ams of rese arc her s 
wh o may oth erwise be unaware of one anot her. Rese arc her s w orkin g in diferent oeld s m ay al so be un aware th a t the diferen t 
or ganism s they are studying in depen dently may have evo l ve d simi lar t raits (i .e ., conv er g ent ev olution) that POs may re cog nize 
an d wh o can th en facilitate n ove l r esear ch avenues conne ct ing those independent r esear c her s (we provide examples of some 
proj e cts inspire d by conv er g ent ev olution here). In this top-down approac h t o researc h f unding, t he US b ioeco no my wi l l be 
pour ing f uel on t he ore o f scientioc p rod uctivi ty in this country. 

Introduction to bioeconomy 

<Bioeco no my= can be u sed a s an umbrella t erm t o de- 
scribe a l l the ways in which biolog ica l r esear ch can con- 
t ribute (dire ctly or indire ctly) to th e econ omy ( Ga l lo 
2022 ). So me b ioeco no mic models focus on s us tainable 
use o f b iolog ica l ren ewables an d th e p art n ers hip be- 
t ween ac ademi a, in dustry, an d society ( Aguilar et al. 
2018 ); others focus on biot ec h a nd bioma nufacturing, 
incl uding enviro nmenta l go a ls li ke re duct ion of plas- 
tic wast e , biogas capture and re duct ion of ag ricu ltura l 
m ethan e an d carbon dioxide, an d gen omic sequen cing 
of microbes for gene mining, or the promotion of eco- 

no mic securi ty a t diferen t levels (W hi te House OSTP). 
Others focus on the e ducat iona l, w orkforce dev elop- 
m ent, an d aspects of su stain ab ili t y activ ities ( Pascoli et 
al. 2022 ). Other s still , suc h as Wei et a l. (2022) , se e the 
b ioeco no my as the newes t s ta ge o f evol u tio nary eco- 
n omic deve lopm en t for h um an societies th at began with 

h un ting and gat her ing and pr ogr essed thr oug h agric ul- 
tura l, indust ria l, a nd inf o rmatio na l e co no mic s ta ges in 

past centuries. 
It s h ould be n oted tha t diferen t coun t ries and reg ions 

have their own ideas of what the b ioeco no my mea ns f or 
th em. We deon e th e b ioeco no my t o be inc l usive o f a l l 
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the deoni tio n s a bov e and u se it a s a cat c h-a l l for a l l the 
ways biolog ica l r esour ces and r esear ch co ntribu te to the 
eco no my. 

In order to realize the fu l l potent ia l o f any b ioe- 
co no my, numerous insti tu tio ns, a nd stak e h olders with 

specioc tasks and diver se int erests ne e d to collabo- 
rate (aided by free interactions between relevant t ec h- 
nic al, commerci al, and administrative insti tu tio ns and 

their respe ct ive expert ise). Whi le modern communi- 
cat ion te chnolog ies faci li tate lo n g-distance colla bora- 
tio n, co mm unica tion can always be better faci litate d by 
t hose wit h knowledge o f b road swaths o f a given land- 
scape and across diferent expertise. In t he are a of fed- 
era l g ran ts tha t fund m uch of th e basic an d applied re- 
se arch of t he US b ioeco no my, the people with th e m ost 
administ rat ive and te chnica l knowle dg e of lar g e swath s 
of r esear ch ar eas ar e pr ogram oocers (POs). POs at a 
sin gle ag ency can se e a port ion of the pl ay ing oeld that 
may be limited to one type of r esear ch an d n ot an oth er 
(e .g., NSF PO s may see the oeld of basic science r esear ch 

b ut no t me dica l or o ther ap plied r esear c h), while PO s 
col laborat ing acros s a gen cies togeth er can have a bird9s- 
e ye vie w of the entire pl ay ing oe ld an d togeth er can cut 
redun dan cy (e.g., over lapping ca l ls for g rants) but can 

a lso conne ct p ara l lel o r co m plemen t ary ide as cre ating 
ne w res earch go a ls. 

