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Synopsis Epigenetic mechanisms are increasingly understood to have major impacts across ecology. However, one molecu- 
lar epigenetic mechanism, DNA methylation, currently dominates the literature. A second mechanism, histone modification, 
is likely important to ecologically relevant phenotypes and thus warrants investigation, especially because molecular inter- 
play between methylation and histone acetylation can strongly affect gene expression. There are a limited number of histone 
acetylation studies on non-model organisms, yet those that exist show that it can impact gene expression and phenotypic plas- 
ticity. Wild birds provide an excellent system to investigate histone acetylation, as free-living individuals must rapidly adjust to 
environmental change. Here, we screen histone acetylation in the house sparrow ( Passer domesticus ); we studied this species 
because DNA methylation was important in the spread of this bird globally. This species has one of the broadest geographic 
distributions in the world, and part of this success is related to the way that it uses methylation to regulate its gene expres- 
sion. Here, we verify that a commercially available assay that was developed for mammals can be used in house sparrows. We 
detected high variance in histone acetylation among individuals in both liver and spleen tissue. Further, house sparrows with 
higher epigenetic potential in the Toll Like Receptor-4 (TLR-4 ) promoter (i.e., CpG content) had higher histone acetylation in 
liver. Also, there was a negative correlation between histone acetylation in spleen and TLR-4 expression. In addition to validat- 
ing a method for measuring histone acetylation in wild songbirds, this study also shows that histone acetylation is related to 
epigenetic potential and gene expression, adding a new study option for ecological epigenetics. 
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including the regulation of cellular function (Kojima 
et al. 2023 ), the establishment of crucial vertebrate cell 
types (Rao and LaBonne 2018 ), and the formation of 
memory (Peixoto and Abel 2013 ). For example, histone 
deacetylase activity is essential in regulation of progen- 
itor cell differentiation (Shen et al. 2005 ), and histone 
modification in adrenal tissue affects the thermotoler- 
ance of chickens (Zheng et al. 2021 ). Further, the ther- 
apeutic applications of histone deacetylase inhibitors 
have been demonstrated in several cases (Kojima et al. 
2023 ). 

Histones are highly conserved proteins that package 
DNA into the nucleosome (reviewed by Bartova et al. 
2008 ). The amino acid residues comprising histone tails 
can be covalently modified by up to 15 different sub- 
units (i.e., methylation, acetylation, phosphorylation, 
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ntroduction 

pigenetic mechanisms can alter gene expression with-
ut variation in underlying DNA sequence (Bossdorf
t al. 2008 ). Of the three molecular epigenetic mech-
nisms: DNA methylation, histone modification, and
hromatin structure, only DNA methylation has re-
eived much attention in non-model organisms, espe-
ially vertebrates, as histone modification and chro-
atin structure are more complex and more difficult to
creen (Schrey et al. 2014 ; Sheldon et al. 2018 ). Also,
creening histone modification requires working with
roteins, which can require techniques beyond what
s commonly available in many genetic-based molec-
lar ecology laboratories. Studies in model organisms
ncreasingly have shown histone modification to be

mportant in a wide array of crucial phenomenon, 
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and ubiquitylation). Modifications to histone residues 
alter the reactivity of that histone-DNA complex and 

hence the conformation of DNA within the nucleus. 
Histone acetylation is generally an activating modifi- 
cation, promoting transcription by making the DNA 

more euchromatin like. By decreasing a histone’s affin- 
ity for DNA, transcription factor binding sites become 
more accessible, thus bolstering transcription (Bartova 
et al. 2008 ). 

There are a limited number of histone acetylation 

studies on non-model organisms, and those that exist 
indicate that histone acetylation can have a major im- 
pact on gene expression, phenotypic plasticity, and plas- 
ticity of life history traits (Reynolds et al. 2016 , Choppin 

et al. 2021 ). For instance, altered histone acetylation fa- 
cilitated the shift in physiology of worker ants ( Tem- 
nothorax rugatulus ) following the loss of a queen, in- 
creasing their fecundity, expression of immune genes, 
and longevity of the hive (Choppin et al. 2021 ). Changes 
in histone acetylation were also associated with pupal 
diapause (i.e., a period of dormancy that is induced 

by harsh environmental conditions) in the flesh fly 
( Sarcophaga bullata ; Reynolds et al. 2016 ). 

