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K H B P 7 R I 2 3 T Sangerd: . — AR P B
AREATEM TR, EZH T PCR™ W)
WFE . SCHESeBEAR s Y . /N By 91 4t Fl
LR 4y BUAERE 5T, AE — 2L b 4 2 RT3 R a5t A%
Bt b B4 T HEAEH . LU Ay fili(Takifugu
rubripes) 4 3 PR 241 I 2R 5 — QI P B AR 58 1l

HEA21H 4, PiRocheA ] 4548 R |
Ilumina’y 7] i Solexa, Hiseq AR FIABIZ & Y
SOLiDH A b i i 55 AR 7 He R £, 5
B —ACAH L, 5 AR B AR R AR T
B RE, T EL AR RO RREAR D R R 42
5o 20054F Roche s w) #f Hy 1k T A i 12 I/ Ji
FH ) Genome SeqencerFLX il & ¥ &R 4 .
20064F-Solexa GAZM TSI T, 8 1T 19 75 ik 2 i
B B DA R S B T R BOR o 20084F 5
— X SOLIDI P A A, Hol e AR B 7 Z Ab 7E
T RUHH LG g g, A AR A 0
W, BRACES R, AIUMER R K F99.94%, Heli-
Scopelll P A AE 2 AR F Al BT AT 55
FP RS, WA 2.5 Hor ke i 1A AR
W4 AR rh 7 22 HHPCRY™ 3 ok 34 58 9 OGAF 5 M
AME S AR P B AR K b e i T R 4
R E, BZYFR LR A AR . EINT .
LAl SR . RN A SR A LUIT
KREM 2 1K H Solexallll J37 43 A 58 1l & A 41 I
FE R AT S A R R R BT S8 K
F A A DR 2 T A 2

B RMWFHARBERC LR T Z 0
M, TEAFR BT R, HREAERET
BEAR Y 3G . 26T . P A B A i
LR R ) R G 25, X Se ] @i A T 20
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FiHelicos/y /) i H1FE 5.4 F Il FF £ R . Oxford
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SR AR P B AR A S i e R A e (2 A AR B
KEFELZFH) . BRI, KRNAEE T
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FR) AN DB 50 38 R e, 0 R () B L AR I
B, RIEMEEN, EEERE ., ERKEER
D o o O A — R A H AR S, g 4k 3
i PR 2 2 AF T PR e

2 AR AR N E K AR 3 R 4.
HE 7%

FE20HE 22904 AR, K P ¥ fi i S A Ao 2k )
Mooy, ffE, SEEREBH LT 754
P4t ws . w6 LGN IEXHEF (Litopenaeus
vannamei) . J&% % 4k i (Oreochromis nilolicus)Fll
B 25 R il (Ictalurus punctatus)|W) 3 K 43X,
PR 5 W 8 . KB (Larimichthys
crocea). " [E XS AR (Fenneropenaeus chinensis)=§
T M IR AR T T LA A Ay
Hr A AT . X Se i o8 2 5002 USRI
5T R MG A BEAR TT Y, AN R bRid . gL
i % B G . PEAR B IE TS T . BACHE FIESTHE
P 500 5 45

2.1 EERIEHFAR

DNAZFHric A ZF, HErfHZK 21
J& ¥ T3 2 (simple sequence repeats, SSR)FRiC Fl
%4 MR £ %5 1 (single nucleotide polymorphism,
SNP)FRict . SNPAwic b T #LBAk F1 A 3l ik
SPAT, TISSRERICH by TS24 = i H o KL 4
AR R BB T TR P 9 2 201 22 704 AR 7E K37 T8
& (Pagurus pollicaris)i 3 4 h & BLHUNY, | T
DRI B ERRNA Tz Bk
FRAE, R A T N B s =X AR P i a5t A A 1 R
PEARIE B H7, (0 H B AK ™ A W 0 a5t 4% 1R B 2
E20H 22 90EA S 1, anje B WAt i gl
St g

BT T R AR iC TE R E A R E B AR
B, FE KU E B A 220 A A I
TEMFCHIRIE . W20014E 20 7 BE 25 PR GE T
TR TRE , TR SR TORE T v WG A A
TEFH . TEY)Fh K7 51525 (expressed seq-
uence tag, ESTMIEFE EMWATRT, [ M TAE
(BT HE R 20 A S5 D80 A i A O (4, T ARG
TBRERYIREER M T W Tirid, HES
PEBE % T4 b i RS AR RS PEIR 22 5 o BTG,
I AV TR bRt 2 JE 3 A U (8 09 A i 58
I bR i 0 6 A 5 MR E BOC R IRIER 2
4n, Serapion§ " H| 43 033445 4 B HEST/F
IR T 4103 B ERIC. 1 BIARICTE %
VEBI th W AR A R, st A8 S h i i T 245
i s R AR, an SRR S Y bR ] 4 2
T A5 10 B AT AR AR 2 DR A3

MIOEmICEA 2SR, s,
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e f 8RBT LR ERAER G2
DL sL, JUHR B A A 73 B g 5007 4, Ak H
RUATI S B R A B T R

22 REFIIFREFX

EST/2 i i B AL Pk 25 cDNA SCJEE 147 2. [ 1]
JF T 3R A5 19 15 9 (2960~500 bp), H: [ #4554
HEHEWH G ELE. SHEERATFHHMELIL,
ESTIP O AP . Fifd . S0, 2ER
HEWE I SIS A AT BB ) — TN 2. T EST
TERFSE R EE, 19934ENCBIE ST T ESTHUE
J% dbEST (database of EST), % ¢ i 2 FIR- 17 T A
EST#4 .

ESTAE JE P 21 2 v 3 22 ] FH st 4% 2 RS
et A EIE . 3 EE R REE) . BR I E
P i 5 sE BT AL R L A T I O 3k R R
TR mE " N, gk e SR
EST/3 51| #F 17 A A OC SNPARIE I & 3, %5
H 694 5 4 KA L B SNPARIC ; Zhang s USIF] H
ESTJF 41| % & B i S LEAP-23E [ ; Schalburg:!™”)
I K V8 o f R 8 O ES TR A 2 T 16 KA i
Tl [ 31 3k (R 6 5808 B Naruse %8 UPOVR| 75 &
(Oryzias latipes)?2: i T 8184k [ MIEST/F 51 it [K]
W, W T B [F i . BE D A (Danio rerio)
PN EEENER NS S R Y R P e =l
] 4L 5t Ay PR 5 AL T 4 A B A

23 IR ELEE

Py 3 P 5 2 i R P B AP PN U Tl e
VING R B, MR 4 58 7 9 0 5 e B ) 32 422 0
Fe, LA B A5 bR ic 1) 4 R B (AR L XS . Tk
FE IR IR EE S ) B 1 o X e BRIE T LA il
VI &5 . DNAF BEali & FiE L, o
JEDNA R BEFEGL ik L SEPRfr & . 9 B IR
P ARG 201 2280448, Hifm Ay d i AR &
Y Ay B4R BT, 302 A B R e Ak 1 A B IR
T o AR A 5 YA AN R A B R Ay ke BRI
PERGU) RS . S R R FIDNAJT 51 K 3% 45
32 RV PR A B R R SR PN D) D)
20 TR ) R . H R DL 4 2 R
JETEBACSCJE S A IR FIDNA%E SUH A 2 Y
REHNAYHEE, ERels A2 B /MIBACH
ReE 2% T B A B8 im, S I 6 PR 20 S o HE 30
) — R BN E S, ANBE s SR g g e

http://www.scxuebao.cn

5 ) B R 3

Wy B 1 1S TR A% B8 03 8 S AR TR DN i
Fr 4 B DN A AR UL e b AN R D i, Wy B IAT 3
8 — A~ E A L 2w DR Y B DN T B B
o, BRI b /N B A2 B BIBACE R HE
P78 — N7 T 412 o ROk F R 4k DY 4 e
ZH % oF Wy B PR AR R R BE SR Y OB R R
%, BT 2 I R B 25 1 T F 4 e TR 41 2 i
EF T HE KM . LewinZFP LB 58 A M I 109
] T R o R T B PR X T A TN A R A 1Y
R E UM | Y AT O

24 EEEGEIENE

1t % 12 P i Sl o B A% H A R IR
A B s AG BE s hn s KIBE, T WoR B /bR
TEFE YL AR b A Y L TR — i
JEE (M, RV Uk DB 0 284 100 J 23 Tl 1%) K 3
TN o i A% % A R AR R DR 2 A 5 b B AR
F, 38 AL B o] AT ff S R AR e e R R Al
o ARG B, R A A b ok i B 3 R A S T
P o e B e T 0 FE B bR ic g, b
WECREZ . bRid Bl /N, R IS % 8,
P o i B A o PRI, B A Y st AR R
SR A EE N

TE20HEZE 904X, 7K™ A= ) i SSRAR L Y 4
JE B A I AN BE T R R B R A% i B R A
i, ZHOK YRR P 1 2 5 EDNA
Frid (random amplified polymorphic DNA, RAPD) .
8 R B B 2 B M (amplified fragment length
polymorphism, AFLP)&F i M bR ic 5% 5 SSRAR i Bk
AR, FEAURAR DR BE AR, Bk R
ik an, RFF A gregt o mEeT o K4t
WA A R, AR R R

BEE 73 T AR ic S e B iy g, 2ROk
AR T T R B BRI . 4, Nichol 45
2 JH 1 T 68 35t 14 3 AR 9 A 1 359 M AR L (BLAE
SSR. AFLPZ#5ric); LeePEH T B kMK
W, A 546 SSRERICHIEE HbRiC, FHbRiC
] BF2.4 <M, Moen45 2k 3 1) R 74 T 35t % 12 3
i, 4275 1384 SSREFIC 304 SNPHRIL s Xia ™
KA i B g AR A, £ E 2630 SSRARIC A
16/1~SNPHRic, “FIFRicFE4.2 cM, XS4 R
LW, AR AR P B AR R T, 7K™ A i 1
T HGR B T R KT, TR E 2B ER
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W TAERE R A, BR$ T 5% KE
LGN
2.5 MRESSF

KA m et FE Hin 2R 54
T MR R 0 R B R AR, B, RS —
AR S S B AV 2 QTLI M FE il , — 2k
B MR A e MR L R T I B R RS T AR OG
FrRico it FAk AR AT g2 e R QTLE R W 5E 1Y
PR, 19984F, JacksonPUA| FHSSRARIC A HT T
ST 853 S8 R AAPERAH OGP, 285 027 A
S % . YueP HlLaghari%: POE 28 %t K 7= 4k
PIQTLIM W FE AT T A i 253k, 7 SCAUK dh
T R A A R BUR MEIR QTLF SR AR f 22/ 4 .

