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Summary

Heat stress (HS) due to increase in environmental temperature has a negative influence
on chickens performance and production leading to significant economic loss to farmers. Poultry
rearing is a major source of income and nutrition for resource poor farmers in developing
countries. The negative effect of global warming is predicted to have a significant effect on these
communities; commercial chickens are more vulnerable in this environment due to the high
pathogen challenge and harsh environment. This study was carried out to understand the
response of two indigenous chicken ecotypes from the costal lowland Mombasa region which
experiences high ambient temperature and the Naivasha highland region which experiences a
relative colder temperature. We investigated the effects of acute (5h, 35°C) and chronic (3 days,
at 35°C for 8 h) on the cardiac muscle and breast muscle transcriptome of 3 weeks old chicken.
The number of DEGs (FDR < 0.05, log2FC 1) was mostly twice in the acute stage than in the
chromic stage, suggesting that the repeated exposure of the chickens to HS results in adaptation
of the chicken, There was twice as many DEGs (389) in the acute stage cardiac muscle of
lowland compared to highland (185). In all 15 genes were found to be commonly expressed
across all cardiac tissues, these included COMMD4, ATRAID, HINT2, EMC4, DGAT2, HSPA8,
HSPB7, SRGN, GADD45B, while 6 DEGs were found be common amongst the breast muscle,
this includes OTUD1, HSPA8, HSPH1, CA3, RRAD and PDK4. A partial correlation network
analysis was also performed to integrate the cardiac and breast muscle tissues and to understand
the general response of the lowland and highland chickens to HS. Two pathways were found to
be commonly enriched; these were the PPAR signaling pathway and p53 signaling pathway. This
study extends our understanding of chicken’s response to HS, and its effect on animals adapted
to two different environments.
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Introduction

Chicken is one of the most popular and cheap source of high quality protein, and in the
rural communities they contribute significantly to food security (Mekonnen et al., 2010). In
rural, resource poor, developing countries such as Kenya, indigenous chicken (IC) production is
common (Okeno et al., 2012) and are a major source of not only protein but also income
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(Magothe et al., 2012), as they are particularly suited for low cost production and are adapted to
harsh scavenging environment, poor nutrition and parasite challenge (Magothe et al., 2012). Out
of a total of 31.8 million domesticated brids in Kenya, 70% is reported to be indigenous
chickens (Moraa et al., 2015). Magothe et al (2012) reported that there is high genetic diversity
in Kenya and moreover chickens have adapted to the various agro climatic zones present in
Kenya. Twelve ecotypes of chickens have been described to be present in Kenya (Kingori,
Wachira & Tuitoek, 2010, Moraa et al., 2015). And these are reported to be present throughout
the seven agro-climatic zones of Kenya (Nyaga, 2007). They are raised under extensive free
systems (Sonaiya 1990; Kitalyi 1998), and this exposes them to the negative influence of
extreme weather changes.

The increasing temperature due to global warming and climate change negatively
impacts the animal’s physiology and performance resulting in significant economic losses to
livestock industries (Renaudeau et al., 2012). Poultry is more sensitive to changes in
temperature. Under high temperature stress birds alter their behavior such as spending more time
with wings elevated, less time moving or walking and spending more time resting, they have
also been observed to spend less time feeding and more time drinking and panting (Mack et al.,
2013), they seek thermoregulation by altering physiological homeostasis. Future agriculture
expansion will take place in areas with extreme temperature difference thus making commercial
chickens unsuitable for that environment due to their lack of genetic potential to adapt
(McMichael et al., 2007; Thornton et al., 2009; Rothschild and Plastow 2014).Kenyan chickens
that are adapted to these variable climatic zones presents an opportunity to understand the
transcriptional response to Heat stress (HS) of hot temperature adapted chickens. In this study
chickens were collected from local farmers in Mombasa which is located in coastal Kenya at an
elevation of approximately 50m (Lowland) with a temperature between 22°C to 35°C (Njarui et
al., 2016) and from Naivasha with an elevation of approximately 1800m (Highland) with
temperatures between 8°C and 26°C (Ouko et al., 2017). We exposed the animals to a short term
HS treatment (Acute) and a repeated long term HS treatment (Chronic) and analyzed the
transcriptome response of cardiac and breast muscle using RNA sequencing.

