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D4—6\D6—8\D8—10\D4—1\D4—3\D4—5\D6—3\D6—5\
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Fig.1 Truss network of distance measures

assessed in bream species

10 AMERLR Z IR 20 MERER . 1. WEEES; 2.
WIRTS; 3. MR ; 4. SKEHRRN; 5. SR 6. WHE
AR 7. AR 8. TEERYG; 9. REEIAER; 10. B
RIS

20 truss parameter measurements are the distances between the two
of 10 landmark points. 1. Origin of operculum fin; 2. Tip of
snout; 3. Origin of pelvic fin; 4. Terminus of head back; 5.
Origin of anal fin; 6. Origin of dorsal fin; 7. Terminus of caudal
fin; 8. Terminus of dorsal fin; 9. Ventral origin of caudal fin;
10. Dorsal origin of caudal fin.
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HT 9 WUEGIE 255 7] B L B 2 %0 20 T
REZRGEH LU S50, ] SPSS 13. 0 K14 X B4
BEAT BT, W RAERTNIX 6 21 i )7 a8 T 1A
[BE A 22 R AT WAl . TEREAT E M7 2
AT, B © o e 4% LR W IE S i bk, fafA R

ZINFR S 5 35 S T R B 451 5 ORI AE 42 L)
SRR RFERE /N o R TR R A
BEHTTERR TR S B GER[13 - 14 ],
1.2.3 H:[F4H DNA FI3REL

SRR KRR E YR F BRA B HEE )
)4 213 PRI 2 DNA $REGA & (B O REED) BB
FA 8 1 J7 B SR BURE & 32 R 4 DNA, 3 R 48
DNA $2BUSERUE , 0. 8% F By g b 5% Ji H, vk 1
SPRERETHG I DNA R 8 MY EE, - 20 CHRFF
#Ho
1.2.4 T BEMERAIERY 59 &% PCR ¥~
1

WS|4y Hrp TTF2 TTF3 1 TTF10 X 3
X543k B TANG % | ] 5/ 4 & PCR HARTF
R Sk 855 TR 3 4, Mam03 51 ¥k B LI
LSV | F R B B B A5 31 SSR 314, 514 EST37
1 EST66 3k [ GAO %117 5% F 4 M Fp A Mg 2l
i) EST-SSR 3|4, £Rkifk COXI F1 COX2 RH 1)
BIYIA I Sk 7 22k 1A B (@i | 166897644 | gb |
EU434747.11) & BB {6 B Primer 5 B4 1% 11,
FiASI Y B A T Y TR ARG AR
H o WMBERERERAARERY WS WEE NLE
1,

F1 MBERZNE COXI #1 COX2 EEY 1454
Tab.1 Microsatellite and mitochondrial COX1 and
COX2 gene amplification primers

B KRE/C F1HIFFEI(S" -3")
519 cali .
. annealing primer
primers
temperature sequences
F:AAACAGCTGCTACCCTTGGA
T2 5.9 R:TTTGCCAGAAGAGCAAATCA
F:AAGACGCCACGGAAACTTTA
%6.4 R:CTGACCGGATAGCAAAGTGA
F:AAACAGGCTCGCCAATTTC
TTF10 5.9 R:TCACCCACACACTCTITATTCTCTC
F:CACAAACCATAAACACAG
EST37 540 R:AATGCCCATAAAACACAC
F:TCAATCAGGCATAAACAT
EST66 50.0 R:AACTAACTAGCACGCAAA
F:TTGCAGGTACTGTGGGAAAA
M 6.0 R:AGCAACATGCAAACATCAAA
COX1 5.0 F:GTGGCAATTACACGCTGATTCTT
’ R:TTAGTTTGATTGAACTTGAACGA
cox2 55.0 F:ATGGCACATCCCACGCAACTAGG

