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Functions and mechanisms of testicular descent in Apodemus
agrarius based on transcriptomics and metabolomics

LI Qiang, WANG Zaishan, WANG Yingxin, REN Zhanchen, WAN Xiangxu, LU Sihan,
SUN Yue, JIA Xiugqi, JIN Zhimin"

College of Life Science and Technology, Mudanjiang Normal University, Mudanjiang 157011, Heilongjiang, China

Abstract: This study aims to explore the functions and mechanisms of testicular descent in
Apodemus agrarius, and analyze the changes in genes and metabolite levels in this process.
[llumina NovaSeq and liquid chromatography-mass spectrometry were used for the
transcriptomic analysis and metabolomic analysis, respectively, of the normal and descending
testis of A. agrarius. Gene ontology (GO) enrichment of the transcriptomic results revealed 240
differentially expressed genes (DEGs), such as Spespl, Izumol, Hyal5, and Fabp9. Kyoto
encyclopedia of genes and genomes (KEGG) enrichment showed 52 DEGs, including Pcytl,
Pla2gd4e, Gpdll, and Lypla3. The qRT-PCR results were consistent with the transcriptomic
results in terms of the expression patterns of six randomly selected genes in the normal and
descending testis. The metabolomic results revealed 28 differential metabolites associated with
the testicular function, including 3-dehydroquinic acid, o-linolenic acid, dihydroxyacetone
phosphate, and fructose 1,6-bisphosphate. The conjoint showcased that
glycerophospholipid metabolism, a-linolenic acid metabolism, and arachidonic acid metabolism
may be the key metabolic pathways regulating testicular descent in A. agrarius. This study will
help to understand the mechanism of testicular descent and lay a theoretical foundation for

analysis

exploring the mechanisms of the population changes of A. agrarius and developing laboratory
animal resources.

Keywords: Apodemus agrarius, testiclar descent; transcriptomics;
analysis

metabolomics; conjoint
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1.1 ##

SIS AR T 17-22 o By AR R BB 4
L, S S P TIME 4 B SE B e
PR Gy 2 MEAILHES . TACUC-MNU-2022-108),
T SN BB VT A H P T =18 56 H AR
X, fEmtE -y HESE . MK, 2500
C.X.QM#34d, HrFHoH, k27 H, K
HEZE S E ORI RER], BN IE & A
W, Sk A 3 MR E R, FER SR (C, X,
Q)-HXG1-3, UBHHAA 6 MEYIEER, FRib
%5 (C, X, Q-HXG1-6, K A bk = Bk
AR ARIE, R R OS2, AT R
HEPRAEL, BT-80 COkAERAE, LIE)R
S st 2 A A o0

1.2 A&
1.2.1 5 RNA BENFOSZEHE

i Trizol 4Bk kAT AL i B2 ML 2
RNA (425, {4 F§ NanoDrop 2000 %} fif# RNA
F18 e P2 AN HEA T AR, E T Agilent2100 &
RNA Jii 5 250 (RNA quality number, RQN){E i/
T PEAGAZ IR BT 6 o KA 5 A AR A R AT B 1AF
FHE LY ELFHABRA AW, R Humina
Truseq'™ RNA Sample Prep Kit #47 3CJEA £,
Il 55 "~ Tllumina NovaSeq 6000 (PE 3CJ% , 13
£ 2x150 bp),

122 MFHERIZSHRENLEAR

7 21 R 0 e 23 (raw reads) i, ik
Q20>85%. Q30>80%™ 1 i /74l (clean reads).
{8 Trinity X T A FEAS Y clean reads #4713k 41
#, P TransRate!™ 1 CD-HITP% ) 4R 41
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PN IE , 3 BUSCOP Y% 541
1) 6 FE AT VA
123 EFREEEGESIREESN

i) RSEMPH ISR Fak i, SRR E
BEB ok B T I s A 1 152 B BU{A (transcripts
per million, TPM)®55 346 20 B N 55 AR 1y
ik, (1] DESeq2PY kAT 24l n Fik 25
I3, D25 A58 (fold change, FC)>2 H. P<0.01
VENR S, Tkl A5 C4. B4lY
C Hzmpy2RRiBEH, HBRCLE, B A
B WA S CHRILFZEFRBINH, wmaHh
7 5 FEH (differentially genes, DG). {i# [ Goatools
%t DG /17 5EH 414 (gene ontology, GO) LT Ak
R 5 ZH AR (Kyoto encyclopedia of genes
and genomes, KEGG) & /04T, 215 1% 3L H 4 A
HEIIEE MBLF R AL GO il KEGG Jike
HA
1.2.4 SKRPEESE PCR HIE

