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TRAE . ABFFERAAY 100 FBF 358 A % &
F1412 (2014 4 12 SR A4~ F1412), H &

W 151 BB HidK 165 B, FEmREN 52.22%,
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12 uL, J5 A rTaq B (5 U/uL) 0.15 pL, PCR
FWARFE R 95°C 5 min; 95°C 30 s, 58.5°C 30 s,
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f7o B PCR PZHIINA 6 uL BRI G7E 6%FK N
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WK SPSS4.0 AT R ks, &Rk
55 P<0.05, WX DA MO 10 & Babos . 8%
REEA TR 22 R W, 25 P>0.05, W25 A3,
#r P<0.01, DUI2E 5 e 2,
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R SRS RN, ) pMDI18-T 24k I, ik
F| TOP10 JRZA UM, SRJ5 26 1A e b 3 4 e
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HEA7 et 4, #il2E 5 R B & oz B2
PRI H B R B
127 QTL EAIRFTEHIELAE Wi . BN
MRS 47 2, BORAARBURIT IR AE T/ 47 2, %)
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WE LOD {EHR 3, 1C SRR LA L 7K P 1A
FEAUAR SR QTL X [H] AH O EHE o AR R SE 30 2
TR R A Ak TG AE T ), %2 18 Wang 252!
SR P RO RS AT o0 b7, ERE—r,
FET-IY 47 B e o1, £ FoRIY 47
BARE L R0, #EX T, SCIRATH 47 Rk
W RTE 108 h NAETS, % 36 h INFET- I
B R E SR e3”, B[R 36 h gl sE— IR IR E
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21 FBEBHIGLKINER SSR iFik

211 BSA &R 169 M DR N
. BORSERMIR RS, A1 AR EAR]
scaffold479_23523 TEHUIG . JE 5 DRI i (1] SR 0 4
TESMHE 1), 2R KW HRAEDURT, K
/A 105~115 bp,

212 FE—REBANEEIE X scaffold479 23523
BB — R BAAMRIGAE, 45 51 & BUTE 15 BYURAS
Ry 12 BHURAAR I 22 74500, LR 80%:;
15 RBIERAMMATA 3 RERA R 22 7 &0,
He il R 20%, B B2 5 (P<0.05), Z54%0
£EF 100~115 bp &b (1 2A).

213 #KWIE X} scaffoldd479 23523 HEIT45
WY KEEARIGAUE, 455 &P scaffold479 23523 155K

B 1 T EART scaffold479 23523 7EJE0% |
B B LR A B
M: FrFambRic; St B 2R AT i Re B = BB A
BEF LR EF K.
Amplification of scaffold479 23523 in
susceptible bulk and resistance bulk

M: marker; S: the susceptible one; R: the resistant one;
Black arrow indicates differential bands.

Fig. 1
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€2 scaffold479 23523 7£ 50 YRR 50 )2
£ R U RV
M: Jr TR St BURMA R HURAMAS 3 A& Q:
A A AN ACS T R=15: 15, B: S : R=35 : 35,
Fig. 2 Amplification of scaffold479 23523 in 50 susceptible
and 50 resistant individuals.
M: marker; S: individuals in susceptible pool; R: individuals in

resistant pool; & father; Q: mother; black arrow: differential
bands; A: S¥*R=15*15; B: S*R=35%35.

FEI I B 3E 2 R (P<0.01), 7E 50 EBHORAMAETA
41 BSR4, Hh 82%; 1T 50 FERR A
A 19 R RA01, il 38% (] 2B).

214 EZERETHREMNE X scaffold479_
23523 1Y 2% S A INORE e, BRSO RE L B AR )
ANENFE R, 53] 1B 101 bp BYF51): 5'~AATATA-
TTTGCTGACATTTGAGTGCGTGTGTGTGCGTG
TGTGTGTGTGTGTGTGTGCTCCAGCAGACAGA-
CGACTCCGTGCTCCACACAGACAGTCAGTC-3',
2t 5 scaffold479_23523 J¥ 41T BLAST LLXT/E,

TR RS 98%, BN HO i & 835 TR fRiC
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scaffold479 23523 Wi —BLF 41 .
22 QTL &R

A Song 25 PIHe 1y 18t 4 7 B K1 1%, scaf-
fold479 23523 fii T4t LG18, LG18 3L 37
MR T EFRC, B4&A 32 Mnicge 5 2 2 K 4
RiZEIR SR Joinmap4.0 XA T404, B3 A
RIS . WEPE RS A EE, o> 3lar 44k LGS,
LGISF. LGI8M (K 3, % 1),

