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KA S R AR 22—, AR P & FLEHE
G ) B NERS 25 | SRR AR TR B I 4 TR O ) G
W) R FE7 (Eskova et al, 2020), 7E 7 (Oryzas |atipes)
(Kimura et al, 2017), ¥ 2 ffi(Danio rerio) (Shunya et al,
2018)rfr, L MEEIA 235 0 5 R A A Ay o TR A i
BRI RI, AT ER ISR R 4248 T pnpda.
Gbx2, sox10. tfec SFUTRANMEIAI IR , B iR
TR LR A R S Jr AR AL (Petratou et al,
2018). BLHEA 5 A G E AL A, RATE M
FpRta g e ALEI R R A pPE, BRTC 30 UE T 5K ASIP
1 MCAR 7E KR VT # i (Cyprinus carpio var. color)2
RIRES M . BEOE St B e . MR
il Py 2 M A 85 5 PR IR FT R 1R 805 5 S RS 4
T BT R 4 B 3 Ak A G 1 IR 42 AL ) 22 R M R I
SN (R, 2022), RAAT 2 N AR AL BT 5
WY AR IR, A B2 4 A DG ) i ke DR ) ) fei 1 (1)
PR E L 5381, MR AR SR R H 35 56 b
HAETE AT 50 . POAR IR A 22 5 0, X H AT
i\ PR Iz T RE SR A R o H S R A R R
TERR S — BRI B, KR | e ke
X AR M HAT B2 (Yun et al, 2021). HAT,
R AE Bk 1 WS4 45 5 Y 2R SR A S UL SR At
A RS A RS W ANTE 2 L S 2l A BT R T i R DR A
HRAZ [\ XRW IR Z —, LB EME ZE
P AEYER . R E WA DI TE (Zhao et al, 2019).
ONT (Oxford Nanopore Technologies)illl ¢ R & 3T
AR AL BT — A S L E S PR R (Lu et al,

2016), Eat EEEE KT, R R 5] R 2
IFE SEARGER , RN AR 954 | Z R IRE . G
FEH, DR TR AR R e, B 2SI H T ol
Y S 4H 22 9T (Hou et al, 2021), K T BRI R 1E
gl R Pk 2 NEE A 45 i e 2 A U %) 85 4 5 Al R e SR 2
fIE, ARG LA G R XoF R, e S R4 8 1 A A 22 57
e 2 S N R AU TSR R, B R S S
BEER A ALE R, HOR AT ONT 2K s 4l 43
B, SR T i 4 N R AR B 7 PR 21 20 1 Wi 248 s 2
S AL ZE NG SRR 22 5, S N R AL BRI (1
PR . LT PRIR S R o B U5 R AR SR TR

1 #MR57EE

1.1 SEIEHHE

4 MR AL B (HQ) A 2 B (TH) B [ 7 VG 4%l KA
A B, 2 P S AR N A O SRS, 7200
BEf A — 20, JRfER Wb E, EEKE
128 H A REEFEA . LHR L MS-222 )5, A
P RIS IR -, A 4 °C RNA (R4, 4 h
Ja FFARITEIEE: 5 22 119 j.h [X35K),-80 C
PRAE, FTREGSRAD )T ; o3 W—10r 8% 7 IR A T
2.5% L W, UL R RS S R R AR

12 HALZMEESBENE

B B T 2 O AR E4HZ, 4 0.1 mol/L
TR N2 M vk I, 1%k 82 [ % , 5 0.1 mol/L

K1 A MR AL SR A B A L5 85

Fig.1 Appearance and scale of Cyprinus carpio var. Quanzhounensis and Cyprinus carpio var. Jian

JH: @, HQ: AMIARAEHL, j. h: BEAIRLL

JH: Cyprinus carpio var. Jian; HQ: Cyprinus carpio var. Quanzhounensis. j and h: Sample location
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BRGNS v vk, 2R BB PGB TP BRI K . R4
WRERE LI EH . ) Rof 3R TS HEA T
PR A AT R TR BT YL (6, WZEKIEVE . AR T4, FHH
F JEM-1230 & §F LA (H A) W%

