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ot ST ERAES e 2 AR, 4RI AR 2 5 e 2 AT AR, TR AT 6 A R
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AR RO AR PRORA A R S AR PRUSTAL Hi
I X i A (0 T B T SR T, RN R R
(L1 KIE =8 WA =) S B0 1) FE Al R g
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[l FEA 2 AR Bk, % A AR
By 2 57 PRI AT AR TR AR, 5 AR K
JERRNS U 22 I B L AR R T e s R
DA REAS R AG FHE L P Rl A [ S5 AR O R R S R
HE P ER R, JF R s e R,
ST R A B R IR AR M AL S5 M B
SR AR IR T H AR, FF 2R T2 07 4t
SEMAARAG, AR AME VAT PR A3 Ar o R I, JF R 45
IR B AL AR 7 KORS R R PR 5 S 5 AP AR

2 k& DNA ( Mitochondrial DNA | mtDNA)
Gaami WANNETCE TR T A 95 IS L e
i, BB Ry AR AL S5 44 N R G Ak 06 &R
Py e T Horh, D-loop X 38 9 4 5
DX, HLB ) A8 A8 S )z F T a2 il
YE AL IR ZREME S BT DL B oy AR A S
FE A WANG 45 T miDNA g €O 11 &
PRI RAPD AR 408 1T H A4 15 3 [ 4K 6 el
FIRH VLR R ] R G006 3R, 45 3% k90 6 40 ] g ke
T, I 5 R A SR A A S, XU
05 1 Ak TURRARIC (SSR) Al D-loop 73714545}
T2 AP A AR 4 S FRE SRR SR g )
A 25 RN TR 02 5 URF A= 5 Ak e
TR AL i B R IR S, X4 i i
mtDNA D-loop X 7347 1 6 MHBFHARI L LR,
A5 35 A T AR A T L A A v ) R W AT
W I 452 S E Sl B | 2 1M AT 5 ) D-loop
X #4717 RFLP 4387, 3855 T 3 AR5 2
FEM: K B %% ¢ &2, NAPORA-RUTKOWSKI 4%
i# S AFLP #ric .SSR F D-loop X} i 2% yih 3 37 5E
FBEEA T 1 3 AL R PEAF A, 10 T 88 53] 1 AN I )
PSS 28, LA JUY O 47 st ) P O J5 b 5 9% . 4R
17, AR T E AT 5 A SRR R IR, B S
W RS A A A TR A (B, BT, A
WFFEIEISE 6 ASHRfE 2 4> A 2 57 F1 2 A4k
ACHERER , RGHIF T mtDNA D-loop [X 135t f%
AR SRR RS, T T R R R 11 358 4% 45 4 A
HEAEIEFR , DU AN [ 4% £o R0 5T 5% 8 119 S
Bl , Ry Je St — 5 T e B L %) o o 42 i D 3t A%
VEH TAESR ML — e 15 55 0}, 0F i 5 33t A5 4544
BH 50 LA A A G I SR A I 8

U BRIk

1.1 BARRSRE

HSRAE 10 A EIARAS 150 2, 245 6 4>
HREAEA [ 42 F (Platinum ogon,QB) 421 ( Higoi,
QH) . I H ( Kohaku, HB) . K IE = & ( Taisho
sanke, DZ) . H 5 ( Shiro utsuri, BX) . 4 5 ( Hi
utsuri, FX) ] .2 A~ “fE&Fi i 2 57 (FFRC No. 2
strain common carp ) HE K [ & JK (QFR) . £I
(HFR) ]2 A2 A [ FIZ (5 5K A 3 1 2
579 XL AHEES ) JFZ (LI @ x K
“TEEGER 2 576 ) ] Mo SRR A VLR IR K
IKFAIRFE BT AR D S HE M, Ry 2017 4 H AR X EL
] VL3484 G 8 A O Jo i S B A 5 i B 6 2
57 ICE IR K M ATE T RO B T 5 M S A8
BEE B VLR A BAE SR K A IRA W, 24
SEATEHLEC RS 7 A W 5 Ao B HE A& B BL R
B 15 &, BT — oy M &8 , 2 = PR A7 T3 A oK
CFEHIRAFE VR R EBIPRG , [85E T 90%
) LM
1.2 DNA 1RE

