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Abstract: This study investigated the effects of feeding weaned yak calves with milk replacer at a range of levels on
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the immune function of the spleen and thymus, using a transcriptomics approach to analyze gene transcript profiles.
Fourteen healthy male yak calves were selected for this experiment. The calves were 42 days old at the start of the
experiment, had a consistent genetic background, and an average weight of (36.3041.09) kg. The calves were
randomly assigned to either a low milk replacer group (dC, 0.8% of average body weight) or a high milk replacer
group (dH, 1.2% of average body weight). The calves had ad libitum access to calf starter and alfalfa (Medicago
sativa) hay. After a 30-day preliminary period, when calves reached a body weight of more than 60 kg and a daily
solid feed intake exceeding 1 kg, five calves from each group were randomly selected for slaughter and sample
collection. Spleen and thymus tissues were collected for analysis. The main results were as follows: 1)
Transcriptomics analysis of spleen tissue revealed significant upregulation of immune-related genes (e. g. , CXCL 14,
CXCL11, CXCLY) in the spleen of the dH group. Differentially expressed genes (DEGs) between the dH and dC
groups were significantly enriched in pathways such as viral protein interaction with cytokine and cytokine receptor,
cellular DNA-sensing pathway, chemokine signaling pathway, and RIG- I -like receptor signaling pathway,
suggesting enhanced antiviral capacity of the spleen. 2) In thymus tissue, the dH group exhibited increased transcript
levels of antigen presentation-related genes (HSPA6, HSPAIA) and Toll/Imd pathway genes (MAPKIO0).
Furthermore, the DEGs were significantly enriched in pathways including antigen processing and presentation,
cytochrome P450 xenobiotic metabolism, and the Toll and Imd signaling pathway. 3) Quantitative real-time PCR
(qRT-PCR) analyses of thymus and spleen tissues corroborated the transcriptomic sequencing results, confirming
the accuracy of the sequencing data. In conclusion, compared with the dC group, the dH group displayed changes in
gene expression in the spleen indicative of enhanced immune responses to viral proteins, including the activation of
virus defense-related pathways such as the interferon signaling pathway. Similarly, antigen-presenting cell processing
and presentation functions were improved in the thymus of calves in the dH group, indicative of increased immune
competence. These findings provide a theoretical basis for nutritional interventions aimed at promoting early immune
development in yak calves.

Key words: yak calves; milk replacer feeding level; spleen; thymus; transcriptomics
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B VB 14 9 42 PR G HE A AT LR A o [ | dry matter basis]

EIRKT RELB FER HETHE

(36.3041.09) kg, {6 7 5t — 50 ), HHLS W4 T g pr

Nutrient levels Milk replacer ~ Starter  Alfalfa hay

dC 2L (UL ol i O P 2 (A H 09 0. 800, IRAUFL HLEE 145 Crude protein (CP, %) 26. 24 21.34 13.68

Ty ) R ) A AH A1 (AL by 4] R O o 2 4R A BLIE I Ether extract (EE, %) 27.79 7.01 5.79

L2%, szl ) o iR088 47% 30 d Wik 49, HHE U ¥ £ 4E Neutral detergent fi- — 15.55  43.00
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(ADF, %)

BB A AL 5URE E S )8 SR T G R SRR

e e e s 45 Calcium (Ca, %) 2.50 0.80 1.45
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1.3 AR m
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Table 2 Gene primer information for spleen

B RN 51751 K g
Gene name Primer sequences (5’ —3") Length (bp)
C-X-C %7 ¥tk 5 7 it 4 9 S:AATGGGAATGAAGCCTGCCTA 208
C-X-C motif chemokine ligand 9 (CXCL9) A:AACACAAGATAGTGGTTGGTGAAGT
C-X-CHF b 7R ik 11 S:GGCCCTGGAGTAAAAGCAGT 154
C-X-C motif chemokine ligand 11 (CXCL11) A.TAGCTTTCGCTTGCTTTGCC
C-X-C %7 Ha b I8 7 it 14 14 S:CACCACCAAGAGCATGTCCA 168
C-X-C motif chemokine ligand 14 (CXCL14) A:TCCCAACCGGTGTGAAGTTT
DExD/H-box fi# g i 58 S: TAAGTTCCAACAAGGGGCTGAT 145
DExD/H-box helicase 58 (DDX58) A:TTCTCTACCATCCACAGTTCGCT
R 59 R — 1 R A S: TTAGAAGGGGGAATCTTATCGGC 144

Cyclic guanosine monophosphate-adenosine monophosphate synthase (CGAS) A:TCTAATCAGAAGTGTTACAGCAGGG

Z-DNAZEAEH 1 S: TAAAGCCCTGATGATCGCCA 288
Z-DNA binding protein 1 (ZBP1) A:ACAGAGCCCATTTGTCTCACTAG
AACT 3.