1.3 RNA B, XEHE

P 7T EHLUE T WAL TR, AHE 2=
AR Z J5 i F§ RNA purification reagent (Invitrogen)$2
BB RNA, fifi Ff RNase-free DNase (Qiagen)Z< 4% #
DNA, i ] 1%35 A5 HHEEE FEL ¥k . NanoDrop 4366
THIPAT IR RNA RYMREE | gl fnoe etk . SR
cDNA-PCR il 7] £ (SQK-PCS109) ] £ cDNA 3
JEE, SRJ5 F MinION MKk 1B {4300 SC 3 4700 5

1.4 MEHIBELESEHSH

DY SR e s A e B . AR reads 5, 5
B e LG o e AR RNA, Z )5 i1 5 reads
Uiy 5 | Py F W A K P 81 o 24 JF 51 A minimap2 #7R(L,
2018) 52 % F N 2H(GCF_000951615.1) L X, @it
FEXHE B TR E S, 1/ pinfish FOF5 3| —FE
JP4, A8 Astalavista #0530 Bt AR A7 AE 1Y P AR
BT 32 (AS)ZE Y (Mazin et al, 2021), 2% Ji] TAPIS pipeline
U AT A 2 B AR 7R L (APA)(Abdel-Ghany et al,
2016), 2% JH Trans Decoder (v 3.0.0)% 4 T 35 JE K 78
TE4i A% X 51 (CDS) (Haas et al, 2013), {ii &k ¥ 22
animal TFDB 3.0 %€ sh %% 5% X ¥ (Hu et al, 2019),
i FH iTAK 5104 15000 48 ) 7% 5% I ¥~ (Zheng et al,

2016), &M CPC (Kong et al, 2016), CNCI (Sun et al,
2013)., CPAT (Wang et al, 2013), Pfam (Finn et al, 2013)
4 FPITVEXLHT R I SR AL T IncRNA Fii,  HCH:
SESENE N B 2 T 25

15 BEBREAERRIZESH

K Jl Benjamini-Hochberg % 1F 77 15 X PAE#E47 4%
1E, PIEH J1i % (counts per million, CPM)/E A ffij i
SRR FE KK B8 47 (Cingolani et al, 2012), f#
DESeq2 R AL sk A 725 R 3R I8, ik
bRl FDR<0.01 FlI Fold Change=2; /51 H
KOBAS #/4H1 GO seq R BAFAuX} 2 356 Sk AR AT
KEGG 43 HrF1 GO 73 #7 o

1.6 E=R#RAK qRT-PCR IEiE

BEPLIEE 8 AWk 3 22 5 i SRAS AT L9 i
it PCR (qRT-PCR)SES, Btk 4> 1 4 St 20 I i 1)
AP . Primer 6.0 3R SRAR S WK 1),
I Aidlab S 63850 & G L cDNA 25 —4E, HAkS
NAKZ : &L RNA 500 ng, 5xRT Reaction mix 4 pL,
Random primer 1 pL, TURE script H RTase/RI mix
1 uL, Jil RNase free ddH,O % 20 uL, 42 ‘C 40 min,
65 °C 10 min, KN Z5H5195] cDNA, gRT-PCR {£
% : 2xSYBR® Green Supermix 5 pL, 10 nmol/L iE[f] .
K 53144 0.5 uL, ¢cDNA 1 pL, ddH,O 3 pL. JZJii
FEFF : BAETE 95 °C 3 min, 284 95 C 10's, %EfHi 60 'C
30s, 4 39 MEFR . B, U eefla NN SN,
FIHT 2 24T RE i 0 5 S A I ek

%1 oRT-PCR3|#1/F7l

Tab.l Primer sequence for qRT-PCR
¥ %7K Transcripts [ Gene 5191)¥ % Primer sequence (5'~3")

ONT.5727.6 Protein-glutamine F: CGCAGCAGAGGATTATTCAG R: AGTGGAGGATGTTGTGGTT
gamma-glutamyltransferase
2-like isoform X2

ONT.6907.1 Peptidyl-prolyl cis-trans F: TGTATCGTGTGGATGGTTAT R: GCGGCTTAAAGTGGAATG
isomerase FKBP5-like

