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Abstract The chromosome sex determining mechanism of half-smooth tongue sole (Cynoglossus semilaevis)
is heteromorphism in female gamete, and the large amount of repetitive sequences, W chromosome contains,
impede the accurate assembly of W chromosome sequence, which can only be solved by physical map
effectively, at present. Based on the available physical map and genetic map, physical location of sex linked
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markers was performed in this study using the strategies of 3D(three- dimensional)- BAC(bacterial artificial
chromosome) pool construction and PCR screening. Firstly, the BAC clones of 44 384-well microtiter plates
were inoculated and precultivated with new 384-well plates, and then inoculated with four 96 deep- well
plates. The plate, row and column pools were obtained through pooling the BAC clone cultures of each two
384-well microtiter plates, and then DNA were extracted and the super pools were obtained by mixing some
DNA of corresponding plate pools. Eventually, 3D- BAC pools including 22 BAC super pools and 440
corresponding matrix pools were constructed, which represented 4.2 genome coverage of C. semilaevis. Only
24 reactions (20 BAC matrix pools and 4 controls) were needed to complete the screening on matrix pools of
a positive super pool. Then two-step PCR screening was performed on these pools with 159 sex- linked
markers, and 142 markers obtained positive amplifications in the screening of super pools. Finally, a total of
100 markers were accurately located in the screening of matrix pools of these positive super pools, and they
were located in 84 contigs and 20 singletons of the C. semilaevis physical map, which included a total of 1
760 clones and 21 927 consensus bands. Their physical length was 42.4 Mb, covering 5.3% of the genome of
C. semilaevis. On average, 2.2 clones were used to determine a location relationship between a contig and a
marker. Among these markers, 17 markers were simultaneously located in 2 or more than 2 contigs, and 11
markers were simultaneously located in contigs and singletons. In addition, 19 contigs were simultaneously
located with 2 or more markers. The physical location of these sex-linked markers can promote accurate

assembly of sex chromosomes sequences of C. semilaevis.

Keywords
Physical location

38 EH #5(Cynoglossus semilaevis Giinther)/@#
H (Pleuronectiformes)-. & #3F+(Cynoglossidae). & #
JB(Cynoglossus), (B F] B5K 45 L%, BT
T E R — PR A b B KRR, 1995, 23
B, FER, 1995). FHEEFEEHEE D EFREHR
R EHEM, BAEKRMERE—RIILR
W, T Rk, L5 ERR, AIEE KRBT
FEHE BT (A, 2005). B AT &6 2L
TEANTEEMNL I TEFRE, 2005).
V8 R T MR T 7 R Je A 1 A R E AL
%1 (ZW/ZZ)(JA T 7 %, 2005; Zhuang et al., 2006;
Chen et al., 2009), 4F 5l & F M A 4 Ho PR 2~3
&, AME AT L R B B R AT R B4 M
(Chen et al., 2009), ¥ 7T LAYE At FO R & #2545
R 58 ML 1 7 HE AB AR B (Shao et al., 2010; Chen et al.,
2014). Chen%5(2007; 2008; 2009)F) F i 1445 AR
LER T W E 5 Fimic B Bl S 5 %, X
HFHQIHERERKERESHINFRUEE
FRic AT 7 51 R 7 e 19 [X 3 (sequence character-
ized amplified regions, SCAR)¥s1t., IF: R FH F A 7=
S o Oy e e B RO A I . X R F55(2008) . Deng
F1 Chen(2008) A1 Deng Z(2009) 7%, & 7 ¥ & 51

Cynoglossus semilaevis, Physical map, 3D (three-dimensional)- BAC pools, Sex-linked marker,

