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Comparative transcriptome analysis of female and male adults of
Parabronema skrjabini in camel

FENG Chenchen, WANG Wenlong® , HONG Mei, LIU Ning, Huhebateer
(College of Veterinary Medicine, Inner Mongolia Agricultural University/Key Laboratory of Clinical Diagnosis and

Treatment Technology in Animal Disease, Ministry of Agriculture, Hohhot 010018, China)

Abstract Aiming to find sex-determining genes, transcriptome profile of female and male adults of Parabronema
skrjabini in camel were investigated. Samples of female and male were analyzed using lllumina HiSeg2000TM RNA
sequencing platform and their transcriptome libraries were constructed. After quality filtering and de novo assembling.,
functional annotation and bioinformatics analysis were carried out. The results showed that: A total of 6 430 differentially
expressed genes between female and male were obtained, of which 2 131 and 4 299 of genes were up-and down-
regulated, respectively. And 341 328 and 714 differentially expressed genes were annotated into biological process,
cellular component and molecular function and 41 functional categories. KEGG analysis showed that 1 116 differentially
expressed genes were assigned to 198 KEGG pathways, and clustered significantly in immuno regulation, oocyte
maturation and so on. Functional cluster analysis indicted that reproductive development, oviposition and reproductive
behavior were high enriched in female adult stage, whilst the sperm main protein. serine/threonine specific protein
phosphorylas etc. were high enriched in male adults stage. Moreover. we identified ten the significant sex-determining
genes,such as Tab-3,Tab-5 and Fem-1.eight gender-specific expression genes of male adult and four gender-specific

expression genes of female adult. These genes were necessary to decide nematode gender. In this study, the biological
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characteristics of differentially expressed genes were predicted by bioinformatics, which involved in functional genes and

metabolic pathways. This study provides a foundation for the further whole genome sequence analysis, drug target

prediction and vaccine candidate gene screening.

Keywords Parabronemas krjabini; transcriptome; differentially expressed genes; bioinformatics analysis
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Table 1

Number of high-qualty clean reads and expressed unigenes of each sample

GE S S

Clean read

FEA EN G

Sample Raw read

¢35 Unigenes ${ (RPKM>0)

Expressed unigenes cluster

%7K Unigenes 30 (RPKM>=>10)

Expressed unigenes cluster

HfE ol 28 130 680 23 603 172(83.91%)

T i, 29 451 206 24 543 395(83.34%)

54 624(54.91%)

54 619(54.90%)

8 592(15.73%)

8 618(15.78%)

I Hi/BE 1L log FC

log, FC:Femak-male

log CPMEHE
Average log, CPM

Bl 1 EdgeR FE¥ETLHAERKREER

Fig. 1 Identification of the differential expressed unigenes between females and males by edgeR program
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Table 2 GO enrichment result of differentially expressed genes

GO 4% HE [R5 4 0 F R 20 4 % © P1{H
) Gene cluster frequency Genome cluster frequency P-value
Gene ontology
DEG CF/% EG GF/% (P<0.0D)
Yt
B R W TR b 59 17. 30 230 2.73 0
JUR e T 2 W T A o 11 3.23 42 0.50 3.29E—10
2 [ B R A A5 0 B 7 2.05 26 0.31 4.85E—7
VAT S SE b 1 A 9 3 AR 5 1.47 19 0.23 2.56E—5
[Ny a=puN 5 1.47 21 0.25 4, 34E—5
4f i 20 43
4 i A% 46 14.02 453 5.49 4, 20E—13
i f B 42 11 3.35 58 0.70 1.29E—6
52 5K 1 105 32.01 2 489 30.16 0.000 1
HARE AW 5 1.52 28 0. 34 0.0015
D&y 5 1.52 34 0.41 0.003 0
5y F g
I 30 4. 20 93 0.56 0
22 R/ 95 = R AR 1 R T 22 3.08 147 0.89 1.53E—10
i 2 R R 1 I I 15 2.10 33 0.20 2.89E—15
2 [ B 3R 32 AR M 7 0.98 26 0.16 9.40E—8
12 T 6 0. 84 53 0.32 0.003 6

£ : OCF=DEG/TDEG X 100 % , CF g #£i% 43 2 rh 22 5 32 35 3 5 % (9 31 5% s DEG S AE 1% 93 25 vh 22 5 38 1k 3 T A 4
5 TDEG g Hoxd 8% 50 2 h BT A1 22 57 R IB N H . @ GF=EG/TEG X 100% . GF g Hoxt 31 1% 43 2% v 2 [ 11y
W EG Ay L 301253 2 vh BT A B R s TEG O Lo 81 43 26 vh fir Ay BE R 8

