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The effect of high stocking density (HSD) on the expression of stress and lipid metabolism associated
genes in the liver of broiler chickens was examined by chicken genome array analysis. The chickens
in a control group were randomly assigned to a 495 cm’/bird stocking density, whereas the chickens
in a HSD group were arranged in a 245 cm’/bird stocking density with feeding ad libitum for 35
days. The chickens assigned to the HSD group had a significantly lower body weight, weight gain,
and feed intake compared with those of the control group (p<0.05). The mortality of chickens was
higher in the HSD group than in the control group. The microarray analysis indicated up-regulation
of stress associated genes such as HMGCR, HSP90a, HSPA5 (GRP78/Bip), DNAJC3 and ATF4, and
down-regulation of interferon-y and PDCD4 genes. The endoplasmic reticulum stress associated
genes, HSPA5 (GRP78/Bip), DNAJC3 and ATF4, were highly expressed in the HSD group. The genes,
ACSL5, TMEM195 and ELOVLS6, involved in fatty acid synthesis, were elevated in the HSD group.
The genes, ACAA1, ACOX1, EHHADH, LOC423347 and CPT1A, related to fatty acid oxidation, were
also activated in the HSD group. These results suggest that a HSD rearing system stimulates the genes
associated with fatty acid synthesis as well as fatty acid oxidation in the liver of broiler chickens.

Key words : Chicken, high stocking density, stress, microarray, gene expression
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RNA 22| & real time PCR

AN TR F 4 ARTT HEAT T 8T S
A e st xS AF st qAEL e 55 ¥
Tk BT EOZ = Tl A HARA W E(global gene ex-
pression) A (Affymetrix Chicken Genome Array X,
Affymetrix, Inc., Santa Clara, USA)Z} real-time RT-PCR<
©]-8-3t°] microarray T A= HAFl o]t 7
Ao FAEEY ZHOZHE RNeasy kit (Qiagen,
Hilden, Germany)& ©]&3}¢] total RNAE FZE3I%T}
cDNA #4342 Improm-II Reverse Transcription System
(Promega, Fitchburg, USA)E ©]&-3l] cDNAS FAJstAth

Real-time PCR-& MyiQ (Bio-Rad, Herculus, USA)S o] &
sto] Al83HA ) Real-time PCRE 913t primerd] FR =
Table 19 A|A5F$Th PCR #H8-E2 cDNA (10 ng) 5 ul,
primer (5 pmole)= 742} 0.5 ul, SYBR Green (Bio-Rad) 10
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Table 1. Primers used to analyze gene expression by real-time RT-PCR

Size of products (bp)  Accession numbers (GenBank)

Genes Primer sequences (5'-3")
HSP90a Forward: ggagaagttaccaagcgatt
Reverse: cagaagatgaagaagagaagaaga
HSP70 Forward: tcctctgctttgtatttctctg
Reverse: atgctaatggtatcctgaacg
DNAJA3 Forward: tgaaggatgtcagtcagtaac
Reverse: ttctgtatcacgatggttgtt
DNAJB9 Forward: tgaagtgattgattcttgtcatct
Reverse: tacgcataaacgcctect
ACOX] Forward: gcaagtcgtaagtcaatgtt
Reverse: acaatcccaaccgtagtg
Forward: agcaaactggtagcattatca
SCD
Reverse: tctccctttctectteee
SREBP1 Forward: gatggtcgeagtggctgt
Reverse: ggctccccgtagacaaaga
FASN Forward: ttcgtgttaccgectcag
Reverse: ttcccactgectgettag
FABP4 Forward: atggcaaagagactgttatcaa
Reverse: tgaagacggcttcctcat
XBP1 Forward: tctgctggatgctggtag
Reverse: aggtatggtcagtgtcaaga
ATE4 Forward: agtggatgttctggaaggt
Reverse: ctctttctctgacttggtgat
RPL27 Forward: cagcaatgggcaagaaga

