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Population structure and diversity of Duyun ""Red Carp"
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Abstract: The "Red Carp" from Duyun, Guizhou Province is a product of the traditional rice farming model, with relatively
rich genetic diversity, making it an ideal material for breed selection. To enrich the genetic background data of rice field carps in
Guizhou Province and provide a theoretical basis for the rational development, utilization, and protection of rice field carp germ-
plasm resources, we used mitochondrial DNA Cyt b gene sequencing technology to explore the population structure and di-
versity of the "Red Carp" from Duyun and adjacent areas. The results show that a total of 45 variable sites were detected in 253

Cyt b genes, defining 23 haplotypes. The 'Red Carp' from Duyun exhibited 9 haplotypes, 5 of which shared with the control rice
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field carp, accounting for 76.19% of the total sample size. Phylogenetic and neural network results indicate that the Duyun "Red
Carp" is a hybrid population composed of two highly differentiated sub-species groups with minor genetic differences, namely
Cyprinus carpio haematopterus Temminck and C. carpio rubrofuscus Lacépede. These sub-species shared the same maternal origin
with domestic carp varieties and the control paddy field carp. For the Duyun "Red Carp", Hap22 was shared among individuals
belonging to C. carpio haematopterus sub-species, while four unique haplotypes were exclusive to this sub-species, Additionally,
four shared haplotypes were present in C. carpio rubrofuscus sub-species. Genetic diversity and differentiation analysis reveal that
the two subspecies populations of Duyun "Red Carp" had a low level of genetic variation, both exhibiting characteristics such as
high Hy and low 7. The C. c. haematopterus subspecies was moderately differentiated from the control paddy field carp; while the
sub-species of C. carpio rubrofuscus showed a high degree of differentiation from the Jinping Carp, but a relatively low level of
differentiation from the other three control paddy field carp populations. However, due to geographical isolation and selective
pressure during domestication, founder effects and genetic drift, their genetic diversity had decreased, resulting in genetic dif-

ferentiation from the control populations. The study indicates that there is limited genetic exchange among the rice field carp

populations in Duyun and its adjacent areas, with different genetic structures within and between populations.

Keywords: Red carp; Cyt b gene; Genetic diversity; Genetic differentiation
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Fig. 1 Distribution of sampling sites of rice field carp in Duyun and its adjacent areas
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Table 1 Base composition of Cyt b sequences in rice field
carp populations

VNN T T4 K, Base composition/%
Population and
its code A T C G A+T G+C

#(%] DY 298 263 299 140 561  43.9
MIL CJ 298 262 300 140 560  44.0
FAIL RJ 299 262 299 140 561  43.9
V1P 299 262 299 140 561 439
HBE TP 299 263 299 139 562  43.8
F-44 Mean 29.8 263 299 140 561 439




54y

RANIEAE: FRA) “LIERT BORERSS ) MO 157

B, Hapl2 Fl Hap18 2 HACH AL AL, HIE
Hap8. Hapl4 Fil Hap22,
2.2 FEHSRTFMERHLSMAFRFNLXR
VI (Carassius auratus auratus) (AB111951) Fl
=AY (C. multitaeniata) (KC696556 Fll KC696557)
AMEE, AT 23 AR R SARFHEET Y 29 4
PAAERL (MW683933—MW683961) L K BRI 35
% Cyt b BT HIRHE MP R K EM . B 2 7]
1, 87 ANFAERILL 99 TP —3, H
TR 8 /N, AWESERY Hapl 1 Hap2 Fr7ERY)
2L /NSO RN EEE Fh (C. carpio carpio Linnaeus)
%2, Hap3. Hap5. Hap6. Hap9. Hapl0. Hapll,
Hapl2. Hapl7. Hapl8. Hapl9. Hap20. Hap2l
F1 Hap23 Frib iy 4 Ak /NSO ARG EEE AP (C.