ONT.9173.1 TSC22 domain family F: CAAACGCACACAAAGGAT R: CGGAATAGCACGGAGAAT

protein 1-like isoform X4

rma-XM_019066856.1
cypCar_00027204, partial

rma-XM_019078729.1
13-like
rma-XM_019086195.1
cypCar_00021737

rna-XM_019098934.1
factor-binding protein 5

Hypothetical protein F: GCCAACCTCAGAACGATA
Keratin, type I cytoskeletal ~F: GAAGAACCACCAGGAGGAG
Hypothetical protein F: ACTGTTCCACGTAGACTT

Insulin-like growth F: TACGACACAACCGAGCAT

R: ACTGTTCCACGTAGACTT

R: TGAGGAGCAGCATCAACC

R: AAGATCATCCGACTCACA

R: AGTGGACGATCAGCAACA

ma-XM_019115691.1  Lipocalin-like F: TGCCGAGTGGTTTGTTAC R: AGGATTGAGACTGGAATATGC
eefla (NS ) F: AGATGCTGCCATTGTTGA R: CGGTCTGCCTCATATCAC
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2 HRES

2.1 HAAZEHEMELER

B T IRAL A SSRGS LA 2),
A M AR AE 55 0 ) 2 2 55 R 7 T A D T A AE
ZES. B, EMAREMAMHL P Z BRSNS
WEI 2 A A, T A A ) 4 2 B RN 2 ATz A
TE, FEY) i rf LS 1) 5 RN 45 i A B 7% s R i) )2
HEZUE R . U, A AR AEBRZH 20 b 8 40, 3K JORE A4 4L
PR e T, RPN ORLE N L TR L
BRZ, X5 EMRAEMARET LR, RO R

e RIS —5,
22 S&RKEFEANFER

X0 I e S AT e R BRI o ) A 0ot
J5 . AFEARRAS i o A 2.88~3.26 Gb, NS5O K&
1 159~1 428, JFFI%H K 2 685 383~3 053 722 5%,
A Q10, R BAIN ¥R AT . A
FESEOR IE A RNA FIRGIN 2K F5 5 H
A 2203 826~2 412 500 5%, HHEAR KT IR LA
87.06%~88.57%, Fr 4K ¥ 5] 5 fa FE 2 LX), [
XK 90.35%~92.46% (35 2), A& SLER,
Tl a5 Rt .

K2 BT RBE T TR 41845

Fig.2 Morphology and structure of the underlying tissue of the scale seen by electron microscope

A~C: EMARAEHL; D~F. f#ll, a: BEOZPOR; be HEF L EEEE GBS 5T MU 5 B
A~C: Cyprinus carpio var. Quanzhounensis; D~F: Cyprinus carpio var. Jian.
a: Melanin granules; b: The cavity formed after the crystals of stacked guanine fall off

®2 SREVHEMEKEFIISIT

Tab.2 Clean reads table and statistics of full length sequence

155 B 45 Clean reads

2K FFGeiT Statistics of full length sequence

> T
Sﬁfn”;le MEOEE O NSOKEE  FSIAN THRRME KT Sk e
Base Num/Gb Length of N50 Read Num Mean q score Full-length reads Full-length percentage/% Mapped rate/%

HQO1 3.16 1203 3053 722 Q10 2412 500 88.15 90.74
HQO02 2.88 1159 2 882 542 Q10 2272 866 88.12 90.35
HQO3 2.93 1163 2904 397 Q10 2297 905 88.57 90.80
JHO1 3.23 1428 2 785 085 Q10 2203 826 87.06 92.07
JHO2 3.02 1380 2 685 383 Q10 2 115 632 87.58 91.97
JHO3 3.27 1403 2 871 054 Q10 2266 294 87.45 92.46

¥: HQOl, HQO2, HQO3: AN ARALHIZALZL; JHOL, JHO2, JHO3: HHEZIZL,
Note: HQO1, HQO02, and HQO3: Tissue of Cyprinus carpio var. Quanzhounensis; JHO1, JH02, and JHO3: Tissue of Cyprinus

carpio var. Jian.
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23 AIERHESAEZRBFHFRLIN