Reverse: gcatcaggtggttgtagtt

133 NMO001109785
145 J02579

87 XM414967
117 NMO001030735
101 NMO001006205
89 NM204890

97 AY029224

91 NM205155
118 NM204290

89 NM001006192
76 AB013138

81 NM205337
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Table 2. The effects of high stocking density (HSD) on the performance and mortality in broiler chickens

Ttems Treatment

Control HSD pvalue
Initial BW (g, d3) 44.36+0.17 44.40+0.04 0.858
Final BW (g, d35) 1690.55+36.38" 1478.43+41.20 0.003
Total gain (g) 1646.67+36.38" 1434.03+41.20 0.003
TotalFeed intake 2531.63+56.06 2310.76+26.95 0.005
Total FCR 1.54+0.02 1.62+0.06 0.226
Mortality, No (%) 2 (3.7%) 7 (15.7%)

Mean=SE (n=6).

BW: body eight, HSD: High stocking density, FCR:Feed conversion rate
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Table 3. Information of the up-regulated genes on lipid metabolism and stress
Accession no. Gene symbol Gene function Logz Fold
ratio change
Lipid metabolism
NM_001197288 ACAA1 acetyl-Coenzyme A acyltransferase 1 289 743
NM_001031237 ACSL5 acyl-CoA synthetase long-chain family member 5 139 262
NM_001006205  ACOX1 acyl-CoA oxidase 1, palmitoyl 138 260
NM_001012898  CPT1A carnitine palmitoyltransferase 1A (liver) 114 220
XM_422690 EHHADH  enoyl-Coenzyme A, hydratase/3-hydroxyacyl Coenzyme A dehydrogenase 113 219
XM._ 420004 HADHB hydroxyacyl-Coenzyme A dehydrogenase/3-ketoacyl-Coenzyme A thiolase/enoyl 104 205
-Coenzyme A hydratase
XM_001235269 PLA2GI12A  Phospholipase A2, group XIIA 111 216
XM_001234990  LOC423347 similar to acetyl-CoA synthetase 2-like 108 211
XM_417342 ACSS2 acyl-CoA synthetase short-chain family member 2 1.06 2.08
XM_001235520 TMEM195  transmembrane protein 195 321 924
NM_001031539 ELOVL6 ELOVL family member 6, elongation of long chain fatty acids 1.09 213
NM_001044633  APOB apolipoprotein B (including Ag(x) antigen) 133 252
NM_001031420  ADEFP adipose differentiation-related protein 130 247
NM_001039294  FDFT1 farnesyl-diphosphate farnesyltransferase 1 238 519
NM_204593 NROB1 nuclear receptor subfamily 0, group B, member 1 206 417
NM_001031505  PTDSS1 phosphatidylserine synthase 1 186 3.62
NM_204485 HMGCR 3-hydroxy-3-methylglutaryl-Coenzyme A reductase 140 264
NM_204995 ALDH1A2 aldehyde dehydrogenase 1 family, member A2 1.03 204
Stress related genes
NM_205124 PPP2CB protein phosphatase 2 (formerly 2A), catalytic subunit, beta isoform 133 252
NM_001030977  ASNS asparagine synthetase 171 327
NM_204880 ATF4 activating transcription factor 4 (tax-responsive enhancer element B67) 156 295
XM_001235032 WRN Werner syndrome 134 253
NM_001109785  HSP90 heat shock protein 90KDa alpha 1.07 210
NM_001008437  DNAJC3 DnaJ(HSP40)homolog, subfamily C, menber3 124 236
NM_205491 HSPA5 heat shock 70kDa protein 5 (glucose-regulated protein, 78kDa) 118 226
NM_204476 SGK1 serum/ glucocorticoid regulated kinase 1 1.05 206
NM_001030943  RIPK2 receptor-interacting serine-threonine kinase 2 1.09 213

*The microarry was a Affymetrix chicken genome array X.