carpio rubrofuscus Lacépede) Z5H¥, T4y 8 I~Hfk
BIFTTE ) 3 D Eg /NSO IR ARSI RD (C. carpio
haematopterus Temminck) SRR AL “40
i ) 9 ANEAfE A Hapl2, Hapl8. Hap20 #lI
Hap23 4 MHAERD (5] 2, 2L E) RATEER il
WA, ik BAE R Hap22 (] 2, £L()R )
K4 APhER AR (18] 2, WEEIR ) RAEL R Y
M2
RGRIE . WA gt R, £
“OLBR” RIS I AR BRI AE B 2 SRR ERE, K
FEAET 1R 24 #1039 2 DAV FHBEAF IR 2 RO
B E AR AR R B 3 AR, FEASE
5. 1181 R ARVIAL X 3 AR R, FF
AFOr N 4. 2 F030 B BOPAIX 3 AR

®2 BERSHILME S
Table 2 Haplotype distribution and subspecies division

Al RIZLYEYCH #we L B BFE R A&
Haplotype Subspecies ascription DY CJ RJ LP JP Total

Hapl Cyprinus carpio carpio Linnaeus 1 1
Hap2 Cyprinus carpio carpio Linnaeus 5 4 1 10
Hap3 Cyprinus carpio rubrofuscus Lacépede 3 3
Hap4 Cyprinus carpio haematopterus Temminck 1 1
Hap5 Cyprinus carpio rubrofuscus Lacépede 3 3
Hap6 Cyprinus carpio rubrofuscus Lacépede 5 5
Hap7 Cyprinus carpio haematopterus Temminck 3 3
Hap8 Cyprinus carpio haematopterus Temminck 7 7
Hap9 Cyprinus carpio rubrofuscus Lacépede 1 1
Hap10 Cyprinus carpio rubrofuscus Lacépede 3 3 6
Hap11 Cyprinus carpio rubrofuscus Lacépede 1 1
Hap12 Cyprinus carpio rubrofuscus Lacépede 18 12 4 34
Hap13 Cyprinus carpio haematopterus Temminck 3 3
Hap14 Cyprinus carpio haematopterus Temminck 6 6
Hapl5 Cyprinus carpio haematopterus Temminck 1 1
Hap16 Cyprinus carpio haematopterus Temminck 2 6 2 1 11
Hap17 Cyprinus carpio rubrofuscus Lacépede 14 14
Hap18 Cyprinus carpio rubrofuscus Lacépede 16 7 5 6 34
Hap19 Cyprinus carpio rubrofuscus Lacépede 2 2
Hap20 Cyprinus carpio rubrofuscus Lacépede 1 1
Hap21 Cyprinus carpio rubrofuscus Lacépede 33 13 46
Hap22 Cyprinus carpio haematopterus Temminck 8 1 9
Hap23 Cyprinus carpio rubrofuscus Lacépede 4 1 8 10 28 51
PAAEAIEL Haplotype number 9 15 6 7 3 253
P BAAEEIEL Unique haplotypes 4 7 0 3 1
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Fig.2 MP evolutionary tree of C. carpio population based on Cyt b gene
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Fig. 3 Neural network diagram of haplotypes

Note: Each circle represents a haplotype, and the size of the circle represents the haplotype frequency; the colors represent the groups;
every line between circles represents one mutation.
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Table 3 Genetic diversity of rice field carp populations

2L BEAREL  ZABMEE AR MERZHEN BEmMZEEN FRHBTRER
Population n S H HyxSD n£SD K
K& C. carpio carpio 11 2 2 0.182+0.144  0.0003%0.0003 0.364
FEARIM C. carpio haematopterus 41 15 8 0.838+0.026  0.0018+0.0003 2.046
AETHE C. carpio rubrofucus 201 22 13 0.823+0.011  0.0027+0.0002 3.111
HREI-IL AR DY-C. carpio haematopterus 24 5 5 0.764+0.042  0.0013+0.000 1 1.496

ML & AT & B & 5357 - AR i

CJ& RJ& LP & P-C. carpio haematopterus 17 11 5 0.691+0.100  0.0020+0.0006 2.279
HRA)-AEFEHE DY-C. carpio rubrofucus 39 6 4 0.623+0.042  0.0027%0.000 1 3.026
MIT-4ERI# CJ-C. carpio rubrofucus 81 17 10 0.777+£0.034  0.0028+0.0003 3.213
FAVL-4ERI 8 R]-C. carpio rubrofucus 30 6 4 0.720+0.049 0.0018+0.0003 1.998
B AEFGHE LP-C. carpio rubrofucus 22 15 4 0.714+0.064  0.0039+0.0009 4.390
MR- 1ERIBH JP-C. carpio rubrofucus 29 3 2 0.069£0.063  0.0002%0.0002 0.207
471 Total 253 45 23 0.883+0.009  0.0037+0.0003 4219

