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Analysis of Differential Expression Genes in Chicken Bursa of

Fabricius with Gene Expression Array

HANG Bo-lin'** , SANG Jian-jun'® , QIAN Kun', YE Jian-qgiang' , SHAO Hong-xia' ,
JIN Wen-jie' , MEI Mei' , MIAO Ji', QIN Ai-jian'”
(1. College of Veterinary Medicine » Yangzhou University , Yangzhou 225009, China; 2. College of
Husbandry and Veterinary Medicine , Henan Institution of Science and Technology . Xinxiang 453003, China)

Abstract: To investigate the dynamic changes of gene expression in chicken bursa,the total mR-
NA extracted from SPF chicken bursa at 18 embryo-days, 10 and 30 days-old were hybridized
using Agilent Chicken Genome Array. The differentially expressed genes were analyzed with gene
ontology (GO) and KEGG to screen the significant signaling pathway. Several differentially ex-
pressed genes were verified with real time quantitative PCR. The results showed that the gene de-
tection rate were 79%-85% ,and 5 043,2 368 and 1 874 differential expression genes were identi-
fied when comparing chicken of 30 days-old with embryo of 18 embryos-days,chicken of 10 days-
old compared with embryo of 18 embryos-days,and chicken of 30 days-old compared with chicken
of 10 days-old,respectively. Differentially expressed genes were involved in binding functions, cell
component, metabolic progress,cell progress, biological regulation, etc. Additionally, cytokine sig-
naling pathway, Toll-like receptor signaling pathway, NOD-like receptor signaling pathway, and
mTOR signaling pathway were also included. Gene expression profile of chicken bursa of Fabrici-
us was successfully analyzed,and the function of differentially expressed genes need further study

to understand the molecular mechanism of the development in chicken bursa of Fabricius.
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¥ K %% (bursa of Fabricius, BF), ¥ 4 & I %%,
2 KR 802 5 Fabricius F 1621 48 % 3L 0 T
i 3 A v kBB RO R S R Y P X A
(ERRN S AN R SRy N N SN i R 4 ) D
SARSEINRERY AN . 5 IR Bk A i o Ak Y
BRI LN ) T 237 I, 2 5 BILAR 00 AR R 9 2
VZEH L REMN ARS8 EEY B
00 RN = D515 N i 7l = B S
TR R 9 A A A ) R B TR AT T
SRR BIBEFE AHOC T X0 25 Q98 K & ) A rp B R A8
UADESTR T

IR R 5 AR S X I A A W 4 A )
SN A3 S A% o 3 i e e AL %) T R AR X A IS
PR A 5] R T R P A PR 4 R TR GES AT LR A
Lok R AT SRR AL . BEES R
(gene chip, DNA microarray) 52 3t T #% H B8 & #b 5
R DLEEDR Ry 43 B 6F 40 DNA G Ry BA Rl
oAl B LSRR . HAT SRS HORTEXS Y
LN A= RN N R R = R R X
J7 T TR B A1) T 32 5 A 66 D 5 15 32 22 8] A AR
(T 23 o 0 B 80 2 R 5 A A  EEE R
IR R F R b R DA 2808 15 1) I 25 728 6 0 5C BE A
FH W5 = 308 I A PR s AL o AT A

AW 3T Agilent 38K K 1% 085 1 F AR XS 18
U V10 F1 30 H 4 X9 1 Q48 v 22 S Rk BE IR AT
O e A3 BT BRI IR R B PR R 2= 57, F A
GO(Gene Ontology) #4722 57 2 35 kA 14 A= ) 2 2
RE 228 JF X HAR 5 3l B gk AT 1 2007 DU IR ADE
FEXG T TR 1) T BE 2 11 12 LA

