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Abstract: In order to clarify the difference of meat quality between Shuxing No.1 rabbit (SX) and Ira rabbit (IRA)

and the molecular mechanism of the difference formation,
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5 (2021 YFYZ0033) s PO 25 BHIF B BT R4 1 S8 56 {6 391 transcriptome sequencing and metabolomics analysis, and

the longissimus dorsi muscle samples of two varieties of

rabbits were collected for meat quality trait determination,

H (2023N22J0001) differentially expressed genes and differentially expressed
TEERA . AL (1998-) , Lo, U4 PN A+, 2 N R % metabolites were screened and their functional enrichment
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lower than those of IRA, while the muscle fiber density, cooked meat rate and intramuscular fat content were significantly
higher than those of IRA. A total of 81 differentially expressed genes were screened in the transcriptome of SX and IRA.
Among them, 51 genes were up-regulated and 30 genes were down-regulated in SX. SMTNLI, PM20D2 and EDNI might
be the genes that lead to the difference in meat quality between SX and IRA. The differentially expressed genes were signifi-
cantly enriched in the cAMP signaling pathway. A total of 12 significantly different metabolites were obtained by volatile
metabolomics comparison, all of which were up-regulated in SX. Among them, metabolites such as 2-undecenal, 4-ethyl-
octanoic acid, (E)-2-nonenal, ornithine and undecanal were positively correlated with meat flavor. The volatile metabolites
were significantly enriched in KEGG metabolic pathways such as 2-oxocarboxylic acid metabolism, ABC transporter and ar-
ginine biosynthesis. A total of 15 significantly different metabolites were obtained by extensive targeted metabolomics com-
parative analysis. Among them, seven metabolites were up-regulated and eight metabolites were down-regulated in SX. The
contents of meat flavor-related substances such as y-L-glutamic acid-L-glutamine, L-glutamic acid-L-glutamine and lyso-
phosphatidylcholine (LPC) in SX and TRA were significantly different. Widely targeted metabolites were significantly en-
riched in KEGG metabolic pathways such as caffeine metabolism and circadian rhythm entrainment. The differentially ex-

pressed genes and differential metabolites obtained in this study can provide a reference for further high-quality rabbit

breeding.
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8 H(A B4 4 1)  RRDUE R4k /R A= PR A B
N R 58 U S 2H 2 AR AL 250 )
1.2 FENFESEHF

IR0 AN AS 24 25 18 Thermo Fisher Scientific
2N AEEH Qubit 2.0 25643 EOEEE T Thermo Sor-
vall ST 8R =y 3 ¥& 17 B Lo AL FIAZ R B, ARSI, 9 [
Bio-Rad /A 7] /E 7 i) CFX96 Touch Real-Time PCR
Detection System ,POWER/PAC 3000 kAN B Ver-
saDocTM BER SR 22 40, F2[H Sciex 23 Fl A4 7= 1Y) Ex-
ionLC AD M = &0R A (A3l RS0, 256 [ Agilent 24 F]A4E
721 Agilent 2100 A= 4153 HT 4L 7890B-7000D “AH €,
- B AN B 4048 (A5 4 DB-5SMS (FLA%30 mx
0.25 mmx0. 25 pm) , & FE Waters A 7 720 12
BRI 4533% K Waters ACQUITY UPLC HSS T3 C18(#E
#% 1.8 pm,2.1 mmx100. 0 mm) ; f2[E Implen 23 7] 4=
F=HJ Nano Photometer #8 13 & 43 Y6 )6 F& 11 75 [#
Retsch 23 @) 42 72 1) MM400 ER Y, Fii + CTC Ana-
lytics AG 23 Al A== SPME Arrow [E A4 A< B &
Fiber Conditioning Station “& k2% | Agitator ££ /i Il
A

FERFE E E Nlumina 23 74 72 ) NEBNext©
UltraTM RNA Library Prep Kit 5] &, 3 [E Thermo
Fisher Scientific 234" Thermo K1622 jJi%% 5|
£ TRIzol © Reagent, H K TaKaRa 72\ & 4E 7= 1) TB
Green Premix Ex Tag I[.DL.2000 DNA Marker, Jb 50475
A ARAT BRS B A P2 GS-GelRed #%FREEHL Gk,
R Merck 2 7l 4L 7= B IE & bE, B B, 2, 11
Aladdin ARIA =R R REL 20K, ) MEEE A
B FIEFRIAT SENEE K B S AR (b
af) .
1.3 #AZE RNA REEERANRF