st JO 1 B T R 5 Ak 5 0 B e 2 TR E K
PR UG R ER 5 BUA G QTLAR A
B2, W, Derayat 5 H H 1142 6] il 52 & € fif
B 7 1A 5 KVG Vb AL AR 7 A A DG B A A
Baranski%F g A 2 134> 5 P I IR (4R DG Y
QTLJEE L ; KuangZEUPoIF i T MLAR 5 & & Motk
QTL/ENL, AT T 1 HE R 4K F-QTLA3 NG 4
HAKFQTL, falkHE AR B b, FEETAE
il 2R S NOE A B T 7S 5 e DR R A
KB, HA3A B EFAMIE; K&k
T 5 AR AL R B A G ARIC 104, 24k
ESTHric; 5 WIS 1) 5 G 1) ) 7 1h %
G IIARIC274> o

Poa R B R b R R AR, TR
[l K 7 FR B ) 9 8™, IR YT
BB IGER AR A R, (H B F B0 A — b
ITZ AW FB . H AR BT K51 Okamoto
A= A BAAE U PR AR B9 QLA 58 b R E i 58
W, A ATTXT I BEEY SR 6E (Paralichthys olivaceus)
TR 5N N o € = VA 1D EDAER VATEOF Ty ibvd
FranfpiE EW, G THUm AN, XIS L)
1149 O B 2 At A1) AE R B 5% b 3 0l S T o
Dy I () WA 0 AR, ol 6 0 B A A6 A L S
HERR Y o R 7 F 7R 1 2B P00 QTL )y T o il 1K
O, W, XefEUOSE T BT B Y 2
D7 45, YuSEYS SE N4 W5 (Crassostrea virgincia)$it
o B R AT T 0
2.6 RENKEEEEFHENF

FE DU P AR BUAS 3 5 B 1, A R =X

W) R RS T AR . KA
YHGER D, B 55K R LA B UE Y 58
BT A FEALI Y, WNBE D fh | 2T 68 A4y fl
T, LB A0 N AR AR T SR 4 %
Fegh R, SCREAA T AR £ 5 A & 2,
LA AR X 10 2 ) 4 6 TR 4 e 4 OR Oh 3 4 £
REHNAM R TEESH TG, MERA
AL | B PR A LA B AL

FEAE B, XK ™ A SR R A 5 AR AR
P b, JUHJERAE T 2% R i, A BE A
==Y NN SN RE S R TP [ i Y A
BT X Z 0 Fhric, (EA w4 B 5
Pric % B AR L 3K, an B Ak A 5 AR RS
i 546 HnictY,

g BTk, AT R B Z AT, 4
FE R 22 K R T I AR A H0 T 58 % B 1 4 FE A
AMEE, T K= TAE. B SCE T &l
FEBRVGEERE, BB 5843 W4 751 1Y
A, B2, KA IR AT TAEMN 5
A EROR FRE KRR, WHRESA K
RFEAR

3 AR B B JE A A A R A
W

3.1 SEFAHBAEIELSE

A 5 DR 2 O 0 K AR Y TR 2
. 2R R DL BEUR . S 8 ) BE I IR Y G 2P
BE 38 A DAL T DL AR AT B A AR g A
HAMEERREN TG R, \sixy it
s, TEZYAER . B KB MIEEIE N
(5 F AL . B L Solexa, 454F1SOLID WAL %
1Y 55 AR e R R B A J, I A A A Rk
FEAK, B run 38 G EORBET, BRORAEEE 1K
PR E R R, E20184FE 11, FEA I
I 22 R AR T 210K 7 AR i 4 i BRLAH R A
T SAF L A R I T K A RS A RTE LR 2.

20114F Bastiaan 5 " F] 4540 7 £ R 2500 T
1o o B 1) K VY VR 5 (Gadus morhua) W 3K A, &
PT KU 0 B I 21 8 P DR 1Y) A2 s B
R FH 0 S BE L5 A8 o oy i — 20 i o | 028
R RS 3, MalmstromZ:P2% F Hluminaill]
FFEORI T 6670 b B Sy LN K, B
MHC T 2 [H & 75 8 A~ 50 H &R s e 1, i
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Tab.2 The list of published fine genome maps of major aquatic organisms in the past 5 years

%ﬂ] A éﬂj{.d\ contig N50 scaffold N50 %ﬁg% - S5
species genome size coding gene no. reference

LR 1.9 Gb 7.7kb 384 kb 46 585 [53]
Oncorhynchus mykiss
O 815 Mb 2.8 Mb 21437 [57]
Oreochromis niloticus
e 477 Mb 26.5 kb 867 kb 21256 [64]
Cynoglossus semilaevis
i} 1.69 Gb 68.4 kb 1 Mb 52610 [65]
Cyprinus carpio
Wt 675 Mb 53 kb 5.1 Mb 26719 [58]
Dicentrarchus labrax
B4 H 2R g fi 390 Mb 2.8 kb 305.7 kb 30285 [79]
Takifugu flavidus
R P 637 Mb 11.6 kb 219 kb 32260 [82]
Notothenia coriiceps
[SE2i% i) 878 Mb 16.9 kb 700.5 kb 19 601 [83]
Esox lucius
Kt 728 Mb 25.7 kb 498.7 kb 19362 [66]
Larimichthys crocea

679 Mb 63.1kb 1.03 Mb 25401 [67]
ifh 20.90 Gb 31.07 Gb Q4.78 kb 318.2 kb 26.46 Mb 32.28 Mb 27263 [68]
Ctenopharyngodon idellus
g 537 Mb 58.8 kb 252 kb 18 733 [73]
Saccharina japonica
W fa 900 Mb 58.8 kb 24274 [84]
Scleroopages formosus
HRAE 550 Mb 0.5 kb 1.58 kb 16 322 [85]
Pampus argenteus
pNiikEd s 2970 57.6 kb 2.97 Mb 37206 [56]
Atlantic salmon
BiE pi X R A 783 Mb 77.2 kb 7.73 Mb 26 661 [55]
Ictalurus punetaus
KEEhT 568 Mb 31.2kb 4.3 Mb 22751 [60]
Scophthalmus maximus
B i A fi 945 Mb 68.3 kb 6.9 Mb 18 328 [61]
Lepisosteus oculatus
IR 668.5 Mb 1 Mb 25 Mb 22 184 [62]
Lates calcarifer
S 1.75 Gb 29 kb 1.3 Mb 42109 [71]
Sinocyclocheilus grahami
ARG IR 1.12 Gb 6.02 kb 224 kb 14 436 [80]
Eriocheir sinensis
if 619.3 Mb 73.3 kb 1.15 Mb 21026 [86]
Miichthys miiuy
i 501.6 Mb 34.7 kb 1.8 Mb 23 458 [72]
Hippocampus comes
i 546 Mb 30.5 kb 3.9 Mb 21787 [69]
Paralichthys olivaceus
% 752.3 Mb 37.3 kb 447.7 kb 23 560 [70]
Leuciscus waleckii
Kt 1116 Mb 49.4 kb 838.7 Mb 23 696 [77]
Megalobrama
amblycephala
L iy 615.3 Mb 81.4 kb 4.5 Mb 19 877 [78]
Channa argu
R ) 988 Mb 38 kb 804 kb 26 415 [74]
Patinopecten yessoensis
1|2 805 Mb 190 kb 486 kb 30350 [81]

Apostichopus japonicus
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- 8RR -
%ﬁl géﬂj{.d\ contig N50 scaffold N50 Zﬁ@ﬁ_ﬁﬁi A

species genome size coding gene no. reference
W 732.8 Mb 1.1 Mb 25.8 Mb 24 552 [75]
Pelteobagrus fulvidraco
Aty 648 Mb 31kb 1.04 Mb 22015 [76]
Lateolabrax maculatus
R 662.34 Mb 993.67 kb 20.9 Mb 22 066 [87]

Glyptosternon maculatum

MHC [ JEPHHZ #3797 5K . Berthelot5 ™14z
TE 7T S S DR ZEDRS AN R, BT A Ak Y
il 3 D A LA 2218 AR RRE X 5 5E T R
B 4 5 R A A A PRl A A LA R T R L
il FAE A . David %5 PR B & 3R SA SR £ 1) 4 gk
DAL 2L 00 P A R, DK 4 35 PR 4 KO B AR T
a2 P A POE A e ML . Lin%F DR 15
SR Ml ) 4 P2 5 RIORS A0 113, R T BE
SR R T i = 43 DA 4 A i B S B0 e
R . LienFEPORIE T K PE PR 6E 1) 4
PR 40 20 14, R B0 T e Ak 1 i A2 Rk TR 7 B
B LERZTUINRMANELSERN, FEbT
DU A% A 5 T A ke 2 A A S PR A Ak
HF, MREMERNAEL, KFEEFN T

HEFFI R RS WO, AR T B AR

WK PN i (Dicentrarchus labrax)[sx]\ % 68 4 H0 f
(Thunnus orientalis)P®? . KZZ8F (Scophthalmus
maximus)" . B 154 B (Lepisosteus oculatus)'®"
VI i (Lates calcarifer) % 3k DR 2H A% 240 3% .