AR 2 X Y-HE 10(SRY (sex determining region Y)-
box 10, Sox10). 4l ffl £ & P450 75 % 1L E§ (cyto-
chrome P450 aromatase, P450arom)F1 XX £ #1 Mab3
#5583 KT la(doublesex and mab-3-related tran-
scription factor 1o, Dmrtla) 5 P4 B A R E A, B H
THENZRERE. HITFAREQ3)E T 5
Dmrt] R FRREEEANTERR T HERE
BRI RE 5P RIER .
RTINS AR 5 e L], o)
HMAMEFRALHABEINANKE. LiaoE
(2009 432 T -1 H 85 58 — st 1% EBEIE, 5Pk —
eV R AR I E A BZ B | . Song 55(2012)#
B IRE T R ED RIS, 521 MES
B, IEHIME H A 159 308 S 8t RIEB PRI & 58
SENITEMEME I 1 SESBME —fLE. FEEH
SRR AN FER T 205 R Y ik i 45 M fidk
1, HERIAEEHWREAAEEKENEREFS,
XU EE YA T W R EKT 5 PR E LR
(Chen et al., 2014). H AT R A W22 & 7T LAE 2t
fiR v v P 5 B i A 4H %6 T B (Lewin et al.,
2009), Shao FF(2010)FJ%E 1 PNl -V F S 40 R
AT ff 4K (bacterial artificial chromosome, BAC) X
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JE , Zhang %5 (2014)FJ % BAC L EEMI B T F 18
L K 4H 128 B, 0 R R AR R W S
B HIPETHAREE E T B,

A1 75 K EL 25033 3D-pooling(three-dimensional
pooling) SR B& , #3& 7 J- ¥ 5 3D-BAC Ik, 35 H
e 98 1 g M B BUAR 10 0 IX e e FE 4T T PCR
it , LR I IX S bR 10 A B s A R e B T
Ak B IR B 2E 3% B e 2R

1 #R5AZE
1.1 SRIEHHR

3V E R E R BAC X

AR 7t K F Shao 2£(2010)4> 5| 7E pECBAC1 i
$Lf) BamH 1 A1 Hind T BSYIAT SM BB MEME 208
5 #5(Cynoglossus semilaevis Glinther)BAC SCEE (R T
55296 TR, AT 144 4 384 FLAR T, (R FE T
-80°C KB VK48 )1 Zhang Z:(2014)F) B iR T
B H 1 88 /> 384 FLAMFLAR (£ 33 575 NN
KB ESE -RYBERIEZEESHE 1485 M ES
#%(contigs)H 585 A~ 5./ 3 [ (singletons)) F T Frid
FIIERSEAL. AR A4 2 BT P 88 4N 384 FLAR
o, B 44 1~ 384 FLAR (3L 16 896 T IE)F T2
3D-BACIHE, B YR SR HL 4.2,

1.1.2  FERESFRAF

B FH % £ B 384 41 A0 96 4T FLAR & #1 4%
(Boekel, & [H). & & ¥ 1% 5 O Al (Beckman, £ [H).
PCR X (AB, £ ). Bk (E B FRF, b)) MELR
g & 45 (Bio-Rad, 35 [F) 4% st RF T EH HEE
H B B B2 B (Oxoid, K [F) Tag DNA B & B
(Fermentas, 3% [H). 3% fE 8% G-10(Biowest, 43 7)1
GelRed 1% BR¥E L %k} (Biotium, 35 FH)%% .,

1.2 EIEHZ*E

BAC & K55 77

218 Zhang %5(2014) 1975 134T BAC 72 FE I
BEgR . FH 384 5T RUFLIR & M 88K BAC 0 R M &
384 FLARIETP KT 384 FLAR P9, BALA A 60 uL 2x YT
BFE(NE 125 ugmL AEE). L1 24 h FlEH
J& » F 96 U FLAR S| 28 HaF 3 96 FLIRFUAR , B FL
W& 1.3 mL2XYTIEFRHE(NE 12.5 pg/mL AER),
N384 FLIREEFF 4 N 96 FLIR . FIE S B HEHR

1.1.1

1.2.1

JE BT 37 CRAR LIR%%(300 r/min)3E5F 26~28 h.
122 3-DBACHIHIEE

3D-BAC it {1 ¥ 32 2 I8 Bouzidi % (2006) 1] 77
IR B, BRI R 3D-BAC M BL3E 8 it
MEM Y. Hpgmts 224, FMER
HhE 24~ 384 FLAR L AR, 3£ 768 AN TifE, B o i iR
DRI 4B %7 0.19 1%, 4= & 4 4t BT FH 5 B ) SRR R L AL
#1. BMBRILEE 20N, B2 MR8
1T A 104N T . IX te iy B ik gmHE 7 A0 5
RESRIE R 2.

