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Genetic Analysis of Megalobrama amblycephala,
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Abstract: The SNP markers of Megalobrama amblycephala, Ancherythroculter nigrocauda and Bo Fang “Xianfeng No.
2” were developed by SLAF-seq in this study. Further analysis on genetic diversity and genetic population were also
done in this paper. The results showed that the efficiency of Enzyme digestion was 90.11% and 181.13M reads were
obtained from three fishes. 1,339,007 SLAF labels and 446,680 SNP markers were through bioinformatics analysis. And
the Q30 of mean sequencing was 93.03%, the mean GC content was 37.79%. The results showed that the observed allele
number (N,) was 2.0, and the expected allele number (Ne) was 1.63. The observed heterozygosity (H,) was 0.08, while
the expected heterozygosity (He) was 0.36. The genetic diversity index was 0.41, the Shnnon Wiener index was 0.54, and
the PIC was 0.29, the MAF was 0.28. These results suggest that the genetic diversity of three populations were in the
medium level. It might be related to artificial selection. The nearest genetic distance was between Bo Fang “Xianfeng No.
2” and Megalobrama amblycephala, and the furthest distance between was Megalobrama amblycephala and
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Ancherythroculter nigrocauda, which were in accordance with their shapes.
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413kt (Megalobrama amblycephala) , /& JE
H (Cypriniformes) . #f#} (Cyprinidae) . fifiVF}
(Culterinae) . #jjJ& (Megalobrama) , #&H [ & Ef1)
BKETHE, |2 AT & msiis, BHaE
G AR WA 2 5% BRI 46
( Ancherythroculter nigrocauda ) , £ J& # #£ H
( Cypriniformes ) . £} ( Cyprinidae ) . #H V. £}
(Culterinae) . ITZLAAJE (Ancherythroculter) , 2
L ifRe A St s, HN TR A, YRR
St BiEf L. R AEAT B M EETF
Bz —, nJUHRARRRIERE &, £5HA
BARE B I 4 ARk () HiE 1 4 AR T4t
(&) HATR3E, Bad 4 AU EMiGERE Tigrils
Bk AT, AR, BUSBEEE 79 HAE 57 1 E
BARBRaaefE 2 57, 2T 2019 Fpk 4 E K™
JER AR R R e o 23 O 2 B e T A

A% AR £ A& M (SNPs, single nucleotide
polymorphisms) A& J& PR 2H H s DL 1) st A% 38 e, a2
8 75 258 R 20 7K b b SRS R TR 1 A e ] A P —
DNA FAI 2451, F&FEPR 4 oA fe ) vz iR e 1 A
RAF; SNP HAHELZ . nAi) iz BEFa e i
(G AR GER s N =l = B S ol T 2 7 =W i B U R 7
FLAEBER 20 A (1) 43 A0 B8 4 THI 1 e BURE AR 1 18t 4% A8 S
/KF. SLAF-seq (Specific-Locus Amplified Fragment
Sequencing) A —FrEIEE . F PR SNPs 1
RPN AN BAHEAR, AT LEJ I H] P DA RSAS 37 328 HY K
2 AN SNPs brid, #ERTES .

ACRH SLAF-seq HiARTT & 7 =Hi ) SNP 5
i, JEE— S0 T = BRI EAL 2 R IR R g
fE2ER, X = A BB R

2 MRS A
2.1 SEIGHHEL

413k f5i (Megalobrama amblycephala, TTF) A& 5]

Howlde & 2 7w B A& # ik, BRI
(Ancherythroculter nigrocauda, HWB) #&5| B KL
R E AR, AT T e AR R 2K P B A
RO BK P RHEA R AR (eBEan) 4RIEE,
WE LY () SEamRRIIan (&) FHirik
2, B 4 U IR E A MR« 2 57 (Bo
Fang “Xianfeng No. 27, XF2) . HEl =M@ 7EilsEn
AT N IR =M & 10 B, 7B g
RAFTIOK ClEF, 7 280 % T 4T vKF 4 o

2.2 FFZH DNA #1%&

KRG -2 A5 7 iE R EGE R 2] DNA[1], KA B
FEBE AR B3k AT Nanodrop2000 i - 4 e PRI 4.
DNA HIHE i R 2H DNA B T-20 T UkFE 4% H .