1 MBR5FE
L1 ZBHMEERRE

SPF JS I B b 5t FE Y 4 36 52 55 3 1) R
A PR AL . R R T5 i A AR IR O A 4 o
fr (WSC-7 B, jg 507 AL B a5 A FR2S 7DD AL
I 7e ™ Lt Fe 5 XS 1 5 T SPE X9 1 25 & RN 15
PS5 3 W) i & A BR A 7D s Bl R & ROk
SPF s Uk AR R B g 5 75 e 1l 3h ) 55518 4, K
MR K (121 °C 15 min) B 28K . 7EREIL 1045
18 ROIHE) i 7e 5 1y 10 F1 30 H %, 70 ) R 4k 3
SN R B 14 vk EC A 44 TV 1 A EER UK 26 BR IfiL
W B 25 B o THD A JE B R AT R O S BRI
BORE R RAT - T 6 RNA 21,

1.2 &kH

FEH R GRE S R Agilent 23 w) X8 4 5L [
2H 4 X 44K 5 i (Design 1D:026441),
1.3 RNA {JIRE. A= M R 4k

K H TRIzol i 5] & (Life technologies, US) ##
By 4% B RNA, A Agilent Bioanalyzer 2100(Ag-
ilent) X & RNA 47 57 & W5 . & 4% J5 1 1
RNeasy mini kit (QIAGEN) #1 RNase-Free DNase
Set(QIAGEN) 4lifk & RNA,
1.4 EREBREX

O 22 58 BB AL BE b A S A M E R A B
NFEFE . H A, Low Input Quick Amp Labeling
Kit.One-Color i 31 £ ( Agilent) % 5 RNA 3 47 jik
K AFRIC sl RNeasy mini %7 & (QIAGEN) 4 {k,
FRicJa 1) cRNA G 2258 R Agilent ik i A
BeE ) & s K i Agilent Microarray Scanner #47
4 ; | Feature Extraction software 10. 7 ( Agi-
lent) 2 BB HE ; | Gene Spring Software 11. 0(Agi-
lent) 47 H — 1L AL H, 5350 Quantile, JT A #24F
42150 G UEWI R Agilent 23835 85 J 52 56 #2 1 Al
oA P AT .
1.5 £RFRZEEN GO N KMBEE S

FH A0 5 2R W HOR A PR W) B9 7E 2 SAS
(SBC Analysis system) 73 #r & 4t (http://sas. ebio-
service. com) X} 2% 5 & 35 Ft A ¥ 47 5 R 3 i (3 A
HAR Z B K JE T NCBI Entrez Gene ¥ ## &, ht-
tp://www. ncbi. nlm. nih. gov/gene/) .GO I fg 4>
281 (Gene Ontology (5 2, http://www. ge-
neontology. org/) f1 KEGG (Kyoto Eneyclopedin
Of Genes & Genemes) il i 7> #1 (KEGG % 35 )% ,
http://www. genome. jp/kegg/; Biocarta ¢ & J% .
http://www. biocarta. com) ,
1.6 wKHtE=Z PCR

BRI AR AR IR T 6 N E RS
FEDH AR GenBank H i 35 K5 371, 38 3o ) 28 7F 2k 50
ff Primer-BLLAST (http://www. ncbi. nlm. nih. gov/
tools/ primer-blast) ¥ it T JLXTRE T 51 91 (51 97 571
W D #7906 E & PCRA M 27 22T #1715
¥t b Invitrogen 23 F] 5 .

RNA BEAR R4 DNA 19 LB cDNA &
A AR 7 & ( TaKaRa, China) Ui B 45 #F 17 #: 1E .
%6 E it PCR $# B £ (TaKaRa, China) i B
TE 7500 BIZ¢ 5 E 1 PCR {Y¥ (ABI, Singapore) |- 3t
1. LA 3-8 R H ol i i A B (glyceraldehyde-3-
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phosphate dehydrogenase, GAPDH) 3: KX 1E NS
FE PRI HEAT B P An AL AR B . RO DE AR R (20 pl) .
SYBR Green [[ (2X)10 uL. E R34 2 pul.

