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ABSTRACT. This study aimed to investigate gene expression in the
chicken liver for lean and fat broiler lines. Birds used in this study were
2 and 4 weeks of age; they were derived from the 14th generation of
Northeast Agricultural University broiler lines, which were divergently
selected based on abdominal fat content. Chicken Genome Arrays
were used to screen differentially expressed genes in the liver tissue
from lean and fat birds. At 2 and 4 weeks of age, 770 and 452 genes
were differentially expressed between the 2 lines, respectively. The
differentially expressed genes were involved in Wnt, insulin signaling,
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and cell cycle pathways. At 2 and 4 weeks, 42 shared, differentially
expressed genes were revealed by the analysis. We speculate that these
genes might regulate chicken lipid metabolism.

Key words: Chicken; Lean and fat broiler lines; Chicken liver;
Gene expression profile

INTRODUCTION

Chickens, widely raised farm animals, are excellent animal models for genetic se-
lection/evolutionary research studies. The excessive accumulation of lipids in the adipose
tissue of chickens is a major problem in the broiler industry. Unlike mammals, little or no
fatty acid synthesis occurs in chicken adipose tissue; the liver is the main tissue of fatty acid
synthesis in chickens (Griffin et al., 1992; Cui et al., 2012).

In our previous study, Chicken Genome Arrays were developed to construct gene
expression profiles and screen differentially expressed genes in the liver of lean and fat
broiler lines at different developmental stages. Our results indicate that 4 weeks of age is a
more important stage for chicken liver lipogenesis, and abdominal fat weight (AFW) and
percentage of abdominal fat (AFP) are significantly different from those at 2 weeks of age
(Wang et al., 2010). In order to better understand gene expression in the chicken liver, gene
expression profiles of the liver at 2 and 4 weeks of age were investigated. This study will
help to elucidate the molecular mechanisms of lipid metabolism in chickens and contribute
to related research in other species.

MATERIAL AND METHODS
Animals

The birds utilized in the current study were obtained from the 14th generation popu-
lation of the Northeast Agricultural University broiler lines, which were divergently selected
based on abdominal fat content (Guo et al., 2011). Birds were kept in similar environmental
conditions and had access to feed and water. The GO generation of the 2 lines came from the
same grandsire line originating from the Arbor Acres breed.

Sample preparation

Birds were slaughtered at 2 and 4 weeks of age. The 6 birds used in present study
were chosen based on AFP: 3 had high AFP and 3 had low AFP. Total RNA was isolated
from the livers using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and quantified by
spectrophotometry. Messenger RNA (mRNA) was isolated using the Oligotex mRNA Mini-
Kit (Qiagen, Valencia, CA, USA). Complementary DNA (cDNA) was prepared by oligo-
dT-primed reverse transcription (Affymetrix, Santa Clara, CA, USA). cRNA probes were
prepared using an IVT Labeling Kit (Affymetrix). The microarrays were prepared using the
GeneChip® Hybridization, Wash, and Stain Kit (Affymetrix). The Chicken Genome Arrays,
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with comprehensive coverage of >38,000 probe sets representing 32,773 transcripts, were
created by Affymetrix, Inc.

Statistical analysis

Differentially expressed genes were identified from normalized data using the
significance analysis of microarrays (SAM) algorithm (Tusher et al., 2001) and the #-test
(Forrester and Ury, 1969); data were obtained using the procedure of SAS. According to
the SAM algorithm, differentially expressed genes are identified based on the expression
differences among the sample groups and the consistency of those differences; a score is
assigned to each gene on the basis of a change in its expression level relative to the standard
deviation of repeated measurements for that gene. Differences were considered highly
significant at P < 0.01 and significant at P < 0.05.

RESULTS

A P value of 0.05 was used as the threshold for significantly different expression
levels. At 2 and 4 weeks of age, 770 and 452 genes were differentially expressed between the
2 lines, respectively. The differentially expressed genes were analyzed by Gene Ontology
(GO) enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways.