One way that basic science might innuence applied 

r esear ch is thr ough the discovery o f co nv er g ent ev o- 
l u tio n. <Co nv er g ent ev ol u tio n= refer s t o th e in depen- 
dent evol u tio n o f a b iolog ica l funct io n in diverse o rgan- 
i sms th at origin ate fr om difer ent a ncestries a nd evolu- 
t ionary p aths. This occurs because these or ganism s face 
simil ar env ironmental challen g es or constraints, which, 
thro ugh adap tatio n lead so me o r ganism s to ev o l ve suc- 
ces sful s urvival s trat egies by alt erin g g enetic materi- 
als thro ugh adap tat ion. Simi lar ly, in th e wor ld of re- 
sea rch, in pa rticula r, academia, scientists face the com- 
mon cha l len g e of identifyin g fundin g sources to sup- 
port their scientioc curiosi ties. Tradi tio nall y, indi v idu al 
p rinci p a l invest igat or s searc h for funding o p portuni- 
ties that align with their r esear ch go a ls. Howe ver, s ome- 
times im portan t r esear ch dir e ct io ns fro m the viewpo int 
of the investigator do not ot any g ov ernment ag ency9s 
port folio wel l. Under these circumst ances, t he investi- 
ga tor m u st ch an g e their r esear c h t o ot the available pro- 
grams or proce e d without fundin g. Here, w e try to an- 
swer the question: <Is there a better way that could h e lp 
PIs (p rinci p a l invest igat or s) more efe ct i vel y direct their 
en ergy an d tim e, u sing wh at n ature does in conv er g ent 
evol u tio n, ul timat ely leading t o bett er out com es for th e 
b ioeco no my?=

To an sw er tha t im portan t question, we look at US- 
b ase d fundin g ag encies and their often p ara l lel t racks 
t hat, in t heo ry, have li ttle over lap; h ow ev er, if the ag en- 

cies col laborate d to conne ct so me o f those diferent 
kinds of r esear c her s they work wit h direct ly, a pipe lin e 
fo r co nne ct ing p ara l lel o r co m plemen t ary rese a rch a r- 
eas could be creat ed . This idea of conne ct ing p ara l lel 
tracts across federal agencies created the <Catalyzing 
Across Sect or s t o Advan ce th e Bioecon omy= (CASA- 
Bio, released in September 2022) ini tiative ini tially fu- 
eled by an ex ecutiv e order from the Biden Adminis- 
t rat ion ( ht t ps://w w w.c asa-bio.net/ ). Here, we c a l l for 
a n expa nsio n o f that ini t iat ive that dire ctly draws re- 
searc her s from diferent disciplines to w ork tog ether if 
POs be lieve th ose conn e ct ions can fuel ne w res earch 

o p po rtuni ties (a <top-down= app roach). W hile cross- 
agency grant solici tatio ns exist (e.g., <Ecology and Evo- 
l u tio n o f Infectiou s Di sea ses= fro m NS F, NIH, and 

USDA), th ey re ly on in depen dent r esear c her s t o ond 

e ach ot her in t h e <groun d-up= p aradig m t hat cur rent ly 
exis ts acros s US funding a gencies. We p rovide so me ex- 
amples of how this top-down approach can work by 
hig hlig htin g in stances o f co nv er g ent biolog ica l evolu- 
tion as examples of potent ia l proj e cts from disp arate 
oeld s th a t can crea te ne w res ea rch a re as facilit ated by 
t he <PO-Dr iv en Model= w e describ e b elow. 

