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Summary

Ethiopia is an ecologically diverse country; the low altitude regions are hot and humid
while the high altitude regions are cooler. In this study we analyzed the transcriptome
response of high altitude and low altitude chickens collected from Awash and Addis Ababa,
respectively, to heat stress (HS) conditions that are prevalent in the low altitude regions
(Awash). The chickens were free ranged for 20 hours in an enclosure in Addis Ababa, and
then the heart, breast muscle and spleen tissues were collected at 6AM, 12PM and 6PM to
follow a daily circadian cycle. Through the RNA-seq analysis, we identified 358, 1087, 742
differentially expressed genes (DEGs) to be significant (q < 0.05, log2FC 1) from heart,
breast muscle and spleen tissues respectively. The 28, 24 and 14 DEGs were identified to be
significantly differentially expressed at all 3 time points in the three tissues. These were
termed as the Hub genes and were subjected to Protein-Protein interaction network analysis to
understand their role. We also performed Gene Co-Expression network analysis to understand
the role of the all the DEGs identified. KEGG pathway analysis and GO analysis from all the
identified genes revealed that several immune related pathways were enriched in response to
HS. These results suggest that the high altitude chicken was under HS and might be
immunologically susceptible. Commercial chickens are susceptible to environmental stresses,
therefore there is a need to understand the genetic response of native chickens that are
adapted to the local environment our findings will help in developing a genetic approach to
mitigate production loss due to HS.
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Introduction

Ethiopia is Africa's oldest independent country and its second largest in terms of
population, has ecologically diverse climatic conditions making it very suitable for the
production of different kinds of domestic animals. The country's ecologically diverse region
is roughly divided into two major parts. The highlands (over 1,500m above sea level (MSL))
having a climate which is generally considerably cooler and the lowlands (less than 1,500m
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MSL) have a climate which is generally hot and humid. Representative cities of highlands

and lowlands are Addis Ababa (average annual temperature of around 16℃) and Awash (hot

and humid with ambient temperature reaching 37℃ between May and June)

For poultry rearing in the hot regions of the world, heat stress is a major concern
because of the resulting poor growth performance, immunosuppression, and high mortality
(Bottje & Harrison 1985; Young 1990; Yahav et al. 1995). In chicken, heat stress causes
specific behavioral and physiological responses (Harrison & Biellier 1969; Altan et al. 2003).
In broiler chicken heat stress causes various metabolic and physiological changes such as
increased body temperature, panting and respiratory alkalosis (Deyhim & Teeter 1991; Lin et
al. 2006) as well as cause deleterious effect on the growth rate, body weight gain, feed
consumption and ultimately lead to mortality (HAN & BAKER 1993; Al-Fataftah & Abu-
Dieyeh 2007).

In the present study, we used RNA sequencing (RNA-seq) of two Ethiopian
indigenous chickens to compare the gene expression profiling induced by heat stress. So, we
designed the experiment that compared between adapted heat Ethiopia indigenous chicken
breed (low altitude) and Non-adapted heat Ethiopia indigenous chicken breed (high altitude)
across different time points (Morning: 6 AM, Afternoon: 12 AM and Evening: 6 PM) in 3
tissues such as heart, muscle and spleen. Therefore, our aim was to investigate the
differentially expressed genes profiles at different time points in each tissue to identify the
hub genes that are regulated in response to heat stress. In addition, we want to understand
their molecular function and biological process in the heart, muscle and spleen tissues of
Ethiopia indigenous chicken breeds. We believe that this study provides a novel insight into
the adaptation mechanism to heat stress. Moreover, gene regulation and networks that can be
used to guide further studies to identify candidate genes for heat tolerance in chicken breed.

Material and methods

Animals and experimental design

The experimental procedure were reviewed and approved by the Institutional Animal
Care and Use Committee at International Livestock Research Institute (ILRI, Ethiopia)
(IACUC No.: 14-0005). All animal experiments were performed in accordance with the
relevant guidelines and regulations in either the National Institute of Animal Science in South
Korea and ILRI. A total of 18 Ethiopian chickens (Sex: male, Body weight: average 1.0 kg,
Age: 5~6 months) were sampled from the two groups, high altitude (Addis Ababa) chickens
(n = 9) and low altitude (Awash) chickens (n = 9). Additional, information about the
experimental environment such as temperature and humidity and sample such as body weight
(before and after heat stress) and body temperature were also recorded (Table S1 and S2).
The experimental design was as follows: 1. the high altitude chickens were moved to low
altitude Awash. 2. All chickens were free ranged for 20 hours to relieve any stress due to
transportation of the high altitude chickens to low altitude (Awash). 3) All the chickens were
housed in individual cages and kept in an open area just before the start of the experiment 4)
The experiment began at 6AM the next day with the first set of samples being collected,
samples were then collected at 6 hour interval (at 12 PM and 6 PM). Heart, breast muscle and
spleen tissue samples were collected at the aforementioned time points, 6 chickens were
sacrificed at each time point, 3 from each group. The birds had ad-libitum access to water and
feed. A total of 54 samples were collected, and they were immediately frozen in liquid
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nitrogen, and stored in a freezer at -80°C until further use. Total RNA was isolated with
RNeasy mini kit (Qiagen, USA) following the manufactures protocol.