TETCH BT, T K B 7 1Y BY 0 35 H— /)
HtE AU 1.5 mL BLO A $ IR R )
{5512 H2HL DNA L FH 1% By R W JE F ik 6 )
Hoge # 4k, 1] NanoDrop fif 1t 43 5t 't B 31 46 Il
DNA [yl B Ko B . KT ddH, O A4S Jit
VR BRI 2B 60 ng/pl, —20 CRAT
o
1.3 D-loop XEZHY) PCR ¥ 1& R il Fr

ik NCBI ARIBURERL A D-loop [X 1542 7 5]
(7454 NC_001606. 1), B it I §ifi i fie i 5
Y., EiE514):5'-AGCATCGGTCTTGTAATCC-3';
T ¥ .5 -GGCGTCTTGGCTAATGTT-3"; 5| ¥y
W BIEAE A TRARA WG . PCR L
R B st MER A R R A A
PSR ZR Ry 50w, A 25 pl 1 2 x Tag
Plus Master Mix( &7 Taqg DNA -5 .ANTPs . Fr
i Taq SN Z% W AR E R AR 0 5 G4 kL) |
E LTSI (10 pmol/L) 4% 2 L, DNA #i4 (60
ng/uwl)2 pL,ddH,0 19 pL, ¥HEF .95 C
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AFPE 3 min, 34 ANMEERY (95 CAEE 15 5,515
CiBK 20 5,72 CHEMH 1 min),72 CHEAH S min;
450G 4 CL-AF. PCR *HIZead 1% BrlEHEBEL
R VRGN, R, KIS 24 T T B e B — HO B IR
Wy, ik & il T A ) TREA BRA W) 247 3 0]
M
1.4 HERER S

WP 58 S /9 7 51, 4 BioEdit 7. 0 %k
PE AT AR ALY, Clustal X7 SIMETT HO R
FK BRI . FIH DnaSP 5. 0 B0 3 1%
ZREE () RS TUECCH) RAE R (H,,) |
Tajima’s D {E VA S Z AL (S) sl S 40
11853t R Arlequin 3.5 #0420 43 b4 F 07
25 (AMOVA ) F135t £% 73 Ak 45 £ ( F-statistics, Fip ) o
PR [A) A& E BS ( Kimura 2 parameter, K2P) {ii F
MEGA 5. 1727 3647 4b B H: 44 7 ( Neighbor-joining,
NI) #EALB . 1 HT Network 4. 67 25 il 24 774 ()
2% 75 ( Reduced-median, MJ)

2 4

2.1 AEMFEBEEEER D-loop F JI4HE

ZW BT, A5 2] 150 BANMAR D-loop
JPH (KB 932 bp) . Hoi R A T.G.C
()5 B ALK YR N 33. 2% . 32. 8% . 14. 2% .
19.8% , &R R G, &M A, 751
Xf,150 BAMAR) D-loop FF5HY , ZEA T A F

*x1

KA UL T, IR 2 34 A H PR AL 5 Ar
RGEXCT I8 AR 1) o o AL A%
TUAT 3 A, 53532 Hap6 ( (514 %24. 7% ) \Hap?
(A MAZ12.7% ) A1 Hapl4 (5 MA%18.0% ) .
s (FXO) P04 3 MR I A, 2 H (QB) Al
TR AR 2 57 (QFR) #3942 MR Y HAG
B,RIE=1(DZ) (201 (HB) \HE (BX) (77K
“TREGEE 2 57 Q@ x ZLEHRERS (FIZ) FILL i
Q x T K“MEHE 2 T & (JFZ) XA 1 AR )
FAERL HK AR EREE 2 57 (QFR) FIZL" 4 i
257 (HFR) LFEHA | AMUEAAEEY, S R0
Gk 44. 4% F1 55.6% |
2.2 AEHEEFENEESENE

H13% 2 n] A1, 10 SRR (9 H R P T 22 A
PEXIME D 0. 86, 184 22 b P R A1 14 O 20 A T
257 B HONERE 10 SRR (A Y SR T 22 R
PE(H,) 9 0.133 ~0.676, 4 KIEMAEE 1%
FERZHMAE—8(7 =0.008) , HixX 3 A
4 B L 22 R KSR 5, 331 R 0. 629
0.590 A10.676, HIEkEEN, B K" 1
Bl 2 57 H K AR AL 2 57 5 B AL ALY
Tajima’ s D {E 4 G7AEL, FE A AR AR B3k 210 A B £ 2
TN O IEAE, b, RIEMEES B3 (P <
0.05) fi & 1, 15 KB 2.2 (P <0.01) fii
[ R

810 MR AP AR AZRESHIER

Tab.1 Distribution of the haplotypes in ten C. carpio populations
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&2 10 NMEEEHE D-loop EEKBRESHMESH