A=CTHMER, FFMFHEA)— CT (NIrEEH, Frill A )
B=CT(HBEN, M IREEA ) — CT (NARZEN, X BAEA )
K=A—8B
Risfi=2"
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Table 3 Gene primer information for thymus

A £ 7k Gene name 5| 9741 Primer sequences (5’ —3") K BE Length (bp)
PR 7 A F % A(Hsp70) ) 5 1A S:CTACGTGGCCTTCACCGATAC 220
Heat shock protein family A (Hsp70) member 1A (HSPAIA) AAACGCCTTGGTCTCCCTTGTA
22 ZAFE AL R FEE 10 S:GGAGCTGATGGATGCTAACTTGT 88
Mitogen-activated protein kinase 10 (MAPKI10) A:ACACAACATTTGGTAGAGCAGGTAA
PR T A Z M A(Hsp70) 1 5 6 S:ATCTTCTGCTGCTGGATGTGG 133
Heat shock protein family A (Hsp70) member 6 (HSPAG6) A TTGCTCTGAATAGGTGGTGAAAGTC
WAL 1 S:AGGAAGAACGGCAAGTGATGG 164
Dual oxidase 1 (DUOX1) A:GGAGAAAAGGTGCCTGAAAAAG
T 2 g 32 14 o AT A5 X HE ] 8-3 S:CATCAACGTCTCTGAAGGAAACC 207
T cell receptor alpha variable gene 8-3 (TRAV8-3) A.GCTTTCATCAGGTGGAAGGAGTT
A 1M BEHE R A2 K CL S:CAAGGGAATGAGGAGAACTACCA 291
Killer cell lectin like receptor C1 (KLRC1) A:AGAAGCACAGGCTGTCAAACTC

1.5 HELHEL G54

* H Excel 2016 %7 A& 4b #1356 %0 4 )5 . 15 F) FH SPSS 21. 0 23 #7 % 4% , % 1 28 K & J5 2% 70 #7 (one-way
ANOVA) b B 58 22 5 PE , Duncan [RIE T Z2 8 i, 45 R 3MH S AniE 2788, UL P<<0. 01 /R 2 7 8.
% ,P<0.05%/RZFBE,0.05<P<0. 10 F£m BA 25 BEHBH . 4581 R ggradar £ [, 56 &
PCR WU fdi ] GraphPad Prism 10 %4 #4721 .
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dH A A T dC 41, AT 22 3 RIBFNAE BP — K h & R 4540 GO Mg . fE CC — K EEH 1540 GO )
fE,7E MF —28 W &£ 5] 20 GO ZhHE . 76 BP IhBE A, 2 4 1) J9 i 1) 22 5 38 3k Bk DX 32 8 & 4 7 X 25 10 5 480 12
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PEFRAT T30 B 5 KAk G P SN X6 9 4 ) Jo 4 i PN 7 1 1 G I A L B O s FE CC DiRe Y, 2 20 [R] JBUIE 25 5= 3k
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— AR R A T M
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P42 12-vs-P42 8: P<0.05 & |log,FoldChange|>1
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Fig. 1 Volcano plot of differentially expressed genes in the spleen
P42 12: dH 419 JJE Spleen sample from the dH group; P42_8: dC 41§ ik Spleen sample from the dC group. P-value: P{H ; FoldChange: 22 5 f5%(. &
[f] The same below.
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P42 12-vs-P42_8 (4= Total)
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Fig.2 Gene ontology (GO) enrichment analysis of differentially expressed genes in the spleen
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Fig. 3 Kyoto encyclopedia of genes and genomes (KEGG) bubble diagram of differentially expressed genes in the spleen

EnvIP.: Environmental information processing; Metab.: Metabolism process; OrgaS.: Organismal systems. [ [i] The same below.
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Table 4 Effect of milk replacer feeding allowance on spleen Kyoto encyclopedia of genes and genomes (KEGG) pathways and

associated differential expressed genes of yak calves

KEGG i # 4 Fi Npgo 22 S R K 44 B P
KEGG pathway name Name of major differentially expressed genes Regulation
9o 2 2K 115 416 P R 40 R 32 R 4 R A 3 CXCLI4, CXCLI11, CXCL9 i Up
Viral protein interaction with cytokine and cytokine receptor
418 DNA B & 1% Cytosolic DNA-sensing pathway 3 DDX58, ZBP1, CGAS T Down
#afk K 15 53 # Chemokine signaling pathway 4 CXCLI14, CXCL11, CXCL9 19 Up
M R PRI 8 Adenylate cyclase 8 (ADCYS) T ¥ Down

