2011 3, 18(2):256-266
Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2011.00256

wat, mES Ak R

T2 Rm, xur,

1. , 266003;
2. , 434000
WE:  (Hypophthalmichthys molitrix) (Aristichthys nobilis)
AFLP
153 288( 93 ),
271 S511( 136) 852.0 cM 965.8 cM, 952.2 cM
1 049.6 cM 22
76 =1:1),
(1-0.45) ( ) ( )
[ ,2011,18(2): 256-266]

XHERFRINAD: A

fit (Hypophthalmichthys molitrix) . i (Aristi-
chthys nobilis)je" Bl VZ FRFARIRIK MR, 33X 2 4>
i e B9k 5 BRI HE S 18 (Leuciscus), ZJa X
W %% 2 R} (1Y) 8% J& (Hypophthalmichthys), . %
Oshima'"! HEHAYEFRIERS, WINBLZE5H | WHIG AR
e A ST IR (Aristichthys) . fH2:, Howes 2 #
BEASRIATEEIE, i o H AR 2 LR
Ik, YFZEF OGN H nobilis™, 32
O3 T rb B R R X, AR RV
FATFIZRIL, HIRFLT A E] 1 000 Z4EHTHY
R AR SRIE AR . TR, %

g% B H: 2010-04-05; 1&£T HHA: 2010-07-21.
HE&E&mME: (2006BAD01A1205);
fE& & (1983-),

BIEE:

XE4HS: 1005-8737-(2011)02-0256—11

SRR T E DR R A N5, N LE L
ARE WG, 6 G0 AL R DR RS, W
I, QL SEps IR RV 2 E R X, sia .
s AR . KRR ¢ 2006 4F, it
L SR AE R 4rR E] 380 J7 ¢ A1 210 J7 t(FAO,
http://www.fao.org/ fishery/ cultu- redspecies/).
KRG, i GAETRAEAFKZ. A%
MUK, N2 RIREEMGE . 65 G HAH
v e e A BORIAR TR AZ U, AR IR BT L, et
FhAE w0, AT T s A s g O
WG 2 MR E R, N HRFE PR REOL T 2R A, Bk

(nycytx-49-01);
(LFB20070601).
. E-mail: pumpkin_5112@yahoo.com.cn

. E-mail: yguanpin@mail.ouc.edu.cn



257

BB T TR BN, R A AT
B, AR R I e e 5 e b 2 o R
SR BER AR . L, WA AR
B SR ASFRRE S0 R (% 7 3k R B 1k KSR I AR
g% Z2 FEEI 3 B It

— B N AR Y AR BB DR AR IR gt
TRGEIRVEAS . SEASBE T A2 75 5 1 B 15t 14 SL Al
BR A O A T 6 | S e E i e,
W RIS 271 ANFRIC, 27 ANESURE, T8RS
153 AFRic, 30 S EESTRE . (U, B HoA R D
i B RARIC(E 48 A, 8 27 ), NEEA
B o AW 58 R RBIT 2 00 s 2 b i 8 in 1 1l i
PRiCw e, (e R 0 5T R AR IE 4 s B
184 ANF1 119 4~ Hish, RYEHIFRR T ERC A
A8 WAL R bR IC TR AT T % | S i e 2t L
B, IS BRGNP e oRAE BT U T T T AR
G307 o

1
1.1
Liao U9
90 6 s
DNA Liao [
1.2 AFLP
Guo M Zhang (17]
DNA
DNA ( )
[16-17, 19-21]
[22-23] [18, 24]
1, 1

Zhang 7 PCR 6%

, AFLP
96 EcoR 1 Mse 1
Vos (23]