K FH B3 A7 1 3R B 4% /> 2 3t ) DNA(Russsell,
Sambrook, 2001), i % 4k 43 6 Ot B v 5 & B b
DNA R BEFIAHE . B fa B - B4R P R TR
MHH 7 DNA &3, 1ERZEB IR BAC DNA.
123 FRICIEFEMG|IYE K

B 5 BT 1 159 08 FH i R ES M T
EFriC B Song ZH(2012) % 52, FH X 5 ABIFh K

R1 F$BEH3ID-BAC AR EEE
Table 1 Clone sources of super pools in half- smooth
tongue-sole 3D-BAC pools )
BRI S 384 fLIR %5 (P1 A1P2)
Super pool ID 384-well plate ID (P1 and P2, respectively)
Si1 061, 062

S2 063, 064

S3 065, 066

S4 067, 068

S5 069, 070

S21 101, 102

S22 103, 104

S23 105, 106

S24 107, 108

S25 109, 110

S31 002, 122

S32 123, 124

S33 125, 126

S34 127, 128

S35 129, 130

S36 131, 132

S37 133,134

S38 135,136

S39 137,138

S40 139, 140

S41 141, 142

S42 143, 144
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RY: —Fop gl £ 0 B B A 5 — MO A
W HEELTE A, HAE LR B BT B P R B A
T, & E MR | SIEYBENRE—
(VR NGk 7/ )=2 Bl AR SN - 355 S e sl e <y s ]
VIR BEFEHITE 10 pmol/L.

1.2.4 PCR#k

KA P35 PCR f ik ik %t 159 4N 5 & BAR i
BATYIEEN . B, AR IE R 8RR AN
X HR, Kt 22 AN R AT Tk s 58 20, DAMEMEE
B T 5 2 K] 2 A0 A 2 7K (ddH.0) A 5t HE , Xt B 4
T i 20 N BB REAT I 1, SR BAPERB Gt 4
B4 N AT, U %oF 4 35 PR A A 2 ith 3 4T Bt R A
WRFEMB R 4N b, W — e Rk H A pE v
BABEMANFITEMFE. PCRRPIER:
10xbuffer 2 pL, MgCl(25 mmol/L)) 0.8 pL, dNTPs
(2.0 mmol/L) 1.3 pL, & T ¥#% 51 # (10 pmol/L) &%
0.25 uL, Tag DNA 5 %3 0.8 U, BAC DNA(%) 100
ng/pL) 2 pL, LA ddH,O % % 20 pL. PCR R RFE
7295 CHAE S min, A5 1 35 MEIR(9S C&
30,55 CIB-K30s, 72 CIHEM 30 s), S5 72 C
FEEH S min, E T4 CKFEEH.

1.2.5 BEARFEER BRIk EEY =

% PCR ¥ 8 72 9033 1T 1.0% 1) 35 g 158 458 i R
K, BB RE REHBNE, RS HISH
e o B (O £ 3 DR ) 1R ) B ) 2 OO 3 B S
BT Be k.
1.2.6 PFAMEERHESSEM

R XT38 it AN KL i i 4T B BT 45 PCR L 45
B, SRR 3D-BACHME T, THE T H
BN INEPFRCHIFEYE RS . TEARYE
B 1 B A FPC ¥ 44F 9.4 fiX (Soderlund et al., 1997)
FRME, SR BHEANEEEEEITER, HE
HFTFE R contig, FERRIZAFICHI 3R 8 £

2 EREHSH

2.1 3D-BACiti#gz

T E B T R, K ik 44 1 384 LR Y
BAC 7o B H:Fh 3% 77, LSRRG &N Zb AT |
FI AR i, ZE R B DNA J5 , B A8 RIAR b 9 35 4+
DNARBEHBBEHE. BREHER 3D-BAC I
AFE 22 NI 440 N it . R2ERT — B