A call for more collaboration across US 

granting a g encies 

The Nat iona l Scien ce Foun datio n (NS F) is the p re- 
mier basic science funding agency in the country, if 
n ot th e wor ld ( Appe l 2000 , Arora an d Ga mba rdella 
2005 ). Oth er m ore applied federal fundin g ag encies in- 
clude the Nat iona l Inst itutes of He alt h (NIH), Depart- 
ment of Energy (DoE), Defense Advanced Research 

Proj e cts Agency (DARPA), US Dep art ment of Agri- 
cul ture (US DA), amo ng many others. Al th ough th ere 
are some o p portunities for <cross ta l k= among agencies, 
an d th er e ar e so me collabo ra tive gran ts wh ere fun ds are 
p o oled to su ppo rt r esear chers doin g w ork in both ap- 
plie d and b asic scien ce—th ese gra nts a re ra re, as a re the 
n umber of a pplican ts a pp l yin g for such fundin g. POs (a 
gener ic ter m used here for employees at these agencies 
invo l ve d with faci litat ing awards to g rante es) rarely ta l k 
acros s a gen cies, an d to our kn owledge n ever spe cioca l ly 
s ugges t that certain g rante es team up to use their joint 
expertise to tackle a n ove l problem area. This new prob- 
lem area may be one where the com plemen tary exper- 
tise of the scientists would beneot from this new part- 
n ers hi p. Truly o nly the top-down view of POs can see 
th e entire oe ld, an d th e m o re POs wo rking to di scu ss 
their g rante es an d n etwor ks of scientists, th e greater 
th eir oe ld o f visio n wi l l be. We encourage addit iona l 
n etwor king o p po rtuni ties amo ng POs fro m diferent 
agencies as well as the creation of a database where PIs 
can input their info rmatio n to be sea rched a nd sorted 
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Fig. 1 Convergent evolution: a framework for convergence of federal funding of basic and applied research to fuel the bioeconomy. (A) 

Eukary otic Tr ee of Life with whole genome sequences on NCBI ( > 4000 species). Organisms hav e been ev olving for billions of y ears to 

solv e man y of the same problems w e face as a society. We ar e poised to unlock these innovations through the study of conv ergent 

evolution. (B) Examples of linking basic and applied with inter-agency programs. Understanding convergent evolution is a fundamental 

research goal that not only bridges programs within NSF but also provides a platform for united research agencies. 

an d wh ere links (e.g., wor king on th e sam e questions 
fr om difer ent a ngles) a m ong th es e s cienti sts can be di s- 
covere d. We a lso thin k g iving PO s access t o funds t o 
se e d new col laborat ions and make these conne ct ions 
s h ou ld be se en as an invest ment for g row ing the l ar g er 
b ioeco no my. 

NSF should be a catalyst 

One way in which the US b ioeco no my can be fueled 

is through what we propose as the <PO-driven m ode l,=
wher e POs fr om b asic science inst i tu tio ns like the NSF 

di scu ss the a pplica tio ns o r funde d g rants o f PIs wi th 

e quiva lent staf from the NIH, DOE, DARPA, NASA, 
USDA, an d oth er US-b ase d applie d r esear ch funding 
ag encies. This PO-driv en model can help drive inno- 
vation in the United States and connect basic and ap- 
plied r esear c h quic kl y and eocientl y. Th e n ewly cre- 
ate d Te chn ology, Inn ovation, an d Partn ers hips direc- 
t orat e of the NSF could be the facili tato r o f these collab- 
o ratio ns and cros s-a gency gra nts; a nother possib ili ty is 
t hat t he W hi te House Ooce o f Scien ce an d Techn ology 
Policy (OSTP) facilitate or administer these PO meet- 
in gs/PI data ba ses a s it h a s do ne wi th CA SA-Bio di s- 
cussed a bov e . PO s fa milia r wit h t h eir scientioc oe lds, 
a nd resea rc her s have a bird9s-eye view of these oelds 
a nd ca n mak e conne ct ions and provide se e d funding for 
new col laborat ions and scient ioc conne ct ions much li ke 
Va nneva r Bush and others envisioned after the end of 
WWII ( Bus h 1945 ). Th e Ma nhatta n P roj e ct an d oth er 
lar g e-sca le proj e cts wou ld not be possi ble with out th e 

conne ct ion of basic and applied r esear c h facilitat ed by 
we ll-conn ect ed leader s (like J. Rob ert Opp enh eim er) 
who could bring experts across various disciplines to- 
gether. 