Bl P 2 A K A ) B T A F 5 B R A
TARZ @ KPR, W Zhang 551l 1 K 4t
WG 4 BE RS A1, B — R 5 AW s
RE I AHSC R L & A T BT 5k, X ] g2 4t
5 365 7 YD 1) T B i B 4 ) 0y 7 R AL, fE R
A B W b R 4 AR Y DS B R0
JEHLH] o Chen®5 Y58 BT 24 1 7 5 42 L PR 20 RS 4
KIS, K Mdmrl B KR Z s AR5 . BEE
FemRis, ML FLA DI CHIEN, £
IR P ke D AR, BN T ZWHE B (B K
TS YRR HE A3 Y 2 AL . XuSEII5E B T
B DAL ZHOKS 40 P, TR S T L PR 2 1 D A AR
fE R Hph Fe g e SE A Z il F, JRedl T
A BRI B R O3 B A 0 R DA 2 35 A% AR S 1R
WEAh, PR SE A T A T A e K L i £
AN AN NG RN i P (DR Ui (X W) i 28 8
PRI R 3] 455 30 (8 o KBTS WA 1 i P 20
GER K FRICN, MR TS K S AL RN 3

PEMLHI . Wanga5 58 B T B £ 1) 42 DX 4 OKG 4H
KIS, JFAM T A XML EMERNILE . Shaots™
RFET AE2IEN AT 5 EIE, W T4 R
X T AL AN PR R UUE LS AR R
ZH IR E R LT . XU 1 T HER
1 (Leuciscus waleckii) ] 4> HE R 1, I ik T
L a0 ER B 35 W PEALE] o Yang®E U HGE T4
2 il J& (Sinocyclocheilus)3/ W Fh S 41, IR
TR EE NP SFEAE L o LindFEUHRIE T
(Hippocampus comes) A WM P &5 3%, KB T
S oRa LR ER SRR 5 A K,
WA R . PSS . BN RS, YR
K72 T W (Saccharina japonica)Fk H 41 ¥ %)
T, R PR A I OC HE  TH R BH T R C-525 In]
v ALY T S pr 2R A O B I 2R e S U i
FE K a5 i L DI RE 4 A . Wang %Vl IE
T UFFE B UL (Patinopecten yessoensis) 4= %E K 2H K 1%
ol g A, JE ot B DU PR 2H R B AT, fE R
Jad DU BRAR 22 I s 3 O AHL S i DR 2 R A

B E AR K, M =AW . S E g
FHICSE BT B T LR A5 i v 45 BE 1Y 4 @K
B4 JE DR A D3, W Gong %5 R F PacBio —
AP AR FHICHT B e o BeoAR , /15 T s Hif
Y (R K () 3L R AL, 0 i i P ) ke e AL ke
FIEEAEM . AL, REREZEFRE MM, W, 8
fifi (Lateolabrax maculatus)'® . W13k fj(Megalobra-
ma amblycephala)”” . =8 (Channa argu)™ . %4 %
IR 7 6l (Takifugu flavidus)" , 4898 B8 (Erioc-
heir sinensis)™ . {Jj 1| % (Apostichopus japonicus)™"
Al 58 1 TORG A S 25 ]
32 EEMBETREE

B 21 35 AR 7 AL AL T R 2 A A R
(SNP). /A Bedffi A RS A7 i (indel), LK H1 2]
(inversion), %% Jd (translocation). 5 D1 45725
(CNV)Z5: 25 #4) P 48 53 (structural variation), SNPA1/)s
Ji Btindel AT >R FH 4= 556 DA 41 o 0 i 3 15 1k 2 PR 24
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WF (MRAD. 2b-RAD. SLAFSE R4, Mgk
P 72 S — R R 35 R 4 T 9 A

S DR 2] E 0 R o L A R IR A O B G
Tl R 3 SORE AR PR A AT SE R AL 00 ), ol i A
R Y B TR IR 22 A M7 A5 (SNP) . i A il Bl
PRAT A5 (indel) 3548 S5 B, FE LAl B AT IR A
N R R NSRRI B Ll (A R L o)
R R A Y . A, XuEY
FE R AT 3 P 4L 7 91 13 ety b, X 1o A
33REMEHEAT I, FEHE L ST SRR AR 8] 1) s AL
25 IEAH T OR [ b B O SR . Xu SO A
U581 (14 10V KA A T 1 84 T B /K S AR 15 47 4
UL T, % EH 7607712 FHISNP, M
i B NE || RS B BN 78 I AR L i o=
TH B A0 PR 2R HE I 45 20 5558 1 AR b A SR R
Lamichhaney % ™)X K 78 7 A% 219 5 A5 [6] [X35
) R VG 7 8 (Clupea harengus)fERHE1T F ¥,
IR 75 5 40 B F AR XT 5T, S5 T 440 8174
SNP, Hi A TASNPE R BENES, I
vall I NTITRES N TR 2 N R L (o IS
R b B ) M FEGE B, X R S A
(A FRE AR 4 56 DR AL I P WF 98 41 3B . Hohenlohe 5™
FIFH RAD I 7 2 AR X 22 A T 0 38 R 2 47 0 7
R 4 00 3 5 SR R 20 iy 4 e 1) R DR o ke B T
Fe AT RER LA ok [ i 20 A AR 1 3 7 M A AR 1Y
SR

15t 12 A8 SRS D 1 g —F 7 22 SR FHSNPIE: 7
PEAT IR R 0T o 20144 K A0 T 34 0l i 8 25
JESNPI R, 4300 R K PE PR B SR
FER© R B S M R AR ] — K A
2Rl 4545250 K SNP., {H i T AR 5 i As Y
P TR, SNPIE F 14 7 4338 3 TR KBk K
SEM AL, SNPI A8 s 2 35 PR R [ 5
AT R S He B . Bl B A FEAE B
ERIEW AR, A MM, AR
g SRt , 2 /0L SNPIY S o2 — MR
PE KB TAE . BRI, SNPits 787K 7= 45488 14 157
Lo T AR B B RS, M (E AN EU , (2l T A
AW Fh 5 R A DG B SNPAR B i, LT ST AR
S /IO R 7 B A R DR 4 ok A B g v
N ZARAT A% o

3.3 RWEESWH
e 8 A I PP R B LAt o T AR R AT
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FEHHE R O & Jg, Wit {4+, Dupont
SEIN WL 358 L 2 58 Sk X6 m st A% (1) A 24 455 34
BT A R R N Y Re 0y AR L B &5 R
DNAJT #2280 B AT 9T B 22 R . SR
FALD ¥ . ChIP-SeqlllJ¥ . DNase-Seq. ATAC-
Seq 5 iy il PR, (R4 5 B8 R FUAR 1Y
e PRI B AR P 3 4 DN AR &1 . G2 o
] }% 1 (chromatin accessibility) L K 4 {5 /K ¥ 42 15
B . DNAW B LR RMWBE ) EL)rm, &N
A AR 3 L B B T B T AR R D 3R Gk B A
XM HENAZR K, 455 miRNASX]
FEHFRIL . R RLIE ST AT, B2,
TEf B IR A MR Z 50, AR ok 2 90 1Y 3R WL 5t
& AN miRNA S X 3 PR 2% 35 1) o 42 4 A R
FEP BB O R T A 2, — SRA 5t A% 0 40 i a5t
RSB T R IR AR 7T g 5 R W w45 A ¢,
B e ny o e . AR R . Jabbari
SEUNI B, AR ) £0 2 R A S 3 ) e i )
FFFL K Z WA S I DNA WAL K -
Shao&5 "V 30 & WL 5t A2 ] 12 75 21 17 57 053 1 v
A5 Ry A PR ) AR ol s 2 A OB PE T .

2R, RWLE L SR R 5 R
IR 4 S ) SR AR L[R2, 20174F Cell4t
% Ll Landmark Cell Reviews: Transcription and
Epigenetics i, W £E 34755 T0 9 24 3 1Y 2534 5[]
JB5E 3T L A 7 s PR 3R 8 RN 3R R 35 2 51 k) B
e, RUBEHLCY RIEZL, B FEDNA .,
RNAFIEE H, W35t 1% A AN [R] — 48 i AN 7]
KA ILEEAEN, T2 XA B R E A
SO, Y AR W5 AL 51 R Y S S L 2 i gt
BB RIS, WY AL ED, WA
KWEZE, i a i, ARrEN
BEHER Z% T HEY | 1R CE LR
I TR 3 ) 34 SR .

P 845 W 5T 45 2R H i AE K 77 5t 4% B AR
I 5 B IR A ST SR WA R B R AEH, (1
AT AR, — S X DA R Y a5t A I R
3 3 2 W 35t A R AUF 5 R A5 G B Y i R O A A i
TR AR, A3 A A ) ] AR st
LRy

34 EEARESH

AR 0 ), mRNAJE J H 55 5 7=
B ENE S SEARN S MR, 2ENYS
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EEABEAFER . BT ARARA R — 3 H A
[F]— % B Bir Be 3K 00 2 1 A 25 0 AR 1
2200, T3k 2 2 G S ) o A AR (R 25 S 0 A%
Lo I, A5 mRNAJE B 5 8 A R
(RS, R PR A 5T A0 e

5S4 BIRNA-seq, 42 FAE —A0EEE =
AR AR N S B RNAFEAT I AR &R
(R SR 0 o X TR R — 28 M IR ek R AT 2k
S )Rl PR ZH BIF 9 4 R 1 S A e a2 010
1LV FH 30 A 2 1) 45 45k . RNA-Seq Blog ¥ i
(https://www.rna-seqblog.com)_ 2> 75 T 20174F-Hij 4
SRR, 20124F R S5005 , DUJE BRAESE
50055, 20174F #8143 0005 , 45 —Fs Sc Lk
FIHEIAF9 3302k, S —im &R 5] Hid
IKFN8 552K LA b, Bl T3k I AL AR B A R AR
F AR EABARE] T2, dMRobledo
SEUOFI T RNA-seq AR X K7 7 6 1 ik Jak 2 if
FEH AP T T HFSE s XuZe" ] RN A-seqd A
PR T [ P 52 b X B 7K I 91 (G L 18 ) e 25 A £
T B AL ) 60 T A A 0 s A BE A L % SR 2L D )
BEARC AN HEIARKEE . B AL F LN
il SOAH G A LR IR R 2, a4
R XIE AR AN F ik O 23R4
il s A 22 S R AR I LR, 0 e Sl e )
BAE S5, ZHOK AR AR O L R Y % A |
Rl o X AN kA, Ot R e A
SNP. SSRAIH fhindel %45 507 5 ; @Kk
cDNAJFFI, 4K cDNAFFI|—E &5 . 2T
RBEIL LAt ;. @R MEE AL A1, WEoE
WY 1 Y AL T &% ok R B A BT 2 A AE T
FLEh Wb, H R G AR 7 AR R
I, W53'UTRNMTU/INRNAZS & 47 S A Kk,
Bl & HE R AHE), AT 2 AR H R B &
B

WhABAR M, AR 25 e R AR K HEBE R Y
TG, S EAE AT ] AE BE w0 P E PR 0 DG B
S R0 ) BRI TR LD, A AR 2 TR AR
WF AN, T R A JLAS TR A ST 1 SR w0,
OE 5 Br, %8 g 1 JE ) 78 1 AR 3 58
B, iR TR 3R TR G B R A T o R R AE R AR
B BT RR KA . @R IR AW L4 Hr,
R4 DL EREAR RN, R B RE
A AR B Bt 3R PR, AR o R IR i 3 sk
o8, B0E W Ve (R, QR R Y

2%, FEARERXPESR, AT LIRS AR 2 A Y
Fid R R IA ML, B R R R A [
FNR R RA M IIRE, hitt, @EdEEN
b 3k 0 255 ] LA Bl AT R 4 1Ay AR R — 1k
I Y 52 2% 1 38t A% BIL L (B [A) A 2 e A 6 I
AR AR AR IK T, A R D) fE Y 2 A ] fiE
A AR F 53, ok 2 i [F] R 3 3 PR R E A
MR F i BRI LR A . ORGAEY 0
Br, RGEY AN ZA, HRARRER
AR A e A A B R BUR AT SRR
PEFEREUS, R0 N AR I A YR BT 4
AR R 2RI AL Rl EHR
. AR . A A BRI A5 R AT R G
FE, oA A AR R OIRIE BB e A ke
A T, B 2 s R DR % O S 31 ) S B A
I, DT G5 256 1 AT LA T il Aol 32 49 4 ik DA R
TRIRTT B4 K

