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Abstract: The aim of the present study was to screen the differentially expressed immune-related
genes from duck spleen by DEV infection. Ducks of 50 days old were selected to inoculate with
DEV in leg muscle, and the duck spleens were collected at 66, 90 and 114 h after inoculation, and
were extracted for total RNA, then sequencing by high-throughput RNA-Seq technology. The
sequenced segments were compared and noted for screening of the differentially expressed im-
mune-related genes by GO and KEGG database in NCBI. Some of the differentially expressed
genes were selected to verify by real-time PCR technology. The results showed that there were

511 of the differentially expressed genes in duck spleen at 66 h after DEV infection, which 70 in-
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volved in the biological immune process, including 46 up-regulated genes and 24 down-regulated

genes. At 90 h after DEV infection, there were 485 of the differentially expressed genes, which

64 involved in the biological immune process, including 49 up-regulated genes and 15 down-regu-

lated genes. At 114 h after DEV infection, there were 531 of the differentially expressed genes,

which 66 involved in the biological immune process, including 35 up-regulated genes and 31

down-regulated genes. The differentially expressed immune-related genes were mainly involved in cell

adhesion, antigen processing and presentation and complement activation through GO database analysis.

And these genes were mainly enriched in the signaling pathways as cell adhesion molecule, ECM receptor

interaction and PPAR, etc. The expressed contents of the selected 7 genes by the FQ-PCR, were basi-

cally the same with the sequencing results by RNA-Seq technology. These results provided a theoretical

basis for further understanding of the mechanism of DEV infection and duck immune respone.

Key words: RNA-Seq; DEV; spleen; differentially expression; immune-related genes

TS iz 46 995 B (duck enteritis virus, DEV) X RS
J5 97 7% (duck plague virus, DPV) , ¥ 2 9K 7 Bl o-
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IEH SR 2 RNA FEA, fef% 5 cDNA J5 i

T e E i PCR, I W 1 & & SYBR premix Ex

Tag I (Tli RNaseH Plus) 5.0 pL.PCR Forward
Primer (10 pmol « L") 0. 5 pL, PCR Reverse
Primer(10 pmol « L™') 0.5 uL.cNDA 1.0 uL i
ddH, 0 3.0 pL; ¥ 18 564k 95 “CHiUAEME 30 s 5, ik
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Table 1 Primers of the real-time PCR for differentially expressed genes
e 519 4 Fr 19531 (5'—>3" YK /bp HxRT B AGREE/C
Gene Primer Sequence (5'—>3") Product size  Accession number Annealing temperature

SORBS2-F CGATGCCCCAGGTTTCCTAA
SORBS2 193 XM 013106501, 1 54
SORBS2-R  TCTGGTTGGCACCATGTCTC
DCHS2-F  GAGGTGGTCTTTCCTCTGCC
DCHS?2 ) ) 149 XM_013100915. 1 54
DCHS2-R  GGCCCTTACAGTTCCAACCA
569-F CTCATCGCCTCCGCCTAC
LOC101791569 o 78 XM 005010655. 2 56
569-R ATCCCTCCCCTTTGTGGT
TLR5-F TGATGCCATTTGGAACAG
TLR5 141 NM_001310824. 1 52
TLR5-R ACTACTACCATAACGAGGA
FERMTI1-F GGCTGGCTAGATTCATCCCG
FERMT1 184 XM 013096946. 1 51
FERMTI1-R CCTCCGTGCAGTCAACTTCT
CD34-F TGAGCTGATGCCTGTCTTGG
CD34 141 XM 013092242.1 51
CD34-R  TTGCAGGTGTTGGACTCGTT
CYR61-F GCAAAGATGCGCTGGATGAG
CYR61 156 XM 013102178.1 51
CYR61-R  CTCGACTTTGTGGCTCGGAT
f-actin'F GCTGTCTCTGTATGCCTCTG
Bactin 235 AF416454. 1 56

fractinrR  TCTCAGCTGTGGTGGTGAAG

KAy 84. 0% .81. 7% .83. 6% Fll 83. 7% (% 3);
eIy E i AT 3 AL 45 A 43 B R R R 4 R
84 Reads HOEZ i 2650 7 X, HUk Ol 373
FEHmIL X (E D,
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2% Agilent 2200 5T fy % W, 36 K HE A £ RNA
Py JE 0 PP E SR . B ATL 36 BROGT R 2 AR YL 4 (66,90