Introduced species provide an excellent system to in- 
vestigate the role of histone acetylation in variation in 

gene expression. Introduced individuals must rapidly 
adjust to new environments, a particularly fraught chal- 
lenge because introduced populations tend to have low 

genetic variation and differentiation compared to native 
populations (Schrey et al. 2011 ; Liebl et al. 2015 ; Hanson 

et al. 2022 ). Ample evidence exists to support that DNA 

methylation is important in this process (Liebl et al. 
2013 ; Mounger et al. 2021 ). Indeed, the house spar- 
row ( Passer domesticus ) has been successfully intro- 
duced throughout the world (Liebl et al. 2015 ), and 

DNA methylation is important at the individual level 
to variation in gene expression (Kilvitis et al. 2019 ) and 

at the population level in terms of success in coloniz- 
ing new areas (Liebl et al. 2013 ; Sheldon et al. 2018 ; 
Swaegers et al. 2023 ). Partly, these population-level ef- 
fects arise because individuals possess genomes with 

different dispositions to be epigenetically modified, a 
trait termed epigenetic potential (Kilvitis et al. 2017 ; 
Sheldon et al. 2023 ). One form of epigenetic potential 
that has been estimated is the number of CpG sites in 

promoters. In past work, we have found that epigenetic 
potential varies among individuals (Hanson et al. 2020 ), 
is related to gene expression levels (Hanson et al. 2021 ), 
and is greater in house sparrows collected in more re- 
cently introduced areas than native ones (Hanson et al. 
2022 ). We propose that histone modification is also im- 
portant to introduced house sparrows, given that it has 
an impact on gene expression and phenotypic plasticity 
(Reynolds et al. 2016 , Choppin et al. 2021 ). 
Here, we screened histone modification in wild-
ollected house sparrows. Our goal was to facilitate
nvestigations of histone acetylation and encourage
he use of additional epigenetic markers beyond DNA
ethylation in ecological epigenetics. To do that we
etermined whether (1) histone acetylation can be
easured in wild collected house sparrows using a
ommercially available assay developed for mammals,
nd (2) how variation in histone acetylation is related
o a suit of characteristics in house sparrows that
ere experimentally exposed to Salmonella enterica
Sheldon et al. 2023 ). We focused on two traits, epi-
enetic potential of the putative Toll Like Receptor-4
TLR-4 ) promoter and TLR-4 expression, both are vari-
ble in the individuals screened and differ in response
o infection (Sheldon et al. 2023 ). TLR-4 is a highly
onserved pattern recognition receptor that primarily
ecognizes Gram-negative lipopolysaccharide, making
t one of the first lines of defense against infection
Molteni et al. 2016 ). Salmonella -susceptible mouse
trains were found to have mutated TLR-4 (Leveque
t al. 2003 ), and amino acid variants between suscep-
ible and resistant chicken lines were all found in a
omain of TLR-4 responsible for ligand-recognition
Leveque et al. 2003 ). 
We measured histone acetylation in house sparrows

hat had been previously collected for a study on the re-
ponse of individuals to S. enterica infection (Sheldon
t al. 2023 ). These experimental samples provide us
ith the framework, in a controlled setting, to inves-
igate relationships among epigenetic potential, acety-
ation and gene expression. Our primary focus was on
pigenetic potential due to its importance in response
o infection in Sheldon et al. (2023) and its relationship
ith TLR-4 expression (Hanson et al. 2021 ). 

ethods 
amples screened 

e screened H3 histone acetylation in paired liver
nd spleen tissues from adult male house sparrows
 n = 12) collected in June of 2021 from Tampa, Florida
 Table 1 ) for a study on the relationship between epi-
enetic potential and response to S. enterica infection
as described in Sheldon et al. 2023 ). Birds were help in
aptivity, exposed to S. enterica on the day of capture
nd tracked until euthanasia 14 days after exposure (see
heldon et al. 2023 ). We screened only adult males with
imilar body masses ( Table 2 ). We targeted liver and
pleen tissues as they are both important in immune
unction. The liver detects pathogens that enter the
ody through the gut (Kubes and Jenne 2018 ), while
he spleen filters the blood of pathogens and abnormal
ells (Lewis et al. 2019 ). There is a correlation between
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Table 1 House sparrow samples with weight of starting tissue, histone extraction concentration (Conc.), results of three replicates (Rep 1, 2, 
3), mean histone acetylation (Mean), standard deviation, and coefficient of variation (CV%) 