How does convergent evolution provide a 

platf orm f or inter-a g ency collaboration? 

One area of research that appear s t o be a natural ot for 
t he PO-dr iven m ode l is conv er g ent ev ol u tio n (because 
conv er g ent solution s in nature may not be known to bi- 
olog ica l r esear c her s w orkin g in depen den tly on diferen t 
or ganism s, but a group of POs might note these conver- 
gen ces wh en di scu ssing proj e cts with simi lar th em es). 
Conv er g ent ev olution is a ha l lmark of natura l sele ct ion, 
i l lust rat ing how diferent species in depen dently deve lop 
simi lar t rai ts to overco me simil ar env iro nments o r chal- 
len g es. Elucidatin g th e un der lying p rocesses o f co nver- 
g ent ev ol u tio n, such as sele ct io n and mu tatio n, is a key 
b asic science go a l an d fun dam ental to un derstan ding 
the diversi ty o f life (Ster n 2013). Uncover ing inst ances 
o f co nv er g ence c an also prov ide o p po rtuni ties fo r dis- 
cov erin g sol u tio ns to f uel t he b ioeco no my a nd ca n be 
not ed by PO s or PIs who discov er conv er g ent solution s 
in nature being studied in similar or com plemen tary 
ways by in depen dent r esear c her s. S imilarly, PO s could 

identify these noted conv er g ences from basic science 
proj e cts an d wor k with applied agencies to create col- 
la borativ e fundin g t o creat e b ridges fro m basic to ap- 
p lied so l u tio ns ( Fig . 1 ). R esearc her s may be studying 
evol u tio nary innovatio ns dir ectly r ele vant to s ociety—
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which can be anything from human he alt h, to carbon- 
b ase d energy s tora ge , t o extr eme envir onmen t ada pta- 
t ion. Advances li ke whole genome sequencing are open- 
ing up the potent ia l to ta p in to this diversity at Tree of 
Lif e scales, towa rd bot h f un dam ental an d applied re- 
searc h out comes. 

The NSF is uniquely posi tio ne d to faci lita te in terdis- 
cip linary co l laborat ion a mong resea rc her s invest igat ing 
fun dam enta l quest ion s a bout conv er g ent ev olution and 

thos e s eeking to app l y these insights to pract ica l cha l- 
len g es. B y p art ner ing wit h agencies like t he NIH, t he 
D oE, t he United St ates D ep art ment of Ag ricu lture, and 

ot hers, t he NS F can su ppo rt a co mp re h en siv e approach 

to lev eragin g ev ol u tio na ry knowledge f or so cietal b ene- 
ot. This collabo rative efo rt a ims to ha r ness t he power 
o f evol u tio nary b iology to deve lop inn ovati ve so lu- 
tio ns fo r p res sing glo b a l is s ues, fro m imp roving human 

he alt h out comes t o advancing s us taina ble ener gy t ec h- 
n ologies an d enhan cing our ab ili t y to ad apt t o c limat e 
chan g e. 

Conne ct ing b asic science to applie d r esear ch r equir es 
in tegra ting theoretical knowledge with pract ica l appli- 
cations to so l vin g real-w o rld p roblem s. Providin g fed- 
era l g rant in g ag en cies a m ech ani sm t o fost er r esear ch 

col laborat ions tha t migh t no t o therwi se h appen wi l l 
cr eate a mor e dyna mic a nd efe ct ive r esear ch n etwor k 
that better pr epar es American science for real-world 

