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WA, mER, HHd, KA, T, e

TR 0K S H SRR L, B 402460

WE: 35 0 RE i (Schizothorax prenanti)it=TH EHE RIS KL T 2%, HABREWNEFMATME., R THRF
PGt A R ARSI 19 2 FARie, ARTFZTLL 114 R FEHEK 5 . MR 3R 5 1 10 55 1 4 ta s MR, 32
26 N7 DG 1 SNPs v s il T A R IR (IR | MR . &4 L IR SR . X 37 1 2408 AR R MR 3 o4y
Mrae W, (R N AR R T 2511 93.42%, HARIEARKT 1, BB 2 KT 85%, s&5F H A ME A K MR 5 — F iy .
SNPs i 5 5 4 KA ARA AP B R R . ugl7711-0-2201 54K 5 A5 (P<0.05), ug24013-0-3669 ¥4k | 1k
KA 1 FE T (P<0.05), ug25050-0-1678 XA | K5 . K AAKESA I 51 (P<0.05), ug22712-0-2452 XA |
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7 2R T ARC R BB Rl . AHTIE S S5 R fh 0038 A% i R 0k B A R B IR R
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SN £ By 7 R R AL A R R AR OB
1 #MHEFE

1.1 #R

AW 5T BT A RN [ 191 48 8 A 11 T8 oK £
FRh Y, REPLPEIE 114 B[R —HER AN T ZFH 1 |
TSR A5 — 800 13 I 055 1 2408 fa, I Ho ik
#i K m . R, JRTEGR S R AT
ToK L BEH
1.2 SNP#xig

AWFFEHTH 26 4~ SNPs i i 1 AR 5256 = JF
KU BIYIER 1 A T A
1.3 XWAHE
1.3.1 HEFEZH DNA 2B By 25 mg A4 116
%, RH LifgAE T “Ezup #:Xsh #1341 DNA il
PRF & EUE N4 DNA, #/E2 R &l
W T o SR I BNGE I v UK A 22 8193 6O BE TG
I DNA 57 FIVR B2, Jf-# B 40 ng/pL, 4°CIRAF
#H.
1.32 SNPsfmEREHE 2R 4] DNA
HE AT A TR ARAR, H Mass-
ARRAY® MALDI-TOF System %} 26 /1> SNP i/
HATHER 730 B PCR 4738 S BAR R R 10 pL, (245
1.25 puL 10xPCR buffer(7% 15 mmol/L MgCl,),

0.65 uL 25mmol/L MgCl,, 2 uL 25 mmol/L dNTP,
2 uL IEE#) 0.5 umol/L, 0.2 pL 5U/uL TagDNA
4 W (TaKaRa), 1.9 uL H,O Fl 2 uL DNA HEAT
PCR KW AEIF A 94°C HiAZ P4 15 min; 94 CAEHE 20 s,
B KR 56°C 30, 72°CHEMH 60 s, 345 MFIE,
72°CHEfH 3 min, 7EZ: PCR ¥ )5 =W imA
SNP JPHIFE S PR 514, 7E SNP o7 5 [ ZEffi—
AL . HEf Y aliAL 5 S 3 T T 2
MassARRAY SpectroCHIP 5 Jy Hegh i, B i i i
AR B A R AT A 3208 SNPs 194
HIEE

1.4 BB

141 EEHESH KA POPGENE 3.1M7H1
BN G R . BRI Hardy-Weinberg
equilibrium (HWE)fi 22 1) P . 2 &5 B & 1= (PIC)
H1 Botstein 251 S H 1 8 5

x1 26

37

AZE & SNPs LS55 8

Tab.1 Theprimer infomation of 26 SNPsin
Schizothorax prenanti

Ji'5 number

I
mutation base

J#31 (5 to 3") sequence (5' to 3")