BEMLEEH 6 22 5 BE DK FE A T 5L I 9Ot e =
PCR $iiE, § HFEF N : 95 °C 10 min; 95 °C
155, 58°C60s, 95°C 155, 40 ME#H; 60 °C
60's, 95°C 15 s, f#i fl Primer 6.0 & 14557 :5]
Y1, NS HEH Eid3 F1 H 5L Cypl7al.Gatad,
Ntn4. Plxnal. Tprgl #il Ldhc 51¥ W% 1. &
H—A TS SR B AR Rk &, B SR
W3 WAEY¥FER B R U AR 2
o, {8 SPSS 19 #4757 22404 .

F1 ERRAEEE PCR 3
Table 1 qRT-PCR primers

1.2.5 RKift4RE

FEUEFRIL 50 mg AE 4 2 2 mL .08,
ANHEAHK 6 mm FAFEBR 5 400 pL 2 BOR (B 5
4:1 W FIK 2 0.02 mg/mL Y L-2-S K TR
R 55 )5 f VA VR AL S S AU F S 6 min (—10 °C,
50 Hz); F-20 °CF# & 30 min; 13 000 r/min
B0 15 min, BCERIHWRCE T NG E IR
e BT B REARC 20 pL BIEWIR G
YR S 8 FE AR (quality control, QC).

1.2.6 LC-MS #MS#H 5 RETH

AR W AR 0,1 - J % (liquid chromatography-
mass spectrometry, LC-MS)/ T {78 & h FEEk
T IRB R 2 E] R s AAO £  ER e
TS R Y. Ik ARkHEh ACQUITY
UPLC HSS T3 (100 mmx*2.1 mm, 1.8 pm; Waters);
TEhA A 95%/K+5% N5 (& 0.1%HIR), Wi
A B N 47.5%2 M5 +47.5% 5 N EE+5% K (&
0.1%MR), FEEER N 3 uL, HEiR 40 °C; Wizh
AHVE AL TS 1E 2 R0 B 1, BRI
SAHVE AL BE WL 2.

FTig S5 FESMSHMIZSHE AR
IE . SRR AR E TS E S . BRI
T (1) TG 70-1 050 mvz; (2) BESIR M
50 arb; (3) HHBNVRIREE 13 arb; (4) PR
425 °C;(5) BANEIRIE 325 °C;(6) MWi% R (E
1) 3500 V; (7) W% HL R (FABEX) —3 500 V;
(8) S-Lens HLJE 50 V; (9) fiffi#E#E 20,40, 60 eV,

Gene ID Gene name

Forward primer sequence (5'—3")

Reverse primer sequence (5'—3")

TRINITY DN1144 ¢l gl  Eid3

GAAGAGGAGTGCGAGGAGTTGA

GCTTGCAGCATCCAGGACTTG

TRINITY _DN12713 c0 g2 Cypl7al  TGGAAGAGGCTGTCGGTGATG  AGCTGCTGTCGTGCTTGGT
TRINITY DNI95 c0 gl  Gatad TTCCTGACTCTGCCTCCTTGC ACTGCTGCTGCTGCTGCTA
TRINITY_DN8651 ¢0 gl  Ntn4 TAGGCTGCGTGATGACAGTGTT  TGGATGGAGAGGAACCGTGGA
TRINITY _DN840 c0 gl  Plxnal TGACTGGAAGAGGCTGAA AGACGAGTTGGAGATGTTG
TRINITY DN33842 c0 gl Tprgl AAGCAGAGCCGCCCTTCTTT TCTCGTCCATGCCAGCCATC
TRINITY _DN5940 c0 gl  Ldhc GTGGTCGGAGTCGGCAATGT GCTTGGAGTTGGCAGATACACTG
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R2 OMANETEREEE
Table 2 Mobile phase elution gradient

