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Analysis of key genes in Hu wavy pattern lambskin based on transcriptome sequencing

XIE Jing, MENG Xu-ming, CANG Zhen, HUA Yun-tao, ZHOU Xian-yi, MAO Da-gan*
College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, China

Abstract: The aim of this study was to conduct transcriptome sequencing on Hu lambskins with 4/4 straight hairs and
4/4 wavy pattern, and to identify the key genes affecting lambskin traits. Skin tissues (n=4) were collected from
the side of the body of 4/4 straight hair and 4/4 wavy pattern Hu lambs. Total RNA was extracted for transcriptome
sequencing, and differentially expressed genes (DEGs) were screened and subjected to gene ontology (GO) and
kyoto encyclopedia of genes and genomes (KEGG) enrichment analyses. Gene set enrichment analysis (GSEA) of
the KEGG pathways was also conducted, and the DEGs encoding transcription factors (TFs) were identified. Seven
DEGs were selected for verification of their transcript profiles by real-time fluorescence quantitative PCR (qRT-
PCR) , and the transcript profiles of DEGs in the site of straight hair and wavy pattern in individual lambskin with
different wavy areas were compared. Results showed that a total of 315 DEGs (threshold [log,FC|=1 and FDR<C
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0.05) were screened out by comparing the transcriptomes of 4/4 straight hair and 4/4 wavy pattern lambskins. Of
the 315 DEGs, 274 were down-regulated and 41 were up-regulated in wavy pattern lambskin compared with straight
hair lambskin. The GO analysis revealed that DEGs were mainly enriched in 3771 items including extracellular
structural tissues, extracellular matrix, and integrin binding. The KEGG analysis showed that DEGs were mainly
enriched in 209 pathways including the cell adhesion molecules, PISK-AKT signaling, and RAS signaling pathways.
The GSEA results indicated that DEGs were mainly related to pathways such as histidine metabolism, renin
secretion, and protein digestion and absorption. The enriched signaling pathways related to hair follicles, including
the RAS, PI3K-AKT, and RAPI signaling pathways, showed a down-regulated trend in the 4/4 wavy pattern
lambskin compared with the 4/4 straight hair lambskin. Among the DEGs, 12 encoded TFs, of which two were up-
regulated and 10 were down-regulated in wavy pattern lambskin compared with straight hair lambskin. The down-
regulated TF DEGs included those encoding SRY -related high-mobility group box (SOX) , forkhead box (FOX),
and T-box (T-box) TFs. The transcript levels of the seven candidate genes determined by qRT-PCR were
consistent with those determined from the transcriptome analysis, and confirmed significantly lower transcript levels
of IGF1 and MFAPS5 in wavy pattern skin regions than in straight hair skin regions in individuals with different
pattern coverage areas. In conclusion, AEBPI1, IGF1, MMPZ27, MFAP5, RPTN, SPIl, and THY 1 were
identified as important candidate genes affecting lambskin traits. These results lay a foundation for further
understanding the molecular mechanism of the formation of wavy lambskin in Hu sheep.
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REREMECR M E R, BT Z e 3 IET .
1.2.2 2 RNA #£I & il FastPure Cell/ Tissue Total RNA Isolation Kit V2(RC112-00, Vazyme, 7 & ) K &
Ui B 5 B RNA L Al NanoDrop 2000 439696 # 3 ( Thermo Scientific, 3% [# ) % & RNA 4l & fyk 5 . bifi J5 %=
FER DU 7 5L BB AT BR A R AT J5 820 )7 o
1.2.3 % St 4l SCPE M g KD )y fdi B4k 37 & VAHTS Universal V8 RNA-seq Library Prep Kit for MGI
(NRM605-02, Vazyme, B§ 50 ) &k B U5 W7 5 44 € 5% 5% 41 SC%E . B 500 ng A9 8 RNA, 3 %6 ffi ] VAHTS mRNA
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Table 1 qRT-PCR primer sequences

A 2 B R 5 51977 41 TR
Gene Name Genebank number Primer sequence (5 —3") Product length (bp)
AEBP1  AE#54 % 11 1AE binding protein 1 XM _012176971. 5 F: CTCATGCAATACCTGTGCCG 142
R: TCCCAAACTCTGAGCCCATC
IGF1 JWe 15 2 B A K F 1nsulin-like XM _027965761. 2 F: TTCTATCTGGCCCTGTGCTTG 138
growth factor 1 R: CCCCGTGGGCTTGTTGAAATA
MMP27 %5 4 J& Ik 27Matrix metallopepti- XM _004015972. 5 F: TGCTGTCTTGCCAGATTATCCC 149
dase 27 R: GGGTCACTTCATCATACCTCCAG
MFAPS5 £ 4 AR 5 4K 1 SMicrofibril-associat- XM _015094961. 3 F: TCAAGCCTTCTACCGATGACC 70
ed protein 5 R: TTCTCATCCCGGCACTCTGT
RPTN T4 % Repetin XM _060396929. 1 F: AGAATGGGGACTCCACCTCA 93
R: CTGGGTCATTTGGTCTCCTGA
SPI1 Spi-1 Jf i 42 H Spi-1 proto-oncogene XM _027979753. 3 F: CAACGCCAAACGCACGAATA 71
R: TCCCAGTAATGGTCGCTGTG
THY1  Thy-141g3HH0E Thy-1 cell surface XM _060399793. 1 F: CCTCCTGCTGACAGTCTTACA 132
antigen R: AACTCATACTGCATGGGCGT
GAPDH il -3-B 2 1Bt % f Glyceraldehyde- NM _001190390. 1 F: TCGGAGTGAACGGATTTGGC 76
3-phosphate dehydrogenase R: ACGATGTCCACTTTGCCAGT

