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Abstract: The present study was designed to analyze the immune genes against Salmonella infec-
tion and their regulatory network in yak at the genomic transcriptional level. Using yak Salmo-
nella as the model pathogen and yak as the object, transcriptome sequencing was performed on
the central immune organ of spleen in infected yak by RNA-Seq sequencing technology at three
different periods of 12, 24, and 48 hours, respectively. Transcriptome data from the three differ-
ent periods were compared between the infected and the control healthy yaks and differentially
expressed genes were screened out. The GO and KEGG functional analysis of these differentially
expressed genes were conducted and the co-expression network was further analyzed. Results
showed that 413 differentially expressed genes were selected, of which 185 were up-regulated and
228 were down regulated. GO analysis showed that genes related to biological process accounted
for the largest percentage, among which the most enriched ones were those involved in cellular
process, metabolic process, biological regulation, regulation of biological process and single or-
ganism process. KEGG analysis revealed that infection- and immune-related pathways presented a

larger portion in the top 20 pathways enriched in all three periods, and the major genes involved
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in these pathways were chemokines. WGCNA analysis showed 66 genes in network hubs, and

those in the network center were SCOC and NOCT. The present study explored the molecular in-

teraction mechanism of spleen cells against Salmonella in yak at the omics level.

Key words: yak; Salmonella; spleen; transcriptome; differential genes; RNA-Seq

UITEE TE A E . AR Atk B
WB A B 2 R 2 R TIR AR Z R 3
HORI IR . e FE BN, MY TR S 800 &
PP — HHEE MM h B . HE AR
U VR A FR A AR A B 5 € CONRIR™) VP T 32
FAENE T AR K B L v] o b R A A
PRI Il o 8 B Bl B R L SRR TS
PR T JAE STV o A R IR I AR A AT XTI
VAT » Al A RS0 AF E 2 24 R R e K A 3 B AE
To. Hob ot ah i e 4 f8 T o E L BUE R L T
M 6 T A PR AR L AR R R R EH 1 TE B AR
VDT A R T ELAS TR a3 8 1) T 52 AR
BEQRAF 1 TR IR BT 2E 2R A5 25 WG )T I 5 5 A U0 1)
P AT G AR AR A U0 1D U6 2R BE AR B A 2K
s, Beoh . X T T R ML B 2 R T
X RE R LSE I s . HRI TR U T TR A IS
ZAE T TR SRR AR B O A LR AV 1) R
e B AH O G LML T B BIF 5T 5 AR DA AT 4 3

[ Fsf Xk 0 170 T S 8 AL ) ) 40F 5 22 O B — S [N
ol o T A DA TR 14 B B —
AN WA FBLE 3 R vF 203 1 RO 5 3 % L
X LI e AR 5 08 I A2 VF 22 R TR Y T 4 0 4
JIF LAASC N B A B/ B DR TR TE 1 IR A R LI
PR e {5 B B0 o T 7 2 2 J2= T _Eoh LA 3R 4 g
A 5l B L P AR AL T ARk B
T 8 0 R B AN W A R L A D) B TR A SR T
EXEG R S S M AT 2 R RN . E R
B2 N S 2 E ML BT TR R S 2 AH OC 3 PR B 3
P2 1 — AN BT RO TR I B A O A A
A DR B R SR A R DG T S B L T AT 45
PR

ST AR T T e ORGP A 4 AR TR
PID YR SR A5 g i PR R B S 2 2 v o
T AR B 4E A= S0 o e A B IR VD ] i 9 22 57
FRIRSED L IF 38 i S IR 3 A 48 AR AR VD 1) U
Qe A B RN S L 45 W 2%, it — 28 T b
PR AR O 73 5 G L B R A JE R 1 23 4L
RERLE Y R T

1 #MRtEA=E
L1 ##

FEA-IRAE LT T VP T T swun3736 T Bk i 7 R 1R
R MBI SRR PRIV EZLRE T
2012 4F B A= ZE08 vh 4 25 iy AL 28 0 )11 45 3l W) 92
s OB 5 o0 B . AR 1 H IR B AR P R R
O R 2 7 e b 4 1t
1.2 BEHkESF

KT 1Y TR E AR T 37 "C &4 78 SS
MRk 73 B 45 5%, PRk B TR P 7E LB MUK Fr
37 TR R ZXBA KE 4 CRAFEH.