114 h) S RNA FEA 175 s 4000 15 I 0 5 0
FE B Reads BUIEAT 4350 08 L et 8 I
K5 % Reads BLRIFE S GC &4 (3£ 2) 45 51 F 11
007 S R R kO 44 S5 T £
2.2 Mapping ERFIHTREREBLER SN

K JH MapSplice %/ % RNA-Seq $ 4 #E 17 %t
BB R AL L 21 (66.,90 114 h) f I 3R
Ay 85.3% .83.2% .84. 9% Fl 85. 0% . ¢ e w5

¥ H EB-Seq & i B L log2FC>1 5 << — 1,
FDR<0. 05 S i ¥E 45 1 » LAAG A blast #9780 , % I 5
SCHE P A AT 25 S ek S R A Hr , S SR a3k 4 P
DEV J&&Zt 66 h i g g 22 5 Rk EEF A 511 4, H
o BRI 312 AN R IR AR 199 A4S 90 h B
25 RIKFEFIA 485 A, Hp FRZERE 297 A~ R
FEDH 188 A~ s gL 114 h B 25 3 Ik B AT 531 4>,
Forp FEFEE 290 AN R IEER 241 4,
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Table 2 Statistical results of sequences before and after RNA samples filtering

I 50 $ b . Reads GC &/ %
21 5] Original sequence number Total Reads number GC content
Group Jo 5 i iy HAa/% ¥R Y= A%/ % AR Y
Before QC After QC Percentage Before QC  After QC  Percentage Before QC After QC
Control group 2 004 934 536 1 957 386 095 97.6 14 560 791 13 821 501 94.9 50 50
66 h group 2 064 739 022 2 011 289 368 97. 4 15 550 697 14 698 154 94.5 51 51
90 h group 1970 066 385 1 927 119 849 97.8 14 867 908 14 189 597 95.4 50 50
114 h group 2 705 407 101 2 638 788 181 97.5 20 703 992 19 296 736 93.2 50 50
“QC” represent “quality control”
3 #EZ RNA-Seq Ul FF H#E #Y Mapping 73 #7 4t it 45 R
Table 3 Statistical results of Mapping for sequencing data of RNA-Seq
20 5] e e e 5F WSt R/ % R S ke TS p gt R/ %
Group Total Mapped Mapped Rate Unique Mapped Unique Mapped Rate
Control group 13 821 501 11 789 588 85.3 11 608 022 84.0
66 h group 14 698 154 12 222 147 83.2 12 011 402 81.7
90 h group 14 189 597 12 046 765 84.9 11 860 052 83.6
114 h group 19 296 736 16 401 533 85.0 16 149 701 83.7
A B
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A. Control group;B. 66 h of infection group;C. 90 h of infection group;D. 114 h of infection group
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Fig. 1 The distribution of Reads of RNA-Seq data in genome structure
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Table 4 Differentially expressed genes in duck spleen infected by DEV

20 51 Z SRR AER 2558 R ER 28 5 IR TR R
Group Differentially expressed genes Up-regulation genes Down-regulation genes
66 h 511 312 199

90 h 485 297 188

114 h 531 290 241

ifi ;7 NCBI(www. ncbi. nlm. nih. gov) il Uni-
prot(www. uniprot. org) Z 4 FE X} DEV &L )5 66,
90 A1 114 h Y FT 5 4~ (Top5) b il A1 T i 22 5 ik
SR AT I RE RS L A5 R N5 5 o - J& L 66 hoi,
Hil 5 f2 22 R0k BB ) mucin-12-like 5& K A1 4
AR H AR L H S 6725 R B NIRHER N
AR H BT 5 gy 90 h L | 5 7 25 R b
P 3L K N Ig lambda chain V-1 region-like 3& [H