**A 2.0-fold difference in gene expression was set as a cutoff value.
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Table 4. Information of the down-regulated genes on lipid metabolism and stress

Accession no. Gene symbol Gene function Log2 Fold
ratio change
Lipid metabolism
NM_205423 PLA2G4A  phospholipase A2, group IVA -1.01 201
XM_424400 AGPAT6 1-acylglycerol-3-phosphate O-acyltransferase 6 -110 214
XM_419616 AGPAT4 1-acylglycerol-3-phosphate O-acyltransferase 4 126 239
NM_001006141 SUCLG2 succinate-CoA ligase, GDP-forming, beta subunit 459 24.09
NM_001006578 OXCT1 3-oxoacid CoA transferase 1 -1.08 212
XM_418909 ALDH5A1  aldehyde dehydrogenase 5 family, member Al -1.08 212
NM_001006547 BDH1 3-hydroxybutyrate dehydrogenase, type 1 -110 214
NM_001001613 CD74 CD74 molecule, major histocompatibility complex, class II invariant chain -145 274
NM_204890 SCD stearoyl-CoA desaturase (delta-9-desaturase) -1.78 344
NM_001031430 SYK spleen tyrosine kinase -1.85  3.60
XM_415754 HSD3B7 hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid delta-isomerase 7 -1.18 227
XM_422670 PIGX Phosphatidylinositol glycan anchor biosynthesis, class X -1.65 314
NM_205308 FABP5 fatty acid binding protein 5 -1.07 210
NM_001006346 FABP7 fatty acid binding protein 7, brain -119 229
Stress related genes
XM_419931 PXDN Peroxidasin homolog (Drosophila) -1.09 212
NM_001012930 BCL6 B-cell CLL/lymphoma 6 (zinc finger protein 51) -1.09 214
XM_417715 EYA3 eyes absent homolog 3 (Drosophila) -112 218
NM_001085439 SHFM1 split hand/foot malformation (ectrodactyly) type 1 -1.61  3.05
NM_205149 IENG interferon, gamma 241 532
NM_204304 PDCD4 programmed cell death 4 (neoplastic transformation inhibitor) -1.03 2.05
NM_001031430 SYK spleen tyrosine kinase -1.85  3.60
*The microarry was a Affymetrix chicken genome array X.
**A 2.0-fold difference in gene expression was set as a cutoff value.
Aa7F #F =tk 3714 1L 2EY 20 =5(32-340)E & £ AF3A K3tk AGPAT4S A5 & e AAAY
Aol SATANE A Hsad Bod D40 Rold ARG Blshe Ao AHA YT, AGPATS EHEE
T A7 AA AEHUA 5 S BT o FAMEAM FAYEEN TLF AC2 HuHg oY
Bzt siglen[1], @Azt Eell :=%(35C, 3 hr)® S B, ZFAA= 2 7150 &R wt glek As7HA ¢l
Hl M e YAIH O Z reactive oxygn species (ROS) A4} Ae& B 2EYAE e B2 corticosteroned] F719} 1€
A AAIe L Skt o o) F Ao A d AEHE st Aol AFH o] Frkshe AoE
HE SEdnal ST 28] SA0 AANHoE REHAS A ATH71229]. SA G ZFol X Datel] o9k 2EH XA #
frret7] 9J38ke] 2527t corticosterone s H7Fste] Fol Al d FAA DAY Tl B3R uE AR e Aol