ugl1117-0-1039

ugl3311-0-1087

ugl3311-1-1471

ugl13629-0-1052

ugl4167-0-2044

ug14648-0-1768

ug16430-0-2046

ugl7234-0-1348

ugl17508-0-2488

ugl7711-0-2201

ug24013-0-3669

1g25050-0-1678

ugl2568-0-1057

ugl14167-1-1089

ug14504-0-283

ugl17206-0-2329

ugl7234-1-4749

ugl7234-2-6273

ugl7513-0-2844

ugl7554-0-2512

ugl18281-0-1105

ugl9077-0-1539

1g22150-0-1025

ug22712-0-2452

ug23056-0-1733

ug24013-1-3973

C-T

G-A

T-C

T-C

G-A

G-A

C-G

G-T

G-T

T-A

C-T

A-C

C-T

C-A

A-G

C-A

T-C

A-G

T-C

A-T

C-T

C-T

C-T

C-A

A-G

T-G

F: AGGATGCTGCCATTAACTCC
R: TTTAAGCGCTAGCTGAGAGG
F: CATGAGGACAGAAGCCATAC
R: AAGAATACACCAGCTGCACC
F: TATAGCCTTGGTCAGGACAG
R: TGATGGGAAGATGTGGTGTG
F: CATCAATACCCAATCCCAGC
R: CTCTGGTTTCTCATTGGACG
F: GGTGAAGTACAAGCTGGATG
R: GCTTCTTGAGCTTCTCACAC
F: GGGAGTTTACCAACTTTGCG
R: CAGTGTCCGCTTTCAGAAAC
F: GGTCAGCAGATCTACCAAAC
R: TACTGCTTTGTTCAGTTTG

F: TCCTTGCCGTTGAAGTAGTC
R: GATATTGTCCTGGTTGGTGG
F: TCCCTTTCCTTCTCTCGCTC
R: AACAGATCGGCTGCTAATGG
F: TACAGAGCAGCTCTGTTTAC
R: ATGTAACCGCACCTTAAGAC
F: CGAAAACCTGGGAATTATAG
R: CTTCAGTACATCAGACAGAC
F: GCAGAGGCTTTTCTCAACAG
R: ACAAATCCTTACGCAGTGGC
F: ACACAGATGTGGTTCTGGAC
R: ACCCAGTGATGACTGCATAG
F: ACAAGCCAAGAAGGCCAAAG
R: TGTCATTGGCTAACTGCCAC
F: CGGCTCATGATCTGAGTAAC
R: GCTGATGTCGAAGTATCGAG
F: CAGAACCTGACCTTCTCTTC
R: AGCTACCACATTTCATCCAG
F: GGCAGTTTTAAACTGTTTTAG
R: CGAGCGACCTCTCAATAAAG
F: CCCTTTCTGAAGAGAAGAGC
R: AGTAATCTGATCTGGGCCTG
F: CATTTTCGGTGAGATGTCGC
R: TTGGCCAAAAGCAATGACGG
F: GACCTCTTCCATTGACATGC
R: CAGAGATGCTTTCTGCAAAC
F: GTCTGCAGCTGGTCTATAAC
R: CTCAAGGTCCTTGATCTCAG
F: CAGCTTCCAAATCGATGGAC
R: CAGCTTCCAAATCGATGGAC
F: GGTCCTGTACAAGAACACAC
R: AGCAGCTTGCTGGATTTGTG
F: ACAGTGTTGGGTGTAGATGG
R: GATGCTAGTGTACGGCATTC
F: CAATCCTTTCAGCAAGCCAG
R: TAGATATGGAACCATCTCCG
F: ACATGCTGTGTGAATACGCC
R: GCATTTCGGTTTTCCTGCAA
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Hh K R

%258

n n=1 n
PIC=1—{ZPf}—{Z > 213213?}
i=1

i=1 j=it+l

K, n MR8 B EERER, Py P53l R
55 0 RN j A SR IR TR T R, j=i+ 1,
142 SNPs SHERBIXERSHT K SPSS19.0
TR AR | R 2K KRR IES M, I
H correlate S BRI A PR AUAROCH: . SR AT
IZREAR I AR R AR B R o B, e Bt ik
ik 85%HY JEI S L 3= 1 o

K H— B £k PEAR Y (general linear model, GLM)
W 2 I0 7 25 0 M MM FEAS T K90 40 B 45 SNP
A7 5 LA B A () 5k PR R R A5 7 5 PR 5 4 IR 1 AH
F, FHRH Duncan it 28 BT .

2 HERAMH

21 EKMERSH
b o114 B35 O kS | 2K K

K IRE LA ER AR, 12 H SPSS19.0 X Hik AT
IES KR, 455 ER&ERY P EHI KT
0.05, fF & IER A, YHA %S BHE 2 5 R
MK 2).
22 FBHERBEREFER S D

YA | R KRR AT AR DC R B (3R
3) MK G KM R, 7 0.974; hH 54
KM RECN 0.943; e 58K 0RO R B0
ik, 4 0.846; PR MBI R Z IAHSCHE(P<0.01).