Tab.2 Genetic diversity parameters of D-loop gene in ten C. carpio populations

BEVK Population zé\tégzﬁ;fﬂz %’Miﬁgﬁ%ﬁﬁ &ﬁ@iﬁ#‘tﬁk AR %%%Igﬁl& Tajima’ s D
411 QB 23 7.505 0.008 5 0.629 0.252
KIE DZ 16 7.714 0.008 3 0.590 2.280*
4241 QH 5 2.095 0.002 2 0.419 1.223
4119 HB 17 5.276 0.006 4 0.467 0.037
4EE FX 17 7.829 0.008 5 0.676 2.009 *
M5 BX 15 2.114 0.002 3 0.257 -2.162%*
HIARHEL QFR 17 3.676 0.004 4 0.371 -1.200
ST KRB HFR 0 0 0 1 0 -
¥ x #3 FIZ 1 0.133 0 2 0.133 -1.160
B X A JFZ 1 0.476 0 2 0.476 1.120
JAfA Total 112 10.153 0.011 31 0. 860 1.970

i * R BEMRFP(P<0.05), = Rk BFKF(P<0.01),

Notes: The® #* ”shows significant difference (P <0.05), and the® * s 7 shows extremely significant difference (P <0.01).

2.3 AEHEEBFEENSTFAENH
i 22 (AMOVA) 252 8 7, 10 A~
TRV B 388 22 708 S v SR 50T 0 A [ AR A% 9 1) 7
SEESTRIN 67.17% Fi1 32. 83% , it i /b4 5L
H0.672, AR EE (P <0.01) K- (3 3) ; i
R AR 5] 0 R AR PN 2 53 3 53] Oy S1. 449% F

48.56% , i & 3 AL 45 K 0. 514, 3K B4R 2. 3%
(P <0.01) /K- “ e Fig i 2 57 Fl 2 AZ W) 352 4%
AR S BRI T HE MR (90. 03% ) , FiE 1A PN 728 S
/N9.97% ) 51 5 AL 4R B 0. 900, F W H K |
ZL AR 2 57 5 A 2 57 R S 2% 52
HZ AR R K138 % 7 A o

*3 &8 D-loop FIERHMIFAESH(AMOVA)

Tab.3 Analysis of molecular variances of D-loop sequences of C. carpio

7 Sk B T ﬁ%?ﬁﬁ [Epi S 45 %
SOU.I‘CE? of daf Sum of Variance Peréer.ltage Fa
variation squares components of variation/%

FE{AE] Among populations 9 576.88 4.14 67.17 0.672**

FEIAR P Within population 140 283.20 2.02 32.83

JEA Total 149 860. 08 6.16

o o« FORME E K (P<0.01),
Notes: # #* shows extremely significant difference (P <0.01).
2.4 FAEGEBHESEHEFENEED K

BT K2P BERY, 15 10 A SEEE (A (] 19 35t %
FEES 4 0.001 ~0.018( 32 4) ., H, FJZ f1 JFZ
(i) 358 12 I8 5 el , L 7P 2 4% A AT 5 4 41 At i it
TRFR BB (H 5 21 1 B R K 21 i iy 8 2
S G I B YRGB AR ] Y 35 4% o Ak FE AL
J50.011 ~0.933(F 4 XML )., BRKIES4
M LA S4ES 20 il 2 57 575 K 5 il

257 LS 2 sC AL (FIZ) 45 4 Xisife 434k
AN AN AR PR I B 3 (P <0.01) K,

FT K2P AL HE kg At NJ JEAbA (& 1)
TR 10 MEEERR K532 Hop —3200k
H JFZ 5 FJZ %25, iS5 240 iR oy —41, 404
MAES —HBIGRIGHAR N — L., B—X
PR KRR 2 57 FILL“ FRERAT 2 57 SRk,
FHAE £&H  KIERZK,

http://www. shhydxxb.com



270 (S R Ty N S S 1 2%

x4 10 NEEEEKEE K2P SEEE (TR ) MEESNER Fo (L)
Tab.4 K2P genetic distance ( below diagonal) and genetic differentiation index F g,