1.3 #H#E% M

K H IBM SPSS Statistics 26 3% /4 H1 4 ¢ K6 56 X5 it A 45 R 347 48124 0 Fr . 32 F Graph Pad Prism 10 # i
T, P<<0.05F/REREE;P<0.01 £RZEFWEE.
2 BRESW
2.1 HAEMERYELEEREK

A/AHBMA/ABIRIG LR AL FEWE LI, VIR TR RS TR L TRER (R D). WEY) T
(PR K TR (S) HBEULRFTRESMHTREEE(S/P) B RME 2R, 4/4HEBEKS/P VIR
WR TR ERIINEERT 4/4 PORIE (P<<0.01),
2.2 HEFN P HIE R

ZER I, 3% I 1Y 8 AN 11 2 J Bk AL ZURE AR RNA TG B 5 FF ik P 4% 4 T %, 9 A TP 23R o % D s Y0 7 50 40 A 7
Q20 F1 Q30 i 5 , 15 F| T 40044654~46929166 bp Y J5 I I 77 352 44 (raw reads) Fl 40044652~46924146 bp (1) i I

A H E 4 Straight hair group

1 BEEMEREERAARSERY
Fig. 1 Histomorphological characteristics of straight hair and wavy pattern lambskins
P: ¥4t &% Primary hair follicle; S: ¥k4% &% Secondary hair follicle.
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Table 2 Comparison of hair follicles between straight hair and wavy pattern lambskins

25 %31 WS BB /91 9B 8808 Number of secondary  #14¢ B4 542 Primary hair W 4% E 4 H 1% Secondary hair
Group hair follicles/number of primary hair follicles (S/P) follicle diameter (PD, pm) follicle diameter (SD, pm)
4/4 H T 4/4 straight hair 4.2440. 25a 176.65+6. 84a 60.05+2. 84a
4/4 18 4/4 wavy pattern 2.67+0.25b 138.2146.50b 45.55+3. 56b
T AN [/ 50 350 22 Sl i 25 (P<<0. 01) .
Note: Different letters in the same column indicate extremely significant differences (P<<0.01).
Ji7 1%k (clean reads) (£ 3) . 8 MHEA M Q20.Q30 &3 HRBRER
{E FGC 284 5 99. 40% .97.18% F147.44% Table 3 Data quality control sheet
v T y FEARZPR BURMF s WJIEEs Q20 Q30 GC % i
BB b R TSR — 2 e e o
Sample Raw reads Clean reads (%) (%)  GC content
2.3 EFRZLASN (bp) (bp) (%)
Phllog,FC|=1, H 4% 1% %& B % (false discovery S, 41094942 41094936 99.40 97.18  48.65
rate, FDR)<C0. 05 & i BE 2 4 2645 2] 31549~ 22 5 3% S, 40508630 40508628 99.40 97.25  48.60
AL (differentially expressed genes, DEGs) , HH S, 46929166 46924146 99.53 97.87  48.88
2TANFEN T, 41435 N E (K 2A) . K450 S, 40044654 40044652 99.54  97.95 48.63
BRI R EE(S) 5B (W) A W, 41862838 41859348  99.51 97.71  48.47
W 44\#21_(5@%%%%1;&5‘%&*9 ,fu ’,fﬂéﬁ l‘gj%%ii W, 43925888 43925882 99.48  97.60 48. 88
*ﬁiﬁzﬂ%% Eﬁﬁ( 5] ZB) W, 40125986 40125986 99.49  97.67 47.44
W, 42378798 42375874 99.45 97.48 47.76

2.4 DEGs# GO & & o 47

XS AW AL Y 22 5 R I B N AT GO & 470
Br, RMILEEAE3TTIAGOFKH ., HhEEEE
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Q20 il % i £ =20 % 15 H Percentage of bases with a Phred quality score
of 20 or higher; Q30: ## 3 i &t =30 A4 /i & Percentage of bases with a
Phred quality score of 30 or higher.