K5 BHH 66,9070 114 h i) Tops L FRESKIEERE

Histone H2B J&[A .translation initiation factor eIF-
2B subunit delta-like BN I 2 R FE H B A,
B 5 SR8 F AR A Sulfotransferase #L A |
GRAM domain-containing protein 1B-like Z& Kl 3
AR B PR 5 e 114 ho I i 5 07 22 57 R b
IR O R BCEE L H S AL 2E R IA TR
P8 4 K & GRAM domain-containing protein 1B-
like BEPRI I 4 AR HNEE F AR

Table S Top S5 up- or down-regulated differential genes in duck spleen after DEV infection

26 51 HE 24 Bk WEH XA log2FC FDR Up/ HE Al A
Group Gene RPKM  RPKM (E/C) down Description
LOC101791184 = 14. 64 0 20 0. 04 up Mucin-12-like
LOC101791724 % 19. 14 0 20 0.003 up Uncharacterized protein
LOC101793756 * 14. 64 0 20 0. 04 up Uncharacterized protein
LOC101794943 % 18.01 0 20 0.01 up Uncharacterized protein
LOC101796065 * 19. 14 0 20 0.003 up Uncharacterized protein
66 h CACNAI1S 0 15.51 —20 0. 04 down Uncharacterized protein
CIDEA 0 15.51 —20 0. 04 down Uncharacterized protein
JAKMIP3 0 16. 54 —20 0.02 down Uncharacterized protein
LOC101791834 = 0 49.63 —20 7.58X10°" down Uncharacterized protein
LOC101792896 * 0 24. 82 —20 2.12X107" down Uncharacterized protein
LOC101791625 *  16.63 0 20 0.01 up Ig lambda chain V-1 region-like
LOC101791724 % 86.10 0 20 0 up Uncharacterized protein
LOC101791964 *  18.59 0 20 0.003 up Uncharacterized protein
LOC101793992 x 23.48 0 20 1.68x107" up Histone H2B
LOC101795370 16,63 0 ” 0,01 up Translation initiation factor elF-2B
90 h subunit delta-like
HS3ST4 0 17.58 —20 0.004 down Sulfotransferase
JAKMIP3 0 16. 54 —20 0.01 down Uncharacterized protein
LOC101794771 = 0 27.92 —20 8.15X10°° down Uncharacterized protein
LOC101800347 x 0 18. 61 —20 0.002 down  GRAM domain-containing protein 1B-like
LOC101801106 % 0 28.95 —20  4.45X10°° down Uncharacterized protein

(#BT®

Carried forward)
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AR EREH RRA R4 log2FC Up/ R
Group Gene RPKM  RPKM (E/C) down Description
LTBP1 812.08  404.32 1.01  4.92X10°° up Uncharacterized protein
PDE7B 864.06  429.14 1.01  3.89X10°° up Uncharacterized protein
RPL24 4 648.76 2 308.03 1,01 9.42X10°°¢ up Uncharacterized protein
ARHGEF12 715. 66 354. 68 1.01 5.55X10°° up Uncharacterized protein
ESAM 137. 86 68. 25 1.01 0.03 up Uncharacterized protein
e LOC101792896 x 0 24.82 —20 1.27X10°° down Uncharacterized protein
LOC101800347 = 0 18.61 —20 1.36X10°* down GRAM domain-containing protein 1B-like
LOC101802592 = 0 16. 54 —20  6.64X107" down Uncharacterized protein
LOC101798562 * 0.75 478. 77 —9.31 0 down Uncharacterized protein
APOLD1 45.20 2 187.04 —5.60 0 down Uncharacterized protein
x A TR R I A 1
%, Uncharacterized protein
2.4 EZRERE GO R $ 22 5 3 N 15 GO (gene ontology) B4 J¢ 1 4
] % 95 = The Gene Ontology Chttp://  FEAHICHE P BEAT L X 3 #r, 5 R Ik 6 fr 7 : DEV

www. geneontology. org/) X} 22 % & H #H 47 GO I
REVERE . G AR B W)
4y 31 f& (Molecular function, MF) I 40 Jiid 25 43
(Celluler component, CO), 5 R UK 2 fin: S5
AW i R R R IO s bR IR-MHC T 2k
SrFREAYMIMES HEFMNE: 250 76
R A S v R R R S M 2 AR
W4 6% : S 5 M4l 4 F 2R INAE S X . MHC
IXEAESY MLAEARGYE.