Materials and Methods

Experimental design

Two different ecotypes were collected from a local farmer, one from the lowland (LL)

region of Mombasa (4°1’0’’S, 39°35’24”E) and the other ecotype from KALRO (Kenyan

Agricultural and Livestock Research Organization) in Naivasha, highland (HL). A total of 32

(16/ecotype) 23 days old female chickens were used in this study. From 24 days the HS group (n

= 16) were exposed to high temperatures of (35°C) for 8 hours per day and remained at 18°C at

all other times. The control group (n = 16) was maintained at 24°C during the 8 hour

experimental period and at 18°C at other times. The short term HS group (A) (n = 16, 4/ecotype,

including the controls) were euthanized and cardiac and breast muscle tissues were collected and

stored in RNAlater till further use. The long term HS group (C) (n = 16, 4/ecotype, including the

controls) were euthanized at the end of 3 days of cyclic heat. Rectal temperatures were measure
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at the beginning and end of the treatment period (Fig. 1)

RNA Isolation, cDNA library construction and sequencing

Total RNA were isolated from 32 cardiac muscles and 32 breast muscles with RNeasy
mini kit (Qiagen, USA) according to the manufactures protocol. The library construction process
and sequencing was same as previously described (Srikanth et al., 2017). The quality of the raw
reads was assessed using FastQC (Version 0.10.1). The reads were trimmed to remove the
adapter sequence and reads less than 80 base pairs (bp) using Trimmomatic ver 0.32. The reads
were then aligned and mapped to the reference genome of chicken (Gallus gallus 5.0) using
Hisat2 ver 2.0.4 (Kim et al., 2015). DEGs were identified using Cufflinks ver 2.2.1package
(Trapnell et al., 2012) as previously described (Park et al., 2017). Significant DEGs were
identified by a FDR corrected Q value of ˂0.05 and log2FC 1. Venn diagrams were created
using R. GO analysis were performed using DAVID (Huang et al., 2008), additionally REVIGO
(Supek et al., 2011) was used to summarize and visualize the enriched GO terms.

Gene Co-expression network analysis

A gene co-expression network analysis was performed for the Highland and Lowland
chicken’s expression as a whole using partial correlation and information theory (PCIT)
algorithm as described by Reverter and Chan (2008). Genes that were found to be significantly
differentially expressed in at least one contrast were included in the analysis. Pairwise co-
expressed genes were imported into cytoscape software to be visualized and clustered into
networks using Attribute circle layout. The significantly correlated genes were subjected to gene
ontology analysis.

RESULTS AND DISSCUSIONS

Transcriptome alignment and mapping

In all a total of 1.3 billion reads were generated. The summary of the transcriptome
alignment and mapping is given in table 1. The samples had an average of 16,800 genes detected
accounting for 91% of all the 18,346 annotated chicken genes. MDS (Multidimensional Scaling)
results show that the 2 ecotypes separated, however the treatment effect was minimal, and the
ecotype difference accounted for the larger percent of variation (Fig 2A and 2B).

Effect of HS on chicken cardiac and breast muscle transcriptome

The contrast between acute HS group and the control group resulted in many DEGs, in
lowland 351 and 389 DEGs were found to be significantly differentially expressed, while 329
and 185 DEGs were found to be significantly differentially expressed in Cardiac muscle and
Breast muscle respectively (Fig 3A). As for chronic HS 142 and 172 genes and 180 and 171
genes were found to be differentially expressed in Cardiac muscle and Breast muscle
respectively (Fig 3A). The interesting point to note was that the DEGs of the acute stage was
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more than the chronic stage in both the highland and the lowland, and the DEGs in the acute
cardiac muscle of lowland was twice that of the highland (Fig 3A). The LL and HL chickens
shared 41 genes at the acute stage and 26 genes at the chronic stage among the DEGs identified
in the cardiac muscle, while in the breast muscle they shared 30 genes at the acute stage and 11
genes in the chronic stage. In all 15 DEGs were shared between all the contrast in the cardiac
muscle, whereas only 6 DEGs were shared by the breast muscle. This result shows that that HS
response in the breast muscle between the ecotypes was more different than the cardiac tissue.
These genes are summarized in table 2. The Heat shock proteins HSPB7, HSPA8 and HSPA8
and HSPH1 were common between the Cardiac muscle and Breast muscle. Gene ontology
analysis resulted in 8 GO terms being significantly over represented in lowland cardiac muscle
while it was 7, 9 and 10 for lowland breast and highland cardiac and breast muscle respectively
(Fig 3).

