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Abstract: This study aimed to compare the changes in tissue morphology and the expression of
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coding genes in the rumen tissues of the Bactrian camel between embryonic and adult stages, to
discover the key genes and pathways affecting the development of rumen of the Bactrian camel,
and to explore the desert adaptive mechanism of the Bactrian camel from the digestive system.
Three adult Alxa Bactrian camels aged 10-12 years old with good health and three embryonic Alxa
Bactrian camels aged 9-10 months old with good health were selected to make paraffin tissue sec-
tions, observe the rumen of adult and embryonic Bactrian camels, and compare the differences in
tissue structure. The total RNA was extracted from rumen tissue of adult and embryonic Bactrian
camels, RNA-Seq analysis was performed by Illumination Hiseq 2000 platform, the RNA-Seq
data were performed quality-controlled, alignment, differential genes screening, GO and KEGG
analysis. Six differentially expressed genes were randomly selected for RT-qPCR. the results of
RNA-Seq and RT-qPCR was compared. The results showed that epithelial cells and muscle fiber
cells were clearly visible and densely distributed in the rumen of Bactrian camel at embryonic
stage. In the rumen of Bactrian camel at adult stage, obvious muscle fibers could be observed,
the diameter of the muscle fibers was wider and the space between the muscle fibers was larger.
The RNA-Seq sequencing results showed that at least 10G data was obtained from each sample,
the clean ratio were more than 90% ., and Q30 data were more than 88%. The embryonic rumen
was set as the control group and the adult rumen as the experimental group, 1 207 differentially
expressed genes were screened, contained 456 up-regulated genes and 751 down-regulated genes.
The hierarchical clustering analysis of differentially expressed genes showed that the similar
expression pattern was detected among adult individuals (M1, M2, M3) and among embryonic
individuals (T1, T2, T3). The GO enrichment analysis results showed that the up-regulated dif-
ferentially expressed genes were significantly enriched in 62 GO terms, down-regulated differenti-
ally expressed genes were significantly enriched in 366 GO terms. GO terms were mainly enriched
in negative regulation of metabolic process, negative regulation of RNA biosynthetic process,
negative regulation of gene expression, etc. The KEGG pathway analysis of differentially
expressed genes showed that 73 significant KEGG pathways were enriched in MAPK signaling
pathway, PI3SK-Akt signaling pathway, AGE-RAGE signaling pathway in diabetic complications,
insulin signaling pathway, aldosterone synthesis and secretion, etc. At the same time,
MAPK12, MAPK13, FABP5, PPARy, CaMK]1 and other genes related to desert adaptation of
Bactrian camel were screened. The expression pattern of 6 differentially expressed genes detected
by RT-qRCR was consistent with the results of RNA-Seq analysis. The above results indicate
that the rumen of Bactrian camel may be related to adipocyte differentiation. And in a desert
environment, the Bactrian camel might reduce the metabolic efficiency of rumen, improve blood
glucose tolerance through insulin resistance, and promote the synthesis and secretion of aldosterone to
regulate blood pressure balance to better survive in the dry and water-deficient environment of the
desert.
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1.3 MIELEHE B AL RNA-Seq 1l
L30T WUWEBE R 1 20 20 RNA [ 42 BORI 5T = K2
y i ] Qiagen 24 A 9 20 21 & RNA 4 U 57
& R 6 WERTRLE XU Y9 A T A T R
WFIE e B ) & U WD 9 42 A 208 RNAL 1]
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(A B A5 HE I Y 42 3k Be i alifk 43 25, PCR 47 1
&2 ffi Ff] Agilent 2100 bioanalyzer %] ¢cDNA
SCPE R/ INFIHR B e o i e 445 31 cDNA U
A BB TruSeq PE Cluster Kit v3-cBot-HS
R A Ui BH , {di FH cBot Cluster Generation % 4t %
A % 5] B3k (index-coded) A BE S EAT 25, B
G . 7F Illumina Hiseq 2000 Ul 73 & I 40 51
Xof 3 W ol A J U B 13 A o AT 3 g YR Jife ) 0L B
BEAE S EAT B2y 125 bp B9 BUR S i 1, 4845 )5
A F B raw reads.
1.3.3  RUELEIR H 42U 5 20 I e 5t i 2504 1) o
I H NGSQC Toolkit v2. 3.3 #x 4" %) raw
reads HEA7 it . bR 3K 7 41, V) ) 37 A it A% o A
PLR N g B i 77 40 DL R R BR a8 s KN T
25 bp Y reads, 15 5 i 245 3| clean reads,
1304 DU P R4 i) Bo XoF R e S A B 4 2 M
NCBI [ 38 T 28 S B¢ 1) 6 K 21, fR A5 Ca_bac-
trianus_ MBC _ 1. 0, DL K 3 PR 4] v B e k.
TopHat v2.0. 11 B4 B 5 89 clean data [
NS HIEA . A Culflink A 3817 55 5%
A LA . [ cuffmerge K 20 % 5 1Y 56 s A DL K
2 25 B DN 21 20 R 1 TE R SC A L A ] FPKM (frag-
ments per kilobase of exon model per million
mapped reads) B PPl 7 s A 1 Rk
1.3.5 Sk TR S8 M Cufflink % F (1)
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Wi ge 4l . ] FDR i i 47 2 5L I, 5 B[R] B
J& FPKM {g>1,FDR<C0. 05 Ll )¢ Fold change>2
ML E R 3 25 R R ah
1.3.6  ZE5pRIKENBRELS A R # A4
rh IR SRS o BT A X b 3R T 2 ) A S AR IR JIG 5 LI
Yoo B AR W 2 R R IR N AT R IR 2R L JF
i R B () pheatmap 4 i 17 #4081 231
1.3.7 ZRFREFENHE GO M1 KEGG &£ 55t

