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Genetic Status of the Original Population of Barbless
Carp Cyprinus pellegrini
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Abstract ; Barbless Carp ( Cyprinus pellegrini) , which is endemic to lakes of Yunnan plateau, is categorized
into the second grade in the list of China key protected animal species. Introgressive hybridization between
native Barbless Carp and exotic Common Carp ( C. carpio) has occurred extensively in Xingyun Lake. This
study assessed the genetic status of the Luosipu original population of Barbless Carp based on morphological ,
microsatellite and mitochondrial DNA analyses. Morphological analyses showed that all individuals of the
Luosipu Barbless Carp sample were strictly intermediate between reference samples of Barbless and Common
Carp. Factorial correspondence analysis of microsatellite data indicated that all individuals of the Luosipu
Barbless Carp sample fell in between reference samples of Barbless and Common Carp, but were very near to
the former. Mitochondrial DNA analysis revealed that all individuals of the Luosipu Barbless Carp sample had
the mitochondrial DNA haplotypes of Common Carp. There was obvious inconsistency between nuclear and
mitochondrial genetic structures in Luosipu Barbless Carp sample. These resulis suggest that all individuals of
the Luosipu Barbless Carp sample are hybrids. Considering that the Luosipu Barbless Carp population may in
fact be a hybrid population, a new captive breeding programme should be found for effectively conserving and

restoring Barbless Carp.
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Table 1 Samples used in morphological and molecular analyses

MAREH
FEAR SRAEH SRAERTE] Number of individuals
Samples Sampling sites Sampling time I MEE 2R RiAR DNA
Morphology Microsatellite mtDNA
Ak B AWiFH A
ﬂ‘% UL NS 12 Jfll?ﬁ??ﬁﬁ 7 2003 19 19 0
Luosipu Barbless Carp Luosipu farm
SR =y
oL e 1961 ~ 1963 51
Barbless Carp Xingyun Lake
S b =
Kk E=# 2007 29
Barbless Carp Xingyun Lake
3 e =y
Rk ' R M 2003 ) ) )
Barbless Carp Xingyun Lake
fiffia KT
o & . 1956 ~ 1973 16
Common Carp Yangtze River
fiia SEIT
- i 1960 ~ 1965 35
Common Carp Yuanjiang River
fi 3T
* KL 2005 33
Common Carp Yangtze River
fanb =
fil ' R M 2007 33
Common Carp Xingyun Lake

a. 2K 11 o U BL 2 B K A A S T R L B S IR 5 B AU BRR S 5 b, Yang 02V BEF 2R Pk DNA $215 K00 10 R G & T 4%

B8 Ry AT S HRE R 1 DNA FIBEEZERLA DNA 194MK; .

Tang %513 JETH 4520 M R T b7 28 5 o Sk Rl o 1y 1k

a. Museum specimens deposited in Institute of Hydrobiology and Kunming Institute of Zoology, Chinese Academy of Sciences; b. The

individuals identified with Barbless Carp mtDNA or Common Carp mtDNA from the Xingyun Lake wild population collected in 2007 by Yang

et al. 1'¥ ; ¢. The individuals identified as pure Barbless Carp based on morphological and microsatellite analyses by Tang et al. '3

AR [ 7 1Y AR PR A
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etk (88 N2 — 855 S ER AR ECH )
33 APERRER, Horb UK H e —
A MO SRS 1 2 DX DR Sk SR 6 ) o S
SEMIRT . 33 A EE MR AL 13 LG
PEARFN 20 AHESRSE Y R (B 1) o
P T 0 A RO AT B PR 0 o, R R
0.01 mm, i Past 1. 75b &t B B AR 5
DN e AR A /N 25 S AT AR OE, SRS A
Statistica 7. 0 A H 6 BE fE MR A T B8 1 41
K F B B B AT F 8 4 23 B ( principal
component analysis, PCA) . f# ] Statistica 7. 0
AP R E S — R AN SRR A H RN
FE R B AAEA I SR HEZE
1.3 SFaH  RARHER S5 7E ML
LR IE R 4 DNA, i D251 T
AR ) B B2 b AR SRR 9 A Bl TL R L A
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NEAARFRN 25 wl, A& 1 x PCR 2%k 0.2
mmol/L dNTP. 0.2 wmol/L iF [ 3] #. 0.2
pwmol/L JZ [/ 5% .0.5 U Taq B4 H ( Biostar
International ) 1 20 ~ 50 ng F&K 4 DNA, PCR
FN A :94°C FAE M 5 min;94°C A8 1 30 s,
45 ~55°C B K 40 s,72°C T 40 s, IR 35 K
72°C HEAH 10 min, i H 5 B B Uk 3 B Sequi-
General GT Sequencing Cell ( Bio-Rad) 431 PCR
Prar=, LhorF s bRic pBR322 DNA/ Msp 1
K5 A FE R RN, ] Genetix 4. 05
BRA X AR 22 57 8553 B0k A7 B X 0 43 A
(factorial correspondence analysis, FCA), DLt
BEARIAAR I
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Fig. 1 Morphometric characters
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&N s e, JREEHD 5 . TR EEILTD AR VG ; o G ;b BEETS
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~c;a~e;b~c;b~dsb~ej;c~eje~dyd~e;d ~f5d ~gse ~
gie~fif~gif ~h;yf~i;g~i;g~h;h~i,