RAW reads processing and differentially expressed genes analysis

After RNA sequencing (RNA-seq), the reads were trimmed to remove the adapter, the
low quality N based sequence, the specific sequence of the other Illumina, and reads less than
80 base pairs (bp) using the Trimmomatic ver. 0.36 tool (Bolger et al. 2014). Subsequently,
using Hisat2 ver. 2.0.5 alignment (Kim et al. 2015), the reads were aligned with the chicken
reference genome (ftp://ftp.ensembl.org/pub/release-89/fasta/gallus_gallus/dna/).

Differentially expressed genes (DEGs) were identified by Cufflinks ver. 2.2.1 (Trapnell
et al. 2012). Cuffdiff was used to estimate the differential expression of transcripts across
time points between low and high altitude chickens to identify DEGs. Significant DEGs were
identified by a false discovery rate (FDR) of < 0.05. In all 9 DEGs dataset was generated, one
each for each time point between low and high altitude chickens from each tissue.

Functional annotation clustering, gene co-expression and protein/protein interaction
network analysis

Functional annotation clustering and enrichment analyses were carried out using
DAVID tools (Dennis et al. 2003) implemented in Expression Analysis Systematic Explorer
(EASE) (Hosack et al. 2003). To identify the gene expression patterns and clustering in each
DEGs group, we used the MultiExperiment Viewer (MeV) tool (Howe et al. 2011). In
addition, to network analysis, we performed the gene co-expression network analysis using
the partial correlation coefficient with information theory (PCIT) algorithm (Watson-Haigh et
al. 2009). The gene co-expression network was visualized using Cytoscape ver. 3.4.1
(Shannon et al. 2003). We also performed protein-protein interaction network analysis using
STRING database following the default option (Szklarczyk et al. 2014).

Results and Discussion

Differentially expressed genes (DEGs) between low and high altitude indigenous
chicken breeds in Ethiopia by using cufflinks tools

Genes that were differently expressed between low and high altitude chickens under
low altitude climate (hot and humid environment), at 3 time points from 3 tissues were
identified. DEGs were considered significant if they had a false discovery rate (FDR)
corrected Q value was less than 0.05 (Fig S1). In addition, 28, 24 and 14 DEGs were
identified to be significantly differentially expressed at all 3 time points in heart, breast
muscle and spleen, respectively (Figure 1d). We did not identify any genes to be significantly
differentially expressed in all three tissues, however we found 2 DEGs S100 Calcium Binding
Protein A8 (S100A8) and Cytidine/Uridine Monophosphate Kinase 2 (CMPK2) to be
significantly differentially expressed between heart and breast muscle and heart and spleen
respectively..

Functional annotation clustering, gene co-expression and protein/protein interaction
network analysis

ftp://ftp.ensembl.org/pub/release-89/fasta/gallus_gallus/dna/
ftp://ftp.ensembl.org/pub/release-89/fasta/gallus_gallus/dna/
ftp://ftp.ensembl.org/pub/release-89/fasta/gallus_gallus/dna/
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We assumed that the significant DEGs identified above represent candidate genes for
the correlation of HS. To further elucidate the functional roles of significant DEGs in HS, we
performed GO enrichment and KEGG pathway enrichment analysis of DEGs using the
DAVID web tool. In heart, 156 GO and 22 KEGG terms were significantly enriched. In
muscle, 287 GO and 55 KEGG terms were significantly enriched while in spleen, 199 GO
and 19 KEGG terms were significantly enriched (Figure 2a). In the list of the significant
KEGG pathways, several heat stress related immune response pathways were enriched. For
example, “Proteasome” is the most significantly enriched pathway in muscle evening dataset,
and plays a role in response to cellular stress caused by heat shock, infection or oxidative
damage. “Focal adhesion” enriched in muscle morning dataset plays an important role in the
immune system, in which white blood cells migrate along the connective endothelium
following cellular signals to damaged biological tissue. “Influenza A” enriched in heart
evening dataset, is directly related to innate immunity due to heat stress (Jin et al. 2011).