Tissue Conc. Rep 1 Rep 2 Rep3 Mean 

Bird (mg) (mg/ml) (OD/mg/ml) (OD/mg/ml) (OD/mg/ml) (OD/mg/ml) Std Dev CV% 

3139-L 9 .8 0 .44 1 .50 1 .48 1 .28 1 .42 0 .12 8 .4 

3155-L 9 .6 0 .49 1 .59 1 .79 1 .51 1 .63 0 .14 8 .7 

3157-L 9 .9 0 .33 2 .00 2 .54 1 .72 2 .08 0 .42 20 .3 

3158-L 12 0 .29 1 .64 2 .50 1 .59 1 .91 0 .51 26 .7 

3159-L 9 .6 0 .38 1 .81 1 .83 1 .56 1 .73 0 .15 8 .7 

3174-L 25 .4 0 .71 2 .16 1 .95 2 .08 2 .06 0 .10 5 .0 

3179-L 8 0 .38 1 .77 2 .27 2 .09 2 .05 0 .25 12 .3 

3190-L 6 .9 0 .14 1 .24 1 .29 1 .43 1 .32 0 .10 7 .4 

3191-L 4 .8 0 .56 0 .07 0 .10 0 .09 0 .08 0 .01 10 .1 

3162-L 18 .6 0 .58 1 .28 1 .65 1 .09 1 .34 0 .28 21 .1 

3176-L 22 .2 0 .32 0 .96 1 .40 0 .87 1 .08 0 .28 26 .2 

3187-L 5 .1 0 .79 0 .04 0 .11 0 .06 0 .07 0 .03 48 .2 

3139-S 21 .7 0 .55 1 .88 2 .34 0 .95 1 .72 0 .71 41 .2 

3155-S 3 .1 0 .57 1 .94 2 .32 0 .93 1 .73 0 .72 41 .5 

3157-S 8 0 .30 2 .70 2 .49 1 .34 2 .18 0 .73 33 .5 

3158-S 0 .4 0 .80 0 .10 0 .12 0 .04 0 .08 0 .04 46 .6 

3159-S 16 .5 1 .13 0 .52 0 .50 0 .30 0 .44 0 .12 28 .2 

3174-S 3 .5 0 .40 2 .21 2 .23 1 .86 2 .10 0 .21 10 .0 

3179-S 0 .6 0 .19 1 .10 1 .06 0 .63 0 .93 0 .27 28 .5 

3190-S 1 .9 0 .40 2 .16 2 .03 1 .62 1 .94 0 .28 14 .6 

3191-S 9 .1 0 .19 1 .00 0 .71 0 .37 0 .69 0 .32 45 .9 

3162-S 10 .1 0 .32 0 .20 0 .21 0 .21 0 .20 0 .01 3 .0 

3176-S 3 .5 0 .30 1 .05 0 .89 0 .98 0 .97 0 .08 8 .2 

3187-S 6 .1 0 .42 0 .90 0 .83 0 .63 0 .79 0 .14 17 .8 
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ost susceptibility to Salmonella infection and bacterial
oad in the liver and spleen (Leveque et al. 2003 ) and
oth these tissues were harvested in the previous study
Sheldon et al. 2023 ). Thus, liver and spleen tissue are
deal tissue for our measurement of histone acetylation
ost infection. 
For each individual, we compared H3 acetylation to

pigenetic potential of the putative TLR-4 promoter,
ategorizing epigenetic potential in individuals as low
7 or fewer CpG sites), or high (8 or more CpG sites)
ollowing Sheldon et al. (2023) , which estimated epige-
etic potential by sequencing 500 bp upstream from the
ranscription start site. Sheldon et al. (2023) found that
pigenetic potential ranged from 6 to 10 CpG sites, with
6.3% of birds having either epigenetic potential of 7 or
 and 23.7% having epigenetic potential of 6, 9, or 10.
urther, Hanson et al. (2021) also quantified epigenetic
otential in the putative TLR-4 promoter of house spar-
rows finding that 96.7% of birds had epigenetic poten-
tial of 7 or 8. In both studies, treating epigenetic poten-
tial as a binary variable was the best predictor of TLR-4
expression in house sparrows. 