2.3 SLAF-seq CEWE K HEENF

FR4E Sun [2]1556 /) 5 A — P E 1) SLAF-seq
Vo 3064 R e B R ZHL A D 2 2 R DR A g AT R PR A r
TEETIIN, ANUIBERERE N AT EE I
Mg U1 B LU R T ReAG, B U A B S o An TR A
b, IEREDT A BT A T SLAF FR2E3L[3]. MY
1% € I ROE ) 77 58, R R IS A% 1 & v R R A
DNA 7 sl AT B V) 5256 . XS 2B 7 BOdEAT 3 0
A GRER, RNk, PCR Y. 4tk RAE.
TRk ERRFBE, XERKAGKEH
HluminaHiSeq™ AT XSUASHINF « 9 PPA% e Sk 1
HERYE, A H AR /KAE (Oryzasativa indica) 1E Xt
HE (ControD) #EHATHFIFIALEE 2 5 8 R T

2.4 SNP tRiEFF &

M4 7 A FIARALEE , K TR AE—i2 ) Reads & X
A SLAF 525 HE4E SLAF ARZEAE A [R5 ] 1) 2%
{57 35 DRI 5 RN 356 [ e 4 (8] 1) 22 S5 B O 0k 2 A PR
SLAF #3545, JELAEEAS SLAF FREs o il 0% B B i R P
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IRV NS FH[3]. SNP (IR T2 H 3= i
GATK % T B AL SEBL . A4 Wl 77 Reads 752 2% HL R 4
FHIERI AR, GATK HEHT R E L. GATK 22 A
I, samtools AZ A, HY GATK F1 samtools ## /5
AR BRI EAR AL o, DAORAEATINAS 21 SNP (17
Wk, A3 RIE L) SNP 47 fidE.

2.5 P Z ST

K F Genemarker s N BRI AL & ANAMAER)
ST (R

XTIRHCIE] SNP A7 sUdEAT I, FnifE A B A oy Jik
RA5i% (Mimor allele frequency, MAF) KF 0.05. 5
B RT 0.8 A HAFG 2489 SNP FH T =Bk gi 4L
2 PRI FIEAL G544 73 Bt

{8 Power-Marker V3.25 A1 HROMIN 540 J: R 4

(Observed allele number, N, ) « #H23 %540 £ K1 %4 (Expected

allele number, Ne>  WillZ% &% (Observed heterozygosit,
Ho) « W& F (Expected_heterozygosity, He) « i#tf%
ZHEMEFE L (Genetic diversity index) « 7T %L (Shnnon
Wiener  index ) Z &5 % fFE B & B
(Polymorphysm_information_content, PIC) . {XREE45 4 3
AR (MAF) .

2.6 BEAEBILEA T

i Admixture [415R A4 2 b = Ff fh FRD A4 I8 A 45
¥, 1#H MEGAS5 5 Neighbor-Joining 53244 AN 4 ]
[E AT 2R 20 M7 DL S A I8 A B 5 5] -

K H A Poptree V2 Fil MEGA X 3 T4 fi7 5L PRl 45
R 5 T A5 B B g AR 3R B R B AR 0% R TR R
PCOA-GenALEX V6.5 Jit 15 4% FH B 5k 3 A 4 [A] 1 12
fERAR.

3 &R
3.1 SLAF BgVI i R KB b

ATt SR i ok D] L R AT D) I, 1264 Rsal YY)
Mg H S Mg D) iRty sk 2 S kAL, Bk, BRI
fify, HARBED)F BB 414-494bp, TN AT 5545 120304
A~ SLAF F5%5. M7 3815 /K & (Control) 4 54 382M
reads, 5% REHA XS, Paired-end mapped reads.
single-end mapped reads F1 unmapped reads (% = reads fJ

=
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LUy 50 87.77%. 4.87%5 7.36%; HHULFIHI, XU
O AR B, HOW S R . 4h, JKAEIT reads
SN R BUP R BB RIS 9.89%., BEVIRE N
90.11%, RWIBGVIRCRELS . ¥l W AHt 7T i)
SLAF-seq Il 5> SCEE R R IEH o MFITA FEAS 3L 345
181.13 F /41 (MReads) %i#fs, 14 Q30 (U 1L
N 99.9%IFHIELL G Jy 93.03%, P GC HEN
37.79%, RUINFFFEEs, WPEEREE.