Expression Correlation in Lowland and Highland Chickens

A correlation network analysis was performed to integrate the transcriptome of cardiac
and breast muscle of lowland and highland chickens to understand the general response of the
chicken to the HS challenge. In all 699 genes were found to be differentially expressed in at least
one contrast. The pairwise correlation analysis resulted in 77 nodes (Genes) to be significantly
correlated with each other connected by 270 edges in the lowland chickens (Fig 4). 3 pathways
were found to be enriched for this network; it included p53 signaling pathway, PPAR signaling
pathway and Steroid biosynthesis. The GO terms enriched for this network included protein
refolding, lipid metabolism, regulation of cell cycle, regulation of apoptotic process and
response to heat. Most of the genes in the network were found to be expressed in the acute stage.
512 genes were found to be differentially expressed at least once in the highland chickens,
pairwise correlation analysis resulted in 75 nodes (genes) connected by 244 edges (Fig 5). Four
pathways were enriched in this network, this included PPAR signaling pathway, p53 signaling
pathway, MAPK signaling pathway and Protein processing in the endoplasmic reticulum. The
GO terms enriched included autophagosome, oxidation-reduction process, cellular response to
calcium ion, fatty acid biosynthesis, negative regulation of transcription etc. These suggest that
the animal was under significant stress, as was pointed out in the introduction, animal’s response
to HS is through changes in physiological homeostasis (Mack et al., 2013). Two pathways were
common for both lowland and highland chickens, suggesting some conserved response to HS.
p53 has an effect on apoptosis. HS is proteotoxic and causes protein denaturation; this leads to
protein aggregation which is cytotoxic (Fink 1999, Liu et al., 2013). There is a strong
connection between HSP and p53, with HSF1 interacts with stress responsive activator, which
controls DNA damage response through p53 pathway suggesting a role for p53 in DNA damage
response (Stephanou and Latchman., 2011).

Though several studies have reported the deleterious effect of HS on physiology,
biochemical and immune capacity of chickens (Mujahid et al., 2007, Xi et al., 2015, Azad et al.,
2010) they have relied on commercial chickens, this study presents the results of native
chickens. HS is proposed to induce apoptosis and induce oxidative damage in heart and skeletal
muscle (Huang et al., 2015) out results concur with this with enrichment of oxidation-reduction
process in highland (Fig 5), and regulation of apoptotic process in Lowland chickens. Further
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analysis of the results is needed to understand in depth the response to HS. This study presents
valuable resource for identifying candidates that could serve as selection target in chickens for to
improve heat resistance for the highland chicken.
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Table 1. Summary of Sequencing reads, trimming and alignment to the chicken genome.

Region Group Time

Samples
Tissues

Heart Muscle

Read Pairs Both Surviving Dropped
Alignment

Rate
Read Pairs Both Surviving Dropped

Alignment
Rate

Low

Control

Acute (5 hr)

ALL_C_1 19729078 17877257 (90.61%) 357477 (1.81%) 85.43% 18339429 18127114 (98.84%) 32035 (0.17%) 84.33%

ALL_C_2 21531093 20233178 (93.97%) 189188 (0.88%) 90.33% 15292044 15080506 (98.62%) 34497 (0.23%) 83.46%

ALL_C_3 25162577 24976415 (99.26%) 25222 (0.10%) 91.39% 19075376 18743930 (98.26%) 38725 (0.20%) 86.04%

ALL_C_4 21111682 20100903 (95.21%) 133382 (0.63%) 89.17% 19892496 19696025 (99.01%) 27366 (0.14%) 87.16%

Treatment

ALL_T_1 22542509 22300918 (98.93%) 30722 (0.14%) 92.77% 17247672 17067976 (98.96%) 35628 (0.21%) 83.23%

ALL_T_2 19391994 19172460 (98.87%) 26671 (0.14%) 92.79% 16490538 16340444 (99.09%) 23801 (0.14%) 85.04%

ALL_T_3 25884717 25562828 (98.76%) 35252 (0.14%) 91.67% 22017209 21739213 (98.74%) 42456 (0.19%) 85.35%

ALL_T_4 18795160 18601255 (98.97%) 20513 (0.11%) 92.10% 21907451 21603298 (98.61%) 37516 (0.17%) 86.78%

High

Control

AHL_C_1 18694013 18425947 (98.57%) 34592 (0.19%) 91.62% 15649777 15432863 (98.61%) 30121 (0.19%) 85.63%

AHL_C_2 19771301 18705449 (94.61%) 140997 (0.71%) 86.12% 20913841 20596199 (98.48%) 57712 (0.28%) 81.50%

AHL_C_3 18429646 18114165 (98.29%) 34624 (0.19%) 92.00% 19640209 19404912 (98.80%) 25557 (0.13%) 85.71%

AHL_C_4 19433350 19217815 (98.89%) 23732 (0.12%) 92.37% 21916130 21628254 (98.69%) 41790 (0.19%) 86.46%

Treatment

AHL_T_1 20292245 20069248 (98.90%) 28742 (0.14%) 92.15% 16617801 16475988 (99.15%) 25625 (0.15%) 85.89%

AHL_T_2 20592273 20308438 (98.62%) 41697 (0.20%) 92.53% 28228737 25376270 (89.90%) 753321 (2.67%) 81.63%

AHL_T_3 20299612 18584098 (91.55%) 241660 (1.19%) 85.10% 19320991 17687266 (91.54%) 343972 (1.78%) 87.29%

AHL_T_4 18385273 18165079 (98.80%) 22268 (0.12%) 91.77% 21675525 21463005 (99.02%) 30281 (0.14%) 84.61%

Low

Control

Chronic (72 hr)