Mode Time Flow rate A (%) B (%)
(min) (mL/min)

Positive 0.0 0.4 100.0 0.0
3.0 0.4 80.0 20.0
4.5 0.4 65.0 35.0
5.0 0.4 0.0 100.0
6.3 0.4 0.0 100.0
6.4 0.4 100.0 0.0
8.0 0.4 100.0 0.0

Negative 0.0 0.4 100.0 0.0
1.2 0.4 96.7 33
1.5 0.4 95.0 5.0
2.0 0.4 90.0 10.0
2.5 0.4 87.0 13.0
4.5 0.4 70.0 30.0
5.0 0.4 0.0 100.0
6.3 0.4 0.0 100.0
6.4 0.4 100.0 0.0
8.0 0.4 100.0 0.0

JEREA(QC)H 18 By FEAS 1 $2 B4y &5
RAMAL, B4 QC MMARF K Ab# Iy X 5 HEA
I, FEA Pl fE v, B 5-15 Do HrkEA g
A 1A QC, FRIFEAL A BTt
1.2.7 REEYMEESHIE

AR AL 05 20 T A ProgenesisQI V3.0 i
PRyt ok . WA AR A SRR PR AL B, 455
B I R A2 A R AT AR DA A R M
4 MS Al MS/MS Jiig {5 B 5 A/
2H %4 %2 (human metabolome database, HMDB)
MR PR BT 22 (metabolite link, METLIN)Z: /3 3k
B e K B s EE T UCC , MS iR 25 K
B <10 ppm o ARFE I TEA AR AR (] () e 58
0L, {4 Ropls (R f2)F1 Scipy (Python)ifff7
F AT AT AR GRS BT, TR G AR A
FRRE AL R AR A 9 22 S . FIA KEGG il
HMDB 54 P2 X5 15 21 (4 A7 P kA 7 43 25 K 3y
RETE R . 12 It 6 ORUR )% 45 AT i P
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AT, B P {E<0.05 , F i 5 Z 4 (variable
importance, VIP)>1 . FC>1 1E M ik 514, ik
HAHY C4l B CAHZmm 2SRy,
PGS 4E, B A #l B 4l C dlimdkfn) 2 5
R, w248 £ 5 Y (differential
metabolites, DM). Bfi)5 & T KEGG £ ZEXT 2=
S EA T B AR, OISR LI REA
R B A B
1.2.8 HREFMRPEAFZHKE S

W 07 K H 1) 22 S R AR BE B (DG) Tl 22 57
PR A G (DM) SE #E 47 BUIn] 1F A2 fi 45 /)y — 3fe v
7 M7 (two-way orthogonal partial least squares,
O2PLS), AL FEAC T i 5412 e, Malftr
KEGG & #4301, 343 DG il DMtk [ & 3%
M BRI, 4 E R s SN R R 2 A
S5, ot S G Z m R IR EERLE 48
7N PR LS A T AR B 52 ma AL

2 HZRE5OM

2.1 MEFEHERIESHH

{8 1 NanoDrop 2000 #1 Agilent X 9 MFEA
FE RNA HEF TR | 4l e i A, 26k
IS AFEFEZAS RQN {1>4.80, 28/23 S #5J#>18/16 S,
T R P P K, (AT TC S e S AT
9 ANFE i B 5% S o BT 23R AR 56,72 Gb 1) 4]
Bls, 45 4R clean data Y97E 6.01 Gb UL |,
Q20 BHEL H 43 HLTE 97.17%L) |, Q30 FfJL A 4%
FLAE 92.55%L) |, GC B RT 50%, it
Trinity 52026 KA 85155 114 466 14~
FE[H (unigene) Ml 159 459 ™6 5§ A (transcription),
YK FE N 875.99 bp 5 1 067.56 bp, ik gH %
TEARZE S L3 3, JE AN SRAR ) BUSCO 4
BITE 90%LL |, KU ARG ism . 58
B, A TIRS .
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/rlc- \