3.5 EREHIEIEMQTLE L

B & DNAM ¥ 52 A 19 & & A K = A=)
TR R, a8 AT R 2K AR Ak
BT REZEMERIC, hE %R AL % B R g
FHEBEE T SEAE . 20104 DL AT SSRE #4) 2 34 1% &
AR AR AL, [H20114E 4G, SNPEUL
T SSRARIE A K T3, FN20154F, 4K H K i
K HISNPHY &, IS4, B 30F0 K ™ A= W i
T LASNP F 19 i 4% JE AL i BRI, Hh R
Y OO 1 R s, AL 96 3961SNP,
W L PR S A A A8 D B 43 311005 810.07 cM. 7E
R R S O N o [ R G B R P
7 TR AHQTLE L, AN, PengZe U7yt 1 o Jaf fif
(Cyprinus carpio haematopterus )= % [ SNP & 1% ,
A28 1941 SNP, “FHFRICEIFE 4 0.38 cM, I
PAF T 2240 A KA R QTL AN 7 5l e 7 QTL 5
LivZE"" %y 28 T Ml Carassius auratus)is % B SNPF]
W, HA8 4874 SNP, FHFRICMIFGO0.44 cM,
ENFISMMATQTL, Lin:!" Wy 1 v P i vy 4%
JE ALK, 4152 8521 SNPAI 14841~ SSRARIL,
SEFRIC R BE S 1.27 oM, 2 0 B 4495 B0
Z NI AH CQTL, i & Pedhac2 R EFE A,
iE—25 00 M & Bz HE ) 7 F 6 bplik 2k 5% 0%
Ptk W E G . ShaoE WA HE T A T 5 4 R s AL
B, 12 71249SNP, FHFRiC G 40.47 M,
FE A B 44~ 5 68 5T 5 P AH EQTL, I 3L

http://www.scxuebao.cn


http://www.scxuebao.cn

24 KopE o R 43 %

2 %€ L A5 J8 76 QTLIX [ i 24 H 120> 7 388 AH DG 1k
R, HAaERE(apl . satbl. cd40FIcd69)5
By R PUME  FAR DG . YuSE U IR T LA i
Xof U i 2 P R AL IR, A1 E 6 1461~ SNP, ~F-2k5
ICEBE 0.7 M, ENLE] T LA RN 74 PR 5
HHQTL, Jiao%E " it 1 A15L B DL (Chlamys farreri)
1) 75 2 B s AL %, 4 53 8061~SNP, “F-HbrRid
(BB 4 0.41 cM, o7 B 54 AE Ktk 32 4 R 7
1(PCQTLIX [ 24, 43 %47 FLGIFILG3, [A)
B & B A OCQTLA A FLGL, EAF KR
0.37 cM, X[ H27MFRic SR B, H
TR TZNFXIFEN . B2, TR
EHERQTLAISY, W Thric 2, QTLE f %
Kaan, B/NQTLIX[H], R4 DX H] Py iy 4o 6 5 1]
MR H >, T R T R R R A O S
AR SCHEHE T T SAR E BUK R IR A AR W i %
T K QTLE ML E L (F3), TIEANM K™= LW
QTLE L 58 3 JE 2 WL Y ue S5 U A 5K g e 401
3.6 MKRXELSH

Bl AT P H AR R, VF 2 EiE Y
I AN P B ek, 43 A B4 B
(genome-wide association study, GWAS) A T 5%
SR PER M EZ I, I NE MY IR
PR BAA W PR EZ R, AN
I e 15 SNPAR IC 48 78 I BE Al |, GWASTEK
7AWy 22 B A MR Y s AR R A R AR B T
FH o RPGFREED B0 0 BT SR P 0 T
G120 g g U A T K 7 SR A A ) v
SNP.& i AT &, HETIXLESNPE f, GWASHT
RSB WMAR . PO . 5T MR TR
WOT R, HAT, GWASHFZE T84 b e 26
(Fe4), RPGHEEET, SodelandZ5 %) £ P i i 1
RIHFT T GWASHEFY, #5  F i85 & 2 A1
S SNPsE A T M 105 Yt fh, 1y i i 3
FHSE B9 SNPsSE 7 T3M 115 YL fk; Tasi%!0
X R A KR IEAT T GWASHFSE, 145k K
FHIC I SNPIE 2] T Y i R K7 8 25 1 5 Gonen¥§ !
TER T i R R MR M GWASFIQTL /M BT, %
ERMNZMPLIEQTL, Hh 1M F35 4@
A5 Correa5 !t K VP v il ¥f U5 1E 1T GWAS 3
Brgsl, fiF21°5 44 @ 14 SNPIk 2| Yu f4
ROk 2 M, Hi A7 £/ F Collagen alpha-17&
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W& T, CampbellZ5E ™% ¥4 7K M 41 1 % (CWD)
FA% G 1 3 1 VR A8 995 75 9% (THNV) GWASHF Y &
B, 124-SNPHCWDHLHE R 41, 191 SNPH
IHNVHL P B E A PaltiZgE O34T T CWDHLPE
IGWASH T &L, 4764 i 7 5 5 ZHiQTL
SR, 20 AT LIAN4 S YAk Gon-
zalez-Pena5 " & T Bl f1 o pe e | KRS
PEARGWASHESY . BE 5 L firh, A SNP.ES
TFET Z MR GWASHIFY, 1, GengZg!'
XoF B w8 A T 0 B B HEAT T GWASHFSY,
TELGT b g 3] —1~620 kKb QTLIX 1], it —F
R AL F 104 SE ), o SAS S e A G
B, TR SHIEM R BUHEAOC; JinSEU YT R
T AR B IR GWASHESY , A2 7 #1340~ SNP 5 P
KRB EME, HP1/SNPA TLG14, 2 SNPfii
TLG16, 555 SR 3 H 4 e 55 8 L
XF, TE 2 A 5 X 8 & B 144 HE TR 5 00 R
5 ZhongZF"HEAT T HE A SR VR i BE A
J2 80 2 328 F AR S 32 PEAR I GWAS /BT, 7E
LG2FILG23_ A7 7E MR i 3 A 5CQTL, X [a] P 3
H . FVEGF., MAPK, mTOR, PI3K-Akt%{5 5
W BEAh, FEMRAINS A K AR PRt A A
KGWASHEFT il . fE#EH, Zheng% ! H H
SNP.ts i HF e 1 8 o i ME AR GWASHESE , 3K45
18/~SNP5 WLIAI BRI & & . 1 &6 B 10 =2 AR g %
PR BB A OG5 8 3 DN 4 T R B HE X R B
10 LR, 10— 28 X5 540 i i 5 8 otk ) 4
EREIEATIAUE, HA 4 A (ankrd10a. tanc2 .
JxVHIchka)3ih 5 5105 & 2R EHIC; Chen
SRS Sk ROSF A G MR BT T GWASHM T .

GWASHELA =3 2 (R AE 42 35 X 44 A 4
0P AR 5 R DR A R SRR ) ORG BE v RIAE 9
B[] /4 o 20 A R 22 PR R R 2 0,
GWASHI B BHPE SR B PE e , ZREA . KA
B R UEAE S A R S R IR Ak RE B IR EOEE
AR ICIAV S A

4 IR R AT UK R

41 HWEFEREHOSEFABAEL

ey 7 o A 1) 4 i DA KRS 20 1 O R A B B
KA R AT S ) AR 55, PO k3R
0K 20 P R AR bR B T LR Y,
PRI ZH B4 K 20 RS AN A 56% 22 A7 1 7 51 48 45 1 3%
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Tab.3 The list of high-density genetic linkage map and QTL mapping of aquaculture species in nearly 5 years

B SFEIARAC /M

kb Fric KR Frid B Kl K/ eM . QTLMEAR 25 3R
species type of marker no. of markers map length/cM no. of linkage average marker QTL trait reference
groups interval/cM

pNiiFEa S SNP 96396 4 769(3)/7153(%) 29 0.05(3)/0.07(%) [106]
Salmo salar

SNP 6458 2190.3 29 0.34 [115]
il SNP 28194  10595.94 50 0.38 AR R [107]
Cyprinus carpio

SSR. SNP 8115 4586.56 50 0.57 KL MR [116]
i SNP 8521 5252 50 0.62 ESIS [117]
Carassius auratus

SNP 8487 3762.88 50 0.44 ESIS [108]
fif SNP 3121 2341.27 24 0.75 ESIS [118]
Hypophthalmichthys
nobilis
15 SNP 3283 1972.01 24 0.61 =% SN G [119]
Siniperca chuatsi
413k fijj SNP 14648 325838 24 0.57 KL R [120]
Megalobrama B s
amblycephala
2B A X A SNP 26238 3240 29 0.25 [121]
Ictalurus
punctatus*Ictalurus
furcatus
PN SNP 10150 5451 24 0.54 [122]
Larimichthys crocea
EHH fi SNP 3321 1577.67 24 0.52 LS [123]
Lates calcarifer

SSR. SNP 3000  2957.79 24 1.27 TR [109]

WAEH

F i SNP 12712 3497.29 24 0.47 i S B PP [110]
Paralichthys
olivaceus
KEEhY SNP 6 647 2262 22 0.395 HEKL R [124]
Scophthalmus
maximus
G i s SNP 6706 4816 24 0.72 53 [125]
Dicentrarchus
labrax
JLYRTERTUR SNP 6146 427143 44 0.7 ERS [
Litopenaeus
vannamei
AR SR B R SNP. SSR 18309 14 894.9 73 0.81 KL MR [126]
Eriocheir sinensis
ARAE W SNP 3367 1084.3 10 0.8 LS [127]
Crassostrea
gigasxCrassostrea
angulata
LB L SNP 3806 1543.4 19 0.41 AR, P [112]
Chlamys farreri
AL SNP 7516 2383.85 19 0.32 GRS [128]
Sinonovacula
constricta
biighid SNP 7 627 523242 31 0.69 PR [129]
Saccharina
Jjaponica
bdjlE| SNP 4378 1907.21 21 0.44 KL MRS [130]
Strongylocentrotus

intermedius

B L, A7 SRWFPEORADCE RS A, FEN TR d B, T v ) Sk
A, AT LU B S BRI R B S R D) PR B 448 SR 0o 8 2 5 AR Y e S e PR AR A
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Tab.4 Summary of GWAS applications in fish