1.3
JoinMap®3.0

> >

AFLP
AFLP
, “a” ( ) b7 (
) ,
ABxAA AAxXAB ABxAC,
AFLP
; ABxCC AAxBC ABxCD
> “a”
ey
(1] s JoinMap®3.0
261 LOD 40
MapChart'*”] ,
Visio2003
Liao U
2
2.1
78
, 78 342 [17-18, 23- 24]
Liao %
, 235
, 199 , 36
( 1) 96 AFLP 90
, 531 1:1 ( 2
, 175 , 356



258

18

R 1 HARFEMAERFRMEAEDRH LMD E4RC

Tab.1 Newly developed microsatellites on parental linkage maps of interspecific hybrids of silver carp and bighead carp
(5'-3" (5'-3Y /'C

locus accession no. forward primer (5'-3") reverse primer (5'-3") T,
Hym02 GU120273 GTGTGGCTTCTGGCTGTGA CCACCTGCTCTTGTTTCCA 55
Hym10 GU120274 TGATGGGTAACTTTAGGGC TGTTTCATTGGGTTTGGT 56
Hym55 GU120275 GCGAAAACAGCCAGTGAGTAAG GGTTGACGATGAAAACAAGGTG 57
Hym62 GU120276 GCGAAGGGTTGAGTGAGATA AACTGAAGACAGGGAAGAAGC 58
Hym80 GU120277 CACGCTGAACTTTCATTCC CACTAAGCCACATCACCATC 59
Hym97 GU120278 AGACTAATCACTGCTGGAC CAAGTGAGCAATGAGAAAC 60
Hym108 GU120279 CCCACATCCTTTCACTCA TCTCCACCACTACCCAGA 61
Hym133 GU120280 TCGGATTTACACCACAACTA CACTCCCTCAGATTACATTTC 56
Hyml154 GU120281 GCACATAGAGCGAGAAATA TAGTCTGTTACAACTGGGATA 58
Hyml178 GU120282 TGTTCATCAGGGTGTTTG CTCTGTTCCAGGTTCTTGT 58
Hyml187 GU120283 TGTGTTACTTGCCGTTTCTTTG ATGTGCGTTTCCATCACCTTA 56
Hym194 GU120284 TGGACACGGTCTGGGATT GCCACAAGCAACTAACAACA 59
Hym213 GU120285 CACGCTCTACTTACTTTATG GAATGTCAGACCTCCAA 56
Hym221 GU120286 AAAGTTTCAGAGTGGGTGTA ATTGGTCAAGTGGGTCATA 56
Hym225 GU120287 ATCTCACTTGCTCTTCCTCT CTACTTTGTTGTCCCTGTCA 57
Hym236 GU120288 AGGACTTTCACTGTGAGGTT TGCCAAGATGTTGAGTATTC 56
Hym257 GU120289 GAATGAAACTCACTAAGAGCAAG TAAACCTACCCATCACAGAAA 56
Hym258 GU120290 CTTATTATGAGCGAGTGC CGATCAGTAGCGTGGTT 56
Hym261 GU120291 GAATCCTGCTGATGTTTGC AAGGCGAGTGGGTAGTCC 56
Hym291 GU120292 TGTATTCGCAATCTTCAC ATGGGTAGGGTTAGGGTA 56
Hym292 GU120293 TTTGGACTGCTGGTGATTC TCTTCTGATTGGCTGTTGC 56
Hym310 GU120294 TGCTTCCGCAGTATTCTTAG CTTTTCATTTCTCCACCCA 55