22 ERFTIEEAETESFTIESWH
LI FC>2 H. P-adjust<0.01 Jy £ 140 1k 1 5

JUFBEMI(C. X) 5 IEH Q)M 22 7 Rk EL K
(DG), il 6 064 4= FRBHEN, Hi L
WS 4 168 45, TR 1 896 45,
DG #17 GO Mige s f /i, ' AR % 640 5%,

x3 ERABFERMEARERTMHER

Table 3 Optimized assembly result evaluation

HEZ AT 20 B3E F& WKL 1, MHiiak th 8 A58
hie s g, A 240 MERRIKERA, W
2, Hp sk sz B o 1 5 0 SR Y
4 (fusion of sperm to egg plasma membrane
involved in single fertilization)+ 45 14 1~, Ik
Spespl. lzumol, Hyal5 #il Folrl 45 ; Thi{k4H %
(acrosome assembly)+ 4 15 14>, 1§ Fabp9,
Txndc8 F1 Acrbp %5 ; ¥5 3K HE(sperm capacitation)
HiA7 15 4, 4U4E Peskd. Tssk3 il Tatl 4% ; H
F-Hh 2 20 % (sperm axoneme assembly) £ 19 /~;
I T2 il &% 7 (spermatid development) £ 42 1 ;
15 DN (sperm-egg recognition) 5 26 1~ 4G
12 (ertilization) 5 46 ~; AFEANI A H (germ
cell development)fi 63 1~
¥ DG #t17 KEGG UifgE &0, &
S i 345 %%, HEAHET 20 BOE B ILE 2, A

Type Unigene Transcript
Total number 114 466 159 459
Total base (bp) 1002712321 170231 853
Largest length (bp) 24 484 24 484
Smallest length (bp) 201 201
Average length (bp) 875.99 1 067.56
N50 length (bp) 1706 2 165
E90NS50 length (bp) 4141 3733
Fragment mapped percent (%) 77.193 86.154
G+C percent (%) 50.00 50.81
Transrate score 0.457 70 0.499 07
BUSCO score (%) 92.0 99.2

GO enrichment analysis (DG)

Fusion of sperm to egg plasma membrane involved in single fertilization

GO term

Cerebrospinal fluid circulation

Plasma membrane fusion

Motile cilium assembly

Acrosome assembly

Sperm capacitation

Axoneme assembly

Extracellular transport

Sperm axoneme assembly

Cilium or flagellum-dependent cell motility
Cilium-dependent cell motility

Cilium movement involved in cell motility
Spermatid development

Microtubule bundle formation

Sperm-egg recognition

Epithelial cilium movement involved in extracellular fluid movement

1
Figure 1
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Cilium movement
Cell-cell recognition
Fertilization

Germ cell development

HRR e 5 4%
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P-adjust

0.001 01

Number
e |4
® 42
® 70
@9

030035040045050055060065070075080
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GO enrichment analysis of differentially expressed genes in testis.
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KEGG enrichment analysis (DG)

P value

SeLeo o~
= o oo

Enrichment ratio
=)
wn

>o oo
> = W

B2 SHhERFREERKEGG EESTHERE
Figure 2 KEGG enrichment analysis of differentially expressed genes in testis. *: P<0.05; **: P<0.01.

x4 BEAVEERFTEER

Table 4 Differentially expressed genes in testicular function

Description Database Branch ID Number of unigenes
Fusion of sperm to egg plasma membrane involved in single GO BP GO0007342 14
fertilization

Acrosome assembly GO BP GO0001675 15
Sperm capacitation GO BP G00048240 15
Sperm axoneme assembly GO BP GO0007288 19
Spermatid development GO BP G00007286 42
Sperm-egg recognition GO BP GO0035036 26
Fertilization GO BP G0O0009566 46
Germ cell development GO BP GO0O0007281 63
Glycerophospholipid metabolism KEGG PATHWAY MAP00564 24
Arachidonic acid metabolism KEGG PATHWAY MAP00590 15
Alpha-linolenic acid metabolism KEGG PATHWAY MAP00592
Thiamine metabolism KEGG PATHWAY MAP00730