I 2 (Biological process, BP) .

K6 SHEREAXAEVMFIRNERRIZER

S 66 h L 2 5 GRS AR W o R Y 22 R AR A
FEPA 70 A o BB 46 AN 9 AL A 24
A5 R 90 hIF L 2 5 G R 5C AR W oA 0 R Y 25 S
RIBFEA 64 A, Ho BRI 49 A4S AT 8 & X
15 A5 e 114 h i 2 5 G i SR )24 3 e
ZESEARIBEEINA 66 A, Jorp BIIER 35 D FIT I
FA 31 A~ kS RE DN 29 L A M B L e s T
T 3 A A 2 e B A

Table 6 Differentially expressed genes involved in immune biological processes

22 S FRGRRIEA G 22 R RGR AR O B R A
Up-regulated differentially

A &M ) e 3
J e Differentially expressed

Group Known functional genes
immune-related genes

P8 S R IR G BEAN KT R AL A

Down-regulated differentially

expressed immune-related genes expressed immune-related genes

66 h 313 70
90 h 362 64
114 h 498 66

46 24
49 15
35 31
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. GO-Analysis_BP . GO-Analysis_MF . GO-Analysis_CC
GO ltem -Log2(P-value) GO ltem -Log2(P-value) GO ltem -Log2(P-value)

oxygen transporter activity I extracellular region I
oxygen binding [N hemoglobin complex
structural constituent of ribosom o [ extracellular space I
iron ion binding GGG proteinaceous extracellular matrix |GGG
cytokine receptor activity [ ribosome [N
extracellular matrix binding [N blood micreparticle [INIIEG_G_————
connexin binding [INEG_—— collagen trimer [INEEG_——
oleic acid binding NG extracellular matrix | INEE_———
platelet-derived growth fact... [INNEEEG_——— cytosolic large ribosomal subunit [N
urea transmembrane transport... [INEREG__— collagen type I trimer [N
protein-lysine 6-oxidase activity [N MHC class II protein complex [N
heme binding [NEEEG_G_—_————— fibrillar collagen trimer- [
serine-type endopeptidase activity [[INNEEEG__——_ transport vesicle [INENEEG
AMP binding [N basement membrane [N
oxidoreductase activity, acting ... [N P-Value fibrinogen complex [N P-Value

oxvgen transport [N
integrin activation [
complement activation I
protein heterotrimerization |GGG
cell adheston NG
negative regulation of tum... [N
poptide cross-linking [INNEGEG_G__——————
collular response to amino ac... [ INEG—G——
cytokine-mediated signali... [INNIEIEG__—_———
single organismal cell-cell adhesion  [INEIEG_———
negative regulation of myelo...
negative regulation of interfer... [INNEIEG__—————
endothelial cell proliferation [ININEG__—_——_
antigen processing a...| N
reactive oxygen spocies metabol... INEEG=—— P-Value

B GO-Analysis_BP . GO-Analysis_MF ) GO-Analysis_CC
GOitem -Log2(P-value)

GOitem Log2(P-value) GOitem “Log2(P-value)

cellular response to interleukin-4 | IEEEEGEG—_——— 3%,5"cyclic-nucleot... [ MHC class I protein complex I
syndecan binding I MHC class I protein complex N

antigen processing o... I
complemont activation NG poptide antigon hindin I homaglobin complex INEEEGEG—
antigen bindin oxtracellular region NG

alpha-beta T cell differentiation |
coll adhesion | G oxygen transporter activity I collagen typo I trimer I
T cell receptor V(D)] recombination | I leukemia inhibitory fact... [N extracellular matrix [N
phagocytic cup [INEEEG_—_—

oxygen binding [N

cytokine receptor activity I
ciliary neurotrophic fact... [INNEREGGGG——
mRNA 5'-UIR binding [N
ciliary nearotrophic fact... NG
ferric iron binding [INEEEGEG—_——
oncostatin-M receptor activity [N

