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Abstract: This study aimed to investigate the differences in fur quality and the potential molecular
mechanisms influencing the coarse hair percentage of hybrid offspring of Rex rabbits and Hycole meat
rabbits, in order to provide a reference for research on fur quality of hybrid rabbits. Twelve 165-day-
old F2-generation rabbits produced by crossing Rex rabbits and Hycole meat rabbits were selected.
Fur quality indicators, including hair length, hair fineness, and coarse hair percentage, were

measured. Based on the statistical result of coarse hair percentage, 10 female rabbits were further

%5 H #3: 2025-06-03

E S TE <Al A A B I AR 55 500 H « 52 4 A MR 36 1 25 (19240889) 5 6 15 48 4l B 01 37 & 10 9% 4 301 H - 1) I 4 2 HR 3R 25 S T
P RE 58 R 7 (9 20231494)

EEBN AT 5 WA, EENE FBCL W ABFSE , E-mail : 18794097425@nwafu. edu. cn

* BASIEE LU, 2 F R R 28 U (B SR 0 5 B F 5 [ (W5, E-mail: wangshuhui252@163. com



222 R

selected for transcriptomic sequencing of skin tissues. Among them, 5 individuals with coarse hair
percentage == 10% were classified as the high coarse hair percentage group, and 5 with coarse hair
percentage <<10% were classified as the low coarse hair percentage group. Differentially expressed
genes (DEGs) between the two groups were compared, followed by functional enrichment analysis
and protein-protein interaction (PPI) network construction. The accuracy of the sequencing results
was verified using quantitative real-time PCR. The results showed that in the F2 hybrid rabbits,
coarse hair percentage was extremely significantly positively correlated with hair length (P<C0.01)
and significantly positively correlated with hair fineness (P<C0.05) , but not significantly correlated
with other indicators (P>>0.05). A total of 281 DEGs were identified between the high and low
coarse hair percentage groups. Gene Ontology (GO) enrichment analysis revealed these genes were
significantly enriched in functional terms such as drug transport, regulation of myoblast proliferation,
contractile fiber, and glycosaminoglycan binding. Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis showed significant enrichment in important biological processes including
glycolysis/gluconeogenesis, steroid hormone biosynthesis, motor proteins, and the PPAR signaling
pathway. A protein-protein interaction (PPI) network of the differentially expressed proteins was
constructed, and 4 candidate genes were identified (FGF7, MMP3, MMP13 and FOXP3).
RT-qPCR results confirmed that the expression trends of these 5 DEGs were largely consistent with
the RNA-seq data. These results suggest that the FGF7, MMP3, MMP13 and FOXP3 genes may
be important candidate genes influencing the coarse hair percentage trait. This study provides data
support for evaluating the fur quality of hybrid offspring between Rex and Hycole meat rabbits and
offers insights for improving fur traits in hybrid breeds.

Keywords: Rex rabbit; Hycole meat rabbits; hybrid offspring; fur quality; coarse hair percentage;
RNA-seq
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Tablel Primers for quantitative real-time PCR
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Gene Primer sequence Product size

GAPDH F: TCGTCTCCTGCGACTTCAAC 130
R: ACCCTGTTGCTGTAGCCAAA

FOXP3 F: TTCCGAAACCACCCTGCTAC 113
R:AACTCATCCACGGTCCACAC

CENPE F:AACAGTGGGAGCATGACCTG 98
R:ATGGGTGTCAGATGCCAAGG

MMP13 F: TCACGCTTTTCCTCCTGGAC 134
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MMP3 F:CCACTCCCTGGGTCTGTTTC 135
R:GCCGGTCCATAGAGGGATTG

FGF7 F:GCCCTGAGCGACATACAAGA 175
R:CCAACTGCCACAGTCCTGAT
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Table 2 Statistics of fur quality phenotypes of F2-generation hybrid rabbits

etk J':fx'é/_]\ﬁ E‘jﬁﬁ i 8 - EE £ A2 /Ej@rﬁzézﬁ(/%
Trait Minimum Maximum Median Mean =+ Standard Coefflleepr of
value value error variation
# B K FE/cm Hair length 2.76 2.33 2.3340.32 13.53
J e f 7 /g Fresh pelt weight 195. 00 490. 00 365.50  374.00480.42 21.50
W #g JE B /mm Dermis thickness 3.34 2.48 2.6340.41 15.75
S 3k K B /em Pelt length 32.10 42.10 37.55 37.31£2.70 7.24
F2 ik 9 B /cm Pelt width 21.90 28.00 26.05 25.534+1.92 7.51
ek i AL/ cm”® Pelt area 702.99  1092.00 974.36  953.38+106.32 11.15
% B 40 % /um Hair fineness 16. 54 32.46 20. 21 21.9545.02 22.85
N TEHEE /(4 -mm ™) Primary hair follicle density 6.00 3.84 4.17+0.97 23.25
WHBRZEE /(4 -mm?) Secondary hair follicle density ~ 82. 67 146.00  108.84  110.94419.02 17.15
S/P{H S/P ratio 18.31 38.55 27.49 27.73+6.91 24.92
ML/ % Coarse hair percentage 14. 00 12. 00 9.17+4.30 46. 94