ROX [[ (50 X)0. 4 pL.#aliK 4.5 pl. R (cD-
NAYL 1 pl, IEFEF:95 °C 30 5595 °C 55,60 C
34 5,40 PMFH .,

F1 WAEEEPCRSY

Table 1 Primers for Fluorescence Quantitative PCR(FQ PCR)

N 4 Bk

Name of gene

HoRT

Accession number

5197 51

Sequence of primers

7/ PNGA

Product size

F.5'-CGCATTCGGGATATGGTGGA-3'

APOA1 NM_205525 . ) 85
R:5-CAGCAGAGGACTCGAACTGG-3
F.5-"TGAGAACCTGCTCAGCCTTG-3’
TLR15 NM_001037835 ) ) 125
R:5- AAATCTGTGAAGGCCCCGAG-3
F.:5'-GAGGGACCAATCACACTGGG-3'
LY86 NM_001004399 L . 150
R.:5'-CCGAGTGCGTTGTTTTGCTT-3
) F 5'-CTTCCGTGATGGGGTCAACT-3'
BCL2 NM_205339 . ] . 124
R 5-GGTCATCCAGGTGGCAATGT-3
F 5-CGCCGTCGCTATGGATGAA-3’
TRIM39 NM_001006196 ) ] , 82
R 5'- TTGGAAGAACCCCAAGCAGA-3
F 5'- TCGCTGCGGATCTTCTCATC-3'
CD3E NM_206904 L ] ] ) ) 82
R 5'- GCTCTCGATTGCCCCTTCTT-3
F 5'-AGGGTGGTGCTAAGCGTGTTA-3'
GAPDH NM_204305 78

R 5'-TCTCATGGTTGACACCCATCA-3'

i# 5 Spearman ¥ 4 %f 3& K o6 B Al Real time
PCR 2 F ik 0 &5 S 4740 4 43 #7 &

1 EKREHL RNARBRE

X R BY G vk R B AR (n=3) 1) 5 RNA £
Al GBS R, B A R B RNA BT i 2 85 47
(RINZ=>7. 0, H 28S/185=0. 7, K& #&1%)  ali Br g &5,
2.2 AEAMEBRZREALHERNREHERK

TEXGHR 18 H iy I, PR ) 4 S 2% L A g, T 10
F1 30 H I RG22 ¢ RE(CV) BRI H 1
s HBUE AR R0 AR L E AT 1020 (3% 2,
2.3 AEAMBREREAAERKREERL

ZSEBAE 2 5 X L EH P<<0. 05 A3 N
2R FIRFEH . LB H S Z )Xk G 22 7 3k
SRR B H 45 R K 3, WK 3Pl LA W . bl
F H X, 5 F UL B XY TE R R B W SE 22
SR BE I H 2 W b, an 30 H R4S 5 18 it
WX IR Z (] L3 A 5 043 D22 R AR L 10 H g 4N
518 X Z A b %, A 2 368 2= F AL, 1
30 5 10 HIRHEXS Z A Lh 4, A 1 874 22 kA,
Hodr, 78 H Ol 22 05 HE B R (30 H I 4 XS 5 18 iR iy

x2 EEMRHERETRAH(xLs)

Table 2 Detection rate and coefficient variation of genes(x *s) %

E18 C10 C30
Kl\tﬂ%: 84.6140.48 79.5942.71 79.36+0.94
Detection rate
CV1E _
4,76+1.09 5.05+0.70 5.4940.72
Value of CV

E18. 18 IRES XS IR 5 C10. 10 H #4ENS 5 C30. 30 H #AHERY ; T 3 [
Ry 3 =R AR B/ A R AR B 4 X100 %%

E18. Embryo of 18 embryo-days; C10. Chicken of 10 days-
old; C30. Chicken of 30 days-old; The same as below
Detection rate=the total number of detected probe /the ratio
of the probe X 100%

x3 ERRZEERYAE

Table 3 Number of differential expression genes

— e T S HL R %
LIRS FRERy R
Number of
Number of Number of . .
differential
up-regulated down-regulated .
expression
genes genes
genes
C30 vs E18 1923 3120 5043
C10 vs E18 1035 1333 2 368
C30 vs C10 544 1 330 1 874