R:AGGCGTCTTCTAGTATTAATGAG
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MERRIAERN 10 pL, a5 S pL Yk
W] 2 x Tag PCR Master Mix ( Tag DNA
Polymerase: 0. 1 U /uL; MgCl,: 4 mmol /L;
dNTPs each: 0.4 mmol /L) , F FiE5I#%& 0.5
pL(10 pwmol /L) ,0.5 pL 4k DNA(30 ~50 ng) ,
3. 5 pL ddH,0, PCR Jx J #£ Eppendorf
Mastercycler ep gradients %I PCR {¥ _F #47, &
B 94 CHAE M 5 min,94 °C 30 5,50 ~65 C
(¥R 1 P &5 YRR KIRE#HTIHE) 30 s,
72 C 30 s,30 IMER, B )5 72 °CIEfH 10 min,

ik COX1 F1 COX2 P PCR By WiAR R
%50 L, f3% 25 uL &Yk 2 x Tag PCR
Master Mix ( Tag DNA Polymerase: 0.1 U /pL;
MgCl, : 4 mmol /L; dNTPs each: 0.4 mmol /L) ,
LTSI 94 2 pL (10 wmol /L) ,2 uL AR
DNA(30 ~50 ng),19 uL ddH,0, & RiFLF ) 94
C A 5 min, 94 °C 30 s, 55 °C 1 min,72 °C 30
$,35 NMER, B Jg 72 C IR 10 min, ZRL{E
COX1 F1 COX2 F:H K PCR =¥k B TAY
TREBMLARA RN
1.2.5 f§ TR PCR =¥y i Tk il

TR PCR =Y7E 8% HY AR 28 1 56 74 I Bt
FEBEIE b HEAT B UK, R K/ 195 mm () x
120 mm(58) x 1 mm (J&), =¥ EAEEHR 1
uL,DNA Marker (pBR322 DNA /Msp I ) FHE&E
0.5 pL, HIKFM: BIKZEHBEA 1| x TBE, H,
FE200 V,Hijk 1.5 ~2 h (B kBt EIHRHE PCR 7=
Yo ER/NE) . Bk NG, HITHRER
e, R WA &EHE R TWITHE
b, B AR B B AE O AF A B it A Popgene
(Version 1.32) 244115 6 Fiv i iy £ 7 21 €6, #21
) T AL B A5 BE S, IF-f F§ MEGA 5 Bk %
¥ UPGMA KX R A,
1.2.6 A ERBRGHRXAEERMREN T

¥ S R A6 R BRI LORLR COXT F
COX2 #:H ¢35 NCBI i R1GH| KAH K B
LRLIE 7 F AT R K. BEMRFINH
GenBank % 5% 573 5l g : = #1 85 (11407954722 |
dbj| AB626850.1 1) ; 3k &) (gi | 166897644 | gb |
EU434747.1 1) ; K F f{ (gi | 399157651 | gb | ]
X242531. 1 1) 5 KHR 42 5 (gi | 429125639 | gb |
KC122916. 1| Sinibrama macrops) ; 5B Ws 21 6 (gi |
269996108 | gb | GU190362. 1| Culter alburnus) ;5%
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OB (gi | 485474638 | gb | KC701385. 1 |
Chanodichthys mongolicus) ;#% ( gi 1391223878 | ref |
NC_018035. 1 | Cyprinus carpio) ; il ( gi 1 5835778 |
refINC_ 002079. 1| Carassius auratus) ; 5t 254 (gi
115079186 | ref | NC_002333. 2| Danio rerio) , 3

KRR B MEGA 5 8247 04 o
2 PR

2.1 4 fatmf RIS ik A K AT AR b 4

gLt AR AR (B 2) Sk i 2k 1%
B ML T SR 8 S5 B A 80 I 8 AR B
BB TR BRI A R ANR 2 FiR . il
55 ScmR[ 11 ] Bl (4 5 90 = £ 47 AR VT = A 5
ARt Sk 55 | JRE A5 R K A B 6 BE MRS HL
e, & PRAT £, i £ 2 75 1A% A 0 2 9% 5L ) 2% I 8%
ML T EERBEFABE (P>
0.05) . SR, 2T €655 f 28 A5 (R i B8 25 500 14, He
SEG AT 6 A ARG S 16 ~ 19 /b B EE A
R 2, T BT 6 B AN 3, A B %
5o