cha l len g es and o p po rtuni ties. Co nne ct ing b asic science 
r esear c her s on p ara l le l scien ce tracts to wor k on ap- 
p lied app lications may ultimately lead to greater eco- 
nomic gains ( Bentley et al. 2015 ) and ultimately an im- 
p roved b ioeco no my (through the creation of new re- 
search avenues formed by these novel r esear ch collabo- 
rat ions). The fol lowing are examples o f p roj e cts on con- 
v er g ent ev ol u tio n t hat could be f unde d by col labora- 
tion s betw een US fundin g ag en cies an d that were n o- 
tab l y formed by the au tho rs o f this paper (who are from 

di sparate oeld s) when NSF POs conne cte d us to di scu ss 
conv er g ent ev olut ion (se e th e <Ackn owle dg ments= se c- 
tion). 

Example 1: convergent evolution project 

(USDA and NSF): Arabidopsis and Drosophila 

and carbon sequestration 

Th e en dosp erm is a pro duct of double fert i lizat ion in 

now erin g plants, dev elopin g in side the se e d to sup- 
po rt emb ry o dev e lopm ent in dicotyledon ous (eudi- 
cot) plants such as peas and beans, and germination 

and se e d ling g rowth in m on ocotyledon ous (m on ocot) 
plants such as rice and maize ( Shin et al. 2021 ). The 
e arly st age of endosper m deve lopm ent in many now- 
ering plants exhib i ts a rema rkable a nd unique process, 
ra pid n uclear div isions w ith out cytokin esis (coen ocyte). 

This deve lopm enta l p attern is st ri kingly simi lar to the 
early emb ryo nic develop ment o f the f r uit ny Drosophila 
me la nogas t er , forming a sy ncyti al bl ast oderm, t ec hni- 
ca l ly a co eno cyte ( McC a rtney a nd Dudin 2023 ). This 
mu lt inuc leat e deve lopm ent su ppo rts t he eocient distr i- 
bu tio n o f nu trients and rapid , sync hronous nuc lear di- 
visio ns fo r t he swif t enlar g em ent of th e embryo. Addi- 
t iona l l y, morp hogen gradient for mation wit hin t he syn- 
cyt ia l blastoderm guides su bsequent ce ll type diferen- 
t iat io n d uring emb ry og enesis. 
Co eno cytic endosp erm development in now erin g 

plants pre ce des embry o dev e lopm en t, with ra pid n u- 
cle ar divisions st arting just hour s aft er fert i lizat ion 

( Gooh et al. 2015 ; Ali et al. 2023 ). As nuclei divide, the 
endosperm enlar g es, an d th e size of th e coen ocytic en- 
dosperm plays a crucial role in deter mining t he onal 
se e d size ( Sh arm a et al . 2024 ). S imilar t o the Dro sophila 
sy ncyti al bl astoder m, t h e coen ocytic en dosper m of t he 
m ode l plan t Ar abi d opsis thali ana al so di splays diferen- 
t ia l gene exp ressio n p ro oles amo ng i ts subdo ma ins, a nd 

both eventua l ly under g o cel lu larizat ion ( Be lm onte et al. 
2013 ). This ph en om en on ex emplioes conv er g ent ev olu- 
t ion, where dist inct evol u tio n ary paths h ave led to anal- 
og ous dev e lopm enta l st rateg ies in both plants and in- 
sec ts, hig hlig hting the efectiveness of this approach in 

di verse bio log ica l contexts, in this case, rapid enlar g e- 
ment ( Fig. 2 ). 
Following the c haract erizatio n o f cytos ke leton dy- 

namics cont rol ling th e syn cyt ia l blastoderm develop- 
ment in Drosophila , recent r esear ch h a s revea le d the dy- 
namics of the cyt oskelet on in the co eno cytic endosp erm 

of Arabi d opsis , hig hlig hting simila rities a nd diferences 
in nuclear posi tio ning mech ani sms ( Shin et al. 2022 ; 
McCa rtney a nd Dudin 2023 ). Manipulating cytos ke le- 
ton dynamics in the co eno cytic endosp erm can alter 
the onal seed size ( Ali et al. 2023 ). How ev er, the exact 
mech ani sms by which cytos ke leto n dynamics innuence 
se e d size remain unclear. By leverag ing knowle dge from 