FI 2 REFE S8 Ch P<<0. 05, FDR<C0. 05, Fold Change
>2 8;<C0.5

If P<<0.05,FDR<C0. 05 and Fold Change™>2 or <C0. 5,it is
considered as differential expression genes
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XGRZ B, PR EH i £ . 25 3 120 4>, 0 H
16 25 BB /INE, T L R H AW AR, A 7
1 330 Zc Ay s i L R B A7 — 29820, A 1923
AN(30 H B AERS ~ 18 RIS XY A AR ] 1 035 4~ (10
H {54 0S ~ 18 IR XS ) , FER%F] 544 4 (30~10 H
W AfEXG) .
2.4 ERRIZEERFE GO EEN LS
X255k B W 4T GO (GO ontology) I i
SrRLIE 1 iR, fES FIIRE . A 9. 97X
(236/2 368)~10. 07% (508/5 043) = HHH 2
5456 ThfE. A 3. 73%(188/5 043) ~4. 6% (109/

— rergulation of biological process
negative regulation of biological process
positive regulation of biological process

biological regulation
multi-organism process
establishment of localization
localization

response to stimulus
rhythmic process
pigmentation

developmental process
multicellular organismal process
biological adhesion

Biological process

viral reproduction <

cellular process
metabolic process

cell killing

_— synapse

synapse part -
virion part

extracellular region part
organelle
macromolecular complex
envelope

Cellular component

virion
cell
— extracellular region

— molecular transducer activity
chemorepellent activity
chemoattractant activity

transcription regulation activity
enzyme regulator activity
antioxidant activity

auxiliary transport protein activity
electron carrier activity

[ N T N T TN N N |

Molecular function

transcription regulation activity

transporter activity
structural molecule activity

1 EFREEER GOYRESTE

locomotion g
growth 3

reproductive process g
death ==

anatomical structure formation &

immune system process &

reproduction -

cell part 25

organelle part &5

membrane-enclosed lumen

molecular transducer 4=z

enzyme regulator activity -z
binding 25

. catalytic activity 2=
0

2 368) 1y 2 B = 5L Yife . MAXAE 30 H &4
A5 18 JR L XY IR b # B A 0. 02% (1/5 043) ~
1.84%(93/5 04 22 F WS 5 T Hra bt
B SRR BRI R S AE AT RE . A 240 ML 4
J5U A 7.59%(383/5 043) ~8. 75% (164/1 874)
FZFIN S 504 . 3. 51% (177/5 043) ~
4 11%C77/1 8T W 2 T3 S 5 40 i 745 41 %
1.81%(34/1 874)~2.54% (60/2 368) (1) 25 7
2 5 AKX 4L AL AE 30 H 4S5 18 IR ik 38
IR A BT 294 0. 2% (10/5 04D ERFEE S5 T
Sl ) e AE AR SN Ty A 5. 02 % (94/

mm 30 H & vs 10 H i
e 10 H il vs 181114
zz 30H % vs 18/iLi%

50 100 150 200 250 300 350 400 450 500 550

Number of genes

Fig. 1 GO functional classification of differentially expressed genes
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3 it 45 %

1 874)~5.83% (138/2 368) Ay 2= 5 K [N 2 5 4L 4
S FEL.8.22% (154/1 874) ~8. 36% (198/2 368) 1y
EZRIEHNS 5 MMM, 2. 08% (39/1 874) ~
3.03%(153/5 04D M EF KNS 5L E I L,
4.27%(80/1 874)~5. 14% (259/5 043) Yy 2= 7 Ft
R 2 5 A4 Wy P8 5 72, 0. 48 % (9/1 974) ~0. 67 %
(34/5 043) [ 22 FE N 2 5 g% RGN Ll 72, AL
FE 10 H AR5 18 IR E X9 IR LS i 2045 0. 3820 1)

x4 ERRZEEANFSBBRINM

ZRFENZS 52 MAEE 30 Hig 5 18 ik
W AT 0. 02% (1/5 043) ~0. 1% (5/5 043) ) 2%
FERNZ 5 T ARG ERTTREIRE.
2.5 ERXRZFEANESEBSN

X 25 S5k G o KEGG Bt RT3 5
BT B R P<<0. 05 {5 5l iR s Ak
36 k(R 4, Hr 10 HIB4EXS 5 18 IRk 3 ik 2 A]
10 22 S TR B ) 21 2% A5 30 it A 19 15 453 it

