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FIF RNA-Seq BRSO irE & E KR
8= E [Z 0 SNP £rid

W FY, FREAT, = OB, #H4E', AREY, ARA
(1. K P B 2 7 Bt Bk VLK = BF FE BT, AR RS 388 B4 S Ay K= B VR R L 5
FRHHE NS E, TR 5103805
2. BUREEERY, KTFREERELRRBERET O, B 201306)

WE: h A58 A KMERME XX E R BB T B, S &M (single nucleotide polymorphism,
SNP) #7518, %% K A # F 400 J7 3 K (RNA sequencing, RNA-Seq) it ¥ &t K 4 fr g K
SEY T RE S AL e i 4 2R A R BEAT AT, 23R AF 31465 7 45 i & M 3L 7 (clean reads),
% 41 %15 3| 34 147 4 #t # 3 B (unigene), T K F 4 1060 bp, H & 4 30 751 4 uni-
gene KAFE B, M. MLAFI AL T o5 fFk 2| 1013, 552 Ffn 372 M= ki &£ W,
FF M\ A £ 4 580 A~ SNP #7138 . & I SNaPshot % A xt £ o 34 /)~ SNP #4712, 7 300 B ¥
KRB BEEFHTLEASERMMARE, 304 SNPARIE 2B Ry, EHEN
88.24%. ¥t —F KA —MAMHEA 047 30 NSNPARIL 5 A KHERWHEXE, FRETR,
unigene00810126-8014 #r12 CC £ E A R i & KK, hE. kkFMRMKERHEL
F@ T TT X EA . unigene00810126-2903 #7710 AA A H AWK EL & T GG A H A .
unigene00870394-525 #7i8 AA X H A WM EMAKERHEL E S T GG EEA . uni-
gene02938762-011628 AR Bty TT X E A 5 CCE WA AR & KKKk KEH®R L £
FHEEEEZEKT XANMTRETEKELE o £ E (slo). FHAEKR N & B-1
HH (egr-1) fu Lk & G E# X E (myh) Lo H A ARIE T B 2B A ANE R B & KRR
HERZEZR. HF 8N SNPIRiREEAHEKTHTFHLAELEE PIO). THYZ
55 (Hy) Ao WM 4 & (Hy) 4 5| & 0.300. 0.377 fn 0.363, & B B & 3 7 #F 1K 3%
L EEREG. AR RGESEKERMEXH 1937 M2 R Kk L Hfr 44 SNP 4748,
NEBHTHEBE MO TR

K Ea; BRANF;, 2REARE; ERTFRSAN,; EKER

FESZS: Q78559174 XktrERE: A

¥ ff1 (Ctenopharyngodon idella), )& T #11E nopharyngodon), &3 [E 1R 7K 3% 58 10,25 T % 5 4F
H (Cypriniformes) # £} (Cyprinidae) ¥ 1 J& (Cte- J A B e ) SR B R R A0 A R R R R

KimEE: 2019-09-25  f&EIHHA: 2020-05-16 @

FTENIE « BUACKRML b B AR R R L T (CARS-45-04); o7 [F /K 7 B} 22 F 8 Bt o R 90 2 2 4 BHIT e T 22 A R (T
k45 9% % 10 (2020TD34, 2019ZX-001); M i BH% 1+ W B (201906010004)
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334 KopE o R 45 4

T BB B A, RETYMEET .
WAk, 2 BB Y AS ST FE2E R B R A
W, RN PR RGO RIEM AR
AR R EA, IR A0 B — o R R A
PR IS, FERINAERKHEARWE . bl
PERE T FEAF, ) 24 B 0 SR 5 7 b i fa B & et
PRI, AR 0 e 0 BT SR R A Az R A, R
PIEF AR P PR R A £,

