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Effects of High Stocking Density on the Expression of Metabolic Related Genes
in Two Strains of Chickens

Sea Hwan Sohn, In Surk Jang, Young Sook An and Yang Soo Moon'
Department of Animal Science and Biotechnology, Gyeongnam National University of Science and Technology, Jinju 660-758, Korea

ABSTRACT Chickens are exposed to the external and internal stressors such as low and high temperature, high stocking
density, feed restriction and disease. There have been a few studies on gene expressions through the investigation of chickens
under direct exposure to the stress of high stocking density. The objective of the present study was to determine the expressions
of genes associated with stress, endoplasmic reticulum (ER)-stress, lipid and glucose metabolism in two strains of chickens,
Korean Native Chicken (KNC) and White Leghorn (WL), raised in high stocking density. A total of 164 chickens aged 40
weeks were randomly allotted to a 540 cm?bird stocking density (control), whereas the chickens in a high density group were
assigned in a 311 cm’/bird stocking density with feeding ad libitum for 10 weeks. Total RNA was extracted from the live for
gRT-PCR. The expression levels of hsp70 and hsp90a were higher in WL subjected to stress with high stocking density
compared with those genes in control (P<0.05), while the expressions of genes were not affected in KNC. ER stress marker
gene XBP1 was also highly expressed in WL with stress (P<0.05), but the stress of high stocking density did not influence
to ER stress marker genes in KNC. Lipid metabolism associated genes including FABP4, FATP1 and ACSL1 were highly
expressed in WL compared with KNC when subjected to high stocking density stress (P<0.05). The expression of glucose
transport gene GLUT2 and GLUTS were increased in chickens exposured to the stress of high stocking density (P<0.05). The
data indicate that WL is more sensitive to the stress of high stocking density compared with KNC and the stress may influence
the modulation of lipid and glucose metabolism in the liver of chickens.

(Key words : stress, gene expression, liver, chicken)
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Table 1. The primer pairs used to analyze gene expression by real-time RT-PCR and size of products
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Genes Primer Sequence(5'-3") Size (bp) Tm(°C)
Forward TCCTCTGCTTTGTATTTCTCTG
HSP70 145 60
Reverse ATGCTAATGGTATCCTGAACG
Forward GGAGAAGTTACCAAGCGATT
HSP90a 133 60
Reverse CAGAAGATGAAGAAGAGAAGAAGA
Forward GCAGGACAGTAGGTGAGT
HSP90B 113 60
Reverse GAGGCAGAGCAAGATGAAG
Forward TCAGAGCGTAAGACCTAAC
HMGCR 84 60
Reverse TGTAGTAATGGCGAACCTAA
Forward AAGAAGAAGCAGCAGAGAAG
GRP78 87 60
Reverse CAAGTGTTCCTGAGTCCAAT
Forward CAGCCACCACACATAACAA
ATF6 106 60
Reverse ATCATCACCTCGTAGTCCTT
Forward TCTGCTGGATGCTGGTAG
XBP1 89 60
Reverse AGGTATGGTCAGTGTCAAGA
Forward ATGCGGACCTGAAGATAGAT
SREBP2 115 60
Reverse CCTGGCTCTGAATCAATGG
Forward ATGACCGAACTTACCGTAGG
C/EBPB 81 60
Reverse CTGCTGGGATGCTGCTAA
Forward TTCGTGTTACCGCCTCAG
FASN 91 60
Reverse TTCCCACTGCCTGCTTAG
Forward ATGGCAAAGAGACTGTTATCAA
FABP4 118 60
Reverse TGAAGACGGCTTCCTCAT
Forward GGGTTTGTTTGTGCTCCAT
FATP1 102 60
Reverse AGGCGTCGTTAAGGTAAGA
Forward CTAAGATTTGTGTGATTGTAATGC
ACSL1 93 60
Reverse GCTCTAACAGTTGACTTGGA
Forward GCTGCCTCTTCCTGCTAA
GLUT2 116 60
Reverse GTCCCTTCCAACCCAAAC
Forward GAGGAGGAGGGACTAAGC
GLUTS8 78 60
Reverse CATCAGAATCACACCAATAAGAAG
Forward TAGGATACACAGAGGACCAG
GAPDH 133 60
Reverse AACTCATTGTCATACCAGGAA
Forward CAGCAATGGGCAAGAAGA
RPL27 81 60