X114 57 12408 fa i A K MR IR A 7 R 4 b
ML, R R ARE 220 93.42%, 2K T
1) 4.66%, PRI FIIAE KT 2% AR = 0o 4
BURM, SPARER KT 1 B FAE R s,
IREWIIREEE N 3.74, WK . KRR
BUNT 1, R E ST 02 a0 A KR Y
W — TRy, HHRBUrEik 93.42%, BT
KT 85%(F 4).

Fz2 FOHEEHEKE. 2K, FK. FEMESKHERE
Tab. 2 Normal distribution of body weight, total length, body length, body height of Schizothorax prenanti
Mk character :Fig{_ai%@i 1 & skewness W& kurtosis ) _Bi/J\ﬁ _Hij(ﬁ P
x+SD minimum value maximum value
1A H /g body mass 90.99+31.64 0.58 0.34 33.8 199.5 0.75
4> /cm total length 21.76+2.46 -0.11 -0.29 16.2 28.3 0.88
A&+ /cm body length 17.8242.13 —-0.04 -0.19 13.1 23.8 0.88
A& ¥ /em body height 3.85+0.56 0.31 0.20 2.5 5.5 0.49
3 FOREEAEE. £K. K. KASHOHEXEEE

Tab. 3 Correlation test on body weight, total length, body length, body height of Schizothorax prenanti

MR character 1A body weight

4K total length

&K body length 1A% body height

{&# body mass 1 0.943%%* 0.934%* 0.913%*
4K total length 1 0.974%* 0.861%*
&+ body length 1 0.846%*

&% body height

1

e R T R IR ) A S PR 2 (P<0.01).

Note: ** indicates significant correlation between two traits at 0.01 level.

FORBERKEKROERLD DR

=4

Tab. 4 Principle component analysison growth traits of Schizothorax prenanti

WG FFAE(E initial component

PEWCOF- 7 A8 A sum of squares of extracted component

HRJY component gy e i 2BU% &t FEAH% 2%
total variance ratio  accumulation variance ratio total variance ratio  accumulation variance ratio
AT body weight 3.74 93.42 93.42 3.74 93.42 93.42
4 total length 0.19 4.66 98.08
&K body length 0.05 1.27 99.35
1KF body height 0.03 0.65 100.00
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23 SNPsfim 5EKMERHEXE

i J1] SPSS #AF#4T 26 /1~ SNPs i 1 54
|, &K mKMESEEEMIGEES), —H
AT ) 20T 2 T R R, ug24013-
0-3669 X 4K MRKA W E M (P<0.05), ug24013-
0-3669 1 TT HH BITEARA 2K A B (E &0 4 3
T CC £ A (P<0.05), CT M5 T CC
A, {H 2SR 53 ug25050-0-1678 1) CC 3t
AR R, &K, BRHEHREER
T AA AC K H I (P<0.05), i ug25050-0-1678
YR fRE . SRR KA WS (P<0.05),
T KW R ugl7711-0-2201 A KA
R (P<0.05), ug22712-0-2452 {EARE ks .
SR AR R 22 S0 1 2 (P<0.01), ug22712-0-2452
(1) CC HEFIAITE 4 PMYRIR EARI B &5 T AC &
R (P<0.01) 38 3o 5507 BE DR R0 B R 3, 45467

W C AL RKARK B ER THMER AWP<
0.05), 7ERE FIA & 2 & T L AP<
0.01), B CC FF BN EFAIEH B (K 6),
24 SNPs{Lm &M

SNPs fv iSRG RWNEK 7. 4 4
SNPs {7 S WEIN 245 B2 0.0877~0.4649, HIEE
ZREFEH 0.0842~0.3767, SEHIMHE 451N 0.2369 F
02110, BT ug25050-0-1678 3 MWES 1 LR
A& V-1 (P<0.05), HAMA SERAT 6 i AR — IR A A%
A E (P> 0.05)0 4 AT AR AREAR,
HAL ug25050-0-1678 EATH L35 1M0.25<
PIC<0.5)!"%