CLL_C_1 19791975 19561991 (98.84%) 29650 (0.15%) 91.91% 18766868 18554656 (98.87%) 32920 (0.18%) 86.35%

CLL_C_2 20077910 19812863 (98.68%) 33823 (0.17%) 91.82% 18321594 18094728 (98.76%) 30867 (0.17%) 86.19%

CLL_C_3 16675959 15699603 (94.15%) 130984 (0.79%) 89.79% 23699015 23356875 (98.56%) 51171 (0.22%) 84.13%

CLL_C_4 18754751 18564745 (98.99%) 23350 (0.12%) 90.87% 21694524 21402543 (98.65%) 38431 (0.18%) 86.69%

Treatment

CLL_T_1 19816223 19594480 (98.88%) 27215 (0.14%) 91.82% 26465995 26144645 (98.79%) 39231 (0.15%) 85.41%

CLL_T_2 21138027 20067281 (94.93%) 151489 (0.72%) 87.07% 22897553 22653654 (98.93%) 34759 (0.15%) 86.11%

CLL_T_3 21269731 20958239 (98.54%) 39665 (0.19%) 91.80% 20525890 20268308 (98.75%) 34777 (0.17%) 86.24%

CLL_T_4 20847785 20508480 (98.37%) 43971 (0.21%) 93.21% 22952715 22636480 (98.62%) 45366 (0.20%) 85.94%

High Control
CHL_C_1 19352472 19155778 (98.98%) 32577 (0.17%) 92.63% 23292339 23011175 (98.79%) 39498 (0.17%) 85.41%

CHL_C_2 20275571 20070475 (98.99%) 29808 (0.15%) 91.09% 23853560 23486368 (98.46%) 49646 (0.21%) 85.54%

CHL_C_3 18927021 18725297 (98.93%) 22730 (0.12%) 91.98% 20001238 18166769 (90.83%) 376492 (1.88%) 81.52%

CHL_C_4 19200458 18969107 (98.80%) 26193 (0.14%) 92.19% 28061044 27785126 (99.02%) 42114 (0.15%) 85.51%

Treatment

CHL_T_1 18679468 18439940 (98.72%) 30083 (0.16%) 91.22% 19006596 16809261 (88.44%) 553641 (2.91%) 86.34%

CHL_T_2 18613558 18368490 (98.68%) 30192 (0.16%) 93.15% 28456852 28154399 (98.94%) 44472 (0.16%) 85.09%

CHL_T_3 21319044 21027263 (98.63%) 36339 (0.17%) 92.53% 22191759 21847292 (98.45%) 54379 (0.25%) 86.04%

CHL_T_4 21842246 21549619 (98.66%) 34840 (0.16%) 92.74% 25078963 23050307 (91.91%) 371546 (1.48%) 81.37%

Table 2. List of genes that were differentially expressed in all four contrasts.
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Cardiac Muscle Breast Muscle

ENSGALG00000005919 OTUD1
COMMD4 HSPA8

7SK HSPH1
ATRAID CA3
MT4 RRAD
HINT2 PDK4
EMC4
DGAT2
HSPA8

ENSGALG00000002258
SRGN
HSPB7
THRSP

RNaseP_nuc
GADD45B
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Figure1. Box plot of the rectal temperature change of the chickens in the study. HS –HSes group, RT- Room temperature control,
LL- Lowland, HL-Highland, AC-Acute and CH –Chronic.
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Figure2. Multidimensional Scaling (MDS) plot of the top 5000 genes from individual samples.
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Figure 3. A) Number of genes found to be differentially expressed in each contrast.. B) Venn diagram of cardiac muscle DEGs, C)

Venn diagram of Breast muscle DEGs. ALL – Acute lowland, CLL – Chronic lowland, AHL- Acute highland, CHL- Chronic

highland, H – Cardiac muscle, M-Breast Muscle.



Proceedings of the World Congress of Genetics Applied to Livestock Production, 11.202

Figure4. Partial Correlation of Lowland transcriptomes found to be differentially expressed in at least one of the contrast. Gene

ontology analysis and KEGG pathway analysis are also shown.
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Figure 5. Partial Correlation of highland transcriptomes found to be differentially expressed in at least one of the contrast. Gene

ontology analysis and KEGG pathway analysis are also shown
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