1.3 HYRBREEHEARE

P18 HB 4k, JH 4+ JE ELISA (FEE KA |
TR O AT UL A0 T DT B TR TR
R AT B A1 T B8 25 A% T 1D ARG 2 (I T5 - 26 5
o3 999 1 O DR TR (4 AR DG BT A I L HEBR #5 4 ik
o SR I T BB ME . AR R TR A R IR L BB 12, 24
48 h=/ I [ AT . Kp 18 FUBE A= 4 oAy 1 50 26 1 XS
HRZH (4% 9 3k 23 5l 1 S Bk 6 10 mL 90 1) B i
W (2 1X10°CFU) FA: BLER 7K L SR 5 43 i 76 I e I
12,2448 h = A 8] g Bl AL 2 503 36 20 0 x4
7% 3 HUBEAE R AR A A P IR AE
1.4 RNA REKERANF

H TRIzol(Life Technologies 2\ &], 3& [E) iR 5
PRI AE A RNA, $2 BUR) RNA ffi ] DNAse 1
(TaKaRa 22 ®], Ki#) # £ DNA J5. /] Oligotex
mRNA /i 4 B0 ) & (Qiagen 24 /), 5 E) 43 5
ik mRNA, 4R J5 i | Nanodrop ND-1000 43656
JETEX RNA [ 5T i A0k BE 964700 7 . F 4T i 57
FEfE R S AP X il AE i mRNA #E47 R/ Befl , LT
Wr i mRNA S BAR G B —5E cDNA, SR i — 4k
IR IR Z A R T DN 4l Ak S 6 oK o
S J5  FE cDNA [y 3" A v i E R A7 I i B B 3k
HEAT Fr BOR/INVE RS T PCR 473 5 1 4 19 cDNA
M E4 Agilent Bioanalyzer 2100 & ABI StepOne-
Plus Real-Time PCR System J& & #% )5, 78 Tllu-
mina HiSeq™ 2500 -5 b X SCPE HEAT I /%



796 %

i3

E % W 49 %

1.5 #HREAHBHW

X} Hiseq 2500 M )37 7= A= () Ji 45 352 Bk 17 QC
D5 3 2 Bz Sk 17 91 28 7 901 B A1 o o 0 7
H (<Q20 JT F{E) » B it 1f 52 H5 sk % oy v Y Y 57
(Clean reads) . fdi fjl HISAT2 4 {4 #5551
Lo X B4 A S AL 7 9 L AR 4 4 2% read 7E3E 4
W E G R A I PR .l Bowtie2 K
A 0 40 Bk 3 2 25 FE R R A b Y Y
FEAR T IEAT VAL . A Blast2 GO #2344 Hxt 1
P 5 GO (Gene ontology) H 4 FE #E 47 L X . 48
Je B WEGO F2 5 % ik 26 3 [R5 K 32 22k 2
et 4T GO 4r 2k B, @i 5 KEGG (Kyoto
encyclopedia of genes and genomes) £ % Lt Xt , X
X e L K e (A 5 2 AR R 42 (Pathway) #F
iP5 . B e dhAT 22 55 3L IR R 4% 1A 43 A, 4 18 A~
FEAHY BT A 22 3L 4T Soft power {H A9 i i , 4%
JeiE ik DL TOM i P4 E 47 15 85 0 &) 4, A3 B 3 R 22
(i) P SR 5 A PR 8 A TR R 9 40 43 AR A WGC-
NA K P 25 53 A 45 1) & 455 He oy i B[] ) 45 OC &
i Cytoscape FEAT M 45 18 231l