Traditional ; D1. Standard length; D2. Head length; D3. Snout
length; D4. Eye diameter; DS5. Post orbital length; D6. Caudal
peduncle length; D7. Head depth at occiput; D8. Body depth;
D9. Caudal peduncle depth; D10. Posterior end of pelvic-fin base
to anus length; DI11. Anal-fin basal length; D12. Mouth width
(not be directly shown here) ; DI3. interorbital width ( not be
directly shown here). Truss: a-b; a-d; a-c; a-e; b-c; b-d; b-e;

c-e; c-d; d-e; d-f; d-g; e-g; e-f; f-g; f-h; f-i; g-i; g-h; h-i.
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Fig. 2 Plot of morphometric PC1 scores and

BERMRPCI 4
Morphometric PC1 score

number of gill rakers

S0 A QR BRI Bl Sk B A, 520 = AR B bR AR 1
AERIERA , SLO SRR ARRICK B AR AR IR ZE AP AR AR, 2503508
1R 2003 47 2 2 WP ARG 2 A ORSR SRATA A

Solid circles represent the Luosipu Barbless Carp sample; solid
triangles represent the museum specimens of Common Carp; solid
diamonds represent the museum specimens of Barbless Carp; open
diamonds represent the 2 pure Barbless Carp individuals from the

Xingyun Lake wild population collected in 2003.

B PR A TE B 1 3 A A s SR R
ISR ) 2 BEPEASTE 25 — 32 43 ( principal
component , PC1 ; 7 528 1Y 78. 77% ) 156 441
B 2), EEMER DS DI2.d~fHf~h1E
PC1 _F HA R T #fr (£ 2) , X oKk
BEFIER A SCER MR . KSR B LA 5 & 1 PCL 43
BEER 0,51 ~ 1. 63, F34{E 4 0. 97 +0. 24 ; fif
BABALM PC1 740, JulFh - 1.38 ~ -0.46,
SEEIE R - 0.97 +0. 18 ; BBl K Sk B AR A (1)
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PC1 734505 SEAE HARMRL, 00 ™ M8 A TRk B
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Table 2 Character loadings on the first two principal

components (PC) of the size-adjusted data

of morphometric characters

BRI F R 1 FEHY 2
Morphometric Principal Principal
characters component 1 component 2
D1 -0.024 -0.081
D2 -0.203 0. 127
D3 -0.056 0. 609
D4 -0.152 -0.344
D5 -0.270 0. 054
D6 -0.152 -0.084
D7 -0. 147 0.048
D8 0.133 0. 085
D9 0.247 0.038
D10 0. 180 -0.284
D11 0.177 0. 190
D12 -0.344 0.153
D13 -0.227 0.114
a~b -0.099 0. 055
a~d -0.039 -0.019
a~c -0.145 0.093
a~e -0.109 -0.023
b~c -0.043 0.035
b~d 0.025 -0.014
b~e -0.015 -0.046
c~e -0.053 -0.184
c~d 0.074 0. 060
d~e 0.167 0.091
d~f 0.272 -0.099
d~g 0.203 -0.091
e~g 0.197 -0.242
e~1 0.205 -0.031
f~g 0.183 0.091
f~h -0.324 -0.351
f~1 -0. 141 -0.193
g~i -0.075 0. 006
g~h 0.034 0.036
h~i 0.243 0.070
fift B S (Y LU 81 (9% )
Percentage of variance 78.77 4.54
explained
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#1 Axis 1 (4.19%)
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Fig. 3 Factorial correspondence analysis
of individual microsatellite genotypes