We compared H3 acetylation to the level of the
TLR-4 gene expression in the cecum estimated by
qRT-PCR from RNA extracts using primers targeting
the TLR-4 transcript (Sheldon et al. 2023 ). We used
TLR-4 expression as an indicator of change in gene
expression among individuals in response to infection,
in an attempt to link variation in histone acetylation
to individual phenotype. Given that our H3 acetyla-
tion estimates are genome-wide, and not localized to
particular genes, we do not expect there to be a direct
causal relationship between H3 acetylation and TLR-4
expression. Nor do we expect there to be a direct causal
relationship between H3 acetylation and EP, as EP was
estimated based on the number of CpG sites, which are



4 D. Ray et al.

Table 2 House sparrow samples with sex, gene expression level of TLR-4 , epigenetic potential (EP), final recorded mass (Final Mass), average 
change in mass (Change in Mass), final Salmonella burden (SB), average Salmonella burden (Average SB), and average change in Salmonella 
burden (Change in SB), Salmonella burden is measured in log genome equivalents 

Bird Sex TLR-4 EP Final Mass (g) Change in Mass (g) SB Average SB Change in SB 

3139 M 2 .62 high 27 .1 −0 .075 2 .32 1 .59 −0 .86 

3155 M 1 .01 high 25 .3 0 .700 0 .84 1 .44 0 .51 

3157 M 1 .02 high 20 .5 −0 .625 2 .28 3 .17 0 .29 

3158 M 9 .22 high 21 .7 −0 .200 3 .58 2 .11 0 .26 

3159 M 1 .27 high 22 .5 −0 .425 3 .12 1 .43 0 .12 

3174 M 0 .77 high 20 .4 −0 .775 2 .79 0 .81 0 .71 

3179 M 1 .22 high 24 .1 0 .100 4 .26 1 .32 4 .26 

3190 M 2 .38 high 20 .6 −0 .633 3 .15 1 .95 0 .87 

3191 M 2 .37 high 21 .5 −0 .15 2 .20 1 .16 −0 .25 

3162 M 14 .93 low 24 .8 0 .025 4 .13 1 .71 1 .03 

3176 M 4 .53 low 24 −0 .05 3 .63 1 .96 0 .24 

3187 M 1 .95 low 22 .1 −0 .55 2 .15 1 .95 0 .33 
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directly relevant to DNA methylation. However, as his- 
tone modification and DNA methylation are epigenetic 
mechanisms, it may be reasonable to expect that indi- 
viduals with higher EP for DNA methylation might also 
have higher EP for histone modification. Our intention 

in comparing histone acetylation to TLR-4 expression 

and EP was to ground the global estimates of H3 acety- 
lation to ecologically relevant factors at the individual 
level. 

In addition, we compared H3 acetylation to a suite 
of characteristics recorded for the house sparrows over 
the course of the experiment. These characters were fi- 
nal recorded body mass, average change in body mass 
over the experiment, final recorded Salmonella burden, 
and average change in Salmonella burden over the ex- 
periment ( Table 2 ; see Sheldon et al. 2023 ). 

Measuring histone acetylation 

We extracted proteins from tissues using the EpiQuick 
Total Histone Extraction Kit (EpiGentek, Farmingdale, 
NY). We then stored the extracts at −80°C overnight, 
and measured H3 histone acetylation in triplicate the 
next day using the Total Histone H3 Acetylation Detec- 
tion Fast Kit (EpiGentek, Farmingdale, NY). Briefly, the 
Total Histone H3 Acetylation Detection Fast Kit detects 
H3 acetylation by ELISA. Strip wells are coated with an 

anti-acetyl histone H3 antibody that captures acetyl his- 
tone H3 from the protein extract and allows the experi- 
menter to colorimetrically detect if histone H3 is acety- 
lated, and colorimetrically quantify the amount of the 
acetylated histone H3. The H3 histone presence is de- 
tected and measured using a labeled detection antibody 
nd a color development reagent. We measured the re-
ultant color change with a plate reader (Bio Tek, Syn-
rgy HTX Multimode Reader, Agilent, Santa Clara CA.
SA). 