Reverse

GCATCAGGTGGTTGTAGTT
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Table 2. Comparison of stress response for the stocking density between Korean Native Chickens and White Leghorns as analyzed

with the expressions of stress-marker genes in the liver

Korean Native Chicken

White Leghorn

Control High density Control High density
ACt y-hac ACt y-hac ACt y-hac ACt yhac
HMGCR 2.10+0.36 1 1.97+0.25 1.09 3.01£0.56 1 2.29+0.66 1.65
HSP90-a 11.01+0.35 1 9.70+0.61 2.49 13.14+0.10" 1 12.00+0.29" 2.20
HSP90-[3 —2.7440.25 1 —3.27+0.58 1.45 —1.55+0.17 1 —1.60+0.15 1.04
HSP70 4.54+0.28 1 3.51+0.43 2.04 5.93+0.33* 1 4.47+0.37° 2.77

*® Values (means = S.D.) with different superscripts within the same row in each breed significantly differ (P<0.05).
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FAARES] TRlo] Folxl Ak UehiAT, $AA fre
A4S BolA] Fatrh EAR] et obd E 2Ed 2
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Table 3. Analysis of variances for the factors affecting to the expression of ER stress-related genes in the liver in Korean Native
Chickens (KNC) and White Leghorns (WL) with different stocking density

Breed Stocking density ATF6 XBP1 GRP78 SREBP2
KN 7.97+0.40" 5.74+0.27° 9.00+£0.26 5.38+0.31
(0.93) (0.49) (0.84) (1.10)
Breed means
WL 7.87+0.26 4.7140.23° 8.75+0.17 5.52+0.26
)] )] )] )]
Control 7.76+0.29 5.35+0.26 8.58+0.19" 5.900.16
, . (1) )] M (1)
Stocking density
Hieh 8.08+0.37 5.10+0.24 9.17+£0.24° 5.00+£0.42"
& (0.80) (1.19) (0.66) (1.87)
Breed (B) N.S ** N.S N.S
Stocking (S) N.S NS ” "

BxS

s

ok

ok

Hk

*® Values (means+S.D.) with different superscripts within the same column significantly differ (P<0.05).
" ACt value, ¥274% value, © P<0.05, ©* P<0.01.
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Table 4. Analysis of variances for the factors affecting to the expression of lipid metabolism related genes in the liver in Korean
Native Chickens (KNC) and White Leghorns (WL) with different stocking density

Breed Stocking density C/EBPa FASN FABP4 FATP1 ACSLI
KNC 6.77+0.47*" 4.73+0.16° 10.45+0.50° 8.73+0.33° 4.79+0.27°
(1.42) (1.41) (0.58) (0.40) (0.28)
Breed means
WL 7.28+0.31° 5.23+0.26" 9.66+0.27° 7.41+0.13° 2.96+0.20°
) Q) Q) (D (1
Control 7.32+0.30° 5.34+0.30° 10.66+0.44° 8.24+0.24° 4.1440.25°
) ) 1) (1) M (D (1
Stocking density
Hish 6.73+0.48° 4.6240.12° 9.46+0.33" 7.91+0.22° 3.60+0.22°
& (1.51) (1.65) (2.30) (1.26) (1.45)
Breed (B) N.S ** ' . ”
Stocking (S) ! ” ” N.S '

BxS

ok

*

ok

Ers

ok

*® Values (means+S.D.) with different superscripts within the same column significantly differ (P<0.05).
" ACt value, ¥274% value, © P<0.05, ** P<0.01.
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Table 5. Analysis of variances for the factors affecting to the expression of glucose metabolism related genes in the liver in Korean
Native Chickens (KNC) and White Leghorns (WL) with different stocking density

Breed Stocking density GLUT2 GLUTS8 GAPDH
+ b
KNC 6.20i0.30 4.53+0.39 5.844+0.33
(0.91) (3.76) (0.95)
Breed means
6.07£0.41 6.44+0.28" 5.77+0.17
WL
Q) ey )
Control 6.58+0.37% 5.57+0.28 6.42+0.21°
. ‘ ey ) (1
Stocking density
Hich 5.69+0.23° 5.40+0.39 5.20+0.29°
g (1.85) (1.13) (2.33)
Breed (B) N.S ” N.S
Stocking (S) ” N.S ”

Hk

BxS

sk *

*® Values (means+S.D.) with different superscripts within the same column significantly differ (P<0.05).

T ACt value, 2722 value, © P<0.05, ™ P<0.01.
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