RA(S37) N K- FEith DNA ¥R FE (OD) 1 4 (Azso/Aso)
e 25 RAB I . B ST TSRS PCR Y BBk
) BAC DNA K& 5K £124 0.3 ng/uL, Byt b {2
L L AT 8 R F0 S VR BE N R KT 115,58 F0
48 ng/uL. MR2FLLEH, AT FTER 3D-BAC
&It DNA ¥R EERE W & PCR IR R 3R 2.
2.2 W PCRIGIER M

F M B EGARIC T 22 B K b i 1T PCR i ik
B, B ER ZmCHME BRI, B1FR,
P S B AR T scaffold2722 838 i 22 /4™ % it 1)
AT IR %, FA 3R (S24.S31 FIS37) P 1 HY
SR RO EA, UFRR)—HHKH.
) B A g ot B B e TR AL (A M R R CR B
o R P BH M 2R 7, SRR AR OB R B T
GHE it

SRARPH B it J5 , i mT LK B A 2R v )
AT IR . InXTARIC scaffold2722_838 3 /~FH
PEAB i (S24. S31 7 S37) 43 HBEAT T IRk E AL, 5F
RIGT LB ERAR R S5 R, Fobond S31 RS A P R
WK N : P2 R4R6.C4 F C8(B 2A); Xt S37 Fi 15
BRI RE P S AR YR 5 : P1UR3.R6.C5 Fl C8(E 2B).

2.3 PRMERENES

ETREBHS BRI PEHEEE R, RIEA
BT 70 B 5K F 19 3D-BAC i #4022 SR B SR #E 5 & BA 1
BN FIBEME S . 2 scaffold2722_838 Xt S31
B BH P B i 4 P2 R4 R6.C4 A1 C8, 3@ 3T P2 18 411t
R E T 1225 384 LR, M R4 FIR6 13 A1 7T
kB TENIT, NC4FCS BRI TERE T
18 51|, B LA i%FA P T B v 122N18.  [A/BR AT LARR 48
scaffold2722 838 Xf S37 ¥ 3 ) FH M H  (P1. R3.
R6.C5 F1 C8)HEFS MR Fi b N 133323 #RIE XY S24
530 45 S HETS RO BH % 75 & & 108B20.

24 [EMRERWIRES

75 25 35 ) 3 [ By P FPC 84 i = 5, K FH
M R GRS BT R, BT AT AR K
EL. WIS RN 122N18 153 — MNESH
(ctg853), fh B & B Z MM E . MiBTHE
133J23 A1 108B20 th B 2| T A — M E & B
(ctg853). M3 Bon T FF X 3 A FH M 52 B2 58 B
scaffold2722 838MHEEMER. NE3IHTLE
H, 31X 3 /NP T BE B A B T A 2 B Y [
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Table 3 100 sex-specific markers accurately located in half-smooth tongue sole physical map