RIG- | #E3Z (753 [ RIG- | -like receptor signaling pathway 3 DDX58, T4 Z il # % 4 15 Interferon-stimulated gene 15 (ISG15) T Down

Npge: 25 57 #2353 [ 4 Number of differentially expressed genes. F [i] The same below.

KEGG & 470 (£ 5) #5718 , dH 241 035 305 1 e By 1 I 2% , 6065 1 Toll Al Imd {5 538 B A S 19 R AR A2 |
POl BN 2K, I [R]RE A 8l 1 4 L (5 3R PASO A HY SN IR B A S B
2.2.4  SEHIOLRE i PCR LSS M AC 5 dH 41 #9 i B 21 2L b BE LS £ 6 A28 S R TN, 47 S 50O
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Fig. 4 Differential mRNA expression level by qRT-PCR validation
w2 W 4L B AR A7 A0 B 3% 25 % (P<<0.05) . FIAl. *indicates a significant difference between two sets of data (P<C0.05). The same below.

X42 12-vs-X42 8: P<0.05 & |log, FoldChange[>1

25 .
Nifl Down L1 Up
P<0.05: 232 P<0.05: 248
log, FoldChange<-1: 439 log, FoldChange>1: 402
i3 Significant: 80 3% Significant: 78
20
° 15
= o &% [ Significant up
d o % T Significant down
Ry i Up
& T i Down
1o AN & 3% Non-significant
ENSBGRG00000016542, ENSBGRG00000023355
ENSBGRG00000012362
5 ENSBGRGO0000025475 ENSBGRG0D000002735
ENSBGRG00000021718
 /ENSBORG000000D6RASBERG00000Q0 1554
ENSBGRG00000020021
. b WSBGR 00h ENSBER, ﬁaooooowsoz E”‘SBGRGOOOOOOW“B
oM. 3 e ot o
ENSBORG0000000076 K ENSBGRE0000001 ENGBGRGO0000002080 ~ 2N SEGRO00B03 8752
01 EnsBGRE000000067ENSBGRGO000003 1 ERSBGRG000000249GNSBGRGI0000017662

Z= FAE 1og2 FoldChange
5 MBESEERNLE
Fig.5 Volcano plot of differentially expressed genes in the thymus
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Fig. 6 Gene ontology (Go) enrichment analysis of differentially expressed genes in the thymus
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Fig.7 Kyoto encyclopedia of genes and genomes (KEGG ) bubble diagram of differentially expressed genes in the thymus
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Table 5 Effect of milk replacer feeding allowance on thymus Kyoto encyclopedia of genes and genomes (KEGG) pathways and

associated differential expressed genes of yak calves

KEGG i j# 4 B Npee F BT RIKEF LR W
KEGG pathway name Name of major differentially expressed genes Regulation
P st b BRI 35 Antigen pro- 4 PURTEHE HZ A (Hsp70) 551 6 Fl TA Heat shock protein family A (Hsp70) member 6 and 1A 34 Up
cessing and presentation (HSPAG, HSPAIA) , &4 4l f ik 4 ZE AE % 1k C1 Killer cell lectin like receptor C1 (KLRC1)
T A Z AR o FTAS X 3£ [A 8-3 T cell receptor alpha variable gene 8-3 (TRA V8-3) T Down
It €0, 28 PASO K A IR 4 T AR 2 YA 0 K PASO K % 2 Z1E F i 51 3 Cytochrome P450 family 2 subfamily F member 3 i Up
Y 52 1 Metabolism of xeno- (CYP2F3), 4+t H ik S-5% #41# Alpha 1 Glutathione S-transferase alpha 1 (GSTA 1)
biotics by cytochrome P450
Toll Fl Imd {5 % 3@ # Toll and 2 22 B 5% AL AR 108 10 Mitogen-activated protein kinase 10 (MAPKI10) I Up

Imd signaling pathway WA AL 1 Dual oxidase 1 (DUOX1) T8 Down
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Fig. 8 Differential mRNA expression level by qRT-PCR validation
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