S B AR FR BRI ISk BREAS I2.0 = AR 2005 4R
SR EAFREA | 25 03T AR 2003 4F B 2 1B AR R Y
2 IR ERAEFP AN,

Solid circles represent the Luosipu Barbless Carp sample; solid
triangles represent the pure Common Carp sample collected in
2005; open diamonds represent the 2 pure Barbless Carp
individuals from the Xingyun Lake wild population collected in

2003.

2.3 ZRAIfA DNA 4 HRERT 73 K
FYLARIAR DNA $2311X 452 bp 41, 34t 35 4
AR SR 23 AN FRLREAL  f /N R LA AR N
2 E R 23 AR AU AT 43R 2 A4S Clade, Hip
10 BRI JE T Clade 1,13 MN8AfEHE T
Clade T (K 4), Clade 15 Clade 1 Z[E] B
9 HRAF, Yang %7 U2 B HA K Sk HRLE AT
& DNA (T 47 29 AR #ER 5345 F Clade 11,
Yang %5112 e 72 () ELAT W28 B /K DNA A BTG
33 ANAMERE G T Clade 1, LA K Clade
I F1 Clade 1T 43 5% 2 fi F K Sk #1110 £ 7 44
DNA B ([ 4) , B2 K Sk 60 AE A A
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Fig. 4 The mtDNA D-loop haplotype network
TR AR R I SL BEREAS ; P & RIBTRE R 5 AR R 2007 4F 5L 22 1 M7 A= Fl i rp LA S BHEZR R A& DNA 19> AR HLAT B4 R 14
DNA -4 JREARER 2003 4F B 2 W BFAE R P i) 2 AN BN A4, 81 A T AR S A8 H OB L, IR B B AR AR
T2 ] 5B R, B AR RA R A5 L,

Gray represents the Luosipu Barbless Carp sample, white and hatched respectively represent the individuals with Barbless Carp mtDNA and

the ones with Common Carp mtDNA from the Xingyun Lake wild population collected in 2007, black represents the 2 pure Barbless Carp

individuals from the Xingyun Lake wild population collected in 2003. Circle areas are proportional to numbers of individuals. Cross-bars on

connecting lines represent the number of mutational changes between the haplotypes. Number in circle represent the haplotype.

9 MERILEA 3 A EAE R (GenBank ¥ 415 .
JX076824 ~ JX076826) , #8J& T Clade I, Hh
FEHAER H1 N iZFEARREH (B 4), Tang
ST MR (R 2 AN Sk Sl o A A Y B AR G
& HS F1 H11 ( GenBank ¥ %15 . ]X076827 ,
JX076828) ,#J& T Clade 11 (&l 4),

3 0

ABFFERTE AT 53T 25 RAIESE T Z i i 15
5+ BRI TR 5 7 1 RSk B R R T AN e —
AR EHAT R R, B S, B 250 Mtk s SR i
SRS BIAEAS T A7 AR AR AT RSk A L ) e
EITEASRAE (B 2) o SRR [ 5 I 18] 22 57
AR e FEOE S LR HEKX 2
AR R i BBRIE 2578 S 1 T RE PR/, oA
K AT RE 2 T ORI A Sk BRAE AR 7 B S PRAR A

AR H 2 FPARIZEADES MR L —EBuh R
FAT KK AR 1 2 (] g v ) R, SR i
KL AR A BB 25 v (B B AT A RS2 T ik £k
AR 2 PR IR BRI, TR RS SR A e
B R SL AN ) % AT iz s 2e s T
YEAT T M B RS BRA AP AR B ME T, T3k
BEAHTHCR 2 A KSR 2 IBA AR A
2003 4F f) B 2 1 HF AR R e, Tang 4517 LR
B TR D HPEAX 2 AR R Kk il
T AHFSE BRI DNA B0 SR X 2 M
L EA IR BEAY 2R IR DNA BRI — 257
FEIX 2 AR Al sk Al 1 R Sk A 1R (A
4) o AHR AL 2 AR IFAS R WK Sk i 4
FRHE IR AL 254, DR I Ak T2 B 4 R AN e 1 52
FEPEIEYE . Tl T A B 1Y R X R BT i
7, SR Sk A AR 3 A T 2 A RSk A A