Xt s AR v ke AR B RT AR BT R SRR A T e, ek
W 3075 AafAssydgifr, H, AhE-FEkER S
14.88% (455), TIZAE S'BIHAA 4 7 27.41% (838), 1f
ARANE N 14.20% (434), ATAR 3" A5 5 23.45%
(713), W& TR 20.05% (613) (K 3A), 2 4l 1]
(1 AT AR BT R KR 0 M R, HQ 4R TH 4 22 [8] il Ak
WFBRER . N IR B R 22 e B 3 (P<0.01), AT
AR 3R SRR 25 5 W 3 (P<0.05), AIARARE T

A
S 8
K —(
W
Bl -

T%' € mm——

[y <I' ‘I \I:’

434 (14.20%)

AAR SRS 5 H R 22 5N 13 (P>0.05) (K 3B); 4t
Rl il 57 624 A~ AR Z AR RIE, HQ 41 JH 4
HREE AR 3R A 1S 22 AR AT FR ALV A ) B SR AR B
S 68.25%F1 65.59%, 2 7 & A
20.17% A1 20.57%, 3 AL Al A 6.81% Fl
7.57%, 3 A~ LA b7 s R B AR B AL S 4.82% Fl1
6.27%. e, £ 5 DRI IR ALY e SR AR
TR 2E S B (P<0.01), A 14, 4 MHIET 54
2 RNEAT FRACAL 23 1 e SR AR 22 57 3% (P<0.05), L
RIZER(E 30),

455 (14.88%)

717 (23.45%)

838 (27.41%)
613 (20.5%)
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Fig.3 Alternative splicing (AS) and variable polyadenylation (APA)

a: AMNEFBRER; be WIAR 3BTRS

RSN de AR

S SEHEEALA e: N TIRER

a: Exon retention; b: Alternative 3’ splice site; c: Mutually exclusive exon; d: Alternative 5’ splice site; e: Mutually exclusive intron

2.4 HEREGEXFF I FEEREF RN

ARWEFTHLTM 15 615 ZTF i 324E (ORF), A4
9890 45E%4 1) ORF, AR ¥l 45 3| Y 5E ¥ ORF X,

XA GG X T 51 (CDS)HT, gy 100~200 42
MR CDS % H % £ (3234, 32.70%), HRE %S
200~300 N IEERH CDS JF31(2472, 24.99%).

0~100. 300~400 M2 FEfR Y CDS JFFI B, 7
S5 14.27%F1 14.38%, 400 MRS LA F 1Y CDS ¥
GV G B 13.66% (K 4A), HAN, RIEHHFA
TUNEE 5 H T 4930 4>, RIET 62 ML FEHE TR,
Horp B e 22 1) 3 AN SR T R il zf-C2H2
Homeobox Al ZBTB ik, HAum 47l 5 S5

27.36% (1349). 12.49% (616)F1 8.76% (432)(/4] 4B).

2.5 IncRNA 4 #f

3 WIREiFH CPC. CNCI. CPAT Hl Pfam il
IncRNA, FEFE] 771 4~ IncRNA (F 5A), REH
R ERBALE N 4 25, Hidr, FEHE IncRNA Y
70.4% (543). IE X IncRNA (sense-IncRNA)[5 17.3%
(133), Jz X # IncRNA (antisense-IncRNA) 5 6.2%
(48) . & T IncRNA (intronic-IncRNA) 5 6.1% (47)
(K 5B).

26 ERRBERKFHISN

2.6.1 EFRiAEHFRAT FFEE SEAAR BT
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B FE BT, M RIEL(HQ) S ML TH)FEA K
2 PNKEBE(E 6A), L) Fold change=2 H FDR<0.01 fF
Ry i i 25 S R SR AR AR ME, LR E Y 841 22
SRIRF AR, SHEEML, 7EEMN R HH
183 N SEAR EE, 658 5 A T I (E 6B).