FA PRI R 4~5 a, BREIIREK .
BEE > FAEMBRM R L, il s
T AR A B2 4 e £ R S R S S A
ST R M 87 o) e ey Ui | URE L 1B
ASe il T 5 H KR B % e B 1 4 AR
i, X H PR T, A2 BT SR 1)
SO, AR T ERRR AT REE R E AR, fEShiE
WEMB AT ZN S, B & S R
A B D RE FE A DL A2 4 5 AR R PR ARG B 43
ThRic 2T R 4y T Aric Al B & Rk o8 iy BL Ak
T AE. AT IR 2 S PEPRIC (single nucleotide
polymorphism, SNP) J& & B/ #% 1 2 & A= 228 1M
SR DNA JFHl 284, BAREZL . BER.
wHE e E Y E AL sz MY T A
MY P I, PR 2 i 5 A s ] e
AR AR (17 s L PP HOR (RNA-Seq) B 8 5 4=
KMRAH I Dy REFE I AT SNP 457727, Salem 25
XFUT 8% (Oncorhynchus mykiss) P RN K A
53 iEAT RNA-Seq 70 B, 48 22 M 54K M
JIRAH B SNP FRiC . Ulloa 25 3% JHl RNA-Seq #%
RAHT T BEL 2 (Danio rerio) PR 4 18 K 4 B
RS, AR T HAERMERAM A 124 12
SRIBEN, HE—20X X S HE P Y 164 4~ SNP
Frid SRR AT G 0 b, BEE ) 554
KMAR AT SNP #ic . Lv &8 X = ete 1 &
(Portunus trituberculatus) W) K /N B IETT RNA-
Seq 7 #r, GHIEISFE] 117 DEFRIRFEE L 115
AR A G B SNP FRid . Li &G XF KR
fifi (Micropterus salmoides) 1 41 F12 4 4 B AR 1)
ek TR m T, Rk 4 330 SR
IRFACH 22 R RIBEE N, IR X H i o 5 I 1y
SNP FRic 5 4 K MR AT TR 34, SE5E 34
5 AR MR 2 A DG SNP ARl . A S5 SR H
RNA-Seq F AR 43 B PR 41 5 18 K 41 A0 AR L
PR R IG 2H 2 S R A S 3R, ik S
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ARPEIRMC I Z R RIBEEN, PN ERE
IBEE Y SNP ARICS A KPR EAT SC R0 HT
LS O 540 7314 B A RTS8 S (R BERE,
PRAE AL R AR RE T R

1 MRS A

1.1 S2I§ & K EFE4H DNA 2B

FH T RNA-Seq 43 #7149 52 35 f >k [ #b 1l i =
IR &K 7= B A BN W) I S, MR R IR
T Y R A PRI 16 H R A R AR 10 B[R
K4, FHERFE RN (2.46£0.14) kg] FIHL /NS
10 B [ 12K, FHERFE N (1.48+0.10) kg], M
T A0 BT LA I R 2 253 0 R A T
WART, T & RNA $2HL,

FHF G 43 B i) 5 A Ak B 0 1L Tl R
25K 7 R RP A BN ) v a3 7R G ) £
WH MR, AL BRI AR B0 . 5% 5E A R
— AN IE Y 16 H R0 300 B2, 43 I AR
Fia, KL REL kKD BWKRAEWN,
[F) 5 B MG 8 A AR BT JC K & B AR A7 &
i BRI VE Sh ) 40 41 5L [N 4 DNA 4R BUR 7 & [ K
HRAE AR (b oT) A BR 2 R T Ud B A5 P U Ak
rm LK 240 DNA, FIBEHE M (Sigma A F), € H) &
Jiz L K AT 2 T BE B A A (BioTek 2 ], S5 [E) il
JE DNA BTt FIVREE , 7620 °C 5/ T ORFF# -

1.2 RNABE. XEHESNF

ILPAL . HFIERIIRZHZUE RNA 1940 I8 TRI-
zol Il & (TaKaRa 24 w], b a0) U H k17, IFH]
2% By i W E e F K RN 22 Ty e 1l A S i) ) G
JiE FR R . #E RNA SCFE Z /i, il 4T DNase |
LB B4 DNA V5 0, KBRS A A 8L
i RNATRA —, L4 6 ANMFHEd . A
A7 Oligo(dT) BIREER = 4k mRNA, RIS A frag-
mentation buffer f§i H v Wik b ki 7 Be, #F LR A
B mRNA it ,, FZSIEIEREALE |7 B cDNA
95—, JFIM AW . ANTPs, RNase H #ll
DNA polymerase I & il cDNA % 4%, %4 QiaQuick
PCR i /I & (Qiagen A F), £ [E) 4lifk . fnilJ7
3k o BRE bR BE e b Uk MLl B R B R kAT
PCR 4" 14, M58 U A SCE M il 5 TAE . 1
A4 HY SCE A Tllumina HiSeq™ 2000 #E47 I .
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1.3 ERRIEERHIE