The 770 differentially expressed genes at 2 weeks of age were enriched for 4 sig-
nificant GO terms (P < 0.05), including ribonucleoprotein complex, structural constituent
of ribosome, ribonucleoprotein binding, and establishment of RNA localization functional
category. They were mainly annotated to 11 significant pathways by KEGG analysis (P <
0.05), including ribosome, base excision repair, spliceosome, n-glycan biosynthesis, Wnt
signaling pathway, Toll-like receptor signaling pathway, SNARE interactions in vesicular
transport, histidine metabolism, protein export, amino sugar and nucleotide sugar metabo-
lism, and insulin signaling pathway.

Differentially expressed genes at 4 weeks of age were significantly enriched for
only one GO term (extracellular matrix; P = 0.0581). They were annotated to 9 significant
pathways by KEGG analysis, including cell adhesion molecules, spliceosome, tight junc-
tion, notch signaling pathway, cell cycle, intestinal immune network for IgA production,
nucleotide excision repair, pentose and glucuronate interconversions, and one carbon pool
by folate.

Of the differentially expressed genes, 42 were common in birds belonging to the
2 age groups (Table 1). In comparison to fat chickens, 18 genes were upregulated and 16
were downregulated (Table S1) in lean chickens at 2 and 4 weeks of age, 4 genes were
upregulated at 2 weeks and downregulated at 4 weeks, and 4 genes were downregulated
at 2 weeks and upregulated at 4 weeks. The upregulated/downregulated genes were ana-
lyzed by functional classification and KEGG pathway. The 18 upregulated genes were
enriched for 2 significant GO terms, deaminase activity and macromolecular complex, and
the 16 downregulated genes were enriched for one significant GO term, ribonucleoprotein
binding. These common genes were not involved in any significant pathways via KEGG
analysis.

Genetics and Molecular Research 13 (4): 10823-10828 (2014) ©FUNPEC-RP www.funpecrp.com.br


http://www.geneticsmr.com/year2014/vol13-4/pdf/gmr4305_supplementary.pdf

10826

Q. Heetal.

‘JBJ S4 UBD[ Ul POIR[NIoIUMOp Sem dUd3 Y} Jey) SOJBIIPUL ()’ UL} SSI JO 9SUBYD-P[O] BJ sa ued[ ul paje[n3aidn sem ouoF oy Jey) sojesIpul
0'1 uey) 1918013 oFuryd-p[o,] "9ouLYd Aq PA1INdd0 U0IssaIdxa oudd ur udIPIpP © 18y (J) Afiqeqord oy op1aoid $)$9)-7 [BUOTJUOAUOD UO PISeq SPOYJOW :dN[BA J