ZN T S W L FRIC AR W Ebr (INREZY Y E L
Marker name Physical location Marker name Physical location Marker name Physical location
scaffold256_49  ctg220* scaffold2081_663 ctgll9 scaffold3982_1057 ctgl762
scaffold2999_952 ctg783" scaffold2133_705 ctgl836" scaffold4113_1070 ctg3604*
scaffold3067_958 ctgl137* scaffold2148 678 ctgd076" scaffold4119 1071 ctg837
scaffold3391 1010 ctgi939 scaffold2164_693 ctg755 scaffold4172_1073 ctgl61
scaffold1024 286" ctg3202*/061M19* scaffold2360 734" ctg3924/ctg385* scaffold4195_1075 ctg2766*
scaffold1030_289 ctgl025 scaffold2431_777 ctg2636 scaffold422_81 130C02
scaffold1038 293" ctg996/ctgl616 scaffold2453_780 125C02 scaffold4321_1086 ctgd33
scaffold1111_312 ctg915 scaffold2484 785 ctgl276 scaffold4466 1096 ctg104”
scaffold1113_315" ctg1347/ctg1359* scaffold2527 791" ctg853*/ctg322* scaffold4665_1103 ctg322°
scaffold1128_343 ctg3559 scaffold2532_794" 133G17/002J14 scaffold484 90"  ctgl527/ctg2884
scaffold1220_378 ctg244 scaffold2565_799 ctgl669 scaffold513_107 069G19
scaffold1246_388 ctgl1329 scaffold2566_800 ctgl4S scaffold522 110  ctg4064
scaffold1332_411" ctg1560%/ctg584 scaffold259 54 136114 scaffold543 118  ctgd076’
scaffold1339_414 ctg3 scaffold2607_804" ctgl65/ctgl04%/ctg2065|scaffold552_122  ctg3382°
scaffold1354_430" ctg3382%/136023 scaffold2618 811 ctg287" scaffold56_4 ctg323
scaffold1358 427" ctgd72/0621.22 scaffold2719 837 ctgl488 scaffold571_123 128D20
scaffold1392_450" ctg937/ctg2596 scaffold2722 838 ctg853* scaffold757_179 ctgl722
scaffold1423 459 ctg783* scaffold2744 845" ctg139/ctgl436 scaffold804_188  ctg2305
scaffold1447_469" ctg592/ctg1206 scaffold2746_ 846" 141F24/064A06 scaffold813_200" ctg2345%/104A06
scaffold1500_508 070E12 scaffold2950_ 942" ctg615/ctg93/ctgl241 |scaffold868 211  ctg853"
scaffold1503_484 ctg385* scaffold2957 945 ctg581” scaffold869 212" ctgi083/ctg267
scaffold1545_522 ctg532 scaffold3003_954 ctg2345* scaffold885_215" ctg3604%/142C07
scaffold1573 527 ctg83 scaffold3032_956" ctgl359"/ctg2094 scaffold899 221 ctgl384*
scaffold1611_534" ctg2402/ctg360/ctg287*  |scaffold3064 962 130N09 scaffold1283_399" 126K04/134017
scaffold1614_544 ctg2482 scaffold3068 959" ctgl1560%/ctgl 04 scaffold1590 532 ctgl53
scaffold1653_550" ctg2345%/104A06* scaffold3080_963 ctg744 scaffold1890_606 ctgl384*
scaffold1657_558 ctg220* scaffold3360_1002" ctg1934/ctg271 scaffold1951_619" ctg3604%/121J14
scaffold1658_561" ctgl37%/ctg2766" scaffold3405_1014 ctg3940 scaffold2195_702 ctgld4
scaffold1676_567 ctg3123 scaffold3424 1020’ ctg994/ctg385* scaffold2211 718 ctg3446
scaffold1905 607 ctg3382" scaffold3487 1025 ctgl836" scaffold2322_727 ctg423
scaffold1941_615 ctgll6 scaffold3726_1044 ctg403 scaffold2372_736 ctgl684
scaffold1985_624" ctg581%/ctg656 scaffold386 75 125F03 scaffold2491 788 ctg1384*

scaffold1991_626°
scaffold1993 631

ctg3202"/122011/061M19

ctg833

scaffold3922_1053 ctg104*

scaffold393 77

ctg2259

*: —ANPRIE SE O 2R [E] ) contigs B singletons; #: i% contigs &Y, singletons A5 2 M Rig & AL

*: One marker mapped to different contigs or singletons; #: Saveral markers mapped to the contigs or singletons

MWRIPBYEERE . M A% 4 3D-BAC i 5 1547 R
FER BE BP0, T BT 68 75 22 46 /N R B 58 AR Ttk 575
1, 44 A RN 58 R R It 7 A% 35 7R B 90 AN IROBE(Fh
2, 2013). AHF 50 FTK A #Ed 3D-BAC 2 ith 5
BE M BRAE T AT SR AN R B T IR AR,

{BLE AT AT 34T 3D-BAC 3tb ¥ %5 36 i #2 o, 477

SRR TE R PH P FNBR B 4 ) R, {3 48 SE PR B IR 1B R R
S8R Z 2520 . 5 20 A AR 1T scaffold1503_484 5 &8
RJMIFIES R T 7NPEME, T E I IR R A 2 S
25 R A o R O £ B R 20 ) 3R 75 PR A, U BRI R A
BRI AR, 755 4 5 AN BRPE B St i B it
ik, RE2AMEE T HE— AT I, Re% 5
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Table 4 Physical location of half-smooth tongue sole sex-linked markers