A
4000 |
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Fig.4 Predicted CDs encoded amino acid length

distribution and transcription factor family
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Fig.6 Sample principal component analysis and differentially expressed transcripts



76 ook B

545 %

262 Z2Rpkix#HFEA KEGG 54  ERERLHE
SEARIA 371 KIERS] KEGG i, 225 RkkE
AR FE B TR AN L P L B (ECM)—SZ AR A ELAE T L R
B WRIR- KL AR-A 2RI MaEaRAEY &
A AR E (1 TA). T s, Ao
Jo 3% AR AH AR FHRIORG 25 B 3% 2 B DG B, E AEIR
SERZHIGR T, Hguir 8 H F %A Collagen,
Laminin, Chad. THBS. ITGAG6 f1 ITGB4 (/& 7B),
HA 3 AN SREER AR A5 538 2 34 1w B2 CHR
(K1 9A).

263 E2FAREHEZIR GO T4 Xt RT A 2 54
IR SREAR AT GO /28R, SRR, fEAY R
FERR T EETRE 22 N Hd, FEMRA D KET
EHAETE 16 D903, T TR T & 81
134 252K (FE 8) A3l * GO & 4 i 2 YEHEAERT 5
B9 Term HEATRIZE AT B, TEAEY SRS,
B SEAR T 3, EE RN A R AS fA oE
A5G AT PR (K] 9B). dHRAL 53732, B AR TE AL
AR TN N 1Y) 22 S KR FE SRA VL BN E,
B 68.00%F1 62.50%, wEELEHTFEZAY. N
AR S RE BN 25 RIB A
TR E, 43515 92.31%. 100%F1 88.89% (& 9C).
SrFUIRET T, WM SRAT IR F,
TEPE . PR DNA 456 FE E i R A TG P
T A 90.47%F1 81.25% , Hi4x 34> Term 1 100%
T 9D), X E A TE AN M AR IR 5k B L AR HEA T
Pfam £ [R5 D Re Rk, g & A i
ST MR IRIE I 1 . B . it
AT . AN R 3).

2.7 QRT-PCR WiE

R T B SR BRI L BERL IR IR 22 S
FABT qQRT-PCR SIS A N AAEEE | b i 5
TEHLRERE R 4R BN, AR ER
4585 RNA-seq ZRMEZEFAGBAFAEZES, B4
A TS —2(E 10), BLEAFI 4 K5 Sk 415k
PEARA e SR A E A R AT (B o

3 e

i R fa R R AL e ol A = i 2 — , A1
IR DT RN SCAAL 7 4 B i 3R T R P A 85 op R
B, it KIAFRAYIME . BARIEREM N Tk, i
TEA RS K A AR D5 [l ) a4k, 7 A T ke i) 37 5
B (Ren et al, 2018), RRITREE(FR R4, 2017), 2