Yo PR SNPH & FEAEL 22 R
species trait no. of SNPs no. of samples _reference
PNt L Fih . BT R  fillet texture, fat content 250, 000 770 [135]
Salmo salar
A& frowth 122, 000 622 [136]
K. B# growth, early maturation 6, 500 480 [150]
JERRZIR  pancreas disease 6, 000 1,182 [137]
WFEPLTE  sea lice resistance 50, 000 2,628 [138]
LI Vo KVEARB A% Jebhsd MR BRI R 4, 600 312 [139]
Oncorhynchus mykiss  bacterial cold water disease (CWD), infectious hematopoietic necrosis virus (IHNV)
WKL bacterial cold water disease (CWD) 5, 000 240 [140]
fa e, K fillet yield, growth 38, 000 1,447 [141]
BE pei X2 il HORFEEEDIME  columnaris disease resistance 250, 000 340 [142]
Ictalurus punctatus
HIBL  heat stress 250, 000 315 [143]
(K452 low oxygen tolerance 250, 000 630 [144]
Sk'BIEA  Skull morphology 250, 000 556 [145]
K Growth 250, 000 556 [146]
JAWUME P enteric septicemia resistance 250, 000 192 [151]
fitd AR & EARSCHIR  fat related traits 250, 000 220 [147]
Cyprinus caprio
SkRSF head size 250, 000 474 [148]
HRRFRIE 1 il £ 37 50 AR 44 fE salmon rickettsial syndrome (SRS) 4,100 764 [152]
Oncorhynchus kisutch
R By PEAIPE  sex determination 6, 700 175 [153]
Dicentrarchus labrax
P iy JREEMEAIZLINBER  viral nervous necrosis (VNN) disease 44,500 986 [154]

Lates calcarifer

0 55 5 R A0 L0 D
A — P B T, A0 M 8 R 40 136
540052 1L 5 294724 000/ 428 11 E A, A7
21PN TT e A K R 0T 5, (1
K3 A 0 30 2036, 40
WAL . RNAKE I 10 5 S K 7 4
TEBHIH,
12 REMRAEEERESBRNSE
Bt PRI | 5P 5F)0 B 6 DA
TR IR S 00, T B
R LR TR LT ST, R Rt A B
LA 22 5, I 1 R R ] L 38 4 A
e SR O BCRES 5, (L34 911 2 41
10, IR T A 0 55 5 QB 19
AT, 35086 2 TF B L 45 9 4L 5 2 6
S, A R A R 0 o
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FEFETSEAMEHME, THEAN. £
KEYMBEEEAREZMHE MR, ARZH
7T 25 S ml UG 25
43 BEMRKREHGEERESBEERAKE
B 3L =

B B YRR L QTL I GWASES A Bk
(22 S5, T EL 53 0 A6 N ) O [) A AR R AR
g, BRI S BRI AA R
Ab o EARQTLAIGWASZ B M H &2 2% i 45 44
HL R 0, B A Y A% 25 e, XSG 22 R
Sl AT R ek ok g ma R . B, wl R
3 o 5 PR TR 00 P bR 3 PR AR (eQTL) AT 2 400k [
B 30T 1) Ty A 35 R T A 538 % 5 QTLHIGW A S 2
SERRTY, BRI R [ QTL A GWASAH 7] F1
AN TR e A 2R 1 a8t A% SE A Je 5 PR 45 B4R 1 AR AR
PR AU, AT o 35 TR 20 )23 T P g 000 v R A %
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(5 A% 2 AN Rl ) RIS, & P2 OK A Y
Foft Jo 3 E B ST HURE R T — B B i B BN A

4.4 ZMEFLESERRZF KA RALE

PR S EE N B R R E IR, ZFhdl 4G
B SR TR F AR B TE AL R A AT oK 1 K
Bz —, AR EYHZMAEHEARFGE
SEA TR SRR, T AR R A W AL 5
M, TS G AR X TR Ak
L2 R 2 455 B R WT 5T H e A R, (H24>
AL 1) 20 22 R i B 5 ke SR o i T BE Y, ]
DASE 4 RT3 A A AR A A BEIL o) A8 1
i, FRAF AT AF A4S

SE M
[ 1] Maxam A M, Gilbert W. A new method for sequencing
DNAJJ]. Proceedings of the National Academy of
Sciences of the United States of America, 1977, 74(2):
560-564.

[ 2] SangerF, Nicklen S, Coulson A R. DNA sequencing
with chain-terminating inhibitors[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 1977, 74(12): 5463-5467.

[ 31 Martin G R. The roles of FGFs in the early
development of vertebrate limbs[J]. Genes &
Development, 1998, 12(11): 1571-1586.

[ 4] Aparicio S, Chapman J, Stupka E, et al. Whole-genome
shotgun assembly and analysis of the genome of Fugu
rubripes[J]. Science, 2002, 297(5585): 1301-1310.

[ 51 Metzker M L. Sequencing technologies-the next
generation[J]. Nature Reviews Genetics, 2010, 11(1):
31-46.

[ 61 Pushkarev D, Neff N F, Quake S R. Single-molecule
sequencing of an individual human genome[J]. Nature
Biotechnology, 2009, 27(9): 847-850.

[ 71 LiRQ,Fan W, Tian G, et al. The sequence and de
novo assembly of the giant panda genome[J]. Nature,
2010, 463(7279): 311-317.

[ 81 Treffer R, Deckert V. Recent advances in single-
molecule sequencing[J]. Current Opinion in
Biotechnology, 2010, 21(1): 4-11.

[ 91 KulskiJ K. Next-generation sequencing-an overview of
the history, tools, and “omic” applications|[M]//Kulski J

K. Next Generation Sequencing-Advances,

[10]

[11]

[12]

[131]

[14]

[15]

[16]

[17]

[18]

Applications and Challenges. InTech, 2016: 3-60.
Skinner D M, Beattie W G, Blattne F R, ef al. Repeat
sequence of a hermit crab satellite deoxyribonucleic
acid is (-T-A-G-G-),. (-A-T-C-C-),[J]. Biochemistry,
1974, 13(19): 3930-3937.

Kocher T D, Lee W J, Sobolewska H, et al. A genetic
linkage map of a cichlid fish, the tilapia (Oreochromis
niloticus)[J]. Genetics, 1998, 148(3): 1225-1232.
Young W P, Wheeler P A, Coryell V H, et al. A
detailed linkage map of rainbow trout produced using
doubled haploids[J]. Genetics, 1998, 148(2): 839-850.
BURHE, BERU AR, PO, 45, St il TR 2 T hmid i
I [I]. SHVNZERTFE, 2001, 22(3): 238-241.

Wei D W, Lou Y D, Sun X W, et al. Isolation of
microsatellite markers in the common carp (Cyprinus
carpio)[J]. Zoological Research, 2001, 22(3): 238-241
(in Chinese).

RIS, U E, M. [ X R G T AR DNA [
E[I]. HEEE S HIVE, 2001, 32(3): 255-259.

Xu P, Zhou L H, Xiang F H. Isolating microsatellite
DNA of Chinese shrimp Penaeus chinensis[J].
Oceanologia et Limnologia Sinica, 2001, 32(3): 255-
259.

Serapion J, Kucuktas H, Feng J N, ef al. Bioinformatic
mining of type I microsatellites from expressed
sequence tags of channel catfish (Ictalurus
punctatus)[J]. Marine Biotechnology, 2004, 6(4): 364-
3717.

JHEH, AESLHT. SRIE T FIAR R (EST) L5, K 4 22 F 7
HHI R [T A ARE R, 2004(1): 35-38, 34.
Wan H W, Du L X. Application of EST in the study of
genomics[J]. Biotechnology Bulletin, 2004(1): 35-38,
34 (in Chinese).

sKIGaE, &k, PVEOC. BT ESTF A1 18 f0 A K AR 5C
SNPAHE[I]. KF=2 2k &, 2009, 22(4): 1-7.

Zhang X F, Yang J, Sun X W. Exploitation of SNPs
related to growth traits of common carp (Cyprinus
carpio L.) based on EST sequences[J]. Chinese Journal
of Fisheries, 2009, 22(4): 1-7 (in Chinese).

Zhang Y A, Zou J, Chang C I, et al. Discovery and
characterization of two types of liver-expressed
antimicrobial peptide 2(LEAP-2) genes in rainbow
trout[J]. Veterinary Immunology and Immunopathol-

ogy, 2004, 101(3-4): 259-269

http://www.scxuebao.cn


http://www.scxuebao.cn

28

Ko AR

43 %

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

von Schalburg K R, Rise M L, Cooper G A, et al. Fish
and chips: various methodologies demonstrate utility of
a 16,006-gene salmonid microarray[J]. BMC
Genomics, 2005, 6: 126.

Naruse K, Tanaka M, Mita K, ef al. A medaka gene
map: the trace of ancestral vertebrate proto-
chromosomes revealed by comparative gene
mapping[J]. Genome Research, 2004, 14(5): 820-828.
Ng S H S, Artieri C G, Bosdet I E, ef al. A physical
map of the genome of Atlantic salmon, Salmo salar[J].
Genomics, 2005, 86(4): 396-404.

T, SRR I A ) T R ) A R FH D).
FE R 20 2 5 B A=, 2009, 28(1): 195-201.

Tang F Y, Zhang T Z. Construction and application of
large-insert clones-based physical map[J]. Genomics
and Applied Biology, 2009, 28(1): 195-201 (in
Chinese).

Xu P, Wang S L, Liu L, ef al. A BAC-based physical
map of the channel catfish genome[J]. Genomics, 2007,
90(3): 380-388.

PaltiY, LuoM C, Hu Y Q, ef al. A first generation
BAC-based physical map of the rainbow trout
genome[J]. BMC Genomics, 2009, 10: 462.

Xu P, Wang J, Wang J T, ef al. Generation of the first
BAC-based physical map of the common carp
genome[J]. BMC Genomics, 2011, 12: 537.

Lewin H A, Larkin D M, Pontius J, et al. Every genome
sequence needs a good map[J]. Genome Research,
2009, 19(11): 1925-1928.

PINFCC, GEFIRF. 0 (A% EE B P AR 0],
K= REE, 2000, 7(1): 1-5.

Sun X W, Liang L Q. A genetic linkage map of
common carp[J]. Journal of Fishery Sciences of China,
2000, 7(1): 1-6 (in Chinese).

Sun X W, Liang L Q. A genetic linkage map of
common carp (Cyprinus carpio L.) and mapping of a
locus associated with cold tolerance[J]. Aquaculture,
2004, 238(1-4): 165-172.