(above diagonal) among ten carp populations

HEA 2H KiE Eean EaNE| 945 M5 HKEH A WX ]
Population 0B DZ QH HB FX BX QFR HFR FIZ JFZ
411 QB - 0.036  0.451** 0.476"* 0.362"" 0.633** 0.514** 0.700** 0.633"* 0.462""
KiFE DZ 0.008 - 0.412°* 0.481** 0.367** 0.638** 0.520** 0.705"* 0.638** 0.467""
441 QH 0.013 0.010 - 0.492** 0.319** 0.723** 0.605** 0.790** 0.124 0.408* *
419 HB 0.013 0.013  0.012 - 0.011 0.710** 0.590** 0.776** 0.643** 0.505"*
4F5 FX 0.014 0.013  0.010 0.007 - 0.595** 0.476** 0.662** 0.461** 0.368""
15 BX 0.009 0.011  0.016 0.012 0.014 - 0.731** 0.933** 0.867** 0.695""
HIRAEHR QFR 0,012 0.013  0.016 0.013 0.014 0.009 - 0.071 0.748** 0.576**
ZT A5 HFR 0.012 0.013  0.016 0.013 0.014 0.010 0.002 - 0.933** 0.762**
i x i FIZ 0.014 0.011  0.002 0.012 0.010 0.017 0.017 0.017 - 0.558" *

5 x 18 JFZ 0.015 0.012  0.003 0.013 0.011 0.018 0.018 0.018 0.001 -

T = FORP R MK (P <0.01)

Notes; #* % shows extremely significant difference (P <0.01).

—EHAREE QFR 2.5 #PE{ERXZR
4 AR5 HFR

M5 BX & 2 SRk PR AR A Y S R €2t ) ML
PRZEIE] LRI 2] 18 A~ FAR A A~ 43 S H 4
EEHBFX A 1A AERL, o Hap2 \Hap6 \Hapl4 =2
—&4 g LS s, FLA5 7R Hap2 4l 4 RE (R I =) i
LR L R Hapld RS 2 3 6, HapG 0
0. 001 FIZLAE WA FIZ JFZ) BEAR 452

B1 ETF K2PIEEEEREEE NI #UR
Fig.1 NJ phylogenetic tree based on the K2P

genetic distance of C. carpio populations

Hap9 .
a
P s @) o

Hapll . Hapl5 ‘

|
Hap6 ‘ Hap5 Hapl Hap3
Hap13 — .
Hapl7 Hapl0

Hapl4 B 4 Dz KiE

N BX HE N HFR Z0AEH:
Hap18 BN QH 44T M OFR FRARHG
I HB 4 FJZ fafd
N FX 45 JFZ SR

E 2 &8 D-loop F75 18 /|~ {5 BUf W 48 4544
Fig.2 Network of 18 haplotypes of the mtDNA D-loop sequences for ten C. carpio populations
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3 it

AWFFEH 10 AMEFER D-loop J741 % 1 2
SR B R, A +T &R (66% ) mT G +C
(34% ) , 3% 5 HAh#E D-loop JF-51 455 LA KA HE S
WK DNA B 5 5 it 40 A 1 45 1A — 30, IR
Sh LR R 5L R 20 Y S R AR AE 2 B G Y
Fr AR (14.2% ) , 5482 Y45 %K g i D-
loop DX IAEHE D G i fey P I 5% 0 245 SR AHALL , 136
10 MEFER D-loop XI5 51 I AT &5 SR vl 15 .

CRrRi LS e e A AR AN A R Y D]
BATIRZFEVE () PO R Z M (H,) o 7 {8
FH (BB, U0 R R SR R Y 35T 22 1
A I Y GRANT L 77 =
0.05.H,=0.5 R A, R & ZFEN SR 455
AWE, A KRIE RS 3 ANk & 21
MR FEPER & AR 2 A X 5P dE
spp )L P
( Hypophthalmichthys molitrix) "** 2 H:th a1 2% [ B
FELE AR, A ] BB 2 DA Ay i S8R 5 B ot Ao A 2B
BRRPER B st % Z R UIE B R o
HR PR B R R A O, WAl BB TR R )2 4
A ARBITE, SR, 4 L1 RILL R A Y 3 AR
SRR, HEE 5 20 AR AL T8 R 4R i 7
A ZFET , HA AW T A G, X
55 DE KOCK %5 3 4 8 iy 32 30 A 11 285 16
FARL. Kt 2 57 F s i (FIZ JFZ) 11
e ZREERAR (r <0.05,H, <0.5) , 21 1 %
2 SR T R P RS TR R s A AR
33045 3010 G O o A T 35 A 2 R M SR Y A T
FHRL. 10 AERFEIA B L Z AP A MR —,
TR i PR LR I PR Ry B R st A, it 45 728 AN
FEAE T oK FBEPEAS AR5 S, 25 X 35 4% K F 7
T —E RIS A, 8 SRR R A1 e
MR RENRAN TH®RELE S B TET
FEARBCR D LB/ R B B 20T Rt i
Bo #R4E Tajima’s D ER 45 RAKF , 05 HbE
IR E Ry 2. 162, 3 (P <0. 05) fi 125 v v i
b, 53 A e B T B UL B A R T S B ORI
FE AR 5, ol it 2% A SR U5 AS i b i o I A
BZEAY kg, K a2 57 FZ A8
i (FJZ) iy R e 25 R o e, H 22 oA
YD R A e R SR A