RACHH (LR 45, 2021), 4B 244, 2020), B
W PR B TAE, 2020) 2 74 (5 7 1] e ELAE 6L 1 il
B Hrb, BVDESMAGEZE, BALZ. . 3. B,
REOR O ERA SMNRIEHEEE T | LA EA
B R EEPIIEA & 65500 re b R
ISk 28 M g R I R A A A, I
i, BN RATM G, W T FE ik
RIS L TR . AL DR BRI ST, AT AR
LRI BUL , XSG B ) B 35 A1 422 Ji R o o 9% U5
FEEFHEA EERE X, T, SRR R 6
WF5EC & B AEIE ASIP . MCLR 3 H 75 44 508 iU L
TR R 5 X 4 30 AN [ €0 B2 iR 1) 5 S 2 0 T e 3
T ACT3, MYH2, TPMI, TPM2 Fll TPM3 3L K n] fE7E
IR TE 1 P &% $54F Fil (Benhamed et al, 2014); X4 JH
RACHEFZ R T AN ST TR, 5 IR 25 Fn 22
02 O Y 2 R LR 628 S 1 4 o R e (R R A,
2022), KT I 7 5T H R ULEE 2 40 i v 2 S 1 i
BRAR RN £, 3F— 2D UIRG 1 2 A
2257 o WAREL T 2 M A (2 5 KR VTR MR A £ 2 S 2 AR
MIANTR], Ry B % KA T e SE R R T RS %5
FENCIERN I, #EFT ONT M558 B T % SRR 7
BT, AR R 3 A LA I s w48 B 23544 3 075 4,
Horp vAE SR N R £ (27.41%), X 5 J] % (Coilia
nasus)fifiiZH 21 (Gao et al, 2021). 275 (Ginkgo biloba)
- (Ye et al, 2019)H i AT A% 5§ 52 35 78 L i B S AN ]
BT HBCR AL B A A B 2 2t . AR B R B,
N R A S AT AR B 4 R e R AR T e, H
b BRER R N B AR B Rl 25 R R I KO
(P<0.01), Z&{RI B84 75 3L ik i (Gnetum montanum)=E [
NF R T BBt A % P (Hou et al, 2021), 3B g fiz
Jok £EL 2 m AR BT 4R TR A 2 5 ] AR 22 IR R AL L
A FE 40 R G FE RN 43 Ak 2k B R R 4 R P 3R R VR
(Singh et al, 2018), A [F] 7Y (R AH X = B 7 AN [R] 14 41
Zrh 25 AR K (Ha et al, 2018), ITH7E AL A AL 40
RS i RE T LAE B AR 1) S 4 A A ad R A
P45 1E F (Cheng et al, 2020), A#FFEH, |48 %
Rt fEE2S, Kb, B 5 N2 RBITR
AOANE 5 ) e SR AR BOCHE 20 (1) 2 S 3 (P<0.01), 14 B
2 i £ 7 ik 2 2 RE DR 2 S P AR AR AN [ 1 2 SRR R
FEIT , HE RS S 5 ETE a6 R 40 M e A
WL FIAh, AW AEHT & B i S A v 2L 10
9 890 4% 51 1Y TF L B B2 HE . 4930 A% S K
7714 IncRNA, 5S¢ 36 i £ 5L H 7 B4R 4 T WER),
HIRe/E T 2 — 25T
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Tab.3 Pfam annotation of transcripts enriched in extracellular space entries
F5 No. 5% 7R Transcript ID (log,Fold change) Pfam I A8 73 B¢ Pfam annotation

1 ONT.5481.1 (3.05); na-XM_019066856.1 (2.81);
ONT.5481.2 (2.55); ONT.5794.4 (2.12)
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5 ONT.3357.1 (2.08); ONT.1653.3 (-2.14)
6  ONT.1121.2 (-1.71); NT.1121.3 (-1.71)

7 ONT.3315.3 (-2.76); NT.3315.2 (-3.25)
8  rma-XM_019068253.1 (1.67)

9  ONT.6616.6 (—1.68)

10 ONT.3074.7 (-1.74)

11 ONT.6506.1 (—1.74)
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Tissue Sructure and Full-Length Transcriptome Analysis of the
Scaly Sublayer of Cyprinus carpio var. Quanzhounensis

DU Xuesong', WEN Luting', XU Yilan®, QIN Jungi', HUANG Yin', LIN Yong',
ZHOU Kanggqi', PAN Xianhui', DENG Qian', CHEN Zhong'"

(1. Guangxi Key Laboratory of Aquatic Genetic Breeding and Health Aquaculture, Guangxi Academy of Fishery Sciences,
Nanning 530021, China; 2. Guangxi Key Laboratory of \eeterinary Biotechnology,
Guangxi Veterinary Research Institute, Nanning 530001, China)