antigen processing a... |
cellular response to drug | IR
positive regulation of T ce... | NG
collagen fibril organization |
antigen processing a...
leukocyte migration | INEEEG_——

fibrillar collagen trimer
cell body N

proteinaceous extracellular matrix [ NG
interstitial matrix [NEG_——
CRD-mediated mRNA stabili... [
axon initial segment

cell chemotaxis N
positive regulation of intorleukin... INEEEG—_— Rac GTPase activator activity I basement membrane [N
vascular wound hoaling | —— P-Value | | phosphoric diester hydrols... mummm———— P-Value RISC complex I P-Value
. GO-Analysis_BP . GO-Analysis_MF . GO-Analysis_CC
GO ltem -Log2(P-value) GO 1tem -Log2(P-value) GO ltem -Log2(P-value)

antigon processing a... I oxygen transporter activity I— hemoglobin complex N
oxygen transport oxygen binding EEEEGEG_— proteinaceous extracellular matrix EEEG_—
cell adhesion I chemokine activity N MHC dlass II protein complox [N
e 1ewpon e RSN integrin binding DT collagen tine: EETTERE
antigen processing a... [N platelet-derived growth fact... [N extracellular matrix [N
pancreas development (I Wat-protein binding [INEEEEG_— stereocilium
cellular response to cytoki... [INNEIEG_——— peptide antigen binding [INEG_——— oxternal side of plasma membrane [INEIIEEG_—_
negative regulation of W... [N antigen binding INEIEEG_— MHC olass I protein complex [N
positive regulation of ce... [N insulin-like growth factor binding [INEIIEEEGEG_G_G—_ extracellular region [N
protein heterotrimerization [IEIEEEGEGG_—___ extracellular matrix structur... [INEEEEEGEG_—— plasma membranc NG
gastrulation with mouth formi... |GGG transmembrane receptor prote... [INIEIEEIEGEG photoreceptor inner segment [N
reactive oxygen species metabol... [N carbonate dehydratase activity [N myelin sheath [
relaxation of cardiac muscle [INEIEEEG_G_—_——__ MAP kina... [N kinocilium [
collagen type I trimer [N P V 1
-value

positis roqulation ot co... KT 5"cylic-nucleoti... I
e system proc o EEEERERAE P-Value onhancor sequence-specific D...| I P-Value replication fork protection complox N

AL JRYL 66 h;B. Y] 90 h;C. Ji&Yedd 114 h

N

A. 66 h after DEV infection;B. 90 h after DEV infection;C. 114 h after DEV infection
2 £RRZEEGO TR
Fig. 2 GO annotation of differentially expression genes
EAERBEAR ECM Z K B AR | 18 o M 4% 1gA 7
W AR AL 25 AT A €0 R PA50 HIKS &
R A0 = B A 55 6 M5 5l i s 25 59 R Ik F A I
e % 5T ECM Z K B AE JAK-STAT {5 53l
S 0 00 IR R RS 0 5 3 M T B

DEV &4t 90 h i}, Pathway & 2 & 4 76 40 g
FB o A W AR ECM 32 0 B AE | i T8 2 9 45
TgA 735 PPAR {5 5 1 % S % ) I 115 5 1

2.5 £5EHE KEGG o447

M KEGG (www. kegg. ip/) B#E . A P<<
0.05 N A5 MFHI E 2 5 R IR B H Pathway & 41 2
M g BANK 3 /s :DEV @Y 66 h i}, Pathway
35w AL TE ECM 32 0 B AE A0 4 L 4t it 25 Bt 23
T JAT-STAT {5530 B% . 4t i I3 40 g A 5 52 1A
HAE PPAR {5 5 jd % ] b 28 20 2L 1652 1R Al
HAERE gt b 22 R Rk BN B
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Pathway-Analysis A ]
Pathway -Log2(P-value)
ECM-rocoptor Interaction I <
Ribosome | i
Cell adhesion molecules (CAMs) [ININENEG_G__——————
Jak-STAT signaling pathway IR
Cytokine-cytokine recept... [INEG_—_———:
PPAR signaling pathway [INEEEG_—_———
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