Hym340 GU120295 CAGTGCCCTCTGAGCCTAC TGATCTGGGACAGTTGTTGC 58
Hym360 GU120296 ACGAGTCTTGCTGCTTGAT GCCAGTCCCTTATTTTAGTC 57
Hym376 GU120297 GCTGACTTTGTTTACCCCTTG ACTTGGGCTGACCTCTTGTG 57
Hym382 GU120298 GCTACCTGATGGGCTAAAAGA GCAGTGAAATGGAAAAGCAC 56
Hym386 GU120299 TCTGTGTTGCAGTATCGTGTG AGAGACAGTGGGATGGAAGAC 56
Hym394 GU120300 CTTCCTGAGTGCTGATCTTTG TCAACAGTAATTCGGGTCTTTC 56
Hym399 GU120301 CCGTTGTTAGTTCTTTCGGTATCA AAAGGGAGGAAGAGGAAGG 58
Hym410 GU120302 CACACGACTATCAGCCAATCA GTGACAAAACACTAAAGCGAGA 58
Hym420 GU120303 GCGTGGCTCAACACACTCT TCCGCACTACAGAAGGATGA 56
Hym433 GU120304 GTGGATAGCCGAAGCCACT CAGCACAGTTCGTGGTTATTG 57
Hym441 GU120305 AGGGAAACACTGACGGAGA AGCGAGGGACAGATAAGCAA 57
Hym444 GU120306 GGAGAGAGAAGACAGGAAATGAG GTTTTGGCACCGTATCCATC 56
cid20 GU120307 ACGGAGGTAAAACGCAC TGATAAACATCGGCAGG 58
cid22 GU120308 GTGTGAAAGCGTGAGAGTG TGGGGAATACGAGCAAA 58
BL-19 DQ378928 TTGTAGGTGCCGAAACTTGA ACAAAGCAGGGTCACAGCAT 56
BL-23 DQ378930 AAGCAACACTCCGCAGAAGA CAGAATGAACGTGATGACCA 55
BL-27 DQ378931 CATAAAGACGAGGTCAGAAGTT TCCTGCCACTGTACTGATGT 54
BL-35 DQ378934 GAGACGCAGTCAAAGCTGAA GATGGCATTCTATTTCCTGT 54
BL-51 DQ378941 ATCGCAGGATGAGGAGAAT AGCGTTGGCTTGCCTCTGAA 54
BL-54 DQ378942 GTCGTTCTTTCCCACCTCAT TCCAGCCACTAAACTCAGCA 54
BL-75 DQ378947 CTGCTCCGTCAGCGTGTC CCTGTGCCGTCGTGATGTCT 54
BL-76 DQ378948 CCAACTCAAGCAAAGAATAG GGGGTAATGTCCTCATAAGT 54
BL-110 DQ378951 TGCGTATGAATCCAACAGAG GCGTGACAGACCGACAACTT 54
HL-2 DQ378842 AGTTACTTGCGAGTTGTTCTT CACGTCCTTGCTGAATAAAA 56
HL-33 DQ378853 GATCTCTCACAGCCTGTTCAA AGACCCTGTGAATTAGCAGC 53
HL-35 DQ378854 CTCTGGAGCTTAATGGTGG TCTATGGAGAGTCCCTGTAAA 52
HL-41 DQ378856 GATTCATTCAAGCCTGTCGG GGTTCCATCGCATACTTTGT 53
HL-56 DQ378861 CCCCTATCCCTAAACTTCCC TGCCGCATTAAGGTTATCAT 56
HL-58 DQ378862 GATACAGCCGTGTCGTTTAG GGCGTGTTGTTTTTCATTCA 54
HL-95 DQ378870 AGGAGGCGATAACCGAGAAC TTGGATTTGTCAGCAGGTTG 57