Droso phila resea rch, scientists ca n better investigate and 

manipulate the corresponding mech ani sms in plant sys- 
t ems, pot ent ia l ly leading to en hance d ag ricu ltura l out- 
comes. 
In m on ocot plants, th e en dosperm serves as the pri- 

ma ry f o o d r eserve within matur e se e d s ( Ol sen 2004 ). 
Thi s ti s s ue is rich in s tar ches, pr oteins, and li p ids, p ro- 
v iding essenti al n utrien ts for th e deve loping se e d ling 
u po n germinatio n. Beyo nd i ts b iolog ica l role, the en- 
dosperm h a s p ro found im plica tio ns fo r ag ricu lture and 

the b ioeco no my. En hancing se e d size through genet ic 
an d agron omic inn ovations can lead to increased yields, 
en surin g a more abundant fo o d supp l y. Thi s i s p art ic- 
ul arly v i tal fo r st aple crops like r ice, whe at, and cor n, 
which are cent ra l to glob a l fo o d security. Thus, o p ti- 
mizin g endosperm dev elopment is a key obj e ct ive in 
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Fig. 2 Syncytial/coenocytic development in Drosophila and Arabidopsis . Drosophila melanogaster embryo develops a syncytial blastoderm, 

technically a coenocyte, for efocient distribution of nutrients and rapid, synchronous nuclear divisions for swift enlargement. Fertilization of 

the central cell in many nowering plants, including A. thaliana , also triggers nuclear divisions without cytokinesis, generating a coenocytic 

endosperm. The size and developmental duration of the coenocytic endosperm are associates with the onal seed size. 

plant bre e ding and biote chn ology, aiming to m eet th e 
dem and s of a growing po p ulation. 
More over, the se e d9s abi lity to se quester carbon 

ma kes it va luable in st rateg ies to mit iga te clima te 
chan g e. Se e ds r epr esent a stable fo rm o f carbo n sto r- 
ag e, trappin g atm osph eric carbon dioxide in a durable 
and lon g-liv ed form. B y p ro mot ing se e d p rod uctio n 

an d in creasing se e d b io m a ss, fol lowe d by harvest- 
ing and storing se e ds, we not only help sequester 
carbo n bu t also ens ure a s us ta inable f o o d supply 
wh en n e e de d. This dua l role of th e en dosperm—
su ppo rt ing both ag ricu ltura l product iv it y and env i- 
ronmental s us tainab ili ty, hig hlig hts its potent ia l for 
innova tions tha t b eneot b oth fo o d systems an d th e 
planet. 

Example 2: convergent evolution project (NIH 

and NSF): cell-to-cell communication and the 

development of therapeutics 

Wel l-coordinate d comm unica tion a t th e leve l of basic 
building blocks of a n orga ni sm i s fun dam ental to its 
survival. A nim al a nd pla nt lineag es hav e conv er g ently 
evo l ve d simi lar st rateg ies of dire ctly comm unica ting be- 
twe en cel ls desp i te t heir st a rk diferences in b o d y p lan 

an d ce l lu lar and organi sm a l mobi lity. This me chanism 

of direct ce ll-ce ll comm unica tion invo l ves <tunn e ling 
nan otu bes= in anim al s and <pla smodesm ata= in plants, 
respe ct i vel y. Both types of comm unica tion chann e ls are 

b asica l ly cel l m embran e-lin ed cytoplasmic br idges t hat 
conn ect n eighboring ce lls to facilitate transpo rt o f nu- 
tr ient, hor mo ne, io ns, and sig na ling o r info rmatio n 

mole cu les, including RNAs and proteins. 
Pla smodesm ata were t radit iona l ly considere d unique 