Hubert S, Hedgecock D. Linkage maps of microsatellite
DNA markers for the pacific oyster Crassostrea
gigas[J]. Genetics, 2004, 168(1): 351-362.

Nichols K M, Young W P, Danzmann R G, et al. A
consolidated linkage map for rainbow trout

(Oncorhynchus mykiss)[J]. Animal Genetics, 2003,

http://www.scxuebao.cn

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[391]

[40]

[41]

34(2): 102-115.

Lee BY, Lee W J, Streelman J T, et al. A second-
generation genetic linkage map of tilapia (Oreochromis
spp.)[J]. Genetics, 2005, 170(1): 237-244.

Moen T, Hayes B, Baranski M, ef al. A linkage map of
the Atlantic salmon (Sa/mo salar) based on EST-
derived SNP markers[J]. BMC Genomics, 2008, 9: 223.
XiaJ H, Liu F, Zhu Z Y, et al. A consensus linkage
map of the grass carp (Ctenopharyngodon idella) based
on microsatellites and SNPs[J]. BMC Genomics, 2010,
11: 135.

Jackson T R, Ferguson M M, Danzmann R G, et al.
Identification of two QTL influencing upper
temperature tolerance in three rainbow trout
(Oncorhynchus mykiss) half-sib families[J]. Heredity,
1998, 80(2): 143-151.

Yue G H. Recent advances of genome mapping and
marker-assisted selection in aquaculture[J]. Fish and
Fisheries, 2014, 15(3): 376-396.

Laghari M Y, Lashari P, Zhang X F, et al. QTL
mapping for economically important traits of Common
carp (Cyprinus carpio L.)[J]. Journal of Applied
Genetics, 2015, 56(1): 65-75.

Derayat A, Houston R D, Guy D R, et al. Mapping
QTL affecting body lipid percentage in Atlantic salmon
(Salmo salar)[J]. Aquaculture, 2007, 272(S1): S250-
S251.

Baranski M, Moen T, Vage D I. Mapping of
quantitative trait loci for flesh colour and growth traits
in Atlantic salmon (Sa/mo salar)[J]. Genetics Selection
Evolution, 2010, 42: 17.

Kuang Y Y, Zheng X H, Lv W H, ef al. Mapping
quantitative trait loci for flesh fat content in common
carp (Cyprinus carpio)[J]. Aquaculture, 2014, 435:
100-105.

20, HIE, 50T, % FIHEST-SSRZF THR1CHT 7T
9 (R P AL FR AR (D], K™ 243R, 2009, 33(4): 624-
631.

Li O, Cao D C, Zhang Y, et al. Studies on feed
conversion ratio trait of common carp (Cyprinus carpio
L.) using EST-SSR marker[J]. Journal of Fisheries of
China, 2009, 33(4): 624-631 (in Chinese).

SR, TR, I, 45, FI FISSR X ESTHRiC X
B0 1 P RHE AL FR A QTL A A [1]. AV AE I HROR 291,


http://www.scxuebao.cn

134 AI], S K- AW R I R S 29
2010, 18(5): 963-967. [50] Kettleborough R N W, Busch-Nentwich E M, Harvey S
Zhang L B, Zhang X F, Cao D C, et al. QTL analysis A, et al. A systematic genome-wide analysis of
related to feed conversion efficiency in common carp zebrafish protein-coding gene function[J]. Nature,
(Cyprinus carpio) using SSR and EST markers[J]. 2013, 496(7446): 494-497.

Journal of Agricultural Biotechnology, 2010, 18(5): [51] Star B, Nederbragt A J, Jentoft S, et al. The genome
963-967 (in Chinese). sequence of Atlantic cod reveals a unique immune

[42] EEM, dkbelg, 23CH, 55, B 1L R HAR 1K system[J]. Nature, 2011, 477(7363): 207-210.
QTLEN. st AL B 43 M [J]. AKAEAEY 3R, 2012, [52] Malmstrem M, Matschiner M, Torresen O K, et al.
36(2): 177-196. Evolution of the immune system influences speciation
Wang X P, Zhang X F, Li W S, et al. Mapping and rates in teleost fishes[J]. Nature Genetics, 2016, 48(10):
genetic effect analysis on quantitative trait loci related 1204-1210.
to feed conversion ratio of common carp (Cyprinus [53] Berthelot C, Brunet F, Chalopin D, et al. The rainbow
carpio L.)[J]. Acta Hydrobiologica Sinica, 2012, 36(2): trout genome provides novel insights into evolution
177-196 (in Chinese). after whole-genome duplication in vertebrates[J].

[43] Barroso R M, Wheeler P A, Lapatra S E, ef al. QTL for Nature Communications, 2014, 5: 3657.

IHNV resistance and growth identified in a rainbow [54] Brawand D, Wagner E C, Li Y I, ef al. The genomic
(Oncorhynchus mykiss)xyellowstone cutthroat substrate for adaptive radiation in African cichlid
(Oncorhynchus clarki bouvieri) trout cross[J]. fish[J]. Nature, 2014, 513(7518): 375-381.

Aquaculture, 2008, 277(3-4): 156-163. [55] LiuZ]J, Liu S K, Yao J, et al. The channel catfish

[44]1 Fuji K, Kobayashi K, Hasegawa O, et al. Identification genome sequence provides insights into the evolution
of a single major genetic locus controlling the of scale formation in teleosts[J]. Nature
resistance to lymphocystis disease in Japanese flounder Communications, 2016, 7: 11757.

(Paralichthys olivaceus)[J]. Aquaculture, 2006, 254(1- [56] Lien S, Koop B F, Sandve S R, ef al. The Atlantic
4): 203-210. salmon genome provides insights into

[45] Fuji K, Hasegawa O, Honda K, ef al. Marker-assisted rediploidization[J]. Nature, 2016, 533(7602): 200-205.
breeding of a lymphocystis disease-resistant Japanese [57] Brawand D, Wagner C E, Li Y I, et al. The genomic
flounder (Paralichthys olivaceus)[J]. Aquaculture, substrate for adaptive radiation in African cichlid
2007, 272(1-4): 291-295. fish[J]. Nature, 2014, 513(7518): 375-381.

[46] XuTlIJ, ChenSL,IJiXS,etal. MHC polymorphism [58] Tine M, Kuhl H, Gagnaire P A, et al. European sea bass
and disease resistance to Vibrio anguillarum in 12 genome and its variation provide insights into
selective Japanese flounder (Paralichthys olivaceus) adaptation to euryhalinity and speciation[J]. Nature
families[J]. Fish & Shellfish Immunology, 2008, 25(3): Communications, 2014, 5: 5770.

213-221. [59] Nakamura Y, Mori K, Saitoh K, et al. Evolutionary

[47] YuHY,HeY, Wang X X, ef al. Polymorphism in a changes of multiple visual pigment genes in the
serine protease inhibitor gene and its association with complete genome of pacific bluefin tuna[J].
disease resistance in the eastern oyster (Crassostrea Proceedings of the National Academy of Sciences of
virginica Gmelin)[J]. Fish & Shellfish Immunology, the United States of America, 2013, 110(27): 11061-
2011, 30(3): 757-762. 11066.

[48] Kasahara M, Naruse K, Sasaki S, et a/. The medaka [60] Figueras A, Robledo D, Corvelo A, et al. Whole
draft genome and insights into vertebrate genome genome sequencing of turbot (Scophthalmus maximus;
evolution[J]. Nature, 2007, 447(7145): 714-719. Pleuronectiformes): a fish adapted to demersal life[J].

[49] HoweK, Clark M D, Torroja C F, et al. The zebrafish DNA Research, 2016, 23(3): 181-192.

reference genome sequence and its relationship to the

human genome[J]. Nature, 2013, 496(7446): 498-503.

[61]

Braasch I, Gehrke A R, Smith J J, ef al. The spotted gar

genome illuminates vertebrate evolution and facilitates

http://www.scxuebao.cn


http://www.scxuebao.cn

30

Ko AR

43 %

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

human-teleost comparisons[J]. Nature Genetics, 2016,
48(4): 427-437.

Vij S, Kuhl H, Kuznetsova I S, et al. Chromosomal-
level assembly of the Asian seabass genome using long
sequence reads and multi-layered scaffolding[J]. PLOS
Genetics, 2016, 12(4): €¢1005954.

Zhang G F, Fang X D, Guo X M, et al. The oyster
genome reveals stress adaptation and complexity of
shell formation[J]. Nature, 2012, 490(7418): 49-54.
Chen S L, Zhang G J, Shao C W, et al. Whole-genome
sequence of a flatfish provides insights into ZW sex
chromosome evolution and adaptation to a benthic
lifestyle[J]. Nature Genetics, 2014, 46(3): 253-260.

Xu P, Zhang X F, Wang X M, et al. Genome sequence
and genetic diversity of the common carp, Cyprinus
carpiolJ]. Nature Genetics, 2014, 46(11): 1212-1219.
Wu C W, Zhang D, Kan M Y, et al. The draft genome
of the large yellow croaker reveals well-developed
innate immunity[J]. Nature Communication, 2014, 5:
5227.

AoJQ,MuY N, Xiang L X, ef al. Genome sequencing
of the perciform fish Larimichthys crocea provides
insights into molecular and genetic mechanisms of
stress adaptation[J]. PLoS Genetics, 2015, 11(4):
¢1005118.

Wang Y P, Lu Y, Zhang Y, ef al. The draft genome of
the grass carp (Ctenopharyngodon idellus) provides
insights into its evolution and vegetarian adaptation[J].
Nature Genetics, 2015, 47(6): 625-631.

Shao C W, Bao BL, Xie Z Y, et al. The genome and
transcriptome of Japanese flounder provide insights into
flatfish asymmetry[J]. Nature Genetics, 2017, 49(1):
119-124.

XulJ, LiJ T, Jiang Y L, ef al. Genomic basis of
adaptive evolution: the survival of Amur ide (Leuciscus
waleckii) in an extremely alkaline environment[J].
Molecular Biology and Evolution, 2017, 34(1): 145-
159.

Yang J X, Chen X L, Bai J, et al. The Sinocyclocheilus
cavefish genome provides insights into cave
adaptation[J]. BMC Biology, 2016, 14: 1.

Lin Q, Fan S H, Zhang Y H, et al. The seahorse
genome and the evolution of its specialized

morphology[J]. Nature, 2016, 540(7633): 395-399.

http://www.scxuebao.cn

[73]

[74]

[75]

[761]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

Ye N H, Zhang X W, Miao M, et al. Saccharina
genomes provide novel insight into kelp biology[J].
Nature Communications, 2015, 6: 6986.