3 iTit
31 FORBEERKERHERS ST
T3 o A R R R A ) AR, R DO Y 4

&5 STHHESE SNPsfImERFEE 5% KRR KXIKD

Tab.5 Correlation analysis between genotypes of SNPs and growth traits of Schizothorax prenanti

n=114; x £SD
G5 aEinleg) HH NGRS ENEo 2 /cm AR /em
number genotype(no.) number mean of body weight mean of body height ~ mean of total length  mean of body length
CC(88) 88 88.48+30.34° 3.83+0.54° 21.54+2.40° 17.61+2.07
ug24013-0-3669 CT(22) 22 96.56+37.21° 3.92+0.68° 22.19+2.67% 18.2942.34%
TT(4) 4 115.75+9.09* 4.13+0.17* 24.18+0.68° 19.85+0.69"
AA(59) 59 90.24+30.84° 3.84+0.49° 21.66+2.40" 17.64+2.07°
ug25050-0-1678 AC(53) 53 90.27432.37° 3.84+0.63" 21.7542.51° 17.90+2.16
CC(2) 2 132.25+0.64° 4.60+0.28° 24.95+0.50° 20.95+0.78°
CC(104) 104 93.63+31.37* 3.90+0.56"* 21.98+2.39%° 17.99+2.10
ug22712-0-2452
AC(10) 10 63.61£19.835° 3.39+0.39%° 19.42+1.97% 16.03+1.68"
TT(95) 95 92.54+29.07° 3.88+0.51° 21.96+2.33" 17.96+2.05°
ugl7711-0-2201
AT(19) 19 83.25+42.35° 3.73+0.78* 20.74+2.88° 17.10+2.44°

. RPIRARR/NG FREFR R 2 5 8.3 (P<0.05), AR KRS FHEFRR 2 S0 B3 (P<0.01).

Note: The different superscript lowercase letters within the same column mean significantly difference at 0.05 level, and the different capital

letters mean significantly difference at 0.01 level.

®6 FHORMEE SNPsfLmRIFMERSEKERBKXEKS T

Tab. 6 Correlation analysis between allelic genes of SNPs and growth traits of Schizothorax prenanti

x +SD

Y85 number

S FE allele %UH number {AH/gbody weight {AE/cm body height 41 /cm total length {A{:/cm body length

114 90.99+31.64"

ug22712-0-2452
A 10

63.61+19.835°

3.85+0.56™ 24.76+2.46" 17.82+2.13°

3.39+0.395° 19.42+1.97° 16.03+1.68°

. FPIH AR /NG R ER R 25 5 B35 (P<0.05), AR KE 8RR 22 58 35 (P<0.01).

Note: The different superscript lowercase letters within the same column mean significantly difference at 0.05 level, and the different capital

letters mean significantly difference at 0.01 level.
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%258

Rx7 SFOHESE 44 SNPs LS BIHHE
Tab. 7 Thefeaturesof four SNPsin Schizothorax prenanti

%55 number RASGHHE mutation base

WA EE H,

WA H, H-W Pl Pawe ZBEESE PIC

ug24013-0-3669 C-T 0.4649
1g25050-0-1678 A-C 0.0877
ug22712-0-2452 C-A 0.2281
ugl7711-0-2201 T-A 0.1667

¥J{H mean 0.2369

0.2295 0.0843 0.20
0.3767 0.0117 0.30
0.0842 0.6429 0.07
0.1535 0.3458 0.14
0.2110 0.18

PREHA A S — A TIE % . {FEEAESNH
LA Fa bR, [RIEE, MG — a2 J5 D) Fn 5K br 75 22,
A IR > B LA SR 48, R SR F5 bR
B A s L £ B ) RS Meyer™ Ry
WEST, YRk 48 b i BE AR DGR, 1 LA 3 53
AT DL RS /A8 Ak, DT AT AT BR T AR 15 B
H Tz sk = sy b 2P R 5
Sr2ERUBIL) R A 2 A A PO w5 O 4
AR MR TS AT R B, IR RS N e
AEREREEE —F o, SR 93.42%,
T A A A AR R 1T B M A K R 0 A A
NI HTIAE R, R T 2 M TR A
i} (Cyprinus carpio)d: KA MR AR A Ry 32 53
SAATINGES SR . B, 7657 0 24 M KRk e
B, R RS AR S ST O 2 Y AR K
o, 2 EEEAE R, s, 2k KK 51k
R SC L B (P<0.01), 3% 3 AMERTTE N
B FEHE A S 53 5% 11 248 fa p A= K S L o
32 SNPRIRHIZEUERESESH

BB B 22 285 B B 2 I A R A a5t
EAmC S8, — A e 22 6 (H) &%
HERBRETFNSHZ —, MESEERESE
(PIC) 2 7 Ft 3 PR A S5 P E v (IR R A i 1 A 2520,
B ZREPE TR, 4 A AR 2
BRI RS B4R 0.2369 A1 0.2110, KT
Wu 2P0 1 TR ARTC X 57 1 2406 0 B A B
PRI AT a2 o 3X =202 R A 55 i F S
Rt ZREEA B RARMR, D3 4h 2 SNP FRic A
A SEAIIER, T Wu 2P AT 2 ART Y
GO EERECR 2~23 4, HESFELESEM T
ARt . AR ug25050-0-1678 BAT %
B, HARHE AR Z BN