2 : 259

1 Hym01, Hym06, Hyml11-Hyml14, Hyml18, Hym22, Hym34, Hym35, Hym37, Hym39, Hym40, Hym44, Hym45, Hym47,
Hym49 Hym50, Hym54, Hym57, Hym60, Hym61, Hym64, Hym68, Hym69, Hym71-Hym73, Hym78, Hym79, Hym83, Hym89, Hym91, Hym95,
Hyml101-Hyml103, Hyml11, Hymi23, Hymi124, Hyml129, Hymli35, Hymi38, Hym139, Hyml142, Hymi45, Hyml149, Hyml59, Hyml67,
Hyml170, Hyml176, Hym179-Hym184, Hym186, Hym188, Hym191, Hym193, Hym195, Hym200-Hym202, Hym205, Hym208, Hym212, Hym230,
Hym232, Hym233, Hym237-Hym239, Hym253, Hym255, Hym262, Hym263, Hym266, Hym267, Hym284, Hym296, Hym302, Hym309,
Hym314, Hym321, Hym334, Hym348, Hym349, Hym357, Hym361, Hym362, Hym364, Hym366, Hym368, Hym384, Hym387, Hym392,
Hym396, Hym403, Hym405, Hym423, Hym429, Hym430, Hym435, Hym440, Hym443, Hym445, Hym448, Hym450, Hym452-Hym455,
Hym466, cid10  cid45""; cid03, cid05, cid08, cidl2, cidl5, cidl7, cid23, cid27, cid38, cid57  cid71"™; 4r26, 4r29, Ar64, Ari82
Ar275%%; Ci03, Ci07, Ci08, Cil12  Cil5-Cil7®%; BLS, BL13, BL15, BL18, BL42, BL43, BL46, BL52, BL54, BL55, BL58, BL62, BL63, BL6S5,
BL66, BL6S, BL69, BL73, BL82, BL90, BL96, BL101, BL106-2, BL109, BL118, BL123, BL125, BL132, BL144, BL145, BL149, BL151, BL173

HL-1"%?"; hmo01, hmoll, hmol3, hmol5, hmo26, hmo31, hmo34, hmo36, hmo37 ~ hmo39™"); BL-19, BL-23, BL-27, BL-35, BL-51,

BL-54, BL-75, BL-76, BL-110, HL-2, HL-33, HL-35, HL-41, HL-56, HL-58  HL-95"** (
).

Note for table 1: 7,, annealing temperature. The microsatellites and microsatellite containing sequences (with primers redesigned) used in this
study also include Hym01, Hym06, Hyml1-Hymi14, Hyml8, Hym22, Hym34, Hym35, Hym37, Hym39, Hym40, Hym44, Hym45, Hym47,
Hym49, Hym50, Hym54, Hym57, Hym60, Hym61, Hym64, Hym68, Hym69, Hym71-Hym73, Hym78, Hym79, Hym83, Hym89, Hym91, Hym95,
Hyml101-Hyml103, Hyml11, Hymli23, Hymli124, Hyml129, Hyml35, Hymlil38, Hyml139, Hyml142, Hymi45, Hyml49, Hyml59, Hyml67,
Hyml170, Hym176, Hym179-Hyml184, Hym186, Hym188, Hym191, Hym193, Hym195, Hym200-Hym202, Hym205, Hym208, Hym212, Hym230,
Hym232, Hym233, Hym237-Hym239, Hym253, Hym255, Hym262, Hym263, Hym266, Hym267, Hym284, Hym296, Hym302, Hym309,
Hym314, Hym321, Hym334, Hym348, Hym349, Hym357, Hym361, Hym362, Hym364, Hym366, Hym368, Hym384, Hym387, Hym392,
Hym396, Hym403, Hym405, Hym423, Hym429, Hym430, Hym435, Hym440, Hym443, Hym445, Hym448, Hym450, Hym452-Hym455,
Hym466, cidl10 and cid45""; cid03, cid05, cid08, cidl2, cidl5, cidl7, cid23, cid27, cid38, cid57 and cid71"™; 4r26, Ar29, Ar64, Ar182 and
A4r275™%; Ci03, Ci07, Ci08, Cil2 and Cil5-Cil7%%; BLS, BL13, BL15, BL18, BL42, BL43, BL46, BL52, BL54, BL55, BL58, BL62, BL63,
BL65, BL66, BL68, BL69, BL73, BL82, BL90, BL96, BL101, BL106-2, BL109, BL118, BL123, BL125, BL132, BL144, BL145, BL149, BL151,
BL173 and HL-1"%*"; hmo01, hmoll, hmol3, hmol5, hmo26, hmo31, hmo34, hmo36, hmo37 and hmo39”"; and BL-19, BL-23, BL-27, BL-35,
BL-51, BL-54, BL-75, BL-76, BL-110, HL-2, HL-33, HL-35, HL-41, HL-56, HL-58 and HL-951!