Wang S, Zhang J B, Jiao W Q, ef al. Scallop genome
provides insights into evolution of bilaterian karyotype
and development[J]. Nature Ecology & Evolution,
2017, 1(5): 120.

Gong G R, Dan C, Xiao S J, et al. Chromosomal-level
assembly of yellow catfish genome using third-
generation DNA sequencing and Hi-C analysis[J].
GigaScience, 2018, 7(11): giy120.

Shao C W, Li C, Wang N, ef al. Chromosome-level
genome assembly of the spotted sea bass, Lateolabrax
maculatus[J]. GigaScience, 2018, 7(11): giyl14.

Liu H, Chen C H, Gao Z X, et al. The draft genome of
blunt snout bream (Megalobrama amblycephala)
reveals the development of intermuscular bone and
adaptation to herbivorous diet[J]. GigaScience, 2017,
6(7): 1=13.

Xu J, Bian C, Chen K C, et al. Draft genome of the
Northern snakehead, Channa argus[J]. GigaScience,
2017, 6(4): 1-5.

Gao Y, Gao Q, Zhang H, et al. Draft sequencing and
analysis of the genome of pufferfish Takifugu
flavidus[J]. DNA Research, 2014, 21(6): 627-637.

Song L S, Bian C, Luo Y J, et al. Draft genome of the
Chinese mitten crab, Eriocheir sinensis[J].
GigaScience, 2016, 5: 5.

Zhang X J, Sun L N, Yuan J B, ef al. The sea cucumber
genome provides insights into morphological evolution
and visceral regeneration[J]. PLoS Biology, 2017,
15(10): €2003790.

Shin S C, Ahn D H, Kim S J, et al. The genome
sequence of the Antarctic bullhead notothen reveals
evolutionary adaptations to a cold environment[J].
Genome Biology, 2014, 15(9): 468.

Rondeau E B, Minkley D R, Leong J S, et al. The
genome and linkage map of the northern pike (Esox
lucius): conserved synteny revealed between the
salmonid sister group and the Neoteleostei[J]. PLoS
One, 2014, 9(7): €102089.

Austin C M, Tan M H, Croft L J, et al. Whole genome
sequencing of the Asian arowana (Scleropages

formosus) provides insights into the evolution of ray-


http://www.scxuebao.cn

134 AI], S K- AW R I R S 31
finned fishes[J]. Genome Biology and Evolution, 2015, fish[J]. Genome Research, 2014, 24(4): 604-615.

7(10): 2885-2895. [96] Niederhuth C E, Bewick A J, Ji L X, ef al. Widespread

[85] XuT]J,XuGL,CheR B, et al. The genome of the natural variation of DNA methylation within
miiuy croaker reveals well-developed innate immune angiosperms[J]. Genome Biology, 2016, 17: 194.
and sensory systems[J]. Scientific Reports, 2016, 6: [971 T8, Vrlll, REHE, & RUBAEL =0 70 R[],
21902. E Rl AR, 2017, 47(1): 3-15.

[86] AlMomin S, Kumar V, Al-Amad S, et al. Draft genome Ding Y, Xu C, Wu J H, et al. Recent progress in
sequence of the silver pomfret fish, Pampus epigenetics[J]. Scientia Sinica Vitae, 2017, 47(1): 3-15
argenteus[J]. Genome, 2016, 59(1): 51-58. (in Chinese).

[87] LiuHP,LiuQY, ChenZ Q, et al. Draft genome of [981 MAREK, ik, B, &5, JK7= F5 58 P S5 Ae x f 2%
Glyptosternon maculatum, an endemic fish from Tibet RV AL S WF 7T B [J]. RIER VR RS2,
plateau[J]. GigaScience, 2018, 7(9): giy104. 2018, 33(2): 270-282.

[88] Lamichhaney S, Barrio A M, Rafati N, et al. Yang Z F, Liu B, Ge X P, et al. Research progress of
Population-scale sequencing reveals genetic aquaculture environmental stress on epigenetic
differentiation due to local adaptation in Atlantic regulation in fish: a review[J]. Journal of Dalian Ocean
herring[J]. Proceedings of the National Academy of University, 2018, 33(2): 270-282 (in Chinese).
Sciences of the United States of America, 2012, [99] Mortazavi A, Williams B A, McCue K, et al. Mapping
109(47): 19345-19350. and quantifying mammalian transcriptomes by RNA-

[89] Hohenlohe P A, Day M D, Amish S J, et al. Genomic Seq[J]. Nature Methods, 2008, 5(7): 621-628.
patterns of introgression in rainbow and westslope [100] Wang Z, Gerstein M, Snyder M. RNA-Seq: a
cutthroat trout illuminated by overlapping paired-end revolutionary tool for transcriptomics[J]. Nature
RAD sequencing[J]. Molecular Ecology, 2013, 22(11): Reviews Genetics, 2009, 10(1): 57-63.

3002-3013. [101] Robledo D, Gutiérrez A P, Barria A, et al. Gene

[90] Housto R D, Taggart J B, Cézard T, et al. Development expression response to sea lice in Atlantic salmon skin:
and validation of a high density SNP genotyping array RNA sequencing comparison between resistant and
for Atlantic salmon (Salmo salar)[J]. BMC Genomics, susceptible animals[J]. Frontiers in Genetics, 2018, 9:
2014, 15: 90. 287.

[91] LiuSK,SunLY,LiY, efal Development of the [102] XulJ, LiQ, XuL M, ef al. Gene expression changes
catfish 250K SNP array for genome-wide association leading extreme alkaline tolerance in Amur ide
studies[J]. BMC Research Notes, 2014, 7: 135. (Leuciscus waleckii) inhabiting soda lake[J]. BMC

[92] Xul, Zhao Z X, Zhang X F, et al. Development and Genomics, 2013, 14: 682.
evaluation of the first high-throughput SNP array for [103] Meyer K D, Saletore Y, Zumbo P, et al.
common carp (Cyprinus carpio)[J]. BMC Genomics, Comprehensive analysis of mRNA methylation reveals
2014, 15: 307. enrichment in 3’UTRs and near stop codons[J]. Cell,

[93] Dupont C, Armant D R, Brenner C A. Epigenetics: 2012, 149(7): 1635-1646.
definition, mechanisms and clinical perspective[J]. [104] Han Y X, Gao S G, Muegge K, ef al. Advanced
Seminars in Reproductive Medicine, 2009, 27(5): 351- applications of RNA sequencing and challenges[J].
357. Bioinformatics and Biology Insights, 2015, 9(S1): 29-

[94] Jabbari K, Caccio S, Pais de Barros J P, et al. 46.

Evolutionary changes in CpG and methylation levels in [105]  Suravajhala P, Kogelman L J A, Kadarmideen H N.
the genome of vertebrates[J]. Gene, 1997, 205(1-2): Multi-omic data integration and analysis using systems
109-118. genomics approaches: methods and applications in
[95] Shao C W, LiQY, Chen S L, ef al. Epigenetic animal production, health and welfare[J]. Genetics

modification and inheritance in sexual reversal of

Selection Evolution, 2016, 48(1): 38.

http://www.scxuebao.cn


http://www.scxuebao.cn

32

Ko AR

43 %

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

Tsai H'Y, Robledo D, Lowe N R, ef al. Construction
and annotation of a high density SNP linkage map of
the Atlantic salmon (Sa/mo salar) genome[J]. G3:
Genes, Genomes, Genetics, 2016, 6(7): 2173-2179.
Peng W Z, Xu J, Zhang Y, et al. An ultra-high density
linkage map and QTL mapping for sex and growth-
related traits of common carp (Cyprinus carpio)[J].
Scientific Reports, 2016, 6: 26693.

Liu HY, Fu B D, Pang M X, et al. A high-density
genetic linkage map and QTL fine mapping for body
weight in crucian carp (Carassius auratus) using 2b-
RAD sequencing[J]. G3: Genes, Genomes, Genetics,
2017, 7(8): 2473-2487.

Liu P, Wang L, Wong S M, et al. Fine mapping QTL
for resistance to VNN disease using a high-density
linkage map in Asian seabass[J]. Scientific Reports,
2016, 6: 32122.

Shao C W, Niu Y C, Rastas P, et al. Genome-wide SNP
identification for the construction of a high-resolution
genetic map of Japanese flounder (Paralichthys
olivaceus): applications to QTL mapping of Vibrio
anguillarum disease resistance and comparative
genomic analysis[J]. DNA Research, 2015, 22(2): 161-
170.

Yu Y, Zhang X J, Yuan J B, et al. Genome survey and
high-density genetic map construction provide genomic
and genetic resources for the Pacific White Shrimp
Litopenaeus vannamei[J]. Scientific Reports, 2015, 5:
15612.

Jiao W Q, Fu X T, Dou J Z, et al. High-resolution
linkage and quantitative trait locus mapping aided by
genome survey sequencing: building up an integrative
genomic framework for a bivalve mollusc[J]. DNA
Research, 2014, 21(1): 85-101.

Yue G H, Wang L. Current status of genome
sequencing and its applications in aquaculture[J].
Aquaculture, 2017, 468: 337-347.

TRIpeE, Tk, B ELIRIE M RA P IRQTLE AL 52
BRI KFe 52k &, 2018, 31(1): 52-66.

Zhang X F, Geng B. Advances in QTL mapping of
important economic traits in principal cultured
fishes[J]. Chinese Journal of Fisheries, 2018, 31(1): 52-
66 (in Chinese).

Gonen S, Lowe N R, Cezard T, et al. Linkage maps of

http://www.scxuebao.cn

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

the Atlantic salmon (Sa/mo salar) genome derived from
RAD sequencing[J]. BMC Genomics, 2014, 15: 166.
Feng X, Yu X M, Fu B D, et al. A high-resolution
genetic linkage map and QTL fine mapping for growth-
related traits and sex in the Yangtze River common
carp (Cyprinus carpio haematopterus)[J]. BMC
Genomics, 2018, 19(1): 230.

Kuang Y'Y, Zheng X H, Li C Y, et al. The genetic map
of goldfish (Carassius auratus) provided insights to the
divergent genome evolutions in the Cyprinidae
family[J]. Scientific Reports, 2016, 6: 34849.
FuBD,LiuHY, Yu XM, ef al. A high-density genetic
map and growth related QTL mapping in bighead carp
(Hypophthalmichthys nobilis)[J]. Scientific Reports,
2016, 6: 28679.

Sun CF,NiuY C, Ye X, et al. Construction of a high-
density linkage map and mapping of sex determination
and growth-related loci in the mandarin fish (Siniperca
chuatsi)[J]. BMC Genomics, 2017, 18: 446.