ata analysis 

e calculated mean H3 acetylation by averaging the
eplicates and controlling for total protein concentra-
ion. We evaluated the repeatability of the raw results
y calculating the coefficient of variation ( CV ) among
eplicates for each individual within tissues. We used
he CV estimates to define outliers and performed all
ubsequent tests on a dataset that excluded the most
ivergent replicate from any replicate sets with CV of
5% or higher. We also calculated CV among individ-
als for each tissue, before and after removing outliers.
e tested for differences in H3 acetylation mean and
ariance between liver and spleen by t-tests and f-tests .
e also tested for differences in H3 acetylation lev-
ls in both tissues between individuals with high and
ow epigenetic potential. Additionally, we compared H3
cetylation to TLR-4 expression, and the suite of char-
cteristics recorded over the course of the experiment,
sing Pearson’s correlation for both liver and spleen
issues. 

esults 
e found that the EpiQuick Total Histone Extraction
it (EpiGentek) and the Total Histone H3 Acetylation
etection Fast Kit (EpiGentek) were effective in house
parrows. Raw estimates of H3 acetylation over three
eplicates for each individual ranged from 0.01 to 2.08
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Fig. 1 In liver of house sparrows, H3 acetylation differed between individuals with high (Mean H3AC = 4.13) and low (Mean H3AC = 1.56) 
epigenetic potential (t-test P = 0.046). A similar trend occurred in spleen of house sparrows, high (Mean H3AC = 4.04) versus low (Mean 
H3AC = 1.78) epigenetic potential, yet was not statistically significant (t-test P = 0.108). 
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D/mg/ml in liver and from 0.08 to 2.18 OD/mg/ml in
pleen. CV among replicates ranged from 5.0 to 48.2%
n liver and 3.0 to 46.6% in spleen. Our criteria of CV
5%, or higher, identified 3 outlier estimates in liver
nd 7 outlier estimates in spleen. The CV among repli-
ates was much lower than the CV among individuals
efore and after removing outliers. Among replicates
efore removing outliers, CV was 16.9% for liver and
6.5% for spleen, and CV among individuals within tis-
ue was 49.9% for liver and 65.5% for spleen. Among
eplicates after removing outliers, CV was 12.2% for
iver and 10.7% for spleen, and among individuals was
1.1% for liver and 66.1% for spleen. There were no
orrelations between CV (among replicates and after
emoving outliers) and tissue mass (Liver: r = −0.09,
 = 0.38, Spleen: r = 0.17, P = 0.29), histone concen-
ration (Liver: r = 0.30, P = 0.16, Spleen: r = 0.26,
 = 0.20), or mean H3 (Liver: r = −0.45, P = 0.06,
pleen: r = −0.03, P = 0.46). 
We detected high level of variation among individ-

als when observed estimates of H3 acetylation were
tandardized by starting concentration ( Table 1 ). Mean
3 histone acetylation in liver was 3.82 OD/mg/ml ( σ
 2.58); in spleen, mean H3 histone acetylation was
.51 OD/mg/ml ( σ = 2.45). We failed to detect signif-
cant differences between tissues ( t-test P = 0.38, f-test
 = 0.87). We caution that based on the high variation
bserved, these results should not be interpreted as in-
icating no differences exist in H3 acetylation among
issue, rather that they indicate high variation among
ndividuals. 
Interestingly, house sparrows with higher epigenetic
potential had higher H3 acetylation in liver tissue (High
EP Mean H3AC = 4.13 OD/mg/ml; Low EP Mean
H3AC = 1.56 OD/mg/ml; t-test = 0.046), and a similar
trend occurred in spleen (High EP Mean H3AC = 4.04
OD/mg/ml; Low EP Mean H3AC = 1.78 OD/mg/ml;
t-test = 0.108; Fig. 1 ). Also, we found a negative corre-
lation between H3 acetylation in spleen and TLR-4 ex-
pression in cecum among house sparrows ( r = −0.595,
P = 0.02; Fig. 2 ). 

We failed to detect significant relationships between
H3 acetylation and the suite of characteristics recorded
over the course of the experimental infection in either
liver or spleen. H3 acetylation was not related to fi-
nal recorded body mass (liver r = −0.098, P = 0.381;
spleen r = 0.014, P = 0.483), average change in body
mass over the experiment (liver r = 0.094, P = 0.386;
spleen r = 0.079, P = 0.404), final recorded Salmonella
burden (liver r = 0.037, P = 0.455; spleen r = −0.245,
P = 0.221), average Salmonella burden over the exper-
iment (liver r = 0.256, P = 0.211; spleen r = 0.492,
P = 0.052), and change in Salmonella burden over
the experiment (liver r = −0.240, P = 0.226; spleen
r = 0.116, P = 0.360). 