<14 - il

Chinese Journal of Zoology 47 4%

FBRATRR RN ERE A Z 18] (18] 3) XSS R T T
TEZS 3 M B 4516, BV i e A Sk SLRE A BT A5 A
LGN 128115 R N S R e QA7 o VR IER TN
W A Sk BRARE A 5 2 AN Sk Al F A (A ol B2
U, SRR A — B IR 4h SRR W R RSk fe
FRAE O] REATI AR AL T 5 v EL A9 1) Sk A Bk
(PSS 7 A - SN EAE R (S vl ! 0 2 S b
) DNA, HA A & A d 4 i e 5, B 44 A
IR RLAR DNA R LA S AT 5 1
LRI DNA ZMAT % | Wi Sk BRRE A () BT
AR A PR E AT B £k R DNA PR AU
(1 4), SRuis RSk B AR S K
FEKBRARARL, T AR L b (A RIKF- 1 S AR [R]
XA S5 R 2 e A5 e A I PR 21 i A — B0
ZITUESZAEA R 28T IR, R TR
A3 BRI AE Al — 5t 3 P M ey A S SR AR T A
AR ZLFPREIE XA G5 15 I Ry A S i
T AT fi 3 2 a4 22 A AL A

2 8 0 W A Sk SR R SR L —
LD R R B 1 AR R TR i Sk
B A A R ATO SR A A SR (1) B2 30 4l A4
AR TR K Sk BB I ANTE A T A
TR B, Bz AR 1 e AR S B 3 2 =
T AT BE S R B2 2 0 Sk SR A P a5 A% 5
BRI, B A IR A Sk BN AN T
S FE TSN AL 2 ) B A T 35 A5 45 R 1 52 e ik
JERANN) . AWFFERLARAR DNA 43 #7451
71N, BB G S BERE A (1) F2 L AR DNA BRLA%
AL H1 7E 2007 45 2 i 5 A AR A th If I
A 4) 3245 F 05 7 M il R Sk fo e 7
N T BEFE RO T BEB A X B2 2 W A b R s i
B, HR TR A R, G T iR il
TSk SRR N T 38 B0 IRET 2t 2 T A R 1Y)
S, 1A 7 38 2k R T T 20 A AR 2R A T 4 T A
HERR R

R T RSB RO A AR A U
T KRB T SRR, Bifa R R iy &
BH MR R Y R A R e 2R R
B, FEAERNRR D EE B KL O E LT ARt
R A R ZAE IR X 2 R T

B W AR R v 0 Sk A A A AR C R
AT AL B D AN R SE IR B A Pt m] A
JFE AT N TSR R, AN, AT
PRAE N TS50 b A 4 357 1E 0 % Z R PEK
S ST S B N R B — AR i, LT
DL b2 O Sk N T BT E ] RN Oy
N R AT E BB T2, 4 BN
TEASHFFAE o DA RZRR DNA BRI Jr 75
B 7 TS A R v 0 e 8 B AT AR R R
Sk A0 0 A A R P S R 45 100 R (R
Allendorf 25 B FHEIL) |, LLIX 200 FE Kk i/
R S AT R T S5 R TR0

Bt (PRSI SR g 2 s M AL R
LRNACERRME T F 5L, R R
AR S i T B, 2R R B
T ER AN SR AR AR S
PR ft TH Y AR EO

2 £ X M

[ 1] SalaOE, Chapin F S Ill, Gardner R H, et al. Global
change, biodiversity and ecological complexity / Walker B
H, Steffen W L, Canadell J, et al. The Terrestrial
Biosphere and Global Change ; Implications for Natural and
Managed Ecosystems. Cambridge: Cambridge University
Press, 1999 . 304 —328.

[ 2] Epifanio J, Nielsen J. The role of hybridization in the
distribution, conservation and management of aquatic
species. Reviews in Fish Biology and Fisheries, 2000, 10
(3): 245 -251.

[ 3] Allendorf F W, Leary R F, Spruell P, et al. The problems
with hybrids: setting conservation guidelines. Trends in
Ecology and Evolution, 2001, 16(11); 613 —622.