¥ RNA-Seq 15 2| 1) Ji 1 J5 51 (raw reads)
Cufflinks(2.2.1) %% 14 " 20 %% 15 2 $f $ 3£ X (uni-
gene), it BLASTX J7 4% unigene 43l Lt X 5]
Nr. KEGG #l Swiss-Prot(#i /% H, {ii H Blast2GO
B 158 unigene 1Y GO TERHMEE., ZJ5H WEGO
A PAT GO TIfgr g1t . R edgeR #RfH
X RE AR ) i [N 5% gk i AT 22 7 0 M, ] FPKM
(fragments per kilobase of exon per million fragments
mapped) 11 X 3 [ F ik 1T, i@ FDR
(false discovery rate)#% il P-value i BJ{H , ¥ FDR<
0.05 H [log, (Fold Change)[>1 1 Jy i £ 55 14, it
NI 4 0] 22 S TR R A

1.4 SNP i ik 554 9F

H GATK Fp!" 78 22 S 3RAFE I il AT SNP
PRICHI TR BE , S5FRR TRA S 2D HE—
A reads EEA/NT 3. QD{E=1. FS(Fisher-
Strand)>30, K KA HTHE AR 30 AR KA AR I
30 EBA/NRIE D SNP bRic I iEfE AR, M2EH%
IRFE R BkE 34 AMIETERY SNP ARiC#E/T SNaPshot
ST RUBSAE o I — 20 A3 B A B A TR S AR IR
IR A AR AR P SE R, i 5 AR
(NG aB 7] R S TR B o N i Nl LT U5 3 15 o

SNaPshot 43 %4 46 Il 2% 6 I 95 5 B 4= W) T &
A BRAFSER . H e AR SNP Arid b R iiFR
FEolcit g1, KEETE 200~500 bp, T4 35
A SNP Aric iy H i f B, it 2 5 PCR X L4k
AT, W AR R Touch-down 7% 95°C
i A5 V£ 3 min; 94 °C 28 15 s, 60 °CiB & 15 s,
72 °C FEAH 30's, 11 AMEP (BEAME P IR AR B
K% 0.5°C); FJEHEANT —MNEAREF: 94 °C A
P 15s, 54°CiB kK 15s, 72°C ZEf#1 30s, 244
PEFR; 72 °C A HEAH 3 min., K4 893009 H 1Y Bt

HH Exo 1 Fl FastAP F#EAT2li4k, FBR RN ™9
T4 095 P ANTP, R ] SNaPshot 7 & (ABI
owl, FElE) XA R e P R T e AR R N, AR
J& 7€ ABI3730 4= [ il AL #5470 )% . 7E SNP
A 0 7 BT W B AT AR 5 | B (0 5
15 E&HFNEERSHEETH

HRAE SNP il 7 B 45 SR G0 14 B D RT3
) PopGene 32 (Version 1.31)!" F1 PIC-Calc0.6 Zxf4"”
1% Hardy-Weinberg “F-ff (HWE), Z&G B & &
(PIC) B A B A A BN (N,) 25 18 A5 2 REPE SR A

1.6 SNPfRiCS5EKMIKRBXBE DR

K H] SPSS 19.0 4 (— M e A vh iy 2
JUTT 220 M) 14T 3 PR AN 5 A KPR B A O o
Mro LA SNP AR ic By AN [R] 3 B &Lk [ 2 7,
B, WK RE L Sk B RS T
ARAF A AR 7, WS A b e 3 PR AR 22 ) ) 400
PEIRAE AT 28 5 0 3 PEAG 5620