H T 1 3R 70 AH O 8 B0 [ &1 AT B0, M B R 5 B
BREENEFIEMHE(P<0.01), 54 B4 &
i3 IEAH 56 (P<C0.05) , 5 HAb R AR AR G A 3% .
Bz ik i T ol T AR Bk R A B I S A G (P<<
0.05) , He B J& B2 5 e gk K B 2 1B 3% 1F AH OC (P<<
0.05) , K gk 1 AR 5 f gk & 1 A B 3 TE AH OC (P<<
0.05) , MK EBREES S/PH B F 7MKL
(P<<0.01).
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A represents the hair length; B represents the hair fineness; C represents the fresh weight of the skin; D represents the thickness
of the skin plate; E represents the length of the skin; F represents the width of the skin; G represents the area of the skin;
H represents the density of primary hair follicles; I represents the density of secondary hair follicles; J represents the S/P value;
K represents the coarse hair percentage. ** indicates extremely significant correlation (P<C0.01) , * indicates significant
correlation (P<0.05)

E1 EE@AEEXESH

Fig. 1 Correlation analysis of fur quality

x3 NFBERE
Table 3 Sequencing data quality

AR 4 R IR EE EIRIAER/G T uE B HIRBER/G MR Q20 Q30 GCpet
Sample name Raw reads Raw bases Clean reads Clean bases Error rate

C1 467 94 086 7.02 43 611 690 6. 54 0.01 98.98 97.20  55.97
C2 46 771 506 7.02 44 099 066 6.61 0.01 98.83  96.84 54.02
C3 42 685678 6.40 39925 176 5.99 0.01 98.74  96.67 55.97
C4 53 288 656 7.99 48 225 400 7.23 0.01 98.68 96.55 55.19
C5 44 297 634 6. 64 41113674 6.17 0.01 98.84 96.92 52.28
X1 46 946 412 7.04 44 517 474 6.68 0.01 98.82  96.87 54.52
X2 45152 604 6.77 42 733 180 6.41 0.01 98.77 96.72  55.10
X3 50 136 554 7.52 50 006 982 7.50 0.01 98.74  96.67 56.81
X4 47 641 854 7.15 47 552 784 7.13 0.01 98.78 96.74 55.54
X5 52 115 464 7.82 48179 530 7.23 0.01 98.79  96.80 54.01
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Table 4 Statistics of fur quality phenotypes in the high coarse hair percentage group and the low coarse hair percentage group

i H ISR ) LB AR P
Item CH CL P-value
BB K JE/em Hair length 2.5140.22 2.082:0. 26 0.023°
BB ANE /pm Hair fineness 26.9943. 39 18.5241. 46 0.001"
Sz 5k 4 7 /g Fresh pelt weight 415.20462. 14 349.202499. 86 0. 245
JZ BB /mm Dermis thickness 2.64+0.46 2.54+0.32 0.702
Jz 3k K B /em Pelt length 37.00%2. 36 36.92+2. 84 0.963
J 5K 56 FE /em Pelt width 26.18+1.87 25.0441.97 0.376
Bz ik T A/ em? Pelt area 969. 71+ 105. 62 928. 664-136. 42 0.610
L%/ % Coarse hair percentage 12.80+0. 84 4.40+1.14 0.000™

*FNCHY CLALE 25 8%, P<<0.05; & /8 CH5 CLAIM 2% 5 83 ,P<0.01
* indicates a significant difference between the CH and CL groups, P<C0.05; ** indicates that the difference between the CH and
CL groups is extremely significant, P<<0. 01

®5 HEXRHEHEXRAEEREESN

Table 5 Analysis of hair follicle density between the high coarse hair percentage group and the low coarse hair percentage group

i H HLE R4 HLE AR 41 PH

Item CH CL P-value

WIFEH% /(A4 -mm *) Primary hair follicle density 3.8740.80 3.9340. 86 0. 900

W THREE/ (4 mm?) Secondary hair follicle density 109. 40+24. 08 112.934-19. 92 0. 807

S/PfH S/P ratio 28.5344.47 29.9948. 61 0. 745
CL vs CH

P value<0.05 [log,FoldChange|>1

6 UP 114

* DOWN 167
5 ’ NO 22 777
4

~log, (P value)
(9%}

2 >
! % el
0 -
-5 0 5
log,(Fold Change)

B2 HEXSASHEXRRAZERREEERANLE
Fig.2 The volcano map of differentially expressed genes between the high coarse hair percentage group and the low coarse

hair percentage group
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Fig.3 The clustering analysis of differentially expressed genes between the high coarse hair percentage group and the low

coarse hair percentage group
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Fig. 5 KEGG enrichment analysis diagram of differentially expressed genes
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