z2 96X AFLP 3I¥REERMPENNE SHFHHE
Tab.2 Ninty-six AFLP primer combinations and the number of polymorphic bands detected in the interspecific hybrids

E-ACC (A) E-AGG (B) E-ACA(C) E-ACT(D) E-ACG(E) E-AGA (F) E-AGT (G) E-AGC (H) total

M-CTA(1) 3 7 6 5 3 11 7 4 46
M-CAA (2) 9 3 9 13 3 8 7 7 59
M-CGA (3) 7 4 6 6 2 4 . 7 36
M-CTT (4) 12 5 10 7 3 3 4 5 49
M-CTG (5) 7 1 8 9 5 7 - 3 40
M-CTC (6) 6 10 6 4 10 4 5 53
M-CAT (7) 8 2 - 8 3 11 9 2 43
M-CAG (8) 8 4 9 9 3 9 10 - 52
M-CAC (9) 9 13 4 5 4 6 6 6 53
M-CGT (10) 4 14 . 5 . 8 4 41
M-CGG (11) 3 2 8 4 2 4 2 26
M-CGC (12) 4 3 7 5 4 2 6 2 33

total 80 59 83 81 43 73 65 47 531

TE: E-, Eco RUESK M N5 14, A 1 DS — SR By BRI 2 A28 “ Ry ARG AL, M-, Moe T R XTI 514, A | MR —feik
FEY AN 2 A5 TR PR G SE AR AL A B H K 1 B 12 S0 Eco RI A Mse 1 X5 W14 .

Note: E-, Eco RI adaptor corresponding segment of primer followed by 1 (for the first round selective amplification) and 2 (for the second
rond selective amplification) base overhangs; M-, Mse I adaptor corresponding segment of primer; A through H and 1 through 12, the names
of Eco RI and Mse 1 specific primers, respectively.

2.2 2 27, 74( 3)
27 ( 2 1 )
39 ( 6 511 (184 327 AFLP) (
2 ) 288 (120 2) 1 049.6 cM, 1 164.9 cM,
168 AFLP) (1) 90.1% 25.1 cM,
965.8cM, 1 250.0 cM, 2.2 M 2.2 M
77.3% 21.9 cM, 3.9  81.8c¢cM 2 38 :

cM 21 cM 728 cM 189 ( 3)
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Female (bighead carp) parental linkage map
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Fig.2 Male (silver carp) parental linkage map
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Tab.3 Characteristics of parental linkage maps of interspecific hybrids of silver carp and bighead carp
(6]
item densified parental maps parental maps by Liao et al''®
() female () male ()" male map () female () male
A. nobilis H. molitrix H. molitrix A. nobilis H. molitrix
. 39 27 26 30 27
nos. of linkage groups
. 6 2 1 8 2
nos.of triplets
2 1 1 3 3
nos.of doubles
288 511 312 153 271
nos.of markers
AFLP 168 327 133 126 223
nos.of AFLP markers
SSR 120 184 179 27 48
nos.of SSR markers
_ feM 21.9 25.1 223 26.0 23.6
maximum space
feM 3.9 22 3.16 7.0 3.9
average space
7.4 18.9 12 5.1 10.0
average nos. of markers
/eM 965.8 1049.6 904.7 852.0 952.2
map length
/cM
1250.0 1164.9 1039.7 1209.0 1149.8
expected map length
0,
/% 77.3 90.1 87.0 70.5 82.8
genome coverage
D7 - AFLP , , Zhang 17