€ Surure)uod urewop gAY qcaamy  v8y8iy 680€'1 1L10°0 9926t T6€0°0 1 [ST10£85E8D
LL dwey Surpeal uedo [ dwosowoy) LLJOTD  LSE9TH 1$8L°1 £6£0°0 LI81'C S910°0 W ISTLEEYTXIVESD
unessedie) LSVO  ITILTh 9LT'1 L6200 1520'C 60700 IS TT8LIIEED
9SEUIWEOPO[OAD dSLIOJSUBIOUIUILLIO | anld  9TLS6€ 2051 700 L6861 YLY00 _®ISTEISTED
6 Surfeudis urdjo1d-n jo 10jeMFY 6SDA  €€PLIY (431 7£0°0 YLT6' ¥810°0 1S [ST1°€6501°83D
[ 10108} uoneINjEW dsedy [ANT  8TS91¥ LY10'T 12100 8L68'1 8910°0 IS L6TEXIVESD
yungns K105$000¢ ‘¢ BI[OP (PaIOSIP-YNQ) dselowA[og €a10d  €5061+ €691 TLEOO SLYS'L S0T00 I IST6SETIXIVESD
11 undog dos-11  s€9TTy 97s0°C 10000 686L'1 Y0700 S [STIISHESD
B 6§ ‘L 10108) dy100ds uoneKuspedjod pue oFeaes|) LASAD  ¥109TH 6601°1 #2000 €6SL'1 8L¥0°0 IS T0911°E8D
1S ur2101d [EWOSOqLI [ELIPUOYIONA PISTIN  9EpPTy LYPLT 9L00°0 9IL'T ¥200°0 B IS'T'66S7E8D
(opistaato g) Sojowoy urp101d [eLpUOYOONW A[qUIdSSE X O IOND  6590TF ¥61L°0 SEF0'0 9969'1 96200 1S 180611830
C 9Seuny poje[n3al prod1i0o09n|3/wniog TIDS 991611 978°0 £7€0°0 SYI1 S1¥0°0 Je_[STT0€18°83D
91§ urejo1d [BUOSOQLI [BLIPUOYIONIA 9ISIAN  96669L TLTLO 9Tr0'0 YOLY 1 91200 e [STTIE D
1 103201 1008] [1MOIT 158[q0IqL] _ 144D 91596€ 6L0L0 wroo 97l SS10°0 B [STOL8EED
6¥1 dwely Surpedr uado | dwosowo ) BT YOLINIOY L1961 9s81°1 6L¥0°0 STyl €100 S IS € rry8esn
[112€6Xd Aq popoddns oua3 [eonoyodAH LIISTFOOT  L11STH LY8ST 000 6S8¢€'1 L6£0°0 IS THSP0188D
€177 urejo1d [BUIOSOQLI [ELIPUOYIONIA SITIIN - 9S€0Th €Tyl 11200 PP’ £900°0 ®_IS'T°697$ 88D
L uwdro1d x0q-4 _ o Loxdd  €9081¥ SS91'1 9LE00 SovTl 16£0°0 e ISTTELSEED
B S¢ “L you-ouLias/outuisie Gojoey Suolds  zzd[ pOIINIDY  $979Th 96911 €810°0 8YET' $910°0 1S [ST0706'88D
aseprwe duigeredse [eultLo)-N INVIN ~ SP¥89L 8€0'1 19000 91¢T'l L1100 e [STICICESD
(1 oy1-unoquioyy) g Auo urewop I CONT  6TITLE 6198'1 £€€0°0 YoIT'1 e W [STTPLESD
11 SulureIuod Urewop gy H.L 0} Je[iuis 0€SLTYOOT  0ESLTH 801T'1 L910°0 9LOT'T £020°0 IS 106191°€3D
[ w1o301d JoduI] SUIUIEIUOD UTBWOP ATD-dVD 1T $8LS6€ 1790 1€€0°0 8798°0 81€0°0 X [SH0EIE3D
(opisiaa.10 °g) Sojowoy | dseioysuenAyiow VNI TILNYL - 6STTTh 659T'1 $00°0 9S$L°0 68€0°0 18 S [S'68€S1E3D
9 10)08] UOHEHIUL UOHE[SUE: onokreyny 9414 OFI61Y 9878°0 £€220°0 L0 LETOO 1B S [STSP6I1XyvesD
7 osequds urjoAwosuryds ISWDS  6TSTTY 956€°1 $870°0 1S0L°0 SK00 B ISILTTOIEED
€Vl 2dky ased Ly EVEIdLY  868vTY 61€L°0 ST€0°0 €£99°0 91%0°0 18 S 1ST8THF XPVESD
(omisiaaia0 g) Sojowoy SHAA SHAA  €9v¥eTr TSLLO SEE0°0 89990 9100°0 1 1S°1°$€007 88D
G661 J01dooar pajdnoo-urajord H _ SSTMAD  ¥SH9Th 70590 #8000 9%9°0 8€0°0 _ R ISTTTIS8ESD
urdjord €3¢0 1D0T 01 FB[IWIS  SOTL HOHINIOY  9¥T8It £€6£9°0 LEVO'0 91¥9°0 8100 1B [ST697CIXIVESD
urojoxd [eonoylodAy paAIasu0d 0y rejruly TT8SIPIOT TSIy 090 8120°0 28190 91000 1B IS'T0EETESD
€8 ourely Surpear uodo 4 SWOSOWOIY) d6TTNANL  69T€T 689%°0 79100 SSLS0 YE10°0 I 1S1°9L98°88D
65 udoxd 13uy ourz 6STAINZ  9ST8Th €£69°0 89€0°0 99$5°0 6520°0 S [STT6ELIEED
urojoxd dueIquiaw [e13ajur 1505 ‘[ UIS[0D 1gDT0D  8989TH L8LO yL10°0 £7CS0 10€00 18 IV'#'9¢19' X VesD