F AR i (gene ontology, GO 2 3 K T fig
PR o 2R v L TR AR W A5 B ST iz A8 A 40 i
4T Ccellular component) . 43 F I i ( molecular
function) Fl 4= 4 i #& (biological process)3 4~ J7 1 »
ER L R A 3L R 4H B4 45 (kyoto encyclopedia of
genes and genomes) 34 FEN T T £ A
APy B AT . A g profiler ™ 7E 2 9 3 X 25 5
KRN BEAT GO M KEGG & 40 br. i #8 L
Al R 40y 5 TR 22 S RGR BN W E AR GO & H

F1 KXW RAM qRT-PCR £7E5| 4
Table 1 qRT-PCR primers used in this study

M KEGG 55 # . &K IE P-value<<0. 05 Af, AN
% GO % Hil KEGG {5538 % Jy B & & 4k .
1.4 ERRIEEFIHRFEEE PCR EIE
BEHLEE L 6 4~ 22 5 Rk 3L, RS2 2
H# PCR(RT-qPCR) %6 31F 3 A (1) 235 /K -
1.4.1 BEHS RNA WIS 255 RNA
RBOTEABR1.3.17, 84 RNA RSB 4L
fii i} RT-PCR Kit it #] & (TaKaRa, K 3%, §1 [#) %
5 RT3 E] cDNA,
L4.2 5t 56 R NCBI M5 -1
F:H mRNA P51, 3% A Bactin 1E RN S5 H, F H
NCBI ¥ 3 o () primer-BLAST 7£ 4k T. B %118 9
(F D, 519t R — Mg E YR AT R A E A .
1.4.3 RT-qPCR fii Fl ABI Q7 SZHE 566
€ H{Y (applied Biosystems,Forest City, CA, SA)
HEAT 9 R 5 BRI 3 N AR E R
A 2 22 Rt AR R A X Rk &=L ¢k
6 FH K e 35 BEHEAT 4 AT, 4 P-value<C0. 05, 24
ERDE,

SN 2 R

Gene name

B F A (5'—>3")

Sequence of primer

YK /bp

Amplification length

ACTB-F

ACTB-R

ATXNIL-F

ATXNI1L-R

DUSP26-F

DUSP26-R

METRN-F

METRN-R

RASL12-F

RASL12-R

EMGI1-F

EMG1-R

RASD1-F

RASD1-R

AGGCCAACCGTGAGAAGATG 126

AGTCCATCACGATGCCAGTG

CTTTGTGCCATATGCCTCGC 247

AGTAAGAACTGGGCTGGCAC

CTAATCCGTCAACCAGTCTGGCA 181

TCTTAGAGGCGGCAGGAACC

CATGGGGTAACCCACGACAC 247

AGACACGGCTGAATTCCCG

TGTCCTCAGTGTTCGGGAAA 121

AGAAACTTCACGGTCAGGGC

TGCAGGTCTATGTCCACACG 286

CCCACCACAAAGACGACAGG

AGAAGATGTGCCCCAGTGAC 168

ACTTTCGGTGGAAGTCCTCG
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A. Epithelial cells; B. Muscle fiber
1 BEAHAZAYIF(HE#RE 10X)
Fig.1 Rumen tissue section(H. E staining 10X )
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oM

i 1 Ilumina Hiseq 2000 ] % 3 & 15 3 4% £
i FR O D e R e 2 B B RE T ARG
F 10G B &t 25 FEA Y T 45 R AR 7 902 L I
Q30 4l #BAE 88 Yo LA I . A5 Hh 4% 1) Bk o 4 4R

T 25 ST AT i 45
2.3 SEERFRALLR

i J TopHat ¥ Jfi 45 J5 B clean data [ %32
G BL A SR R 3 R L TE 6 AN XU SR 1 214
BESL L 78,90 % ~86. 60 % [ Reads A L [t X% %]
XU B 4 2 2 FE DR 2 b 0 2 S5 2 40 B Y ot o 0K

x2 ERANFHERERNS R

Table 2 Transcriptome sequencing data quality inspection and analysis

FE fi J5 46 7 51/ bp B J5 77 41/ bp AR/ % Q30 HiF/ %%
Sample Raw reads Clean reads Clean ratio Q30 data