FIIH TRIzol AR HUE B LA 21 A9 5L RNA
FHAZIR 2 A {SUAG I RNA A 2658 ] Qubit 2.0
P43 NG T Agilent 2100 A5 43 A1 ALK I
RNA ¥ J& Fi5¢ %M | i ;| NEBNext©  UltraTM RNA
Library Prep Kit i & , il 13 # %k 5 2 mRNA, JF&
B cDNA, B Qubit2.0 585643606 B Al Agi-
lent 2100 A=) AC0 cDNA Fi4 3 185 I 58 3 1 3R 4T
Kz, 52 )5 F AMPure XP #EER TR 2E H 200 bp ZE47 1Y
cDNA,#1T PCR & 43 #2419 cDNA SCFE, 3¢
PEF e U, Tl ad qPCR J7 2 % SCHEAG ko B ok
FTHERE fE X SO T i HEA TR 00, FEAR B A% ), 38

i Nlumina )37 -6 $E47 @m0 )5, (1A Fastq
B IR R AT T ARG , 5B AT BBEE LA K
G .C AL 5 1) (0 ok i dls | 45 300 vy o Al O
X e B AR Y G L C OB i AT AN, ]
String Tie #1758 3 R #00 | {8 FH Feature Count
B B REAS A S DR A T e T 5 1 B A R
A DR T A R SR FPKM ( Fragments
Per Kilobase of exon model per Million mapped frag-
ments ) {EL{ 5 DR TR /K- | Sz e SR 180K
X FIA Y A BIRE AT edgeR 225 0 AT R A
ARAFAL ) 22 57 R HL AR FHT HISAT2 #AF
B m A 5 S % FL N4 Oryctolagus _cuniculus.
OryCun2.0.dna.toplevel.fa. gz ( http : //fip.ensembl. org/
pub/release-105/gff3/oryctolagus_cuniculus/ ) #£17 ¥
1 o e AR A A DR ) ik i EAT 22 S A A, 24
log, FC1 =1 (FC 2 545%5%0) , H FDR (False dis-
covery rate, iR K B H) <0. 05 I, A HIZFEFTE 2
AN R ] 5 2 SRR
1.4 Z=FJRIAEEEAHK qPCR WIESHT

NEIE RNA-seq FIT 15 3] 1Y 22 57 2 35 L A 1) A
FEPE, PEIER B E R RW 4 A (McAM
SLC7A6 . LCMT2 F1 CALB2), Uk % % GAPDH #i
I8StRNA VE RN Z 5L, R AT qPCR AR X 4 A5
A FA AT RIE . FE 5 [ 1 FoR,

F1 EREAEEE PCR G557

Table 1 Primer sequences for real-time fluorescent quantitative
PCR amplification
BB RN
| SIYFF(5'—3' 5
8 ) (C)  (bp)
MCAM F.CTCCTGGAGCTGGTCAGTTTA 60 270
R:TGTATTTCTCTCCATCTCCTGC
SLC7A6 F:ACCTCCCGGACCTTCTATCC 60 227
R:CAGGCTCAGCTTGAGAGGAC
LCMT2 F:TGACGAGTTTGAGGAGTGGC 60 295
R:CAGGTGAAACTTGCTCACGC
CALB2 F:TGGAAGCACTTTGACGCAGA 60 188
R:TCTGCCATCTCGATCTTGCC
GAPDH F:GGAGCGAGATCCCGCCAACA 65 125
R:TGACCCTTTTGGCTCCGCCC
I8SrRNA  F:TTGGTGGAGCGATTTGTC 54 199