2 4R

21 HRANFHE EFRIBRERFFRTIE
2-eShipvid

>R H RNA-Seq 5 A X} 5 PR 41 #1241
BEVR A0 JFIE . AL PR 00 4 L A0 B S b AT o
HdEFRAE 31953 Fi 4k raw reads, 1 UE/5 53] 31 465
J7 4% v J L 48 B2 7 (clean reads). 45 41 2119 Q20
SEI(E N 97.9 %, kBN 3 19 B B A v o AL
Ja HIR1E T 34 147 4% unigene, VKA 1060
bp, HHH 30751 NIEHRGERE, A 90.05%
(F 1) xhwr fm bR 2 RS K g BER I FRE . WL
PR A 2 29 %) e SR 2l P G 25 SR R R B IR R AT 1
BT, AT AAEINE] 1013, 552 FI372 M ERHE
IRSEH  HE— 2 o i e B Y 22 S R A S R HEA T

®1 HERTE. . RAREREENFHIE

Tab.1 Transcriptome library sequencing data of liver, muscle and brain tissues in C. idella

bLYS a8 EERS R
sequencing production assemblys annotation
FURES o EREESRFEL Q0 BHEERNEEMS  KEbp K bp GO KEGG Nr  Swiss-Prot JERIEH
raw reads clean reads % all unigene no. length average length /%
total
annotated
gene
319 533 882 314 657 346 97.9% 34 147 36218 500 1060 16616 8075 30715 24 805 30731

(48.66%)  (23.65%) (89.95%) (72.64%) (90.05%)

T QRO ALI e i 4% i (L

Notes: Q20 is the quality control value of transcriptome sequencing
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336 Ko7E ¥R 45 4
GOUIREME R EHEnMr, SH5AEYHER. »T B, HERR RN 88.24%(F 2), Jf kA7 3k Y

I3 R R 40 A 20 43 R DG B 1) 5 DR AN BT o 1 B R
A3 R 48.26% . 20.51% F1 31.23%(1& 1),

2.2 SNP#HRICHfiE, AYMEEKRHEIEES
RS
7 B A RS 2 FIAE A REAR T . LA

G 2 270 1) % S 20 2% S5 3% 1k B B v 4 i) i % 39
2540, 1619 #1421 > SNP #5ic, Mit—H Wik
IXEE SNP A5 ic H AT BPE , 7E 25 5 33k S R b Bk
T 1 34 4~ SNP FRic 7 5 A K R s B A v
HEAT Ay R . 25 R 7R, 30 4~ SNP A5 id 7] %,

K GBS m (2, 1 3),
X H A 8 4~ SNP ﬁiaﬂ@iﬁ%?ﬁ%i&i&”%

o, BARICHE A 2 55 BT i (PIONY

0.185~0.374, Z5H4I/R, BR unigene02722463-1898

unigene04620686-435 4 I i 2 45 i 55 (PIC<0.25)
PLAL, HoAth 34 R v B 22 25 67 A5 (0.25<PIC<0.5),
8 R il 1T F A A 6 B B (VL) . E
F B (H) AP B0 445 B (H,) 53 318 1.634
0.377 f10.363, M H @ A Tk FHIAEAKFE
W 2. RIT AT iR, 84 SNPs xR

2
i

]
molecular function

SRS
cellular component

biological process

ARHHLFE  metabolic process

SENL  localization

KEIHFE  developmental process

174 behavior

fi e detoxification

L)L biological adhesion
HEWfTE biological regulation
AETHIEFE  reproductive process
MAEELFE  cellular process
{55 signaling
725 locomotion
LTSN catalytic activity

S FAEKAEETE  molecular transducer activity

S FIIREFE  molecular function regulator

MR EE & 3 I T nucleic acid binding transcription

factor activity
45K 5Pt structural molecule activity

A
EShs

PUEALIETE  antioxidant activity

15 S AL IR AR TE T
BN, |ASS
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transcription factor activity
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AMALZESRE  cell junction