K WinQTLCart2.5 #E17 8bRric 4 #r fl QTL

FENL, AR, A 3 MRl 5PUR
PERAEAE B35 B AH P (P<0.05), 1 MRic 5%
PEIRAFAEN B B Ao (P<0.01), HiH scaffold479
23523 7 LG18M 1 P=0.0516, i & HH 1,
BT, B 4 MRl S PR TR A B A
PE, 1A it 28 AH OGRS 10 o HiH scaffold080437
TEAR R — KA —H Ay LG18. LGISF ¥R
W B A CE, 76 LGISM rh 3 B A0 S 1
(#2, #3).

LGI18 LGI8F LGISM
0.0 —~— Cyse166 0.0 Cyse166 0.0 scaffold7321_1165
8.1 scaffold1291_50712
6.9 scaffold479_23523
13.2 scaffold4451_1100
11.1 hncyse90 107 hncyse90 18.8 hncyse110
15.0 scaffold7321_1165 16.4 scaffold479_23523 o
qe-
20.3 ~| | — scaffold080437 19.7 scaffold080437 32.2 cyse80
21.5 — T~ scaffold1291_50712 39.1 foldd79 2352
25.4 cs101 . scaffold479_23523
27.2 ~| |- hncyse110 43.9 Cyse61
27.8 —1 > scaffold4451_1100
33.2 Cyse204 34.1 hncse127 51.6 ~— hncse127
33.7 l:l scyafro|d814 35282 36.5 %-7 scaffold814_35282 55.9 ~_|~ scaffold078839
350 —=—scx91 37.1 ~y~ Cyse204 57.8 —=— 131972 o0
35.4 7;§ scaffold198_9634 38.9 —_—hncyse1 10 60.0 =R 40_49281 9
35.9 /[H\ scaffold414_19940 39.2 <IN\ scaffold198_9634 61.9 7| | > hncse160 qBE-M2
37.2 JfJ N\ hncse160 39.7 / \SCX9-1 67.0 ~"| [ scaffold4475_71287
374 /_\ hncyse37 40.4 “/[F\" scaffold414_19940 71.6 — 1 [ cs101
39.2 /| _\\ scaffolda658_71338 41.2 hncyse37
40.3 /:\ hncse127 425 -J/| |\ scaffold1240_49281 81.0 scaffold080437
44.1 scaffold1240_49281 44.2 scaffold078839
46.1 scaffold078839 45.2 1 SCaﬁ0|d4658_71338
48.0 4/ HH \\ scaffold1054_43419 50.6 / \scaff°'d1°54—43419
48.7 /_\ scaffold681 51972 53.4 scaffold4475_71287
53.6 / \scaﬁ‘old4475_71287 54.3 7 o\ Scaffoldd4S1_1100
55.7 / \cs101 60.1 scaffold7321_1165
57.1 7 S\ - Cyseb1 65.6 cyse80 106.5 Cyse166
e18 7\ cyse80 ST
B3 ARG, MRS A E S A OE QTL X H7R
2146 X3 QTL X [H].
Fig. 3  Genetic linkage map for LG18, LGI18F, LG18M and related QTL location
Red area: QTL area.
F1 EHHSBMBERE
Tab.1 Parametersof linkage groups and the coverage
Uik Fricx Fric 34 8] ff/cM WL /eM IR /eM TR %
linkage group  number of markers  average marker interval ~ observed consensus map length  estimated consensus map length  coverage
A KTE LG8 25 2.38 61.75 66.52 92.83
eV i LG18F 21 3.28 65.61 72.17 90.91
T B3 LG18M 16 7.10 106.48 120.67 88.24
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Tab. 2 Result of single marker analysis at model 1

#RiC marker JERHE link group LK U A /% likelihood ratio P FRIAS 57 2 /% variation
scaffold080437 ** LG18 7.851 0.006 8.014
scaffold4475 71287* LG18 4.405 0.038 4414
scaffold080437 ** LGI8F 7.851 0.006 8.014
scx9-1%* LGI8F 4.210 0.006 4.214
cyse80* LGI18M 4.353 0.040 4.361
scaffold080437* LGI18M 4.613 0.034 4.628

W #RFEBEKTH 5%, *+UERBFHHKTERH 1%.