Lysine biosynthesis KEGG PATHWAY MAP00300 1

http://journals.im.ac.cn/cjben
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(glycerophospholipid metabolism)H 4 24 4>, {1,
}& Peytl, Pla2gde. Gpdill F1 Lypla3 &; 84
VU 4 12 A} (arachidonic acid metabolism)H A
154>, fuff Pla2, Ptgds fil Pla2gl2a %%; -V
JRIR AR 1] (a-linolenic acid metabolism) 45 71>,
{345 Pla2gda. Pla2g2c il Pla2g6 %5 ; ik £t
W (thiamine metabolism)*H4 5 />, {1 AK5,

Ak8 FI Alpg 55 ; #1 2 iR & i (lysine biosynthesis)
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S ILEF AR R R R NN E R A
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Figure 3 qRT-PCR verification of six random genes in testicular droop phase and normal phase. *: P<0.05.
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x5 AW 6 NERFERANFLHE

Table 5 Transcriptome sequencing data of six genes in the testis

Gene ID Gene name Reference species Droop phase Normal phase
TRINITY_ DNI12713 _c0_g2 Cypl7al Mastomys coucha 111.61 1.59
TRINITY_DN195 c0 gl Gatasd Arvicanthis niloticus 3.85 168.63
TRINITY_DN8651 c0 gl Ntn4 Camelus dromedarius 2.21 183.41
TRINITY_DN840 c0 gl Plxnal Grammomys surdaster 1.18 190.79
TRINITY _DN5940 c0 gl Ldhc Mus pahari 49.10 4.51
TRINITY _DN33842 c0 gl Tprgl Rattus rattus 59.01 115.40

The expression level calculation method for droop phase and normal phase is TPM.

Wef S AR L 3T ) 3R R KK 5 P S 2 I e 4 R —
B, Tprgl 724U T BEBIANE H R0 R B
e s P4l R — 3, (HSEmE H PCR AR Y
RARZERDFE, BHRAWFEFALE.
2.4 RS

H:F UHPLC-Q Exactive HF-X R4l [
T AW BE 2GR BR S wl AL A A B A, X
HE . B MR B RS2 LA T AU 2
o, SRRETENE 7 351 4>, HREIAH
Yy 2 649 A, FEASENRFEAMZENR 7> T (lipids
and lipid-like molecules) . A MLE& S H AT 4= 9
(organic acids and derivatives). A HLZ¥ILAY)
(organoheterocyclic compounds). A HLEILE W)
(organic oxygen compounds) Fl 7 2K 1k & W)
(benzenoids)% .
2.5 ERKHIFHES S E

XF 18 ANFE AR EAT 3 3 53 B AR DG B
Ko, TR sl SRR BT A AR A 2 N 2R
ety , dlmBRE e, AHCPERIR SR R
REAS TA) A Py 2RO = BE AL A i o 3R]
ZH N S AR A A e AR DL 2 v L ] il
HBHE =R . R K 8 B B S ALY
REAH DG OCEEMR I, LA P fE<0.05. VIP>1,
FC>1 N2, ik th S8 0U P B (C L X) S IEH
Q2= YA (DM).. DM 14 289 4~
Yy, Hrb 69 A~ EIRHY, 220 A RS
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Yy, it HMDB $di/Fx DM #7532, 4558
UL 4. DM Hr it 2 BAE S 02800 B ot S 2
BESTF, ditk 41.20%; HUCHA PR K IHATE
Y, S 19.85%; FRRCHA DALY, ditbh
10.86%; AHLARIMEAY), Lkt 10.86%.
2.6 ERKiFYIHIE