[ 4] Rhymer J] M, Simberloff D. Extinction by hybridization
and introgression. Annual Review of Ecology and
Systematics, 1996, 27 . 83 —109.

[5] SRinge. shEZYE. Eiaad g e T4 Joat.
Rl R, 2000 399 - 425.

[6] ZEW%E, I, MR R&8AERHIT R EH
98, mRIEIRE, 1995, 14(1) : 34 -40.

[7] BOF. RABE—EK R mfryrmds Flegs
i, 1997, (7): 40.

[ 8] kW, WREH. hEBGHIWLEA. M3k Juat.
Rl R, 1998 183 - 185.



53] JE TR AR ISk B RUR R A St £ BUAR <15 -

[9] W3E. REMRAKMSETIR /XN, M3EE. § [15] Bookstein F L, Chemoff B C, Elder R L, et al.
FER/K 2R SR %, 3 M. dbat. Bl lipiat, 1992, Morphometrics in Evolutionary Biology: the Geometry of
61 —64. Size and Shape Change, with Examples from Fishes.
[10] Xie P, Chen Y Y. Invasive carp in China’ s plateau Philadelphia; Academy of Natural Sciences, 1985.
lakes. Science, 2001, 294 (5544) : 999 - 1000. [16] Crooijmans R P M A, van der Poel J J, Groenen M A M,
[11] JETE. B =W K k65 45 sk 6 i () 2% 28 fl 3 ] B et al. Microsatellite markers in common carp ( Cyprinus
. B0 R e K A A AR AT BT I 2R S, carpio L. ). Animal Genetics, 1997, 28(2) : 129 - 134.
2008. [17] Yue GH, Ho MY, Orban L, et al. Microsatellites within
[12] Yang B, Chen X Y, Yang J X. Non-native carp of the genes and ESTs of common carp and their applicability in
genus Cyprinus in Lake Xingyun, China, as revealed by silver crucian carp. Aquaculture, 2004, 234(1/4) ; 85 -
morphology and mitochondrial DNA analysis. Biological 98.
Invasions, 2011, 13(1): 105 — 114. [18] FBvk#E, skW~F, i, 5. 88 M2 mDNA 5 X
[13] Tang W X, Chen Y F. Hybridization between native (D-HX) 5 ) A5 S 43 #r 7J<F'$’Tﬁ, 2002, 26
barbless carp ( Cyprinus pellegrini ) and introduced (4):289 -294.
common carp ( C. carpio) in Xingyun Lake, China. [19] Dowling T E, Childs M R. Impact of hybridization on a
Zoological Science, 2012, 29(5) ; 311 -318. threatened trout of the southwestern United States.
[14] Yang J X. The alien and indigenous fishes of Yunnan; a Conservation Biology, 1992, 6(3) : 355 —364.
study on impact ways, degrees and relevant issues // Peter [20] Allendorf F W, Ryman N. Genetic management of
J' S, Wang S, Xie Y. Conserving China’ s Biodiversity hatchery stocks// Ryman N, Utter F. Population Genetics
(II'). Beijing: China Environmental Science Press, and Fishery Management. Seattle;  University of
1996 . 157 - 168. Washington Press, 1987, 141 —159.

AT B B 28D

(Ehdeak) 2 ERA B ST BT b E S 2 EI BRG], IR E B AR O] R
HaB Fh ) 2 U BB AT R, A G O UL B AR Bl B B, R BV R A R LA AT A, X
B AR il B EEA B2t PO, B AR HRER . RN R T, SRR,
FEREA ARG BRI R 507 R RN B Eh AR BN SO SR T
W B HOR IR B R R Z 073

(i 2RaE) B T 16 I, 112 BT,2012 4R EIEE i 60 T, 24F 360 JC, B NAMATF R4T, ENHRE IS (2-
422 ; FANRATINS (Code No. ) : BM58, AE 4 HUHE RIS FITI T, AN AEAE 2 Hb R s 1] 2, 7T 5 gmis 3 R R .
ARTIRTERL A A NIT P 7 el (3R S B i R ITHD) .

Mtk AT X AURTEEE | 5B 5 5 HERBE TN ()58 ) dhie il

Hl 4 : 100101 5 FLIE . (010)64807162,,

E-mail; journal@ ioz. ac. cn, Wik ; dwxzz. ioz. ac. en,

M B RR UG T T W s T