Wan S M, Liu H, Zhao B W, et al. Construction of a
high-density linkage map and fine mapping of QTLs for
growth and gonad related traits in blunt snout bream[J].
Scientific Reports, 2017, 7: 46509.

Liu S, Li Y, Qin Z, et al. High-density interspecific
genetic linkage mapping provides insights into genomic
incompatibility between channel catfish and blue
catfish[J]. Animal Genetics, 2016, 47(1): 81-90.
AoJQ,LiJ, You XX, et al. Construction of the high-
density genetic linkage map and chromosome map of
large yellow croaker (Larimichthys crocea)[J].
International Journal of Molecular Sciences, 2015,
16(11): 26237-26248.

Wang L, Wan Z Y, Bai B, et al. Construction of a high-
density linkage map and fine mapping of QTL for
growth in Asian seabass[J]. Scientific Reports, 2015, 5:
16358.

Wang WJ,HuY L, Ma Y, et al. High-density genetic
linkage mapping in turbot (Scophthalmus maximus L.)
based on SNP markers and major sex- and growth-
related regions detection[J]. PLoS ONE, 2015, 10(3):
¢0120410.

Palaiokostas C, Bekaert M, Taggart J B, ef al. A new
SNP-based vision of the genetics of sex determination

in European sea bass (Dicentrarchus labrax)[J].


http://www.scxuebao.cn

14

e, -

K H A DR 2 R 5 i e 33

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

Genetics Selection Evolution, 2015, 47(1): 68.

Qiu G F, Xiong L W, Han Z K, et al. A second
generation SNP and SSR integrated linkage map and
QTL mapping for the Chinese mitten crab Eriocheir
sinensis[J]. Scientific Reports, 2017, 7: 39826.

Wang J P, Li L, Zhang G F. A high-density SNP
genetic linkage map and QTL analysis of growth-
related traits in a hybrid family of oysters (Crassostrea
gigasxCrassostrea angulata) using genotyping-by-
sequencing[J]. G3: Genes, Genomes, Genetics, 2016,
6(5): 1417-1426.

Niu D H, Du'Y C, Wang Z, et al. Construction of the
first high-density genetic linkage map and analysis of
quantitative trait loci for growth-related traits in
Sinonovacula constricta[J]. Marine Biotechnology,
2017, 19(5): 488-496.

Wang X L, Chen ZH, Li QY, et al. High-density SNP-
based QTL mapping and candidate gene screening for
yield-related blade length and width in Saccharina
japonica (Laminariales, Phaeophyta)[J]. Scientific
Reports, 2018, 8: 13591.

Chang Y Q, Ding J, Xu Y H, et al. SLAF-based high-
density genetic map construction and QTL mapping for
major economic traits in sea urchin Strongylocentrotus
intermedius[J]. Scientific Reports, 2018, 8(1): 820.
Yaiiez ] M, Naswa S, Lopez M E, ef al. Genomewide
single nucleotide polymorphism discovery in Atlantic
salmon (Salmo salar): validation in wild and farmed
American and European populations[J]. Molecular
Ecology Resources, 2016, 16(4): 1002-1011.

Palti Y, Gao G, Liu S, ef al. The development and
characterization of a 57K single nucleotide
polymorphism array for rainbow trout[J]. Molecular
Ecology Resources, 2015, 15(3): 662-672.

Qi H G, Song K, Li C Y, et al. Construction and
evaluation of a high-density SNP array for the Pacific
oyster (Crassostrea gigas)[J]. PLoS One, 2017, 12(3):
¢0174007.

Gutierrez A P, Turner F, Gharbi K, ef al. Development
of a medium density combined-species SNP array for
Pacific and European oysters (Crassostrea gigas and
Ostrea edulis)[J]. G3: Genes, Genomes, Genetics,
2017, 7(7): 2209-2218.

Sodeland M, Gaarder M, Moen T, et al. Genome-wide

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

association testing reveals quantitative trait loci for
fillet texture and fat content in Atlantic salmon[J].
Aquaculture, 2013, 408-409: 169-174.

Tsai HY, Hamilton A, Tinch A E, et al. Genome wide
association and genomic prediction for growth traits in
juvenile farmed Atlantic salmon using a high density
SNP array[J]. BMC Genomics, 2015, 16: 969.

Gonen S, Baranski M, Thorland 1, ef al. Mapping and
validation of a major QTL affecting resistance to
pancreas disease (Salmonid Alphavirus) in Atlantic
salmon (Salmo salar)[J]. Heredity, 2015, 115(5): 405-
414.

Correa K, Lhorente J P, Bassini L, et al. Genome wide
association study for resistance to Caligus
rogercresseyi in Atlantic salmon (Sal/mo salar L.) using
a 50K SNP genotyping array[J]. Aquaculture, 2017,
472(S1): 61-65.

Campbell N R, LaPatra S E, Overturf K, et al.
Association mapping of disease resistance traits in
rainbow trout using restriction site associated DNA
sequencing[J]. G3: Genes, Genomes, Genetics, 2014,
4(12): 2473-2481.

Palti Y, Vallejo R L, Gao G T, et al. Detection and
validation of QTL affecting bacterial cold water disease
resistance in rainbow trout using restriction-site
associated DNA sequencing[J]. PLoS One, 2015, 10(9):
e0138435.

Gonzalez-Pena D, Gao G T, Baranski M, et al.
Genome-wide association study for identifying loci that
affect fillet yield, carcass, and body weight traits in
rainbow trout (Oncorhynchus mykiss)[J]. Frontiers in
Genetics, 2016, 7: 203.

Geng X, Sha J, Liu S K, ef al. A genome-wide
association study in catfish reveals the presence of
functional hubs of related genes within QTLs for
columnaris disease resistance[J]. BMC Genomics,
2015, 16(1): 196.

Jin Y, Zhou X, Geng X, et al. A Genome-wide
association study of heat stress-associated SNPs in
catfish[J]. Animal Genetics, 2017, 48(2): 233-236.
Zhong X X, Wang X Z, Zhou T, et al. Genome-wide
association study reveals multiple novel QTL
associated with low oxygen tolerance in hybrid

catfish[J]. Marine Biotechnology, 2017, 19(4): 379-

http://www.scxuebao.cn


http://www.scxuebao.cn

34 Ko kAR 43
390. [152] Barria A, Christensen K A, Yoshida G M, et al.

[145] Geng X, Liu S K, Yuan Z H, ef al. A Genome-wide Genomic predictions and genome-wide association
association study reveals that genes with functions for study of resistance against Piscirickettsia salmonis in
bone development are associated with body coho salmon (Oncorhynchus kisutch) using ddRAD
conformation in catfish[J]. Marine Biotechnology, sequencing[J]. G3: Genes, Genomes, Genetics, 2018,
2017, 19(6): 570-578. 8(4): 1183-1194.

[146] LiN, Zhou T, Geng X, et al. Identification of novel [153] Palaiokostas C, Bekaert M, Taggart J B, ef al. A new
genes significantly affecting growth in catfish through SNP-based vision of the genetics of sex determination
GWAS analysis[J]. Molecular Genetics and Genomics, in European sea bass (Dicentrarchus labrax)[J].
2018, 293(3): 587-599. Genetics Selection Evolution, 2015, 47(1): 68.

[147]  Zheng X H, Kuang Y Y, Lv W H, et al. Genome-wide [154] Wang L, Liu P, Huang S Q, et al. Genome-wide
association study for muscle fat content and abdominal association study identifies loci associated with
fat traits in common carp (Cyprinus carpio)[J]. PLoS resistance to viral nervous necrosis disease in Asian
One, 2016, 11(12): e0169127. seabass[J]. Marine Biotechnology, 2017, 19(3): 255-

[148] Chen L, Peng W Z, Kong S N, ef al. Genetic mapping 265.
of head size related traits in common carp (Cyprinus [155]  Salzberg S L. Open questions: how many genes do we
carpio)[J]. Frontiers in Genetics, 2018, 9: 448. have?[J]. BMC Biology, 2018, 16(1): 94.

[149]  Pearson T A, Manolio T A. How to interpret a genome- [156] Wu C, Pan W. Integrating eQTL data with GWAS
wide association study[J]. JAMA, 2008, 299(11): 1335- summary statistics in pathway-based analysis with
1344. application to schizophrenia[J]. Genetic Epidemiology,

[150]  Gutierrez A P, Yafiez J M, Fukui S, et al. Genome-wide 2018, 42(3): 303-316.
association study (GWAS) for growth rate and age at [157]  Suravajhala P, Kogelman L J A, Kadarmideen H N.
sexual maturation in Atlantic salmon (Salmo salar)[J]. Multi-omic data integration and analysis using systems
PLoS One, 2015, 10(3): e0119730. genomics approaches: methods and applications in

[151]  Zhou T, Liu S K, Geng X, et al. GWAS analysis of animal production, health and welfare[J]. Genetics
QTL for enteric septicemia of catfish and their involved Selection Evolution, 2016, 48(1): 38.
genes suggest evolutionary conservation of a molecular [158] Bardozzo F, Li6 P, Roberto T. A study on multi-omic

mechanism of disease resistance[J]. Molecular Genetics

and Genomics, 2017, 292(1): 231-242.

http://www.scxuebao.cn

oscillations in Escherichia coli metabolic networks[J].

BMC Bioinformatics, 2018, 19(S7): 194.


http://www.scxuebao.cn

13 AR, S Kk R BT R A 35

Progress and perspective of the genome research in aquatic organisms

ZHENG Xianhu, KUANG Youyi, LU Weihua, LUAN Peixian,
SUN Zhipeng, LU Cuiyun, SUN Xiaowen

(National and Local Joint Engineering Laboratory for Freshwater Fish Breeding; Key Laboratory of Freshwater
Aquatic Biotechnology and Breeding, Ministry of Agriculture and Rural Affairs; Heilongjiang River Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Harbin 150070, China)

Abstract: In this paper, the development and application of related technologies in aquatic genome research are
reviewed. Taking the appearance of the next-generation sequencing (NGS) technology as a demarcation point, we
firstly looked back to the researches of genetics and molecular biology of aquatic organisms in the early stages, and
the basic researches for the whole-genome sequencing. And then we emphatically introduced the development of
the NGS technology application for whole-genome sequencing and economic traits analysis. At last, the
development trend of aquatic organisms whole-genome researches is prospected. The genetic mechanism of
economic traits of aquatic organisms is highly complex, thus there are still a lot of difficulties in explaining the
genetic mechanism at the whole-genome level. However, it is a basic law that trait is determined by genes, so the
exploration will still be fascinating.
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