( Oreochromis

$IE IR BALLOUX 51 5t 4% 40 A 15 S 41
LB MR R F o 455
3N, 2R 3 07 2 R WL AR5 R 10 A4
BEREA SR B8 2500k, 51578 SR IR 5
FERIE)ZE 53 (67 17% ) ,6 /SRS A A REAAR ] 22
SOTHR A (51, 44% ) W R T HF 14 N 722 S Bk %
(48.56% ), K. LL“mEntl 2 57 5 sgfif
[i] Py 5t A% A8 S5 E R IR T HEAR ], AMOVA 45
5 NJ AR EE R —3, K AL fE iR 2 57
HSCHR (FIZ JFZ) 53 5 TP R I3 3o R BIHAE
At A T R E S Ak, 21 i i
257 5K R 2 57 AL o AR A
I 4R 5 NI FHER R E AR, X 2
TLL R 2 57 R KRS 2 ST
AR A AR A AR A N LRI
(ot S LS R o A4S (FIZ,IFZ) 5 H %
ALT BB K AR S i 2 5 iR R
=, AL AR AR, X — B AE A A
b AR A58 70 X vl BE R TE 28 A8 i A o,
FAAEDR B BB 0 SR A R 00 ] et 25 77 A 8 Y
T T RAREIR, A W G EAR R G R RA
Frfiii 2% . Ak, 4 DE KOCK 25" i i) 3% 2
HH )L 2 T R 20 F R e A S 1 A
(Higoi) MYk 5 LI (Asagi magoi) 2SR ARSIk
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Genetic variation analysis of mtDNA D-loop sequences in different body
color koi carp and FFRC No. 2 strain common carp

LI Xiaoxuan', ZHENG Duanduan®, LUO Mingkun’, YANG Zhigiang', GUO Jun', WANG Lanmei’”’,
DONG Zaijie™”

(1. Jiangsu Provincial Freshwater Fisheries Research Institute, Nanjing 210017, Jiangsu, China; 2. Wuxi Fisheries College,
Nanjing Agricultural University, Wuxi 214081, Jiangsu, China; 3. Key Laboraiory of Freshwater Fisheries and Germplasm
Resources Utilization, Ministry of Agriculture and Rural Affairs, Freshwater Fisheries Research Center, Chinese Academy of Fishery
Sciences, Wuxi 214081, Jiangsu, China; 4. Jiangsu Qihong Ecological Agriculture Development Co. , Ltd. , Suzhou 215416,
Jiangsu, China)

Abstract; In order to investigate the genetic diversity and variation of different body colors of common carp
( Cyprinus carpio) , a total of 150 individuals from six different colored koi carp populations ( Platinum Ogon,
Higoi, Kohaku, Tajsho-sanke, Shiro Utsuri and Hi Utsuri), two colored FFRC No. 2 strain common carp
(grey and red) populations, and two hybrid carp populations ( grey FFRC No. 2 strain common carp § X
Kohaku koi & ,Kohaku koi @ X grey FFRC No. 2 strain common carp & ) were analyzed based on mtDNA
D-loop sequences. The results showed that the contents of A, T, G and C in the 932 bp D-loop sequence
were 33.2% , 32. 8% , 14.2% and 19. 8% , respectively. In total, 34 variant sites were detected in all
individuals, showing 18 haplotypes. Among them, there were two dominant haplotypes in Kohaku and Hi
Utsuri, respectively. There were two unique haplotypes in white koi carp and grey FFRC No. 2 strain common
carp, and grey and red FFRC No. 2 strain common carp shared one dominant haplotype. The genetic distances
across the ten populations ranged from 0. 001 to 0. 018, with Fg, values ranging from 0. 011 to 0.933. The
analysis of molecular variance ( AMOVA) revealed that there was 67. 17% variation among varieties and
32.83% variation within varieties, indicating highly substantial genetic difference. It demonstrated that the Hi
Utsuri, white koi carp, and Tajsho-sanke had high genetic diversity, while the Shiro Utsuri, FFRC No. 2
strain common carp ( grey and red) , and hybrid carp had high genetic purity. The study enriched the genetic
data of the various body color carp germplasm resources and provided the guidance for germplasm resource
utilization and genetic selection in the future.

Key words: Cyprinus carpio; body color; mitochondrial DNA; D-loop; genetic variation
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