R4 3B E R R BB FIBE R S IEE

Table 4 Genetic distance and genetic differentiation index among three subpopulations

A B YN L 4 i
Population C. carpio carpio C. carpio haematopterus C. carpio rubrofucus
BRI C. carpio carpio 0.012 620.003 3 0.012 70.003 22
JEZRE C. carpio haematopterus 0.863 8™ 0.003 4+0.001 1
AERIfE C. carpio rubrofucus 0.807 0™ 0.301 9™

%% p<0.001,
Note: ***, p<0.001.

RS FEMIERFEK A R BE B IR 5L IEH

Table 5 Genetic distance and genetic differentiation index among different geographic populations

MIT. &AEIT & BEF &
TN HRA] I AR B - AR ARS)-AemafE  MWIL-AERfE MAVL-AEREE BOP-fEREE HRhR-fER i
Population DY-Cch CJ&RJ&LP& DY-Ccr CJ-Ccr RJ-Ccr LP-Ccr JP-Ccr
JP-Cch

/o] o
> _JE/ \@E
AR 0.0021£0.0007 0.0032£0.0010

DY-Cch
MIT. & AT & BF- &
B35 - e AR 0.201 9™

CJ&RJ&LP & JP-Cch
HR - A i
DY-Ccr
M- i
CJ-Cer
FIT-AE e i
RJ-Ccr
BOP-AErg i
LP-Ccr
- P
JP-Ccr

TE: WAL T MBU B R B A7 LACARRRRR BEE RS (xts,); ***. p<0.001; *.p<0.05; Ccc. BRYM#E; Cch. TAHE; Cer.

FAf,

Note: The value at down-left diagonal is F;; the above one is genetic distance among populations (Mean*SD); ***. p<0.001; *. p<0.05; Ccc. C. carpio

0.3599™" 0.003 240.001 0 0.002 620.001 0 0.003 7+£0.001 0 0.002 4%0.000 9
0.1452™" 0.002 4£0.000 8 0.003 6:0.001 0 0.002 62:0.001 0
0.138 17" 0.021 3 0.003 0£0.001 0 0.001 60.000 8
0.133 1 0.077 7" 0.053 5" 0.002 5+0.000 7

037717 03228 0.403 9™ 0.211 7"

carpio; Cch. C. carpio haematopterus; Ccr. C. carpio rubrofucus.

TR, 5 2 NSO IR R AR MR . LA S 15.77%, ZHPIHFA A A28 53 DTk 3R 5.82%,
FOFRER, 50 3 AN KT N HF B ARB NSRBI A7 78.419% MOIRAR A St AL AEREIR N, X 5 4
&, H AMOVA Z R I 6. IR AYAZ SR oMk A A g 0 S g 122 20 S5 5 SR IR AR A A 1A
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Table 6 Molecular analysis of variance based on mtDNA Cyr b sequence of rice field carp populations

B SR FI J5 2% B AR 2H 4y EiTES B E L

Source of Degree of Sum of Variance Percentage of Fixation

variation freedom squares components variation/% index
28] Among groups 2 37.481 0.268 86" 15.77 F,:0.069 11
2 IEEHRIA] Among populations within groups 2 9.943 0.099 23"* 5.82 Fy:0.21594"
REIRP~ATE] Within populations 196 261.960 1.336 53" 78.41 F:0.157 73
At Total 200 309.383 1.704 62

TE: #%.P<0.0001, NFIFEFRRERLE; Va BERBITT2415r; Vb BRI 24505 Ve BERNAMRRITT 2453

Note: **, P<0.000 1; different letters represent significant differences; Va. Variance component of inter-population; Vb. Variance component of intra-

population; Vc. Variance components between individuals within a population.
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