Discussion 

The present study shows that histone H3 acetylation can
be screened among wild bird samples using commer-
cially available kits from EpiGentek. We found that H3
acetylation in house sparrows is highly variable. We de-
tected a high CV and several outliers (CV above 25%);
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Fig. 2 Correlation between H3 acetylation in spleen and TLR-4 gene expression in cecum of infected house sparrows (r = −0.60; P = 0.02). 
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however, the variation among replicates is much lower 
than variation among individuals within both tissues, 
suggesting that the high CV values can be attributed 

to high variation among individuals and not to factors 
pertaining to the kits. Lower variation within individu- 
als shows that this technique is repeatable, and higher 
variation among individuals shows that variation exists 
for selection to act upon. Our study shows that varia- 
tion exists, and can be effectively screened, making this 
technique particularly useful. We found no correlations 
between CV and potential sources of error (either tech- 
nically or biologically). Liver values were more consis- 
tent than spleen values, suggesting a difference between 

tissues. To our knowledge, this is the first study of its 
kind. 

H3 acetylation in house sparrows varies in a manner 
suggesting that it is an important mechanism to be con- 
sidered in ecological epigenetics studies. House spar- 
rows with higher epigenetic potential (i.e., more CpG 

sites in TLR-4 promoter region) had significantly more 
H3 acetylation in liver compared to house sparrows 
with low epigenetic potential. A non-significant, but 
similar trend also occurred in the spleen. Previous stud- 
ies on epigenetic potential in house sparrows, based on 

DNA methylation, found that higher epigenetic poten- 
tial is important for house sparrows to rapidly adapt to 
novel environments (Hanson et al. 2021, 2022). It is yet 
to be determined if estimating epigenetic potential as 
the number of CpG sites is directly relevant to histone 
modification, yet our data suggest the two may be re- 
lated in some manner. At the very least, we expect dif- 
ferences in histone acetylation among individuals with 

differing epigenetic potential, measured as the number 
of CpG sites. 
We also found a relationship between H3 acetylation
nd TLR-4 expression. TLR-4 is a receptor that detects
ram-negative bacteria and ultimately leads to an
nflammatory response (Kilvitis et al. 2019 ). Histone
cetylation being related to TLR-4 expression suggests
hat histone acetylation has an effect on gene expression
n house sparrows. Our intention for measuring TLR-4
as to ground the global estimates of H3 acetylation
o an ecologically relevant factor at the individual level.
ecause we measured total acetylation levels, at this
ime, we cannot be certain exactly how H3 acetylation
s associated with gene expression. We recommend
aution in interpreting our failure to detect significant
elationships between H3 acetylation and the suite of
haracteristics recorded over the course of the exper-
ment. Of note, we observed a marginally significant
elationship between H3 acetylation in the spleen and
he average Salmonella burden over the course of the
xperiment (P = 0.052). This trend follows our detect-
ng a significant relationship between H3 acetylation
nd TLR-4 expression in spleen, but not liver. Taken
s a whole, our results support further study of his-
one modification is an important mechanism in the
esponse of individuals to infection, and more broadly,
n the study of invasive species. 
For those interested in using EpiGentek’s Total His-

one H3 Acetylation Detection Fast Kit for ecologically-
ased studies of birds, we note that, as this kit does not
dentify specific genomic locations of acetylated H3, the
se of experimental designs asking questions relevant
o total H3 acetylation levels is critical. For example,
sking questions about how different experimental
reatments affect total H3 and H4 histone acetylation
Liu et al. 2016 ). Or, determining if relationships exist
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etween global histone acetylation levels and indi-
idual phenotypes (Mosashvilli et al. 2010 ). Also, we
ecommend using three replicates and a large sample
ize, as values were highly variable among individuals. 
In conclusion, we describe a fast and inexpensive
ethod for measuring H3 acetylation in birds, and
uggest that histone acetylation varies in an ecologi-
ally relevant way. Screening histone acetylation will
ikely add an important new perspective to ecologi-
al epigenetics, which has, to date, been dominated by
tudies of DNA methylation. Given the role that histone
odification plays in gene expression and phenotypic
lasticity, and its apparent level of individual-level vari-
tion, it is very important that we factor this epigenetic
echanism in to future ecological epigenetics studies. 