R:TGAGCCAGTCAGTGTAGCG

1.5 REA=ZNE
1.5.1 GC-MS #Z AR n 5 fEaS P
0.2 g ST E MU AL 0.2 g NaCl ¥ K F1 10
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L PRI, Jo7E 60 °C T B E 5 min, 2R )5 46 A ZE
B IR 250 C & T AT 5 min, {1 SPME Ar-
row 4= [ 2l TS [E A SR Uk B A TRE AR AR L, 8
WA SR F DB-5MS B 4145 FE (30 mx 0. 25 mmx
0.25 pm) , A ELAEAT, WM 1. 2 mL/min, #F
FETTR B E N 250 °C A FILER 3.5 min, FHERE
I E TGRSR 40 °C 3.5 min, P4 10 °C/minf?
HRTFE 100 °C, FHLL 7 C/minf 3R T 180 °C
A A 25 C/min B3R T2 280 °C IR HF 5 min,
itk AR R S B R TR Dl 230 C
PULEATIRLEE 150 °C , B4z HR A 280 °C, L FfigiE
BE R 70 eV, 34 7 LN B R = (SIM) |, &
PEE R B RS RS Es2~3 A
EMB TR ASERE T, AR5 H TR g3
Gy BRI BT A B -, e BOH 1 1t S 1 AT
R MR IE TAE S 81 Rk S & i
1.5.2 FEfedRMmsd 5 20 mg BESCE B
B A S mm BIER, SEH MM400 BREE L 30
Hz BRI 5B FE 20 s, 8K )5 4 °C 50F T A3 000
v/ min Y 3B 250 30 s, B0 5 A 70% H B 400
pl, ¥2%% 5 min J5HCT VK EERE 15 min, F7E 4 C 5%
A FLA12 000 r/min.Cr 10 min, K 200 wl 5 #
B BRI T AT, ISR A
ARHBEK, WA B R S0 VEMEBEE .0~ 11.9
min /K5 ZHEARFE 95 ¢ 5,12.0~12. 1 min K5
ZHEFE 10 : 90,12.2~14.0 min /K 5 Z K
TR 95 = 5, 3E 0. 4 mL/min; E 40 °C ; #EtEiE
H2 pLo FEIEARN . S B TR EE 500 C
TEHLES 500 V U HL -4 500 V8T8 SR % E
FSAR T 379.3 kPa K 11413.8 kPa /A< 172.4
kPa, HETFH A0 1) b5 o 0 2008 B MWDB 38 i 45
DU B B85 1 R0 A B3 B i) XoF — i a4 7
HERR NN, A MultiQuant 04X A [R]AE A R[]
PR B ST i e (A T U 1 IE, IR 22 I iy Wi
DB T A 1 2 15307
1.6 HRAZMREAZMNETRELH

AT e di i 22 S5 5L IR G 9T IR BOF 4R 1y 22
SRR BT IR R I AT, [ Z 43 B 5t i
IR EAL AL BRI T2 I R AL, SR AT R Dy g [ PR
PRUEST IR R GO FIZRA AU 2 KEGG X 22 57 3
KA T 5307, ik — 2D e S R R D) R

FIH Mass Hunter XA HE GC-MS 4 & AR5

AT A B , BT Analyst 1.6.3 84k
B 77 0 A A A AR B SRR R g
S3HT (PCA ) FIIE 52 i e /N — 3 - F1 31 43 Bt ( OPLS-
DA) PFAG 2 DM R R 225 . BT EE
B AE (VIP) = 1.0 1 1log, FC1 =1, T ¥ HY &)
241 5 R AT R L 22 AR, AL
LEA MR KEGG #F17 22 5 st i Rt ik 42
BT

2 ZER55HT

2.1 AR

B4 SRR R R T i K WL 2L
RIBTPRIR N 2 o, AERAPATAL, 2 A A e o
J& 45 min 124 h 1 pH (EFR CF8PR (SRR LT 20
JEMH o FIBEEEAH b7 ) JC W35 25 5 s Bl 5 IO B] 179
BN, SR pH {E T B FRIERS R T L o AT b 1Y
SIS, B2 1 5 R LA 4 A R KR
RN AR T ORI, T LT 228 B TN R o6 3 1y
TOHIR, RNEIL T, &% 1 SRR IR
o i S TR, T 2 A AR R A KR
HEHREE KT ERESARE,
F2 BN 1 SARMFHEHARER
Table 2 Meat quality properties of Shuxing No.1 rabbit and Ira

rabbit
b WEME ginmse s
pH 0.75 6.62+0.14 6.69+0.17
24.00 5.78+0.10 5.77+0.10
SEREE(LY) 0.75 46.39+1.98 46.63+2.07
24.00 53.56:2.60 54.07+2.32
2 (a™) 0.75 1.07+0.45 1.14+0.42
24.00 3.1120.81 3.050.70
HEREAE (b ™) 0.75 6.44+0.61 6.51+0.69
24.00 7.52+0.92 7.66+0.87
MMEFLEEAR (pm) 24.00 4573315 53.26+347
WA 4 (), 1.0 mm?) 24.00 461.76247.78*  345.14+37.28
BHF(%) 24.00 61.97+298*  60.07£2.66
THAKEAE (%) 24.00 227+0.32* 2.69+0.38
KG3Ert (%) 24.00 75.59+2.35 75.92+2.84
EARE (%) 24.00 22.42+0.81 22.36+0.99
LN B 2 (%) 24.00 1.05+0.08 0.82+0.07
RAY (%) 24.00 1.1920.11 1.20+0.13