2 # B
2.1 RNASEENFEEREHESS T

AT 5 % 3 56 41 R X B 4 = A B ] 3kt 18
ASFEA AT I O 0 0 B . AT R AL A 4 AT
TR SEALBCYR A GC Ak 54, 62% ., RS 4L R

F1 EHEASREYELSEINTEE GOHE
Table 1

FBT 43 A 2 W J deh DN P i ) s 2 1 O R
U o v AR DN Y A 0 OF- 3 R 97, 1206, L&
UM FE i E R 4. $f Clean reads X 3] & %
LA b S e S E S 80, 17 %, HLMN JFE E 3 244
AR TS AR b U RO Y R A T AT
I Py B4 B ATLPE R4 AT T IS S 4 7
2.2 ERRFEEMNSIT

I 21 5 0 HR 2 = e ) A 2 S R IR R 4
WR, 12 h ikt 77 425 R L H 48 R
LEL,29 AN, 24 h e H 134 25 R FRIKEE
PR 55 SR B L 79 AR T, 48 h
i 202 2 F RN, Hh 82 NFRIN L
P 120 SRIN T,
2.3 ERFRIEEFE GO ThEEK pathway BEMHE &
T

GO iR (R D Il 5 4l 12 h 257
FRFE R KA Wy 2f e R A A 5y B Ay T i RE 3 A
K2 36 /N AR A BRSO T B R AR A 2 A
e gt A R AR A AR A R Y R A o R A
. IR SRR 24 h 27 RKIRFE N K42
AR AN 5 B Ay F IR 3 AR 44 AN AR
Yk BRI, o A A A M e R R R B —
AR R KAy I S X R 48 h 22 57
FORFEH W S A Y2 f o AR A A 5y B sy T I RE 3 A
R 46 AN FEA it B b L Bk A 2 4
J o R R R B — A LA R S A

Classification of the first ten enriched GO before the biological process

FE fi B g B K E

Sample Gene function Number of genes

XHREZH 12 h os (BG4 12 h Biological regulation 24

12 h-dz vs 12 h-SY Cellular component organization or biogenesis 13

Cellular process 37

Localization 13

Metabolic process 27

Negative regulation of biological process 12

Positive regulation of biological process 24

Response to stimulus 19

Signaling 12

Single-organism process 32

XTHRZH 24 h us I8 4H 24 h Biological regulation 58

Carried forward)



4 R 38 A TR v 1 TR 2 R b b G 2 e 3 i L I O 3k 797

(&% 1 Continued)
FE i HE A I Rg HE R E
Sample Gene function Number of genes
24 h-dz vs 24 h-SY Cellular process 75
Localization 40
Metabolic process 53
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COX1.COXTB.COXT7C 4= 7m0 T V8, HE ) ik i
15 ERRe ARG e 2] T H0H .

3.3 WGCNA H Rk M &5

WGCNA 23K W 4% 7 # i , IL-1A TL-1B,
IL-2RA . IL-6, IL-23A, TNF, CXCR5, CXCL3,
CXCL8.CCL5,CCL20 ,CSF Z5#B 5 75 R & 4 , i 4k
S AT LLFE AT SC KEGG 43 H7 1) & 483 i #2315
JET KEGG 4 #1458 . SCOC 1 NOCT kb F ¥
2 PR vl o T B K 9 A 35k DR 55 HG At g 4 ik TR 1 A
K. SCOC &2 —Mm/REREH. BT
ARL1 M EAE 25 & /R B K2 i, SCOC R A i
AR T B . 1 T DA 2R A0 AR S L R A TR AR
WOIEESY . NOCT S — P it B 1 i . 38 23 2 5 10t
JEs 7 5 IR % S S 1 B 7 T AR RV A v g A R 1
ZJ7 1 . NOCT 7£ g i A 8f . I8 105 8 ik . 1 25 4 A2
AR GE ME A R & AR Y. SCOC Al
NOCT )5 4 1t B 20 AR 35 20 5 78 2 A~ oo 95 o 72
R HEEH.

4 T &

DLKE 2 548 B2 17190 1 T o 485 0 I 44, ]
RNA-Seq ] 37 5 A X 8 e 48 4 14 B 5% S L 47 4
BT 7 326 1 9 2 SR AR 1 D U0 1) TR VA A L 1 22 5
FORFH AN E 0 R T4 A S50
A 201 HAE B Sk itE — 25 BIF 5% e D 2 0 1) e 928
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