ata availability 

ata has been submitted to Dryad Total H3 Acetylation
n House Sparrows [Dataset]. Dryad. https://doi.org/10.
061/dryad.0k6djhb66. 

unding 

e thank the National Science Foundation IOS-
027054 and the Georgia Southern University Graduate
tudent Organization for funding this research. 

eclaration of Competing Interest 
he authors declare no competing interests. 

eferences 
artova E , Krejci J, Harnicarova A, Galiova G, Kozubek S. 2008.
Histone modifications and nuclear architecture: a review.
J Histochem Cytochem 56: 711–21. 
ossdorf O , Richards CL, Pigliucci M. 2008. Epigenetics for ecol-
ogists. Ecol. Lett. 11:106–15. 
hoppin M , Feldmeyer B, Foitzik S. 2021. Histone acetylation
regulates the expression of genes involved in worker repro-
duction in the ant Temnothorax rugatulus . Bmc Genomics
[Electronic Resource] 22:871. 
anson HE , Kilvitis HJ, Schrey AW, Maddox JD, Martin LB.
2020. Epigenetic potential in native and introduced popula-
tions of house sparrows ( Passer domesticus ). Integr Comp Biol
icaa060, https://doi.org/10.1093/icb/icaa060
anson HE , Wanga C, Schrey AW, Liebl AL, Jianga RHY, Mar-
tin LB. 2022. Epigenetic potential and DNA methylation in an
ongoing house sparrow ( Passer domesticus ) range expansion.
Am Nat 200:662–74. 
anson HE , Zimmer C, Koussayer B, Schrey AW, Maddox JD,
Martin LB. 2021. Epigenetic potential affects immune gene ex-
pression in House sparrows. J Exp Biol 224: jeb238451. 
ilvitis HJ , Hanson H, Schrey AW, Martin LB 2017. Epigenetic
potential as a mechanism of phenotypic plasticity in vertebrate
range expansions. Integr Comp Biol 57: 385–95. 
ilvitis HJ , Schrey AW, Ragsdale AK, Berrio A, Phelps SM, Mar-
tin LB. 2019. DNA methylation predicts immune gene expres-
sion in introduced house sparrows Passer domesticus . J Avian
Biol 50(6), https://doi.org/10.1111/jav.01965
Kojima H , Katagi M, Okano J, Nakae Y, Ohashi N, Fujino K,
Miyazawa I, Nakagawa T. 2023. Complete remission of dia-
betes with a transient HDAC inhibitor and insulin in strep-
tozotocin mice. Commun Biol 6(1). https://doi.org/10.1038/
s42003-023-05010-x

Kubes P , Jenne C. 2018. Immune responses in the liver. Annu
Rev Immunol 36: 247–78. 

Leveque G , Forgetta V, Morroll S, Smith AL, Bumstead N, Bar-
row P, Loredo-Osti JC, Morgan K, Malo D. 2003. Allelic vari-
ation in TLR4 is linked to susceptibility to Salmonella enter-
ica serovar typhimurium infection in chickens. Infect Immun
71(3), 1116–24. 

Lewis SM , Williams A, Eisenbarth SC. 2019. Structure and func-
tion of the immune system in the spleen. Sci Immunol, 4(33),
eaau6085. 

Liebl A , Schrey A, Richards C, Martin LB. 2013. Patterns of DNA
methylation throughout a range expansion of an introduced
songbird. Integr Comp Biol 53: 351–8. 

Liebl AL , Schrey AW, Andrew SC, Sheldon EL, Griffith SC. 2015.
Invasion genetics: lessons from a ubiquitous bird, the house
sparrow Passer domesticus. Curr Zool 61: 465–76. 

Liu YF , Wen CY, Chen Z, Wang Y, Huang Y, Hu YH, Tu SH.
2016. Effects of Wutou decoction on DNA methylation and
histone modifications in rats with collagen-induced arthritis.
Evid-Based Complement Altern Med 2016: 5836879. 

Molteni M , Gemma S, Rossetti C. 2016. The role of toll-like re-
ceptor 4 in infectious and noninfectious inflammation. Medi-
ators Inflamm 2016: 1–9. 