B2 geRaRTEk(lb)s
EFAE BRI 85 T)
Fig.2 Red bream mutant (upper) and

wild-type bream (lower)
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6 A4 5 4.9 1)K S R K, 53X 6 A i )y
2 A 3 B AT, 45 3 A R I

3). NEIFRAFEHAARARERELSES
Sk 800, LS Z2 7B o

®2 UBHERTEHTHIEROENREE

Tab.2 Mean and standard deviation of meristic characters of red bream mutant

sy PEREC gy MRERECOMRTEBECocn  omemrs mesm wesss
= number of scale number soft dorsal fin pectoral fin pelvic fin anal fin
parameter les  on the lateral line above the beneath the ( spines, rays) ( spines, rays) (spines, rays) (spines, rays)
samp lateral line lateral line pines, may pines, may pines, may pines, ray
i[d%fﬁ 5 53.8+1.3 11.0+0.0 9.6+0.5 2,8 1,14 1,8 2,27 ~29
*3 UEHKRERTEI TELZESETRILGHISEH
Tab.3 Nine traditional morphological parameters of red bream mutants
sk gk SRR g
AR IR KKK Rk MOmE REE ek TN kg
total body body head head head body duncl soft
length length length length length length length/ p<13 un(}:le dorsal fin
/body /body /head /snout /eye /distance caudal Y eng:l al length
length height length length diameter between peduncle :dal:lncle /total
eyes length P depth length
4 it 1 1.19 2.18 4.53 3.89 4.35 1.90 7.44 1.10 0.18
red bream 1
21 b6 2 1.21 2.28 4.74 3.84 4.06 1.97 6.29 1.31 0.20
red bream 2
41 it 3 1.18 2.40 4.74 4.29 4.06 1.83 6.78 1.24 0.20
red bream 3
2L bt 4 1.19 2.16 4.84 4.67 4.12 1.75 6.40 1.26 0.18
red bream 4
41 it S 1.20 2.32 4.64 3.89 4.12 1.75 6.50 1.32 0.20
red bream 5
A S O TS B T i (1 4)
ok 3:. '1 - Ogég Fi Popgene( Version 1.32) #k{4-i18& ) Nei’ s
e | - [ )=t . .
A0S T % g8 B BLHEBS AN 4 PR , 4L Gl 1 28 1R 5 6 Fii
s PARED 051 L322 Qﬁ%ﬁm R IR] B AE BE B O 0.309 4 ~3.743 9, R4
iy - A T 8] F) 38 % B B, 6 F1) MEGA 5 4k {7 #g
PeL2F UPGMA IR RE (E5) , 4R BRI ERA K
? SRR A2, RIE I = 0 R —
B3 AEReaRThS564 K, AORERGH KB RAEABERRE, N
RETBERXEN DD 0.309 4, 5K ERH)BZ R BT, N 3.743 9,

Fig.3 Principal component analysis between
red bream mutants and other six breams

2.3 ABRERTEHENMIELR

F 6 4% T2 3] % EST37, Mam03 | TTF2 |
TTF10 TTF3 F1 EST66 435 %} 6 b g & £ ( A< 71
=M K E R AR ) AR R =M
13k fij7 ) 5 21 0 i f S8 AR (R AT DR 4 5, K
H EST37 Mam03 5| B7R 5 41 0 il £ 28 AR 4