We performed a co-expression network analysis using a modified version of PCIT,
resulted in two networks (Fig 2b). We named them the “muscle specific gene expression
network (MSGEN)” and the “Time specific gene expression network (TSGEN)” based upon
the expression pattern of the genes in the network. The MSGEN which included 435 DEGs
were clustered into 3 groups by the K-means clustering algorithm in MeV, while the 58 DEGs
in the TSGEN network were grouped into 2 clusters (Figure 2b). In the MSGEN network, the
most significant KEGG pathway was “ErbB signaling pathway” containing 5 DEGs, “ErbB
signaling pathway” was also found to be associated with heat stress in duck (Kim et al. 2017).
In the TSGEN network, “Influenza A” was the most significant KEGG pathway in the first
and second clusters and included 2 and 6 DEGs, respectively. This pathway is directly to
avian immune response under heat stress. (Qureshi et al. 2000; Hu et al. 2007; Jin et al. 2011;
Morera & MacKenzie 2011).

To identify the hub genes from DEGs that responded to HS, we constructed protein-
protein interaction (PPI) network of the 28, 24 and 14 common DEGs identified in the Heart,
Muscle and Spleen tissues (Fig1 d) respectively using STRING. The genes were grouped into
one expression set and subjected to K-Means clustering with MeV. Two clusters were formed
according to the gene expression patterns, the genes in each of this clusters was used to
construct the PPI network (Figure 3a). The hub genes were “GADD45B”, “S100A8”. “FOS”,
“CEBPD”, “CBFB”, “SAT1”, “MPP1” and “F8” in cluster 1, and “NMI”, “USP18”,
“CMPK2”, “IFI27L2” and “ENSGALG00000023821” in cluster 2 . In our results, most of hub
genes were related with heat stress or immune response.

In summary, we analyzed the response of high altitude chickens (Treatment) relative to
the low altitude chickens (Control), to the high temperature and humidity found in the
lowland area of Ethiopia at three time points (Morning, Afternoon and Evening), the results
suggest that the high altitude chickens suffered significant heat stress which was evident from
the activation of many heat stress related genes and there was also activation of many
immune related pathways, suggesting that the animal might be immunologically susceptible
to pathogen under heat stress condition. The various genes identified as hub genes and the
genes in the various pathway found to be significantly enriched can be good candidates for
improving thermal tolerance in the high altitude chicken group. Moreover they can also be
good candidates for further studies on native chicken breeds response to heat stress for
developing genetic strategies to raise thermo tolerant chickens.
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Figure 1. Comparative analysis of RNA-seq data from the Ethiopia chickens breeds :a)
clustering of each tissues by MDS plot. b) clustering of each group by MDS plot. c) PCA plot
using each group. d )Venn diagram of number of DEGs
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Figure 2., visualization of fucntional anotation clcustering , gene co-expressiong pattern and
network analysis: a)histogram of KEGG pathway using all of DEGs set. b) summary of co-
expressiong network set by using PCIT, MeV, DAVID and RAVIGO tools
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Figure 3., Gene co-expressiong and protein-protein interaction network analysis using
common significant DEGs set



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11. 429

Supplementary Table 1. Heat stress environment by time point

Time Temperature (℃) Humidity (%)

6AM 25.2 64

8AM 25.7 56

9AM 25.5 56

10AM 26.4 52

11AM 27.2 49

12PM 32.9 6

1PM 34.6 6

3PM 27.7 9

6PM 26.3 9

7PM 26.1 9

8PM 25.8 10

Supplementary Table 2. Body Weight and temperature with High and low land chicken

Region Time ID
Tube
code

Body
weight

before Heat
stress (kg)

Body
weight after
Heat stress

(kg)

Body
temperature

(℃)

High
land
(Addis
Ababa)

6 AM

1074 H1 1.1 1.05 41

980 H2 1.09 1.06 41

156 H3 1.12 1.12 41

12 PM

884 H4 1.07 1.05 42

1669 H5 1.07 1.03 42

1175 H6 1.16 1.14 42

6 PM

1775 H7 1.08 1.06 42

1422 H8 1.03 9.96 42

49 H9 1.07 1.16 41

low land
(Awash)

6 AM

1933 L1 1.3 1.31 41

789 L2 1.0 1.06 40

1087 L3 1.32 1.25 41

12 PM

1226 L4 1.15 1.12 42

1519 L5 1.06 1.06 41

704 L6 1.2 1.18 41

6 PM

805 L7 1.18 1.18 41

1048 L8 1.0 1.03 42

43 L9 1.24 1.28 39
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Supplimentary Figure 1. volcano plot of Nine DEGs set
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