T Toquiaw (urewop yH AN (i)
H AJrwey ‘Sururejuod urewop A50[owoy uLnsydd|d CHHYATd  66€1TH ST9r0 9%00°0 T€0S°0 v10°0 18 S [S'TIS0ETXPVESD
(om15142.400 s22M4U0.10Y20Dg)  SO[OWOY [YVS  €TBIT HOINIDY  ¥1€91H LL6TO 8€00°0 6£67°0 €510°0 R [S'19679°€8D
¢ (ULIGBWIYD) ULIDWIY) INHD  LEVSTH $089°C 9L20°0 $69Y°0 18100 I® [S1'TLYETXHVEED
(15eaK) urar01d Ajquiasse dwosoqu ‘Fojowoy [SNG ISNE  €€9€Th LTEI'T SLEOO LTSKO SL100 R IST0196'88D
1 passaidxa1oA0 1o0ued [2I0 IAOVIO  Thi€Ty 961°0 66100 €2Tr0 SOE00 1 ISTHECTINIVESD

(unidiy) ureyoud Sunoerur ‘(JYdLd)
apndodjod j “od4) 101dadar “asereydsoyd oursoid) urojord IVIddd  LyI€T TLSS0 LLEODO 81°0 6820°0 L N R AR D)
7O ulok) TONDD  TIstey 6¥T0 12100 86070 8€10°0 IS 865 188D
¢ 101daoox duourioy Suiseofor urdonoonio) TIHAYD  SO1S6¢€ L8YT0 8100 881°0 8€10°0 B IS1°TE68°E8D

drouen (yej/ued)) oSueyo-pjo sonjea d (jej/ued]) a8ueyd-pjo]  sonjea g

uonduosaqg [0quiAg SNIM ¢ SyoIM ¢ di 2qo1d

"SYOIM {, PUE T JB SUI] UNOIYD 7 UM} SAUST Passardxa AJ[ENUAIQIIP UOWWI0d Jo Arewrwung *J [qe],

©FUNPEC-RP www.funpecrp.com.br

10823-10828 (2014)

Genetics and Molecular Research 13 (4)



Analysis of differentially expressed genes 10827

DISCUSSION

Genome expression analysis provides a broad, unbiased survey of the transcriptome.
Bourneuf et al. (2006) identified differentially expressed genes in lean and fat chickens and
suggested that the mechanisms of expression and regulation of lipogenic genes could be
involved in the ontogenesis of fatness in chickens. In our previous study, we found that the
AFW and AFP were significantly different at 2 weeks of age, and 4-week-old broilers dis-
played the exuberant capability of lipogenesis (Wang et al., 2010). We identified significant
pathways and speculated that these pathways, especially the Wnt, insulin signaling, and cell
cycle pathways, have important effects on chicken lipid metabolism. The Wnt pathway is
essential for the early development of eukaryotic organisms and is involved in cell prolif-
eration, differentiation, and oncogenesis (Kitazoe et al., 2010). Lipid peroxidation products
activate the canonical Wnt pathway through oxidative stress (Zhou et al., 2011). The insulin
signaling pathway controls the synthesis and accumulation of lipids in the mammalian liver.
Insulin-resistant states might lead to abnormal triglyceride deposition in the liver (Leavens
and Birnbaum, 2011). Lipids play indispensable roles in cell proliferation, cell differentia-
tion, and organ morphogenesis; these processes are intimately associated with cell cycle
progression (Donnelly et al., 1999). Cell cycle progression and neutral lipid turnover appear
to be linked (Long et al., 2012). With this in mind, we hypothesize that the 3 pathways play
important roles in chicken lipid metabolism.

In summary, our research provided a set of enriched functional pathways and genes
that regulate adiposity in chickens, contributing resources to further study the molecular
mechanisms of lipid metabolism and fatness variability in lean and fat chicken lines.
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