G;Oup
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Expression

Fig. 2 Differentially expressed genes in Hu lambskins with 4/4 straight hair and 4/4 wavy pattern
A: 25 FIKFF W &1L Volcano map of differentially expressed genes; B: 2% 5 335 3 [H 5 28 43 1 [ Cluster analysis diagram of differentially

expressed genes. S: FLE Straight hair; W: J% R Wavy pattern. P,

ad

i: BEIEJT PAH Adjusted P-value; FC: 58724k Fold change. ' [A] The same below.
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FERD) AR 73 4 A (LB D PR 456 (15D EE D o AR P & 42 3119 GO e TE BP .CC FI MF 3
Ao R HEATHER B TOP 15 89 GO 2% HZ2 AR (1B 3A) oAb, DEGs i & £ 46 5 B A& 7 A KK GO
e, MBRILERECAHER) BRAT WA (IANEF)MEBRELT (2R,
2.5 DEGs# KEGG#% % %& 41

X DEGs #:47 KEGG il # & 42 70 M7, 365 4R 51 209 251 % . R4S P {ELHF Top 20 A3 B 2 i~ I (181 3B)
F AL A M G B 4> 7 (18 AN JE Al ) L ECM-receptor 3¢ H. (10 A~ %5 A ) F1 @ B Wk JUL M52 -3- 8% 6 - &5 11 34 6 B
(phosphatidylinositol 3-kinase-protein kinase B, PISK-AKT) {553 # (17 5 ) o Meoh ik K B — 2L rl g 5 £ 4%
REA KN E B, AL HE TR A MMTV 8 G A7 5 (Wnt) (3 JE ) (RAS (7 A 5E ) LA K 22 38 503 A 25 11 30

A 41l i A 45 #) 4 21 Extracellular structure organization 2
_on Q
21 g #h %5 7 2H 21 Extracellular matrix organization o % 110259 JEE 1 % %
4 1) - ds | #Hmmp
21 ffu 17 5 B} Cell-cell adhesion 88| 7 A 1
Sy S s 1 B -log,,(P-value
5 5512 % 1) 1E 1 4% Positive regulation of transmembrane transport H 2 £( )
i S < . S
B-E #3 F 25 13 B Amyloid-beta clearance m 15.0
= 12.5
2 i 41 2 5 Extracellular matrix § 10.0
I Ji 1¥) 41l #h 5 7 Collagen containing extracellular matrix & é 7.5
Jist Jil = 5 4K Collagen trimer g S )
J5i i 4 External side of plasma membrane F2 >0
M 5 ¥ JiE Endoplasmic reticulum lumen c
#4545 4 Integrin binding 5
4 L 5 B > 7 45 45 Cell adhesion molecule binding ‘)’]‘%‘%g
JIF % 45 4 Heparin binding ﬁ -
W 112 8 B 45 & Glycosaminoglycan binding B §
4 J& K 5 1 Metallopeptidase activity i i §
0 10 20 30
3 [H %1 & Gene counts
B -
41 i %k 4 4T Cell adhesion molecules [@) B8 PR g
4T (0] %) BR 14 /B Staphylococcus aureus infection @| Genecounts
ECM-receptorsZ H.ECM-receptor interaction ® e 6
I /A Phagosome o ® 9
1 1141 i 1% 7 Hematopoietic cell lineage o o
T R TS ALY -3V — 2 P10 BA 5 Ji % (Phosphatidylinositol .
3-kinase-protein kinase B, PI3K-AKT) signaling pathway . 15
Zi# B Focal adhesion o ®
AT =95 Leishmaniasis ® 18
Jigr 18 G2 WX 28 77 /E Tg A Tntestinal immune network for IgA production .
AR A I %8 Rheumatoid arthritis [ ] ¥ iE EPIE
H 44 N Rz 28 3T F% Leukocyte transendothelial migration o Adjusted P-value (P,,)
T H%Pertussis ® 1.00
A1 227 Graft-versus-host disease . -
[} b A4 A7 HEJF Allograft rejection . 0.75
& R AL Protein digestion and absorption ®
PUE I T 542 5 Antigen processing and presentation ° £050
93 EE MO UL 28 Viral myocarditis e} | 0.5
1744 JR 97 Type 1 diabetes mellitus . i ’
F ML BRI Systemic lupus erythematosus [ ] 0
B o2 M ORI 99 Autoimmune thyroid disease [ . ) )
0.04 0.06 0.08 0.10

4% [K ¥ Rich factor
3 ERFREEEMNGOMKEGG BEBEENT
Fig.3 GO and KEGG pathway enrichment analysis of differentially expressed genes
A: GO &£ #7 GO enrichment analysis; B: KEGG & 443 #1 KEGG enrichment analysis.
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(mitogen-activated protein kinase, MAPK) {5 5 i % (5> H ) 45 o #F % PISK-AKT 15 5 i #% 17 BAK 73 01, &
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