Note: OCF=DEG/TDEG X 100% ,CF is the cluster frequency of differentially expressed gene annotated to each

term; DEG is the number of differentially expressed gene annotated to each term; TDEG is the number of all

differentially expressed genes annotated to GO ontology. @ GF = EG/TEG X 100%; GF is the genome

frequency of all genes annotated to the term;EG is the number of genes annotated to each term; TEG is the

number of all genes annotated to GO ontology.
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Distribution of differentially expressed genes of female and male adults in three main categories (biological process,cellular
component and molecular function) are shown in the subgraphs (a)-(c),respectively.

B 2 Gene ontology (GO) 4 E

Fig. 2 Pie charts showing gene ontology (GO) classification
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Table 3 Enriched pathways of differentially expressed genes

i 25 FRSEE O o P{A

Pathway DEGs REGGE P-value Ko ID
F g 35 214 2.89E—7 Ko04145
BEREMEEKRERE 7 14 1.07E—5 Ko04614
SN TN 17 86 2.95E—5 Ko03050
Hh {5 5 18 j#% 12 157 0. 00046 Ko04340
RS OB & 13 77 0.00123 Ko04114
mRNA W5l 38 #§ 22 170 0.00141 Ko03015
2 [ BEAE WA A 3 8 0.00118 Ko00100
Z R H A KA 21 199 0.00183 Ko04120
B AR TR 38 5 519 B 20 AT A 8 56 0. 00269 Ko04914
W 2 A/ R A R 25 263 0. 00343 Ko00010

I : ODEGs. £ 84 KEGG 1R il i vh 22 5 % 35 I 4R ; QKEGG, 78 KEGG $U4i8 i b 5 K 311238 % 1) 3k

Note: MDEGs, the number of differentially expressed genes in each KEGG pathway; @ KEGG, the number of

genes in the pathway in KEGG database.

2.4 ERRZERIERESN S5 G MR RE R B R RS . M BUREARTE TR
H7 ) 22 2k o R e BURE B R DAVID 40 A A 45 R B AN T A s R TR L IR R
VG XF 2 RA RN AT INRER K O R IIRE & ATP 455 MUl 2 2 4R/ 7r AR & B
RIEEEDM . AR B M RREA P B B S BN T E A 2 AR/ AR S R
J s A2 B R U0 AR AT 8 s EGF U EGE #4581 P T A Al 25 AH OC D e rh i R R e 3R (11 3) .
15

Bl g MR
Female Male

Enrichment scores

=4
=]

Al Bl A2 B2 A3 B3 A4 B4 A5 BS
W s/ 1 22 e TR I T RE SR S

Fuctional cluster of differentially expressed genes in female and male

Al, X Transmembrane region, 4 il [l Membrane; A2, 7= Oviposition, 45 &% & Reproductive development, 4 % 17
A Reproductive behavior; A3, 3 fz 4 K [ 7 Epidermal growth factor, EGF #£45 8 145 & EGF-like calcium-binding; A4, {55
JIKk Signal peptide, = % % Disulfide bond; A5, ¥l 55 Ik 52 1% ¥ Hedgehog receptor activity; Bl, JG i 40 if2 #% Non-membrane-
bounded organell, 40 il 15 #2 Cytoskeleton; B2, 22 24 2 /75 4 BR 25 [ ¥4 fif Serine/threonine protein kinase, ATP %% 5 ATP
binding ., ¥ # & 4% & nucleotide binding; B3, F K T % 1 Major sperm protein; B4, 22 & R/ & IR & 1 W5 R [ Serine/
threonine-protein phosphatase; B5 , B B fi# /#% 55 4= Glycolysis/Gluconeogenesis,
B3 =REFMRBEXRIERTHNS X

Fig. 3 Top 5 functional clusters of differentially expressed genes
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2.5 MARERMEANFEFEEXERSH
2.5.1 MR REARXARE ST

0 3 0 S0 PG 2 e R e 2 S R K TR [
FRIBIF T 7 8 55 1 i) 2k s A OC 1 R L TR X R
PEAT W AR o 8 ME ORI R e rh 2 B 10 Fh R R
P P s A G R B, i 3 R Tra Sk A
(Transformer gene): Tra-1, Tra-3, Tra-4; 2 Fj
Mab #: [N (Male abnormal) : Mab-3 s Mab-23 ; 2 Ff
Fem 3£ N ( Feminization gene): Fem-1, Fem-2;