Notes: * and ** indicate significance at 5% and 1% level, respectively.

%z 3 BR 2PBIRESHER

Tab. 3 Result of single marker analysis at model 2

Fric marker PR linkage group ISR LLAEL/% likelihood ratio P FE AL 2 K /% variation
scaffold080437** LG18 7.634 0.006 7.784
hncysel10* LG18 4.638 0.034 4.653
scaffold414 19940* LG18 4.102 0.046 4.104
scaffold4475 71287* LG18 4.640 0.034 4.655
cyse80* LG18 4.660 0.033 4.675
scaffold080437** LGI18F 7.634 0.006 7.784
hncysel10* LGI18F 4.638 0.034 4.653
scaffold4475 71287* LGI8F 4.469 0.037 4.480
cyse80* LGI18F 4.660 0.033 4.675
scaffold080437* LG18M 4.440 0.038 4.449

TE: AR B E KT 5%, *+AREEFEKTH 1%.

Notes: * and ** indicate significance at 5% and 1% level, respectively.

K A X RE E 2 (CIM)ZE 7 QTL X [i] If:
AT T B R AL S PUR PR Z R BB R,
W& LOD Hy 3.0, HoE i 3 A 5huideRA ¢
() QTL X [8], K% LG18F 7Ea— @ fifg8) 1
A~ QTL X [a] qE-F1, Kl LG18M e g fir
58 2 4~ QTL X [a] gE-M1, qE-M2(¥ 4, € 4),

Ph 3 A~ QTL DX a6 v T2 B i Ry v o, %F
P SR S A AT A, TR AT RE S e A
KHHRA, 7E qE-F1 X[E4H#15 3] 3 > 550
FKHFEMA, 433)JE meteorin-like, WD repeat do-
main, phosphoinositide interacting 2 (Wipi2), Toni

beta-propeller repeat containing 1 (Tecprl),

3

31

REEH,

LG 4 [N B 48 X T E 4RI if ik
TER TR FRIC scaffold479 23523 A48 k™
50 BYUR AT A 9 BAREA Y 1S

HH 5 B 2 IR (AR DG A 28 S 45T, T A JR%
AATHA 19 RRA =K, MEP S AR
BEPMEAERS FIFARIBPORIER, X 5%

5 AR PO T BEH IR L 4 R MG SSR AR i
TER SR EE A, RS scaffold185 597

*4 QTLsHEXSHKIREM N

Tab. 4 Parametersof QTLsand estimation of the genetic effects

SR ik model  QTL $iciF LOD fifii i /cM i LOD fH 3 X I/ eM FHAS TR/ %

linkage group peak position of LOD peak of LOD covered area variation
LGI18F model 1 qE-F1 18.5 46.5 17.6-19.5 87.36
LGI1&8M model 2 qE-M1 58.9 3.7 58.7-59.2 64.18
LG18M model 2 qE-M2 61.0 5.0 60.7-61.6 65.26
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TEER A KRImUE, 46 EHUR AT HA 28 )2
i e AT, IAE 56 RIERN AR 8 BY
B SRR VP RTIERF ST R, A
IR Z PR iy 22 2 DRl 9 HL A2 21 J 1R 3 s 114 2
i, A 49y 1 e BH AR - 5 DR R 2 i) AN 77 75 Bt 1 o
BLSEFR o AT FER T BIRE f f2R FH R 57 A9 7
%, HEBR TN RS N B SR i

47.04

>(18.5,46.5)
376 |
~ 2821
o ~
— 188 gEFI
94|
3.0
(V] ——— e i et v m—
0 7.0 13.0 20.0 26.0 33.0 39.0 46.0 52.0 59.0 66.0
6.0 A
61.0,5.0
487 (58.9,3.7) 2 :
A 36| TN
9 3.0 I
= 24 |
A~
12 L gE—M1 t qE-M2
0 [~ ‘r/—\\,—.f\/‘\/J Mo S~

0 11.0 21.0 32.0 43.0 53.0 64.0 75.0 85.0 96.0 106'.0
JBAEHEE/cM position in the new linkage group