Note: © « 7, AFLP markers were randomly selected so that the number of markers of the male map was close to that of the female and the

parental maps of the intraspecific hybrids of silver carp constructed by Zhang et al!'”),

x4 TRFICHE THEMSRAESEKE

Tab. 4 Total length of male (silver carp) parental linkage map length at different marker numbers assigned

SSR AFLP /cM

SSR primers AFLP used makers assigned map legth
193 0 173 503.0
193 50 22143 662.1+22.3
193 100 268+1 804.3+20.8
193 150 315+3 892.8+19.9
193 200 363+2 957.1+£19.8
193 250 410+1 954.0+10.7
193 300 458+2 1009.7+12.1
193 356 511 1049.6

2.4 150 AFLP ,
R 965.8cM  904.7 cM,
300 76 ,
3 29 22

( ) 193
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Tab.5 Number and total length of common intervals shared by parental linkage maps of interspecific hybrids in this study
and intraspecific hybrids'”

/em /em /
common intervals length in female length in male female/male reference
44 333.7 328.7 1.01 (1:1) this study
53 755.3 343.8 2.20 (1:0.45) [17]
3 503.0 cM 1049.6cM ( 4) ,
AFLP
(28] ’
[16] ’
90.1%, 24
2 R 3,
( , QTL
, 240 , ,
) [7, 29]
, L« )
AFLP (327 : 168) (184 : 120) SNPs ,
AFLP
AFLP 0~356 : 176
150 : 173 ,
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Densification and syntenic comparison of parental linkage maps in
interspecific hybrids of silver carp and bighead carp

ZHANG Linan', YANG Guanpin', ZOU Guiwei’, WEI Qiwei’, WANG Jun', ZHANG Peng', LIU Xin',
YANG Jing'

1. Key Laboratory of Marine Genetics and Breeding of Chinese Ministry of Education, Ocean University of China,
Qingdao 266003, China;
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Jingzhou 434000, China

Abstract: Hybrids of silver carp (Hypophthalmichthys molitrix) and bighead carp (Aristichthys nobilis) are widely
accepted in aquaculture due to their better culturing performance than their parents. In order to facilitate diverse
studies of the two species, such as genetic resource management and mapping of economic traits, we have
constructed the parental linkage maps of the interspecific hybrids previously; however, the maps contained mainly
AFLPs. In order to increase the quality of the parental maps and their applicability, they were densified with newly
developed microsatellite markers in this study. For the bighead carp (female parent) and the silver carp (male
parent) map, the number of assigned markers increased from 153 to 288 (including 93 new microsatellites) and
from 271 to 511 (including 136 new microsatellites), respectively. The total length of the female map increased
from 852.0 to 965.8 cM, while the total length of the male map increased from 952.2 to 1 049.6 cM. Syntenic
comparison between bighead carp map and silver carp maps identified 22 homologous linkage groups, among
them slight rearrangement of markers was found. The total length of the common intervals bounded by 76 parent-
shared microsatellites was almost the same (female : male=1 : 1), which was significantly different from that of
the intraspecific hybrids of silver carp (female:male=1 : 0.45!"”). In comparison with the mimic natural fertiliza-
tion (intraspecific hybrids!'”"), the mixed milt fertilization (interspecific hybrids, this study) caused the obvious
increase of genome wide recombination rate. The hybridization of silver carp and bighead carp should not
influence the recombination rate of either parent; they are morphologically similar to each other and interfertile
and have identical karyoptypes. We believe that mixed milt fertilization avoide the competition among sperms of
an ejaculation, enhancing genome wide recombination accordingly. This fry raising method is not favorable to the
reservation of the elite haplotypes either newly formed or previouly selected, being one of the main reasons
causing the depletion of culturing performance of these two species. [Journal of Fishery Sciences of China, 2011,
18(2): 256-266]

Key words: silver carp; Hypophthalmichthys molitrix; bighead carp; Aristichthys nobilis; microsatellite; linkage
map; sytenic comparison
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