gl ROS B A2tahitsl Fol o3k 2hehe 2B A7) ok Al 93k sCDe] 2

FREAR Fof & 3do] Ay 2EG 2 A557] A Ao s JAHE A Adfehe Aos & F 9lon, o
dtof F7HAQ) AghE AEYAZRE IE "@na dolt = 5o AAYe Exd Aty fag dddga & 5
[17]. A7 L =E(34T, 14Y)F §A19 254 ROSY Atk DARE A AR W] e A7t Bas Qo=
S AL E 329 A3 =2 o]F 1FU7HAE 2E - ARER £ A7 st DAL F g TelMe ARE
# 2ol td ROSS F7PF FE = AT o] F FAHOE 74 Fgstr] Qe fHAEe] GusiA 282 s, A &
dto] 14 Folle ARAY FE2E JEHe JoR Ho} AE AEE Zaldt duAE Atar] g At
AN 2EY S 2E32 FEO YAV AU AA ew gielA dojual sS4 ok BAE Sl A
EdAGL HuPT2] 12 2EG 20 =233, 3F) 2EY 25 IEa Ak AFo s BP0 2 YEley
g 79 43} ZFA vlo]ARofg ol E o] &t A (Table 2), o] <5 AEnt oflet 2EG 2R Qg At
o AR A st 250 HAaF 110749 Fd4 o Fop Zafol oJste] ApgzAW Ae] F2o] Tl
7h 2EH 20 e S HATha Bag vl 9l o15], Higte] g2 oz 249 g9 4 1L F2 tAke
oM & 2EG 29} dud 73S olsfiste SR AR T4 718d Br okyz, ol SlojA AL Axd
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Fig. 1. Heat map generated from mRNA microarray in the liver of broiler chicken subjected to control and high stocking density
(HSD). A: Stress associated gene, B: ER stress associated genes, C: Fatty acid synthesis associated genes. Expression values
on top of heat map are expressed as a color code corresponding to the log2 ratio of expression values from RNA microarray
data. The red and green represent up- and down-regulation of gene, respectively.

Table 5. Comparison of microarray and real-time RT-PCR analyses of some selected genes

Microarray Real-time RT-PCR
Genes Fold chage* Control HSD "
(HSD/C) ACt o ACt e p value
HMGCR 2.63 8.59+1.09 1 4.37+1.73 18.65 0.0027
HSP90a 210 4.67%0.89 1 2.71+1.05 3.87 0.0489
HSP70 - 5.98+0.95 1 6.07+1.43 0.94 0.9370
DNAJA3 243 12.52+1.88 1 9.45+2.01 8.35 0.0423
DNAJB9 2.01 6.78+1.04 1 6.75+1.51 1.02 0.9764
ACOX1 2.60 5.34+1.21 1 2.25+2.07 8.50 0.0284
SCD 0.29 6.20+1.19 1 7.35+£3.39 0.45 0.6089
SREBP1 2.07 12.64£0.80 1 13.20+0.30 0.68 0.3186
FASN 0.98 3.87+047 1 3.60+0.68 1.21 0.5990
FABP4 0.85 5.64+0.33 1 7.30+0.37 0.32 0.0044
XBP1 2.07 2.29+0.12 1 1.61+£0.19 1.61 0.0060
ATF4 2.95 1.32+0.36 1 0.84+0.27 1.40 0.1367
*Fold changes (HSD/C: high stocking density/control).
*Student’s t-test pvalues.
B} Zhell M o gdatA dojus Az F2 5o = th. 2E# 2 o7 1252 HMGCRZ HSPY0 (Fig. 1A)
o] A gty Aol Aoty F4AE 9 57} ER stress®] w}7+2121<1 XBP1, ATF4, HSPAS (Fig. 1A,
B2 Aol Aolthll]. & Aol AT Bao F3o] o]  1B) 5ol thxFol vlste B Ao o 7PgA EAHo 44
g0z o olEaatol et Bol AFIE JFL 0A A A B FATL Kol FUrh A A% FA4E

o7 Holth

Heatmap real-time PCRO| 2|3t
FHAL 2
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Microarray
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Ho] FoFig. 1C). F32 L85 microarray = &4 o
& 93 FHAAES 4931 real-time PCRE A3} mi-
croarray A7} Bl a4 3193 th(Table 5). th#] 2] 2.2 micro-
array] 27} real-time PCRY| A3+ HAH L] }ol=
AAARE Bl S2gk F S B A Tk SREBP19] 7-¢- micro-
array 279} real-time PCRY] A7} 4utd A5 Bt}
HSP70-2 microarry®l A & o] Q15 =] ek

A9t real-time
PCRAIAM = A2 F#3hel zFol7} gle AL E YET. vlo]a
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HE QITH27]. ¥ Aol A Eelg nhel o] XBP1# HSPAS
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Ao R Al €Th
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X
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3
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dAte| 2
o] ERe FEAEA AAdute] 213 2 (AN
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