Abstract Cyprinus carpio var. Quanzhounensis, native to Quanzhou County, Guilin City, Guangxi,
has a dark brown body color, translucent gill cover, and abdominal skin, and is an important farmed
species in the local integrated rice-fishery industry. A comparative study on the skin of Cyprinus carpio
var. Quanzhounensis revealed a lack of reflective guanine crystals on the body surface and a significantly
higher melanin content than that of C. carpio var. Jian, which was tentatively considered the direct cause
of variations in body color of this group. Iridocytes are a pigment cell species that contain regularly
arranged guanine crystals, which are the key material basis for the metallic luster of the fish body surface.
In species such as medaka (Oryzias latipes) and zebrafish (Danio rerio), the absence of guanine crystals is
considered a manifestation of the absence of iridocyte differentiation and therefore is ideal for studying
the mechanism of pigment cell differentiation. The pnpda, Gbx2, sox10, tfec genes and other
iridocyte-related genes have been mined using mutant materials, and we have uncovered the
differentiation mechanism that regulates the formation of iridescent cells. C. carpio var. color has
abundant genetic variation in body color and is a good material for studying the mechanism of body color
determination in fish. The roles of ASIP and MCIR in the aggregation and distribution of melanin and
formation of black spots in C. carpio var. color were verified. The guanine crystalline deletion trait of
C. carpio var. Quanzhounensis may be loaded with regulatory mechanism diversity and mutation loci
related to guanine crystal formation or iridescent cell differentiation. In addition, as a rice-fish culture
species, the living environment of C. carpio var. Quanzhounensis harvestmen differ significantly from
pond and net-pen culture species, requiring high resistance to disease, adversity, and transport. It is
unclear whether the absence of guanine crystals in their skin leads to changes in their basal physiological
state, and in-depth studies are beneficial for accurate assessment of culture performance. To reveal the
structural basis and transcriptomic characteristics of guanine crystalline deficiency traits in the skin of
C. carpio var. Quanzhounensis in this study, we selected the subscale tissues with the most significant
differences in guanine crystalline distribution as the control material, and transmission electron
microscopy was used to observe the tissue structure and full-length transcriptome sequencing to
understand the structural and transcriptomic characteristics of guanine crystalline deficiency in the skin of
C. carpio var. Quanzhounensis. The results of this study provide information for the analysis of body
color traits, identification of economic traits, and utilization of germplasm resources. Transmission
electron microscopy of the subscale tissue sections revealed two significant differences in the histological
structure of C. carpio var. Quanzhounenss, and C. carpio var. Jian. First, guanine crystals were absent in
C. carpio var. Quanzhounensis, whereas guanine crystals were widely present in the tissues of C. carpio
var. Jian and cascading cavities were observed in the sections after guanine crystals were dislodged.
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Second, the number and density of melanin particles in the tissues of C. carpio var. Quanzhounensis
harvestmen were significantly higher than those of C. carpio var. Jian, showing smaller, darker, and more
numerous particles, which is consistent with the darker color and lack of silvery reflective material on the
body surface of C. carpio var. Quanzhounensis harvestmen. The transcriptome characteristics were
analyzed using Oxford Nanopore (ONT) sequencing technology, and 2.88~3.26 Gb of high-quality data
were obtained for each sample. The number of full-length sequences after filtering ribosomal RNA for all
sample data was 2 203 826~2 412 500, and the proportion of full-length sequences for each sample was
87.06%~88.57%. The comparison rate was 90.35%~92.46%. Variable splicing events in the transcripts
were counted; 3 075 variable splicing events and 57 624 variable polyadenylation events were detected;
and 15 615 new coding region sequences and 771 long-stranded non-coding RNAs were predicted. The
number of exon jumps and intron retention in variable splicing events differed significantly (P<0.01)
between species, and the number of transcripts with five polyadenylation sites differed significantly
(P<0.01) between species, indicating that variable splicing and polyadenylation are involved in regulatory
processes related to trait formation. A total of 15615 open reading frames (ORFs), including 9 890
complete ORFs, were predicted in this study. A total of 841 differentially expressed transcripts were
screened in this study; 183 transcripts were upregulated and 658 transcripts were downregulated in
C. carpio var. Quanzhounensis compared to C. carpio var. Jian (JH), and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analyses showed enrichment in extracellular matrix-receptor interactions
and adherent spots. KEGG pathway analysis showed that it was enriched for extracellular gaps,
transcription factor complexes, integrin complexes, and other terms. The most significantly enriched
KEGG pathway and GO terms were closely associated with the extracellular matrix, and it is speculated
that these transcriptional changes may lead to changes in the composition, density, and conformation of
the skin extracellular matrix.

Key words Cyprinus carpio var. Quanzhouensis; Skin; Character; Full-length transcriptome