MRS cell part
Qﬁﬂﬁﬂﬁl‘ﬁfﬁ

extracellular matrix
AME  extracellular region
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Fig.1 GO functional classification of differentially expressed genes
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*2 EFREEEPSNPUERHEEEIR
Tab.2 SNP positions and their gene annotations in differentially expressed genes
s SNPALE H AR
ID number SNP position gene name
unigene00810126 8 014, 2 903. 568 HRKMAFKoIEE  somatolactin alpha, sla

unigene01116379
unigene00870394
unigene00340124
unigene02938762
unigene02722463
unigene00105489
unigene07584666
unigene04468671
unigene01787612
unigene03521602

unigene01028640

1526

79+ 525, 602

1068, 818, 657

18 537. 16 046 15610, 11751,

11 628
423. 1898

775+ 13

3997, 3909

2533, 2692

1723, 285

3168, 2790, 2358, 1350

242, 795

FHIAEK RN EA2bIEH  early growth response protein 2b

FUA K R B 1bFE[R]  early growth response protein 1b, egr—1b
AEKAEFALFEBED  somatolactin beta

WIERE A EFEX3HR  myosin heavy chain-like isoform X, myh X3

TR HR BRI R 2= 32 R 25K thyrotropin-releasing hormone receptor b
CREBZ &R AX3W ALK  CREB-binding protein isoform X3

R FHERAdf-1  transcription factor Adf-1

FRET LA A K R F 1925 K] fibroblast growth factor 19
KELHREKFTEEEEA1RRE  insulin-like growth factors binding protein 1
9 5 F A 2 B (R

insulin receptor substrate 2

el By AR T E5 5 B AR SRR A E L 5y 2 A

insulin-like growth factor-binding protein complex acid labile subunit

unigene04620686 435, 821. 833

WEF45 A | AP enhancer binding protein

10 000 8 000
= d < G £
2P A w2 6000 m 2
w2  \ w2 s B
= £ 5000 [ = £ 4000 AR
alind = [\ alins = op =
o = /il gz £ 2000 o &
.20 / '\ .20 -
w O __.,__,.' . - . ; wn 0 . . . . 17] : . . .
1500 1520 1540 1500 1520 1540 1500 1520 1540
K& /bp KB /bp K /bp
length length length
(@) (b) (c)

[l 2 Unigene00810126-2903 #7512 £ F B 46 0 [E

(a) AA LR, (b) GG Y, (c) AG HE K A

Fig.2 Unigene00810126-2903 marker genotype detection map

(a) AA genotype; (b) GG genotype; (c) AG genotype

0 R 45 A~ 1k TR R 32 34 £ 45 Hardy-Weinberg i€
A (P>0.05) (3% 3).

2.3 SNPfRiE5EKMREIXEX T

FEA St A A TP 30 4> SNP Arid 5 4= KPRk
PEAT SCIR A, e ) 8 AN 5 i A K MR AT AR
WA DGRl , SR )G i — LY KRB IR AT
SRS, 8 1 SNP pRid A 4 4> SNP FRic
o g K MR B A, 43902 uni-

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

gene00810126-8014 , unigene00810126-2903 | unigene
00870394-525 Fil unigene02938762-11628, {i T 4=
KA R o K (sla). FWIA K 08 -1 5
(egr-DMI WL Bk 25 A & 8% 2 K (myh) I o uni-
gene00810126-8014 Fx i i) CC Al CT 3 A B4 k&
R E . R RE . SRR R B PR AR
PIE 0 2E m F TT S RN (P<0.05), CC 2
PRI AR A A 1 A 5 B L S R R A PR R Y M
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338 Koo 45 %
1
= 6 000 B o = 6 000 & . 0000 T
2 2 4000 /\ B & 4000 i 2 ﬂ
&Hﬁ: 2 ; II\. ;Phlﬁ s EUHM: £ 5000 '
op 2 | o = o =
g 8 2000 | g 8 2000 o & x 'l,l
T \ T Tk \
72} 0 = - 72} 0 L 2] 0 pu—
32 34 36 32 34 36 32 34 36
K& /bp K& /bp K& /bp
length length length
(a) (b) (©