i 0 22 S 4 DM ifE1F HMDB 4328
M KEGG &l kB, 552 L Re
K22 AU ) F EEAAAE TR N 2R | W 2 2 F
6, % R £ W) 5 il (phenylalanine, tyrosine and
tryptophan biosynthesis). o-EJFRERICHT . Hyl
B8 i A R0 A AR O A TR A, AH DG 22 AU )
WK 6, FERNAMR . MR AEREY
B R R 3 & 28 TR (3-dehydroquinic
acid). L-FAC%¢E(L-arogenate) . B iR I I 19 i i
(phosphoenolpyruvic acid)fl 1,6- "Bz H b
(fructose 1,6-bisphosphate)¥, a-VKERA I H Y
R4 9-8 4 TR (9-0x0-nonanoic acid). -V bk
P2 (a-linolenic acid)FI T {7 & (traumatic acid)5,
T Re A P Y - CmemE- -3
MR B [PC (17:0/0:0)]. ¥ I %5 BE Mk 1A 5%
[PC (22:5/0:0)]FIHF 2 — ¥ A (dihydroxyacetone
phosphate)&, H.i, 1,6- " BEMREHE . B2 —
FRINERFN 3-M A2 TR 15 PRI TE AL
IER SRR, - kS 13 FAREY7E
BIUT RS EAE, k2 A R
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Alkaloids and derivatives: 2 (0. 75%)

Organic nitrogen compounds: 3 (1. 12%)

Not available: 4 (1. 50%)

Nucleosides, nucleotides, and analogues: 8 (3. 00%) v
Benzenoids: 13 (4. 87%)

Phenylpropanoids and polyketides: 15 (5.62%)

__— Homogeneous metal compounds: 1 (0.37%)

Lipids and lipid-like molecules: 110 (41.20%)

Organoheterocyclic compounds: 29 (10.86%)

Organic oxygen compounds: 29 (10.86%)

Organic acids and derivatives: 53 (19.85%)

B4 2AZEZFNUFY HMDB LS5 A

Figure 4 Classification of differential metabolites in the testis.

Fo E2HRERNKEY
Table 6 Differential metabolites in the testis

No. Metabolite KEGG ID Formula RSD
1 PC (22:5/0:0) C04230 C5oHs,NO,P 0.018
2 9-ox0-nonanoic acid C16322 CyH 605 0.035
3 PC (17:0/0:0) C04230 C,5Hs5,NO,P 0.030
4 PC (22:6 (4Z,7Z, 10Z, 13Z, 16Z, 19Z)/P-18:1 (9Z)) C00157 Cy4sHg,NO,P 0.257
5 LysoPC (17:0/0:0) C04230 C,5Hs,NO,P 0.010
6 PC (18:0/0:0) C04230 Cy6Hs4NO,P 0.009
7 LysoPC (22:5 (7Z, 10Z, 13Z, 16Z, 19Z)/0:0) C04230 C3oHs,NO,P 0.020
8 LysoPC (P-18:0/0:0) C04230 C,sHs54NOgP 0.071
9 LysoPC (20:1 (11Z)/0:0) C04230 C,3Hs¢NO,P 0.032
10 GPEtn (16:1/22:5) C00350 C4H74NOgP 0.108
11 LysoPC (18:1 (11Z)/0:0) C04230 Cy6Hs,NO,P 0.023
12 3-dehydroquinic acid C00944 C5H,(O¢ 0.044
13 L-arogenate C00826 C,0H2NOs 0.078
14 LysoPC (20:4 (8Z, 11Z, 14Z, 177)/0:0) C04230 C,3Hs5oNO,P 0.020
15 Phosphoenolpyruvic acid C00074 C3Hs06P 0.060
16 LysoPC (16:1 (92)/0:0) C04230 C,4HygNO,P 0.031
17 Fructose 1,6-bisphosphate C05378; C00354 Ce¢H,40,,P, 0.092
18 LysoPC (14:0/0:0) C04230 Cy,HygNO,P 0.003
19 Alpha-linolenic acid C06427 C3H30NO, 0.030
20 Dihydroxyacetone phosphate Co00111 C3H,04P 0.005
21 Traumatic acid C16308 C,H5004 0.014
22 9(S)-HpOTrE C16321 C13H3004 0.021
23 Shikimic acid C00493 CsH,(0Os 0.118
24 Quinic acid C00296 C;H,0¢ 0.015
25 20-hydroxy-leukotriene E4 C03577 C,3H37NO4S 0.061
26 5-trans-PGE2 C00584 C,oH3,05 0.001
27 5(S)-HETE C04805 C,oH3,04 0.025
28 15-deoxy-delta-12,14-PGJ2 C14717 CyoHy304 0.040
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Ko A WL IEL 5, AR i e R I B £ ke
(phosphaticlylethanolamine, PE) . % i§ ot AH fisk
(phosphaticlylcholine, PC) ., a3V JFR FR FI i iR — 5
N B (glcerone-P)%F 4 FfLFMEZE A,
“HBEE LA 6.
2.7 REFREAMRGAERS 0T