M1 46 187 743 45 600 877 98.73 93.30;89.97
M2 40 997 957 40 723 286 99. 33 94.15;90. 46
M3 44 957 527 44 526 246 99. 04 93.43;89.92
T1 38 693 165 38 356 534 99.13 93.56;90. 22
T2 41 578 966 41 138 229 98. 94 93.66;89.75
T3 44 348 956 43 750 245 98. 65 92.84;88.78

M. WA 3G B0 2020 RNA B dn s T IR0 XU B3 19 41 20 RNA # i, R [A]
M. RNA samples from rumen of adult bactrian camels; T. RNA samples from rumen of embryonic bactrian camels. The same as

below
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2.4 ERRZFEEMERRBESH

WFoE S S B 24 198 ASFHEDA , DUIRJIG 191y X6) HR
20, ) FDR<C0. 05, Fold Change™>2 Jy & {4 fiffi ik 2%
SRR L e ) 1207 A2 R ARA AL, H
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Table 3 Transcriptome sequencing results alignment to reference genome

FE fi B 5 ¥ 51 /bp L X 5 1 (A2 355D / bp X%/ %% L%t 31 (A5 35 ) / bp xS/ %
Sample Clean reads Mapped reads(left) Ratio Mapped reads(right) Ratio
M1 45 600 877 39 367 718 86. 30 37 756 848 82. 80
M2 40 723 286 28 423 267 85. 50 27 065 661 81.40
M3 44 526 246 38 564 394 86. 60 36 896 550 82.90
T1 38 356 534 32 038 342 83.50 30 668 925 80. 00
T2 41 138 229 34 360 445 83. 50 32 501 740 79.00
T3 43 750 245 36 893 679 84. 30 34 532 457 78.90

1500

1 000 A

500 4

JE A% H Number of genes

Mg 2R LA T
Total Annotated  Up Down

B2 RRZEEHESZKIT
Fig. 2 Statistics of differentially expressed genes
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g, LI P-value<<0. 05 i ik i & & 4 & 14,
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Hoph A $E 3 AN TR H . 17 SR 2 45 B
MA2AEYEBRAE THEFREENEEE
BT 366 4 GO K H, Hh 4 ds 29 75 7 Iy dg
ZH .52 N ANM AL s 45 B R 285 ANt A H
FHERRIEFNFEGEECEARES . ED
PR R A 1 0 U8 45 L 20 i 2 A A R L SR A
WA RS GO KB P (K 4a), F 227 F£ik
B e R R S BT N o/ PO A O SN T BT E I
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il g profiler 75 & A4 X XU B Ji 45 0] F R
Ji R 1 802 S RIBFE R E 4T KEGG 5 420 #7 »
A 3 56 PR BT 7 19 {5 5 3 B, L P-value<C0. 05 &y
ik W W R IR R 73 KR EW
KEGG {5 %l #% . £ % 5 £ 75 MAPK {5 5 18 J%
iE h Y AR RO R S I BB IR O & E TP
AGE-RAGE {5 5 i # . J§ &5 R 18P0 45 30 % b (&
do) H B E RN R NG 23 FinE A
1 W 12 ( mitogen-activated protein kinase 12,
MAPKI12) 2224 )5 3% A6 38 1 12 (mitogen-acti-
vated protein kinase 13,MAPK13) .5 b4 K K F-
B3(transforming growth factor beta3, TGF-83) .'&
¥ & &k 4 % 1 2 (bone morphogenetic protein 2,
BMP2) JeiiR 45 & 8 [ 5 (fatty acid binding pro-
tein 5, FABP5) | it % 1k ) i A4 38 5 5500 0% 52 Ak
( peroxisome proliferator activated receptor gamma,
PPARy) V85 /55 8 2 1 MO 25 RS 1 Ccalcium/
calmodulin dependent protein kinase 1, CaMK1)
S
2.6 RT-qPCR BiF

BEHLIEER 6 4> 22 57 R BB i 47 RT-qPCR %
UE. S5 R 5 Fros. 6 D2 FRBEHM RT-
qPCR FiA A 5 RNA 725 38—, i — 2 UuE W]
B SR 2H W PR SN Y T S
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Fig.3 The clustering results of 1 207 differentially expressed genes
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a Top20 GO enrichments of upregulated DEGs b .
. Top20 GO enrichments of downregulated DEGs
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protein binding | binding ™
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organic substance metabolic process ® | Gene Count cell periphery A
biological regulation ] . plasma membrane A -Log q value
metabolic process L anatomical structure development ° 2
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negative regulation of RNA biosynthetic process . multicellular organism development o }2‘
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negative regulation of gene expression . - Biologica cellular process L4 (ic‘;%(so"“‘
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a 3 n animal organ development L] Y
cellular process * * Molecular functions @ 400
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supramolecular polymer A positive regulation of biological process|{ ®
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2 4 6 8 LogP
-LogP
c Top20 KEGG pathways of DEGs
TGF-beta signaling pathway L]
Relaxin signaling pathway [}
Rapl signaling pathway )
Proteoglycans in cancer o
Protein digesion and absorption Y
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