P 3 B8 S e — TR A v UL 58 31 ) 2 PR B L 45
A I8 i 25 o P R AR — PP B4, AN TR A A
AN R A PR W%, ABAE - AR R ) 3 AR
PN 1002 1P ARERSE o S A KRR S
4 /> SNPs i s A B 7w o B g, Horp s
e PR RS (4 4 % B AR T RS . 80w o B 1
TR AT RE R . (1)IZFRFEAF AR AR 22 4 5 30
EAE, WA G T ik=; Q)M HEA
IREAR D, G)TRREF MBI, T
SNP HRic s B A i e %, anfn gy et
TEMCE S (Cyprinus carpio var. jian)it) SNPs 3 [
TR I s % BT IR A B 42
33 FOHKEE SNP 5EKER KR

BARZ TR 2 5 ME(SNP) 2 A T A WA b de £
B ZAE, ST EEEEN, Jf A e R
A HA bR T AN 5 AR I B Y Bk 2 DY Y
SNP FEA GrER ™ A 22 S 8 5 77 4E 25 Ry 5878
FISCHERE, 328 SNP il i A5 e Hed w0 sl i i
PEARE R R ik, B4R —LE SNP 54 FiK
FEEYI G R VERAEOE, FRHE IR E . Ren 450
BRI 2 R 1H, 8 Cyprinus carpio)i) A6Fad-a .
A6Fad-b T Elovl5-a 5 0 AR A 7E b 251 50
5w B A (Oreochromis niloticus)W) GHR1 W&
T 3-4612G . 3-A989T. 7-A599C Fl GHR2 W F
3-G687T, VNS IGF-1 N ¥ 3-CoT 534 H BA M
SR, fEHSEEh Y b, D [RERBE DL (Pinctada
fucata martensii)f¥ prismalin-14 FEHN 1 4376C
SNP fii S 55258 . 7ifm . BaH . S EH
B8 LEARBEIE T, ug25050-0-1678 F ug22712-
0-2452 MARHE | M . KA 3550,
TR 257 2 A KR5S — oy, I
XA AT AR R g ase 7 A5 7 55 1 2408 (i) 43
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TARICH B BRI, FFITEE RN 5% 1 2R i 4
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Association analysis between SNP markers and growth-related traits
in Schizothorax prenanti

YANG Yuejing, XIANG Mengbin, YE Xiangyi, ZHANG Zhengshi, LUO Hui, YE Hua

Fisheries Breeding and Health Cultivation Research Center, Southwest University, Chongqing 402460, China

Abstract: Schizothorax prenanti, an economically important, cold-water fish species, has rich nutritional value and
high economic value. With the increase in artificial breeding and breeding intensification, the germplasm re-
sources of S. prenanti have been degraded, which is revealed in individual miniaturization, slow growth, and de-
creased disease resistance. Therefore, it is necessary to screen the molecular markers of growth traits and use mo-
lecular-marker-assisted breeding. In order to acquire some reliable molecular genetic markers for growth-related
traits, the correlation analysis of 26 SNP markers and growth-related traits in S. prenanti were analyzed using 114
samples with the same growth conditions. A principal component analysis showed that body weight accounted for
93.42% of the variance, the eigenvalue was greater than 1 and the accumulative variance ratio was more than 85%,
and it was the first principal component of the growth traits of S. prenanti. Correlation analysis between genotypes
of SNPs and growth traits indicated that ug/7711-0-2201 was significantly correlated with total length (P<0.05),
and ug24013-0-3669 showed a significant influence on total length and body length (P<0.05). There was a sig-
nificant association between ug25050-0-1678 and body weight, body height, total length, and body length
(P<0.05); ug22712-0-2452 and the body weight, body height, and body length were significantly associated
(P<0.01). We also estimated that the genetic diversity parameters for 4 loci were significantly correlated with the
growth traits. The mean observed heterozygosity, expected heterozygosity, and polymorphism information content
(PIC) were 0.2369, 0.2110 and 0.17 respectively. The polymorphism of ug25050-0-1678 was moderate (0.25<

PIC<0.5). In conclusion, ug25050-0-1678 and ug22712-0-2452 were significantly associated with growth traits,
and could be used as important candidate molecular markers for breeding selection of S. prenanti. Our results
could provide an effective basis for the study of genetic improvement and selective breeding in S. prenanti.
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