K4 3/~ QTL IX[HJ(f58Y 1 iy qE-F1 Jz A5 2
Hi) qE-M1., qE-M2)f LOD fi i £ &1
155 BAYEE: TEEBUFRYALE K LOD {H.
Fig. 4 LOD curve graphs of three QTLs (qE-F1 in
model 1 and qE-M1. qE-M2 in model 2)
The figure in parentheses: position and the value of LOD.
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Meteorin-like. Wipi2 } Tecprl, Ushach Z021F)
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SRR G RO 7, 1ERk . 5
B K M2 BB g b i 0k, SR KO R
95 55 B R M S KRR G R A OG, BHATIRYT
HYURAE . AR A RE; JFH Ogawa %P4
Ml Proikas-Cezanne 25 NHF5R M, Wipi2 &
Tecprl i 33f WIPI2-Tecprl-Atg5 ({55 %, & xf
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W EAR IR ALK ERG SRR RIERG, &K
W5 4 5 Rt Meteorin-like . Wipi2 Hl Tecprl
1 W BTG 4 CC IR Y iV FH R L 28
FE T EEILA
ARBFFEERARIC BT, A S AR 1 Y
T A R =N 8.014%, [ Wang 2525
I AR T 2 BT e e T i R R T AR 5 36.(9.73%)
TR, XX TARiCH Bk i e A g
TEf ke, Wi RS B R, A REf = A
Tl R HERAPE o B R 2 5 M (SNP) LA i A R
PEE . LSS Bam iz . 5 TR RS
ML A TAREHE AP, 5D R AricH
Fb, BESEEE ST A AR SNP B, T fi
5 H A PEIR I S A SC bR e B QTL X ] .
4 R 20 43 BT (GWAS) 2 AR AT 46 I B A5 10 5
PR A AN LA R R, 5 SNP 25 Aok T LA
Wi 52 2 PR A i A AR R AT 0BT, GWAS iR
L5 SNP MI%E & A K T fE1E 0 Thric i Bl ik B 5 A
(MAS)H &2 B R A
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Detection of SSR and a QTL analysis of Vibrio harveyi resistance in
Cynoglossus semilaevis
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Abstract: The bacterium Vibrio harveyi has caused tremendous losses in the Cynoglossus semilaevis aquaculture
industry. The fundamental approach has been to cultivate a new disease-resistant strain by combining traditional
breeding methods with molecular techniques. In this study, bulked segregant analysis and quantitative trait loci
(QTL) mapping were used to screen for disease-resistance markers. A total of 100 individuals were selected to
form the F1412 family (nomenclature rule: F + year + family number: survival rate, 52.22%), which was chal-
lenged with V. harveyi, and 169 microsatellite loci were detected across all chromosomes. Following the genomic
scan, the scaffold479 23523 marker in the DNA pool was significantly different between the resistant and suscep-
tible groups (P=0.000006). Ninety-four individuals were genotyped using all 32 simple sequence repeat markers
on LG18, where scaffold479 23523 was located. Three new linkage groups (LG18, LG18F, and LG18M) were
identified. Furthermore, two different analytical models were applied to perform a single marker analysis and
composite interval mapping with different levels of significance in LG18, LG18F, and LG18M, respectively. In
model 1, three significant markers (scaffold4475 71287, scx9-1, and cyse80) and one very significant marker
(scaffold080437) were identified, and the qE-F1 resistance-related QTL was detected. The scaffold479 23523
marker was the left LG18F marker with a p-value of 0.0516 in model 1. Model 2 detected four significant markers
(hncysel10, scaffold414 19940, scaffold4475 71287, and cyse80), one very significant marker (scaffold08043),
and the qE-M1 and qE-M2 QTLs. Both scaffold080437 markers were significantly different (P<0.001) in the two
models. Four markers (scaffold080437, scaffold479 23523, scaffold4475 71287, and cyse80) may be closely
associated with resistance to V. harveyi infection in C. semilaevis. qE-F1 explained 87.36% of the phenotypic
variance and contained G18M qE-M1 and qE-M2. Thus, qE-F1 was considered a major candidate region for V.
harveyi resistance. After scanning the C. semilaevis genome, three immunity-related genes, such as meteorin-like,
the WD repeat domain phosphoinositide interacting 2, and Toni beta-propeller repeat containing 1, were detected
inside qE-F1. This is the first study to identify V. harveyi resistance-related markers and conduct a related QTL
analysis in C. semilaevis. These results provide a foundation for selective breeding of disease-resistant C. semilaevis.
Key words: Cynoglossus semilaevis; Vibrio harveyi; simple sequence repeats (SSR); bulked segregant analysis
(BSA); quantitative trait loci (QTL)
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