2.4 AEHERTASHMEREHNEERR
Ko

L1 £ R AR AR Y kLA COXI-COX2 £
FF P35 Hopth 8 S A B 7 51 EAT BT, 45 R B
5 RAL b fa R AR R R BRI S AU BE R T
99% s EAT1S Bk 85 =85 K F i AR 4R 8 |
LS ) 55 vl B | L RE i ) 5t 2 A 0 BE 2
51 99% .95% .95% 94% . 94% ,93% ,86% .
86% 1 82% , 2 FLL {0, #1828 5 WA Sk ) 77
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Fig.4 Microsatellite electrophoresis analysis of red bream mutant by EST37 (upper) and Mam03 (lower) primers
M. PBR 322 DNA /Msp I #3HE2r Fi; 1 ~5. RIL=/85; 6 ~ 10, K& 8 ; 11 ~ 15, B4R #; 16 ~20. &K, 21 ~25. RIWEIT =
5 26 ~30. LU AR ; 31 ~35. Bk M,
M. PBR 322 DNA /Msp [ ladder; 1 ~5. M. terminalis from Dong River; 6 ~ 10. P. pekinensis; 11 ~15. M. pellegrini; 16 ~20. M.
hoffmanniy 21 ~25. M. terminalis from Qiantang River; 26 ~30. red bream mutants; 31 ~35. M. amblycephala.

®4 JBRHKERETHS 6 BFRE & XMHRIKEEER

Tab.4 Nei’s genetic distance of red bream mutant and the six genera Megalobrama and Parabramis

e BRI = f 2
JR{L= . . 3) g[: RAZ
Mk BRI e pker Moeminais ke o OO0
population from Dong River M. pellegrini M. hoffmanni fromR(g:,:;r:tang M. amblycephala P. pekinensis mutant
ARIL= Sty
M. terminalis -
from Dong River

JE a5 )y

M. pellegrini 0.8042 -
AR

M. hoffmanni 1.500 8 1.128 4

BRIFIL= A8

M. terminalis 0.873 5 1.6123 1.500 1 -

from Qiantang River
ZiPN ]
M. amblycephala 1.469 4 2.134 1 1.593 2 0.374 6 -

i‘:ﬁﬁ . 1.2455 2.733 6 1.921 4 2.807 8 3.2977 -

P. pekinensis

SR
ELERA 1.184 5 1.990 6 2.060 8 0.4519 0.309 4 3.743 9 -

red bream mutant

_Efg?ﬁ;% TR RG KR N BEMTLRT S L

s o 41 5 PRI g — 28, SR 5 S B 3
_ —E%ﬁ%ﬂm (P 6) e AT o 5 £ T BB T
pa el S WHILL AR
2 3 it

5 dBRaRERS 6 XifEE UPGMA REE
Fig.5 Dendrogram of relationships among the red B 7 51 ] Bgﬁ:%ﬁ"‘“ PEARTPAE — 2 i 22

bream mutant and the six genera Megalobrama and 5, AR AR A ﬁ;@&%u[s 7_11’18] o ABFFNLL
Parabramis using UPGMA method of clustering 5 i £ R AR PR B T B AR AT T Iﬁiﬁ’ﬁﬁ Y3
PUAL (ot 5 R AL (AR5 1 Sk 40 T IR — R PR T 25
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Y92 2, 5ICHRL 1T, 19 T4 38 F i 75 €85 1) 5 68 R
BOFESE R (2920 3) FAE Wl B 22 5 o HAEHHA
SCHR -t B 2 3T Sk 65 110 5 6 R B8 R 6 TR
9 2, IAE T 1 3k 857 v Rt R AR TE T BB R
2, B EERRECH 3 A B4 e A 3k
fify et R B SR 2 T | o e A
KB EOESER Z RN IEEARERE, ERZH
TS E b 41 60 i 0 5878 K 5 i 7 F DK —
ES QD8
TR 4