3 Unigene00810126-8014 #xic £ & A&

(@) CT F:[FA; (b) CCHEEFHAL; (o) TT FF A

Fig. 3 Unigene00810126-8014 marker genotype detection map

(a) CT genotype; (b) CC genotype; (c) TT genotype

=3

8 N SNPs f m7EE & BHA P YIE L 2751

Tab.3 Genetic polymorphisms of 8 SNPs in the C. idella population

SNPAT IR AR WEREE M2 5 P L5848  Hardy-Weinberg T

SNP locus mutation type N, H, H, PIC (P-value)
unigene00810126-8014 C/T 1.995 0.503 0.417 0.374 0.180
unigene00810126-2903 A/G 1.704 0.417 0.450 0.328 0.539
unigene00810126-568 C/T 1.621 0.386 0.417 0.310 0.539
Unigene00870394-525 A/G 1.471 0.323 0.300 0.269 0.579
unigene02938762-11628 C/T 1.910 0.481 0.383 0.363 0.114
unigene02722463-1898 T/G 1.260 0.208 0.200 0.185 0.762
unigene04468671-2533 G/T 1.744 0.430 0.450 0.335 0.717
unigene04620686-435 AT 1.363 0.269 0.283 0.231 0.667
FHMH mean 1.634 0.377 0.363 0.300 0.445
#REL CT 2k KBS AS A B 35 (-5 (P>0.05), unigene (3% 4)o
00810126-2903 FRICHI AA JEEBEIAMAR AT . & 3 Wi

T8

R RS SRR AR IR S4 (BB b Ho A 2 4
FE AR, HAA FE DA R R 44 5 it I
FET GG HEEAVMA (P<0.05), unigene00870394-
525 hRICHY AA JEARLSMA AR BT i L IR 1K
m L SR BAR TR A R Y MR 2 AR e
f 2 SR B, HOAA RS R Y
AT g FVA R MR S (A 35 5 T GG 2 R ALAS
& (P<0.05), unigene02938762-011628 #5 it 1Y TT
BRI R AR R R s SRR
A A P R 4 0 L A 2 A S5 DR AR A AR Yy 2401
B, H TT R ALE CC 56 R AS A 7 4 o i
PR A S KRR B 22 53R B i K OF (P<0.05)

https://www.china-fishery.cn

3.1 F|F RNA-Seq ##E#1T SNP frid FF %

FI ] RNA-seq il /¥ £ AR 76 FE A FRE . LA
TG 28 2805 53 A 0 A b i 22 S R GR R IR Ak
74 580 > SNP, V-4 3.73 kb J7 51 i B — 4>
SNP (1/3 730 bp), HHEAK T 1 2RE (1/2 000 bp)="
K& ff1 (Larimichthys crocea)(1/506 bp)* . 35 &
5 (Cynoglossu semilaevis)(1/491 bp)>', K P4 ¥ fif:
(Salmo salar)(1/614 bp) H SNPs F/ME25E, SNPs
FEAS [R] Py B ] 43 A7 %% B 22 A K, Al RE S5 T
JoTfe A DR AR HE SR AT G . 25 R IR LA 1) SNP
Fric h Bk EE 1 34 AT Z B RE, R
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34 i FH, 5 FIH RNA-Seq HAR 37 45 fh A KM RAH SCHE R AT SNP AR 1T 339
F4 44 SNPHRC TR EER 54 KRB M 47
Tab. 4 Correlation analysis between different genotype and growth traits of 4 SNP markers
NPT S Bty PR B kg K /em NN Sk&/em FEiK/em i /em
SNP locus genotype number body body bc?dy head caudal caudal .
mass length height length peduncle length peduncle height

unigene00810126-8014 CcC 134 2.49+0.03" 55.43+0.34° 13.78+0.09" 10.67+0.08* 8.20+0.07* 6.81+0.09
CT 112 2.42+0.03" 55.47+0.37" 13.75+0.10" 10.81+0.08" 8.32+0.08" 6.73+0.10
T 54 22440.05°  54.11¢0.53°  13.32+0.14°  10.42+0.13" 8.0120.11° 6.95+0.14
unigene00810126-2903 AA 168 2.45+0.03" 55.52+0.31 13.77+0.08 10.79+0.07* 8.33+0.06" 6.72+0.08
AG 112 2.40+0.03" 54.86+0.37 13.55+0.10 10.55+0.88" 8.08+0.08" 6.91+0.09
GG 20 2.28+0.08" 54.554+0.88 13.69+0.24 10.45+0.21° 7.99+0.18" 6.92+0.23
unigene00870394-525 AA 15 2.59+0.09" 57.11£1.01° 14.16+0.27 10.99+0.24 8.44+0.21 6.84+0.26
AG 97 2.48+0.04" 55.41£0.39®  13.69+0.11 10.64+0.09 8.25+0.08 6.83+0.11
GG 188 2.38+0.03° 54.95+0.29° 13.64+0.08 10.67+0.07 8.18+0.06 6.79+0.08
unigene02938762-11628 cc 65 2.33+0.34°  54.16#3.72°  13.51+1.16  10.43+0.89° 8.04+0.75 6.70+1.00
CT 135 2.44+0.36" 55.10+£3.61° 13.66+1.03 10.62+0.89" 8.24+0.86 6.85+1.17
TT 100 2.46+0.36" 56.03+4.34° 13.83+1.04 10.92+0.98" 8.29+0.78 6.82+0.86