*4

Fog-3 3 N (Feminization of germ line); Mog-3
BRI Ser-1 FER . o, A7 502 BEAEPE A A R F
HFEH Tra-1 . Mab-3 \Fog-3 181t b 85 & 3235 A7
AN KN R B EEE Tra-3 il Tra-4 75 &
e By T R AT 3k (H A I H rp ok o A 3R A AT K
WEPE SR e R A B[R Sea-1 FEMER P ik, {3
MEVE K & I RS I R ZE ] Fem-1 Fll Fem-2
VL 5 i T 1 A B R 1 B R K] Mab-23 Fl Mog-3 TE
Wl R R R R A A (R 4D

HHREELER

Table 4 Sex determination genes

SEA R IL

S : . GO Tyhe i B
Expression quantity of gene
Gene Functional annotation
M . Female e H Male
Tra-1 4,43 3.05 Wi R 45 A A DNA 55 55 055
A A A 0 A ) e
Tra-3 20. 43 10. 41 - -
OHf A I % 200 i A2 K
Tra-4 28.12 13.15 R
I S R 9
Mab-3 0.43 8.29 )
73 4% 5 DNA 254
e S R 9
Mabr-23 8.51 10. 35 N e
B DNA e s 1y
Fem-1 15. 14 8.62 R
Fem2 12.75 5.09 A
Fog-3 0.16 39. 38 R
Mog-3 95.57 86.43 EHGEE
F M e e
Sex-1 32. 87 2.21 A FH i AR
A ) A4 AL B R T

2.5.2 MAHFELZARSH

T FC R 22 28 o e el R g 25 5 3 K R RV 9
PR PR I R 2R 8 TR O e LR AT AR
Bro SR WoR, 781 d AR PR 8 B (MSPs) K
JEFIRS F 45 57 M (SSP) % 1 JE R 3235 & B 8 Tt
5. Hoh £ % MSPs k. MSP-4 . MSP-2 .MSP-77
FIMSP-78 , 3% $6 5 [K] 2 I e 52 Pk 40 i 2R 3R
EE5 M FWEs A L £ % SSPs . SSP-34,

SSP-35F1 SSP-36 . ixX 4t Jt K J& K + 4 5 Pk ) 3R 3k
SEH L TEMEHRAMAT EGGs MG FE R R B -
W, EEAH: EGG2, EGG3,EGG5 1 EGG6, H
H1L.EGG2 T80 BN & & b 8 rh g R 3k, AR 2 K
19 18] 55 W A AR AR T R R AR B RE ) 5 EGG-3
15 P ¥ AL AR G HEAE L OF B 32 5 3] dugp
] R a5 72 g it B v . EGG-5 16 101 5] 1R G %% 78
FIRIG & o R B OCHEE I (R 5)
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Table 5 Gender-specific expression genes

) R S M 2 38 i A

Gender-specific

Expression quantity of gene

EASE B

Protein description

expression gene

Mt Female Mt Male
e st S P 2 35 R
F52F12. 8 0 58.03 FERTHEHREN 2
ZK354.7 0. 30 582. 50 FER T HEMEREN 2
F53B6. 4 0.21 105. 37 FER THEMEEN 4
MSP-77 0 227, 24 FEKFEN
MSP-78 3.73 958. 02 FENTEHEAD
SSP-34 0.13 526. 90 BrRsHEA
SSP-35 0.11 77.95 BTFEASHEAEEA
SSP-36 0.06 35. 23 KT
P R S e AR R
EGG-2 3.01 0 IR BENE 8 1 R R S5 B A
EGG-3 14. 21 0. 80 BB T 1 1R
EGG-5 91. 46 2.53 YN A% U 3R 32 AR SR AR R
EGG6 2.70 0 [EE LN RN =P

3 i

B — U il i RNA-Seq $EAR BN H 1 2 R
R RIT IS A3 7 B 22 B P R T OGS R 0 AR
FIE o ARBETE B YRR X B B 3 [ R 3 2k o A
T U BE AT A S 2 I+ R AR ) fE ORI e
PR 30k 14 22 S A0 30 B 1) 22 S o 47 9 P 0 e o A
R DA R Gl e e P Rk R )

DAE GO ZyBe ot v, 22 5 5 P 2 58 5 R AR 28
I P 2K A 3 B A MR B L 2 R U R
HE MG EE R . LR NI R R
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