Mosashvilli D , Kahl P, Mertens C, Holzapfel S, Rogenhofer S,
Hauser S, Büttner R, Von Ruecker A, Müller SC, Ellinger
J. 2010. Global histone acetylation levels: prognostic rele-
vance in patients with renal cell carcinoma. Cancer Sci 101:
2664–9. 

Mounger J , Ainouche ML, Bossdorf O, Cavé-Radet A, Li B,
Parepa M, Salmon A, Yang J, Richards CL. 2021. Epigenetics
and the success of invasive plants. Philosophical Transactions
of the Royal Society B 376: 20200117. 

Peixoto L , Abel T. 2013. The role of histone acetylation in mem-
ory formation and cognitive impairments. Neuropsychophar-
macology 38: 62–76. 

Rao A , LaBonne C. 2018. Histone deacetylase activity has an
essential role in establishing and maintaining the vertebrate
neural crest. Development (Cambridge, England) 145(15),
dev163386, https://doi.org/10.1242/dev.163386

Reynolds JA , Bautista-Jimenez R, Denlinger DL. 2016. Changes
in histone acetylation as potential mediators of pupal diapause
in the flesh fly, Sarcophaga bullata. Insect Biochem Mol Biol 76:
29–37. 

Schrey A , Grispo M, Awad M, Cook M, McCoy E, Mushin-
sky H, Albayrak T, Bensch S, Butler L, Fokidis H et al. 2011.
Broad-scale latitudinal patterns of genetic diversity among na-
tive European and introduced house sparrow ( Passer domesti-
cus ) populations. Mol Ecol 20: 1133–43. 

Schrey A , Liebl A, Richards C, Martin L. 2014. Range expan-
sion of Kenyan house sparrows (Passer domesticus): evidence
of genetic admixture and human-mediated dispersal. J Hered
105: 60–9. 

Sheldon E , Zimmer C, Hanson H, Koussayer B, Schrey A, Reese
D, Wigley P, Wedley AL, Martin LB. 2023. High epigenetic po-
tential protects songbirds against pathogenic Salmonella en-
terica infection. J Exp Biol 226(13), jeb-245475. 

https://doi.org/10.5061/dryad.0k6djhb66
https://doi.org/10.1093/icb/icaa060
https://doi.org/10.1111/jav.01965
https://doi.org/10.1038/s42003-023-05010-x
https://doi.org/10.1242/dev.163386


8 D. Ray et al.

 

Z  

 

 

 

f the
ibuti

D
ow

nloaded from
 https://academ

ic.oup.com
/iob/article/6/1/obae004/7615443 by guest on 11 July 2024
Sheldon EL , Schrey A, Andrew SC, Ragsdale A, Griffith SC. 2018. 
Epigenetic and genetic variation among three separate intro- 
ductions of the house sparrow ( Passer domesticus ) into Aus- 
tralia. R Soc Open Sci 5: 172185. 

Shen S , Li J, Casaccia-Bonnefil P. 2005. Histone modifications 
affect timing of oligodendrocyte progenitor differentiation in 
the developing rat brain. J Cell Biol 169(4), 577–89. 

Swaegers J , De Cupere S, Gaens N, Lancaster LT, Carbonell JA, 
Sánchez Guillén RA, Stoks R. 2023. Plasticity and associated 

© The Author(s) 2024. Published by Oxford University Press on behalf o
Access article distributed under the terms of the Creative Commons Attr

permits unrestricted reuse, distribution, and reproduction in any medium, pr
epigenetic mechanisms play a role in thermal evolution during
range expansion. Evol Lett qrac007. https://doi.org/10.1093/
evlett/qrac007
heng H-T , Zhuang Z-X, Chen C-J, Liao H-Y, Chen H-L,
Hsueh H-C, Chen C-F, Chen S-E, Huang S-Y. 2021. Ef-
fects of acute heat stress on protein expression and histone
modification in the adrenal gland of male layer-type country
chickens. Sci Rep 11(1). https://doi.org/10.1038/s41598-021-
85868-1

 Society for Integrative and Comparative Biology. This is an Open 
on License ( https://creativecommons.org/licenses/by/4.0/), which 

ovided the original work is properly cited. 

https://doi.org/10.1093/evlett/qrac007
https://doi.org/10.1038/s41598-021-85868-1
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Samples screened
	Measuring histone acetylation
	Data analysis

	Results
	Discussion
	Data availability
	Funding
	Declaration of Competing Interest
	References