Table 4 Signaling pathway analysis of differentially expressed gene

(22 5 s 44 C10 vs E18 C30 vs C10 C30 vs E18
Name of P P fii SR ¥ P fii P P fif
signaling pathway Number of genes P values Number of genes P values Number of genes P values
ABC transporters 7 0.002
Adherens junction 7 0. 000 6 8 0.023
Alanine,aspartate and glutamate me-

tabolism ' ¢ 3 0.031

Arachidonic acid metabolism 3 0. 044 5 0.025
Cell adhesion molecules(CAMs) 9 0. 001 19 0
Cysteine and methionine metabolism 4 0.010

Cytokine-cytokine receptor interaction 10 0.011 9 0.009 29 0
Drug metabolism-cytochrome P450 3 0.034

Drug metabolism-other enzymes 3 0.041

ECM-receptor interaction 8 0.000 6 6 0.004 18 0
Endocytosis 8 0.032 15 0.044
Focal adhesion 11 0. 005 11 0.001 30 0
Gap junction 9 0.021
Glutathione metabolism 3 0.034

GnRH signaling pathway 9 0.023
Hedgehog signaling pathway 9 0.000 8
Intestlnfﬂ immune network for IgA 1 0. 009 3 0.027 6 0. 007
production

MAPK signaling pathway 19 0.015
Melanogenesis 6 0.023 16 0
Metabolism of xenobiotics by cyto-

chrome P450 3 0.034

Mtor signaling pathway 4 0.025

Neuroactive ligand-receptor interaction 23 0.016
NOD-like receptor signaling pathway 4 0.020 6 0.020
Primaary bile acid biosynthesis 4 0.008
Purine metabolism 7 0.014

Pyrimidine metabolism 5 0.025

Regulation of actin cytoskeleton 11 0.001 18 0. 005
Renin-angiotensin system 2 0. 037

Retinol metabolism 3 0.034

Steroid hormone biosynthesis 3 0.034

Taurine and hypotaurine metabolism 2 0.016

TGF-beta signaling pathway 6 0.010 18 0
Tight junction 7 0.024 11 0 13 0.006
Toll-like receptor signaling pathway 6 0.015 9 0.023
Vascular smooth muscle contraction 6 0.038 16 0.000 1
Wnt signaling pathway 17 0. 000 5

J 7 5 2 A 5 3 B 1 S 80 P<<0. 05

If P<C0.05,it is considered as significant signaling pathway
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H 9430 5 10 H ARG 2 (8] (1 25 53 3k K 95 & %)
12 %55 A (S S m A 4 5530 H R4k
X555 18 IR XS IR 2 ] 14 22 S5 B R M 3] 23 kA5
WA S E I A 8 4 2 R AL K B 2[R
M5 SmEA 5 4.
2.6 EREREMRKNEE PCRIIE

Sy Bk B PR GES i O g ) 2 S AR R AR L B L
PEHLT 6 ANFE R (30 H iR 4fEXS ~ 18 I X in) . LA
GAPDH JZ AN , 76 i PCR 195 ik 1T
THUE . 2 RS vk 0 45 S8 i Spearman K5 56
HEAT AH 5 g3 s 45 R Spearman AH X R H r =
0.942 9,P=0.016 7, B R b 25 H ik 5t
PR 22 35 A2 A0 A% L 5 2¢Ot € 1 PCR B0 iE A 45 2R 2
—HHE 5.,

£5 WHTEPCRUIIZERELER

Table 5  Validation of differential expression genes by real
time quantitative PCR
AL fE¥025 4k, Fold change
Name of gene MicroArray Real time PCR
APOAL1 9.210 13.181
TLR15 2.385 2.973
LY86 0.157 0.165
BCL2 0.392 0.665
TRIM39 3.307 3.919
CD3E 0.475 0.612
3w it

125 IR & AE VR G B 015 6 R B L AR ARG 5T IS
RE MR RPETEREE A EE . EX AR 3
P 17 5 IR 8 & 2R A8 A (R L3658 B A 7 11 i
23 AR AL X P AR AR A B SR KO EAS BIREE . B SR
WA 7T B MR A= 16 3. Bt ) 5
SRHFTHR A B NHAN KT SR #ET
FOS T A IR R . A58 1 3k PR 3 55 0
ARV TG G R kT o B i sty A2 1k 1%
B 7R IR H A OG0 K Y BRI B IR ADE
FEIE IOHE R B 150 T O A T4 4 .