I RP A FIE R ER R EE RN B EEE R, LSD),

F—FHEH, ARG FEAREZE 7 B35 (P<0.05)

Notes: Values with different superscript letters within a column indicate significant difference (P<0.05)

30 MRiC B A 28, HERRIA 88.24%. JLHl
B WFFE X K VGRS (Gadus morhua) 4= 3 R 4 347
W IE 7 K& FUESUE SNP,  HuE i R 74.6%>;
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RNA sequencing to identify genes and SNP markers associated with
growth traits in Ctenopharyngodon idella

SUN Xue '?, LI Shengjie ", JIANG Peng', DU Jinxing', ZHOU Jiahui ?, BAI Junjie '

(1. Key Laboratory of Aquatic Genomics, Ministry of Agriculture, Key Laboratory of Tropical & Subtropical Fishery Resource
Application & Cultivation of Ministry of Agriculture and Rural Affairs, Pearl River Fisheries Research Institute of
Chinese Academy of Fishery Sciences, Guangzhou 510380, China,

2. National Demonstration Center for Experimental Fisheries Science Education,

Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to identify genes associated with growth traits and SNP (Single nucleotide polymorphism)
markers in Ctenopharyngodon idella, RNA-Seq (RNA Sequencing technology) was used to analyze the transcrip-
tomes of liver, muscle and brain tissues of fast-growing and slow-growing C. idella groups. A total of 314.65 mil-
lion clean reads were gained for the fast-growing and slow-growing groups, and 34 147 unigenes were assembled,
with an average length of 1 060 bp, of which 30 751 genes were annotated. 1 013, 552, and 372 significant differ-
entially expressed genes were screened in liver, muscle, and brain tissues, respectively, of which 4 580 SNP mark-
ers were detected. Then, the polymorphisms of 34 SNP markers was detected and validated with SNaPshot tech-
nique in the extreme populations of growth traits of C. idella (n=300), and among which, 30 SNPs (83.24%) were
successfully genotyped. A general linear model was used to analyze the correlation between 30 SNPs and growth
traits. The results showed that at the position of Unigene00810126-8014, the body weight, body length, body
height, head length and caudal peduncle length in individuals with CC genotype had significantly higher values
than TT genotype. At the position of Unigene00810126-2903, the body weight of AA genotype was significantly
higher than those with GG genotype. At the position of Unigene00870394-525, individuals with the AA genotype
had significantly higher values in body weight and body height than those with GG genotype. At the position of
Unigene02938762-011628, TT and CC genotypes had significant differences in body mass, body length and head
length traits. Besides, other SNPs loci were not significantly correlated with growth traits. The four selected mark-
ers were located at Somatolactin alpha (sla), Early growth response protein-1 (egr-1) and Myosin heavy chain
(myh) genes. The average polymorphism information content (PIC), average expected heterozygosity (H,) and
average observed heterozygosity(H,) of 8 EST-SNP markers in C. idella population were 0.300, 0.377 and 0.363,
respectively, indicating that genetic diversity of C. idella breeding population had relatively high level. In conclu-
sion, 1 937 differentially expressed genes and four SNP markers related to growth traits were obtained, which can
be used as candidate genes and for molecular marker-assisted selection of C. idella, and can also be used in sub-
sequent breeding work.

Key words: Ctenopharyngodon idella; transcriptome sequencing; differentially expressed genes; single nucleotide
polymorphism; growth traits
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