3.2 SNP tRie A K

M 30 AMFEAR AFAERRTS 1,339,007 4 SLAF FR4%,
IR B 25.91x, M SLAF A7 4 i 3k % )
446,680 1> SNP Fxic, HEMFEATRTT 2 85,159-225,683
> SNP Fid, PR MEAIRTT 163,570 4~ SNP Fvic,
18 BILG B A TR 15 3 168,242 /4> SNP, {EfAff«“sc 2
SURHA T3] 161,395 4~ SNP, 1E B REIT A fHEE AT
53] 161,072 > SNP. FEAH SNP fir SfZa %K
9.48%-17.34%, “P 2% 55 N 12.01%. IRAFIEFEbrifE,
MFRTS SNP Fric Hrik £ 446,680 >4 %% SNP HEATREA
WAL LR T

3.3 BHAS R T

FRAE SNP THE & 18 Z RS H0) T 3ME, 15211
Guitas R I EE R (Ny) 4 2.00, HEEEEAT 5
K (Ne) 4163, MIMZEEE (Hy) J90.08, HIEAE
HIE (He) 24 0.36, ZA11EFREL (Genetic diversity index)
N 041, FHIEEL (Shnnon Wiener index) 4 0.54, £
AYEE S EPIC) A 0.29, IR B FFSZ (MAF)
N 0.28. BABHAKIZFMESHIE 1, HPRERLD
1) 22 W 14 A s, FLUROR B S e 2 45, Ak B BRIk

3.4 BAERREBILEE DT

AR RS AL R LR 2, SRSt 2 5]
KA A ER BN T A< Je e 2 5 MR R LAY
WAL R, R IR Aty St 2 575 BEAC ] Sk i 1) 5
GRFRTIU, B B AT RA, XERTEFT
TR R I RV M 45 FAH— 8, R0 31kt
I AR TTIRZE R T A B A 2161 .

Neighbor-joining (Kimura 2-parameter #£7%!, 1000
X bootstrap) [6]3EAL i 7R 30 FRAFEA S N 3 KT
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Figure 1 The phylogentic tree, the numbers on phylogenetic tree represent confidence level, T represents Megalobrama amblycephala, XF2
represents Bo Fang “Xianfeng No. 2”, HWB represents Ancherythroculter nigrocauda
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® 1 =ARHRRERAE 2 HEE
Table 1 The genetic diversity of three populations

T W e 2&5fF | FHRESK
SNP 4™ ]
M ram | pam | pap | FHERE e s ME L
Heter - . . .
SNP num ratio (%) H, He Nei_diversuty_index | Shnnon_Wiener_index | PIC Average_ MAF
1T 168,242 9.29 0.07 0.19 0.22 0.29 0.15 0.25
XF2 161,395 11.65 0.09 0.22 0.26 0.33 0.18 0.3
HWB | 161,072 15.08 0.12 0.24 0.27 0.35 0.19 0.3
2 b A A B
Table 1 Genetic distance among the three populations
#44& Population FskE5 TTF BAf < 2 B XF2 BSR4 HWB
Hikig; TTF
fif e B 2 57 XF2 0.34
T4 6] HWB 5.99 0.69

4 AT AR E AR 5 X B B3R 10 3

3.5 MBS T LA BERL. K 89 1-10 FOBKHILI A K AT
RESI A AT R B e i gk iy SO SCHERTDORIL T 2 RIS 8, 5 Sm K=2 b

LRSS B, R MBS RN TR, BT sNp,  SCOCKIPRIRRIIET b, RO 850y 2, S

W admixture §CP, RBTRES IOBHALER, sy SHOTURRR 2RISR ERAAR.

RESR 04V BEAE (K D 9 1-10, BEATB. PRt EeK

Population Structure
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Figure 2 Samples clustering results
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3 Admixture &~ K {8 158 IR IEAS TR 5
Figure 3 The error of admixture K value by cross validation

4 B

4.1 LAF-seq $ATE SNP 23 FHRiC &+
IATAT 1

SLAF-seq J&—Fl =B s 1) SNPs £7 £ 15 51 #1434
FR, RIETHEWE BT S FE B sk R R E
R ) v Bt AT X I e B — Ml 7 7732 . BT SNP 7
DNA F 2HLH M) Tz, FikiEd e
Tl 722, X B BB U1 J5 AT Se B Ak D e
XoERr, HMITTERGE N ERE, A FiE6e
R G IR BT FE SNP. BT ZH ARG & H 3k
B RRFR T A . HEMZHEARCE®mRL K84
I & R B AL TR B AL i [2],  dstG 8t
P 1 g 2 R B AR 7 FAR I 6 [7-8] 0 FE 7K =40k,
SLAF-seq HiAR CL& N E T 2 P 251 SNP FF &, W