40 it /) 2 Cinterleukin, IL) 18 7 4 528 40 1 1
WAL s AL T GE . 5 2 K55 5 8 g
MY, FEARRFSEh, ILIBLIL6, L7, IL8, IL15 Fi

TL17D SR e Ry 22 S Rk 2 9 . TL6 2 —Ff Ay
PUAAE I 4i i R L ILT A R F B4 i Y B
BV, L8 — i ta fk R T Lk Ak v R 4
A B R KL AH M, BRI 51 & R OAE R AT I B
M AEARBESE AL IL6 L ILT A1 IL8 B R i E k.
X R B 2 TR R B G TL6 1 Ht 2 /E TV TL8
S| & SE M RE 3 A IL7 P85 B 20 i 3G 58 1 4
Wi B, IL1B Al AR dE T A0 B 40 A9 28 K 5 50
2 AR TLIB R 2 i ik, %8 IL1B
REERERT P RN LT .

15 5T Jf e 2ok 32 A2 5 A L A 5 1 3 B 24
M1 R — R B A A= B0 BN . FEASESE
TLR {5 %538 % A1 NLR {5558 #5500 18 4% 1 5
T, 22 5K H N CCLS (chemokine (C-C
motif) ligand 5),CD80, IL1B, MAP2K4 (mitogen-
activated protein kinase kinase 4) \MAPK11(mito-
gen-activated protein kinase 11) fll SPP1 (secreted
phosphoprotein 1) % A fg il b Toll ¥ 52 {4 (5 5 i
WESEHTHERENER, 27 RBENM CCLS,
IL1B.IL6, MAPK11, PSTPIP1 (proline-serine-
threonine phosphatase interacting protein 1) Fl
TRAF6 (TNF receptor-associated factor 6) ¢ &
B TRZAT IR 5E R AL Z AR S5 @ B . i NLR
FITLRY AL A 20 95 J5 1500 0 15 558 1% 5
E U W IR 1 AR S % . TEABESE v ik
RERE WA 2R R FX 2 ME 5,
3 R RF G A 22 57 5L K3 2 A
RS . RIERIE RGN AR K T 5852 2
TGS 18 T PSR R SE D RER A S R HEAE T, kT

L Z % (5 5 8 B (focal adhesion signaling
pathway) 75 4 £ 1E % 40 Ml 45 14 vh B A 2= I g
S TEAREGE R, — S G A e I 43 1) 25 S R
K4 CollA2 (collagen, type I, alpha 2) . Col3A1.
ColdAl, ColdA2, Col5A1, Col5A2, Col6Al,
Col6 A3 S5 K B L7 4 (5 50 #% . 10 5t 2 40 ffd o
FEFTY F A Ay, 4 B (H Col4Al FiI
Cold A2 2 J) J2& B i M5 (60 5 1M %8 BE D 1Y 21 2 1 o7
Cold A1 TERNIG K & 4o A v B IS JBEIE Jii i) Ay HC Ath B
AR ST R Cols Al RiF L 454 H A |
RUE & B2 4E 0 43, v LAV T B TRV OB
B A 2 Y £F 4k (1 AR . Col6A1 J&: f B £F
W) S5 0T, 25 T WML T # . o0 AL FUIR G &
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FUL M-S 5RAEG SN E R RS
FEAE VR IR R J7 1 ] RE L & 44 1 — 284 1.
ITGAY (integrin, alpha 9) X Ik [ 45 36 T 1 2 06 200
197, ITGB5 (integrin, beta 5) 2 5 7 4i Jfd 5 Kf 7
BAES ML S, LAMAL (laminin, alpha 1) &
FEREEN I EEN . MZREER 1111

SRR R b A A
MERENEE R - ROS R RZ 05

WHEAZS T d k. AR HEN TR
P T o e R DR 3RO A AR A S T AR O 2 I AE
%EE%ZQEJ@&*FJ?%.E’WEFH%@%TE A B
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