N HRSE A B B YR IE 4] 52 rp 2
AR R L, 4% DG 5 DM #Ef7 %%
AR A 3BT . O2PLS 43 H7 (18 7)3R B,

Es5 Z2AEFAEMARE

Figure 5 Testicular differential metabolite heat map.
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AFREAR AN REE RIF, AR2ZEFHE, 7%
SEUURT A [ — A G R iy, R
LRI L B B v, Rl LAIEAT IS S5 T o
# DG 5 DM #i4T KEGG # i = %0, kK
L 4 457 DM F1 DG ¥ I 2% & S % . Hrp
HIMBEAS S o- SRR R AR AN A8 A DU R A
WA TR H 5 S LD RR AR DG, i S5 % iF
TPEr BT, a5 WK 8. EhItE43] 17 F
Hehrez Ry, i -8 NN TR,

20-hydroxy-leukotriene E4 '1
5(S)-HETE -0

Traumatic acid —=1

9-ox0-nonanoic acid =
15-deoxy-delta-12,14-PGJ2
Fructose 1,6-bisphosphate
Dihydroxyacetone phosphate
Alpha-linolenic acid
Phosphoenolpyruvic acid
9(S)-HpOTrE
3-dehydroquinic acid
Shikimic acid

GPEtn (16:1/22:5)
5-trans-PGE2

Quinic acid

LysoPC (20:1 (11Z)/0:0)
LysoPC (18:1 (11Z)/0:0)
LysoPC (14:0/0:0)

LysoPC (22:5 (7Z, 10Z, 13Z, 16Z, 19Z)/0:0)
LysoPC (20:4 (82, 11Z, 14Z, 177)/0:0)

PC (22:5/0:0)

LysoPC (16:1 (92)/0:0)

PC (22:6 (42, 77, 10Z, 13Z, 16Z, 19Z2)/P-18:1 (9Z))
PC (17:0/0:0)

LysoPC (P-18:0/0:0)

L-arogenate

LysoPC (17:0/0:0)

PC (18:0/0:0)
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Figure 6 Secondary mass spectrometry of four differential metabolites. A: Phosphaticlylethanolamine. B:
Phosphaticlylcholine. C: Alpha-linolenic acid. D: Glcerone-P.
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| | e Group 1 - 35 b % /% E B 9k (1 -acy1-sn-glycerol-3-
< e phosphocholine) WRE IS BIAT 11 4+, 12 4+
S 10 Ry ZFFRIAFN, {5 Chptl, Ceptl, Pla2g4.
?g,lﬁi""" - E 65&65"-;\;@;; Pla2g6. Pla2gl6. Lypla3. Plb (PIbl). Nte,
“ 200 X_HXGI QukGs QHXGI Gpdl. Glpa. Cyp2j. Cyp2c. #idZie ik
. N s B, A B AR B 75 0 B WA
SO st o0 WAL SR, AR A (e A T
D et 2 5 R IE BT, e W AE AL i i

7060 0 20 0 20 40 60 80 100 o, WA OB S AL E R S RS, B
Scaled tu (1) ’ ’ e
F EC 2.7.8.2 1) Chptl il Ceptl fa#E #5522

7 DG 5 DM 8 O2PLS 447 — 2, 1-ME S H I BERR AR BE(1-acyl-sn-glycerol-
Figure 7 O2PLS analysis of DG and DM. 3-phosphocholine)7EL22 AL IEH A S EH 5, )&
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Figure 8 Analysis of differences in metabolic pathways of testicular function. The expression/content of
red/green is higher than that of blue/yellow in the heat map.
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