to the plant lineag e, makin g it surprising when tun- 
n e ling nan otu bes wer e discover ed to per for m similar 
roles in animal ce lls. Th ese interce ll ular b ridges facil- 
i tate transmissio n o f not o nly p ro-heal th sig na ls but 
also pro-de at h sign al s, which pl ay critic al roles in im- 
mune res ponses a gains t micro bia l p athog en s. For ex- 
amp le, p la smodesm at a facilit ate m ovem ent of photo- 
syn tha tes, ions, an d h orm on es that m odu late g rowth 

an d deve lopm ent of n ew tis s ues a nd orga ns, while mi- 
crobia l p athog en s cou ld mobi lize their infe ct iou s m a- 
teri als bet ween host cells to spread the infe ct ion. Sim- 
ilar ly, tunn e ling nan otu bes are im plica ted in trans- 
mitt ing various sig na ls and even organ e lles to in- 
nuen ce deve lopm ental processes and tissue regener- 
ation as well as immune sign al s determining neigh- 
boring cells9 survival or de at h, a nd inf ectious agents 
lik e HIV a nd p rio ns. Un derstan ding th e m ech ani sms 
of these independentl y evo l ve d cel l–cel l communi- 
cat ion p athways cou ld lead to th e deve lopm ent of 
innova tive a pplica tions, such as the design of syn- 
th etic ce lls an d tis s ues, environment ally fr ien dly an d 

huma n-sa f e biocides that b o ost crop yie lds, an d n ove l 
t herapeutics t hat intervene or st imu lat e int ercel lu lar 
conne ct iv it y. 
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Example 3: convergent evolution and 

ethnobotany: (NSF, NIH, and USDA) 

Th e ch emica l simi l arit y of pl ants belon gin g to difer- 
ent families that a re dista ntly relat ed , is oft en consid- 
ered as a ch em osystematic conv er g en ce, an d can be fur- 
th er deve loped fo r co mmercia lizat ion and societa l ben- 
eot. This co nv er g ent ev ol u tio n o f chemic als in pl ants 
c an simil arly be used conv er g ently by diferent cultures 
in depen dently for th eir th era peutic a pplica tio ns d ue 
to their similar b ioactivi ty. Phylogenet ica l ly informe d 

b iop rospe ct ing of me dicina l plan ts relies on in terdis- 
ci plinary app roaches tha t in tegra te plan t phylogenies, 
cu ltura l phylogenies, and et hnobot anic al d at a (Gar natje 
et al. 2017 ). Fun ding for such ethn obo tanical pro jects 
can be su ppo rted by a joint init iat ive forme d by a close 
a l li ance bet w een fundin g ag encies such as NSF, NIH, 
and USDA. 

Conclusions 

Why have a bird s-e ye vie w if you can’t play the puppet mas t er? 

It seems one of the keys to harnessing convergent 
evol u tio n is to connect fun ding m ech ani sms cur rent ly 
w orkin g in p ara l lel that su ppo rt o r b r ing t h ese in depen- 
dent r esear c h eforts t ogeth er. Would n ot th e ou tco mes 
be tra nsf or mative if f un ding agen cies fostered n ew col- 
labo ratio ns and cross-di sciplin ary r esear c h t o accelerat e 
the discovery process and facilitate th e trans latio n o f ba- 
sic science ondings into pract ica l applicat ions? 

The conv er g ent ev ol u tio n examples we p r ovide ar e 
just a sample of how conne ct ing r esear c her s from dif- 
ferent oelds of biology (who wer e pr eviou sly un aware 
of each other) may discover that there are simi larit ies 
in their study or ganism s. Alth ough som e limited cross- 
agency fe dera l prog rams exist to fost er, bott o m-u p, PI- 
driv en approaches, w e thin k addit iona l n ove l r esear ch 

avenues can be faci litate d by the top-down, PO-driven 

approach we expound here. 
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