PHCHELER A SLAF-seq HORTTFR 1 777082 AN 24
fEfa ) SNP #rid, IEWI T SLAF-seq HARAEWEHLT I
JF& SNP [2]: Qiu Z5iB it SLAF-seq 35 At He g8 25
HAT T SNP {7 S, A2kt 127,677 /4~ SNP
EIEAL S TR 8ERIG[7]; AT 60 4 K kT
SLAF-seq £ 7, K3 7 151,253 /> SLAF b8 L
153,406 1~ SNP £ i, 2403k 7 6 M5 KA KT
SNP HAE J5 24 FL[9]. AR ZH A FH SLAF-seq F7 A A%
ke gt 1 A R 1 21 () A5 e B IS I 4 T R AR K
K2 A QTL AL A [10]- 258 KB A SR IGAE B,
SLAF-seq FiAH T HA&SRETHE ., MRS, K
REARTER R O T — M R o Fhsid )3
RETFE BBl B B 3 T I AN A DRl 2
A FAIH SLAF-seq H A fif fijj a8 2 57,
Skl HRITAEAE 30 MEAZEAT TSNP HIHF K, 3
3T 1,339,007 N AEMER SLAF #5355, LUK A ITE
BEA [ SRR A T R 168,242 4~ SNP 745, 7R
A H IR AL AR I R 161,072 /> SNP i/, 1E
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fif St 2 SRR T 161,395 > SNP £ 53,
FITSRAS 0 2 2 98 R IEAT R 2 M SNP FRic T
KEFIH .

4.2 FF SNP A7 I8 AE 2 T

AWK SNP bric 17 SRR Jas 2 5 LA
N HALREAR AT R B AE 4T, FFRH T 446,680 4~
SNP s, BAEZAEVE TS BRI, A5 PIC
N 029, RUAFTIEMIA S NHELZEEAM L, £
BEESE (PIC) LT AL s AR A 1 2 FEHIR L,
— AN PIC>0.5 I Ay 2 2 A 1AL L, 0.25<P1C<0.5
I AR 5, PIC<0.25 I AR 22 2 Ay
[11, 12]. Na{f} 2.00, Ne {4 1.63, FBHHZELIHEH
IYAIE], E AL SRR . 24 I s
TR AL — BRI, A IR 2
FERE, REEABELRNRGES T —, Hi
R 33 0 5 FE AL SO T AR G AR e A 1 K
[13, 14], A FERMIRFAR RS, KRR AR AN
H SR PRI ML RS 238l [15, 16]. AT 5T Ho B AE
0.07 % 0.12 2 [a], He H(EAE 0.19 % 0.24 Z [d], FHXT
TPAEREAR I AR 2 SRR, R =MAaHEEET
KHIMATIES, HAEEREK X508 0EF
R GFRAAU[L7, 18], ZAEEFR BRI IEIE M)
fabr, fEbrdlm, ZBEETRE; FIREEGR kKR
REFEARI Z FEVER K, FRE0BOR, ZREE . A
WEFCH = Fh o ZAEPEFRETE 0.22 22 0.27 2 (8], FAKRTE
#07E 0.29 22 0.35 [, 15 B AT ade fify fify < e 2 5 B4
W S 75 A A I BB R Al 2T AR AR R E A S, 24F
PERIC

4.3 FTF SNP AL HIZRG R R T

MAERLE R R RR 3T, T g e 7 AR
o, AT AR £ DU A5 2 R R A Skt (A
WONE, EIEXFEA R AL b, RERSTE I
=R PR SRR AL R R, I HE SR
B & RRENS TR I (1 o 2 A8 ARt < se e 2 57
B REA R, 5K BREILA SR . #T
AT G R A o = Fp i 4% 73 47 [19], 5
AT TCI 73 AT G5 R AR — B, (ER I Rl ey B 0 3R
3 SNP FricHE 2, X T4 0 7hrid, REWHE
0f B 4= 3L R AR A5 0, DRI LA B v g A A
FasE ko
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AR SLAF-seq F k& T fififig«sa 2 57, Bk
fifi o TR AT A1) SNP ARic HWF 0 T BRI AL 2 1
FURF A I8 AL 251, 45 SRR B, ik i fj S e 2 5 HF 44
Sk 7 A BB R 21 A3 A T8 A% 2 AR PR AL T R 45K
o SR IR AR IR B RN SeEE 2 55 Bk i B
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