*FREN SRRSO R L 22 5 B3 (P<0.05)
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2.2 HFRAFNFEITEREFER

ARSI 16 N7 SC A 3R A5 298.5% 10°
bp B LG EE , B 5 5, 29 97% W SR ik Bds ik
B B B RE . Q20 (T =20 BYHRFEIT 5
Ay ) ¥HE 96% LA 1, 030 (5B =30 A58 3L
F3 WFHBERETS

Table 3 Quality assessment of sequencing data

HE AT L) B 909% LA L, d B % S 4 2 0 4
FEi i, G+C BIE & 4£50.02% ~ 56. 59% , £
B oA LA, Ul B AR I Y 25 SRR T AR . 16
AN e SC PR o A U A RIE 5 2 5 R R A A Lt
H479.95% ~87. 49% (% 3) .

FEfh Jhn K (bp) PSR (bp)  Q20(%) Q30(%) G+C Fht(%)  PCBLTH (bp) XT3 (%)
SX-1 51 107 188 49 519 594 96.20 90.57 54.74 39 784 042 80.34
SX-2 58 193 126 56 242 020 96.63 91.49 56.59 44 965 495 79.95
SX-3 50 082 102 48 811 138 96.70 91.52 55.08 41 030 643 84.06
SX-4 53 451 906 51 941 862 96.79 91.66 53.52 44 171 359 85.04
SX-5 47 202 760 45 402 640 96.89 91.81 50.02 39 722 770 87.49
SX-6 49 334 328 48 072 440 96.84 91.74 50.54 41 823 023 87.00
SX-7 44 616 958 43 544 238 96.94 91.94 54.00 37 073 564 85.14
SX-8 56 768 762 54 950 092 96.92 91.94 50.93 46 910 894 85.37
IRA-1 58 832 744 56 687 952 96.77 91.63 53.00 47 929 663 84.55
IRA-2 53 368 494 51 965 272 96.86 91.79 52.41 44 357 556 85.36
IRA-3 57 179 568 54 971 262 97.00 92.04 52.38 46 945 458 85.40
IRA-4 48 239 538 46 826 130 96.55 91.24 55.45 38 748 623 82.75
IRA-5 51 697 818 50 334 708 96.73 91.57 54.33 42 009 347 83.46
IRA-6 62 855 868 60 821 434 96.58 91.32 52.81 51 436 687 84.57
IRA-7 46 260 548 45 089 688 96.85 91.71 54.47 37 487 567 83.14
IRA-8 56 587 574 54 902 360 96.81 91.68 53.42 46 848 184 85.33

SX-1~SX-8 IRA-1~TRA-8 43I &4 1 S PRI AR AT S K UREAS . Q20 B =20 FUTSIERT & 1143 HE ; 030 : ST ik =30 BUBIEAT 5 1 73 1L,
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SERIREE , Hi &4 1 SRR R B E
S 51 A4, RIB TR ZESIEN 30 A~ (E 1),
PR RS AR RS o € 2N S vl ol B~ JPS K
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Fig.1 Volcano map of differentially expressed genes between

Shuxing No.1 meat rabbit and Ira rabbit
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Fig.2 Cluster heat map of differentially expressed genes between Shuxing No.1 meat rabbit and Ira rabbit
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Fig.3 GO annotation of differentially expressed genes between Shuxing No.1 meat rabbit and Ira rabbit
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Table 4 Differential metabolites of Shuxing No.1 meat rabbit and Ira rabbit based on GC-MS volatile metabolomics
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Table 5 Differential metabolites of Shuxing No.1 meat rabbit and Ira rabbit based on widely targeted metabolomics
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Fig.6 KEGG enrichment analysis of differential metabolites between Shuxing No.1 meat rabbit and Ira rabbit
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