95 AR 3 .
gi|166897644|EU434747. 1| 3kt
i|429125639| gb|KC122916. 1| AR Ak
10 ﬂ[giﬁm%ﬂzzldbj AB626850. 1| = #iji
gi]399157651 | gb| JX242531. 1 |44 i
gi|269996108| gb|GU190362. 1| M fif]
£i|485474638| gb|KC701385. 1|57 1 41
ﬂ:gi‘%%ﬂ&ref NC002079. 1|1
i |391223878|ref [NC018035. 1|
gi|15079186| ref|NC002333. 2| B By fa

[E—

0.02

6 TERERTESFREHRTERE
Rk COXI #n COX2 BEEREXZR
Fig.6 Clustering relationships between red bream
mutants and close relatives by mitochondrial
COXI and COX2 genes
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i, 25 = A8 R8s E IR KT 5 B3k 5 1 8t 1%
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%, LRLRILHE P H] B ) b 1L 22 5 B
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T A P — 2 0 R T i £ SR AR AR I R 1A COXT
M COX2 BHFF, KI5 Rl fa RAT K S
Sk i 5 S — 28, B AT 5 1k 5 7 A BLBE T 5k
99% , 3 Lak F A 21 8,5 £ 53 28 7R JH & A Sk
5, T AE = A 5

U T4 0 i £ RAD IR KRR 75 5
F Sk i ves BEARML, P HERR S 5 At BB} f 28 1 2%
TR NG RRABNE R, AR
P B 25 B R 6 2 AR N B K 4E i (PR B R 4
IR AR U e ) R S R
HfEE) BT o R Rl R A A

7], e+ 2 2 — ot BMEE T S B
Sk G R A S R ORI M E AR
M, B R BB GRG0 57 5 S iR A
B EAHNEEFERRETRARAM, RER
T A REMAR AR ERGBR
(eumelanin) FI= A W EMA AR KB RER
(pheomelanin) , ELXPIAR & R 7= 4 TR BB &
B AR T B R R VT
PR TR T 4 DR N R R R ) 0 5% A2 T iR
Sk B 41 € 58 A P 7= A O ARAR SRR ), A i
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Discovery of red body color mutants in Megalobrama amblycephala and their
genetic analysis

HUANG Chuangxin, CHEN Jie, LI Fugui, ZHANG Qiangian, JIANG Xiayun, ZOU Shuming
(Key Laboratory of Freshwater Aquatic Genetic Resources, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In this study, genetic analysis was performed for five new red body color bream mutants ( two males
and three females) from the natural environment. By measure countable morphological traits, the soft ray
number of dorsal fin, the spine number of dorsal fin and anal fin in red color bream mutants are 14, 2 and 2
respectively, whereas those in other 6 Megalobrama and Parabramis species (M. terminalis from Dong river,
M. terminalis from Qiantang river, M. hoffmanni, M. amblycephala, M. pellegrini and P. pekinensis) are
16 =19, 3 and 3, respectively. Principal component analysis show the red color bream mutants have a close
relationship with M. amblycephala based on 9 measurable proportion parameters and 20 frame parameters.
Microsatellites analysis demonstrated that the red color bream mutants and M. amblycephala firstly grouped
together, and their genetic distance was 0.3094. The genetic distance between the red color bream mutants
and P. pekinensis was 3.7439, which was the farthest. Finally, the genetic similarity between the red bream
mutants and M. amblycephala, M. terminalis, P. pekinensis, Sinibrama macrops, Culter alburnus,
Chanodichthys mongolicus, Carassius auratus, Cyprinus carpio and Danio rerio are 99% ,95% ,95% ,94% ,
94% ,93% ,86% ,86% and 82% respectively, by sequence analysis from mitochondria COX1 and COX2
genes. Cluster analysis results also show the highly close relationship between the red bream mutants and M.
amblycephala , indicating the red body mutants may have originated from M. amblycephala. The red M.
amblycephala could provide valuable materials for future genetic breeding of M. amblycephala.

Key words: red body bream mutants ; morphology; microsatellite marker; mitochondrion; genetic analysis
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