TiH e
Items Numbers
P FE S FRC £ The number of sex-linked markers 159
25— X PCR §5 3% [ PR 14 4712 X The number of positive markers in the first PCR screening 142
18 B UERT 2 AL AIAR1C HL The number of markers accurately located 100
FLE % $E(CB)The number of consensus bands (CB) 21927
¥ K ¥ /MbPhysical length 424
i A= 3k [RI 40 L 5 The proportion in total genome 5.3%
2 LY contig ¥ The number of located contigs 84

£ 58 £ A4 52 £ 4 The number of located clones 1760
. 52 L HY singleton 2 The number of located singletons 20

T 2L 57 #L The number of clones used to locate 247
Contig FRiE 2 8] 72 f7.5% £ 3 The number of location relationship between contigs and markers 112

a5 — contig FIbric 2 A1 F5E AL % R BT F3TT ST Average clones used for every location relationship between 2.2

contigs and markers

FE 2 ZA-FRIE Y contig 2 The number of contigs located with multiple markers 19
E AL E|E A contig B singleton IR T The number of markers located in multiple contigs or singletons 28

AL B 2N BB, & E D T ANBRMESR T
A SRRk AIAE T IMHEEER,
B2NTRERIIE. EHREMIFHAD T
i) contig H I EF BEAE R BIX 3B R A& B LT
A fe 5 BE ) 1S, TR s FE R TR

BT AR Sk AT FE UG AT, 40 SR BE P A it
ST A, AT IR R AR S T 4
A, T — e R 4 AN AT T, N BB R
36 e B FH AR BA M 4 SR TR A TR S X
100 MRS AT THEBE AL, LA T 112 M EAL
KR BE—NEMIRTIMEH T 22107k, H
F e PR SRR 247 4, T IRA IS E IS EAR
BEERRABSEFROZAE K420 .

7£ 3D-BAC b f) ¥ B 0 5 18 ST 72 A W] REAFAE
— e R B E MR EE, 8% (DE
YEEREMITRERET T kg, HEEM
BAC AR E R FE—ERZER: (2)fEBAC X
FEARTT B VO AR DL R UKL AR B AR w3
ALY Je sl SRR L G) 3 R R M T AR
MR R LR R B2 mAMS R HIER .

33 YEECRENESE

KFHBEHWREEFT IR, FHE%E
R AR LR F R B EREARMEE.
Wang %5(2009)% F %+t 4k B U1 E1 A DOP(degener-

ate oligonucleotide primed)- PCR 75 i 4 B #1 5 1
DNA J&, Mg H T W BL B fkRe 5 DNA SR, /73K
#5294 MbFF%ll. Chen%(2014)H X EH M FE
BI040 o SR £ B R4 e B T B e R B (R4 T 5
JE153]16.4 MB BB R B F A 75, BWEE
WA R0 i 21 3 etk R — 2%, HER
HFFIEITRTOMb A, 228 5 BEEAK 10%
Pl E (AW %%, 2005; Zhuang et al., 2006; Chen et
al., 2014). AEFF A 100 MRICE S T B E,
HBT#E ) 84/ contigs & 204 singletons S HE K E
H42.4 Mb, B 355 K 4H 4 5.3%, M IEH &5 E T
W B4 [ contigs M)A L IX A 7 BB BN, X
TR FEY K3D-BACHKMB S R EEME LY
FRig AT TR A0 RE £ o

34 RIZEMSEEEEIE

BT AT AR R ECL T ERIETE, frtl—
Mk A AN F R EATEW L. scaf-
fold2722_838 fE AR A AT A I#R1C 2 —, FH PCR
TTET L B 34 T R 8 AL 2 ctg853 (B 3), T
H3ANEE Z contig P M BT FH—Mrid
EARKREPBRIEEY Y, RAXFH N ZER
£ AR A By(Zhang et al., 2014), XFEA LB E
A7 F (5] — contig P A B /4 5a. & Sk %o o e v 5 R iHAT
FHEENE, Wi —5ER] 7 W3 BB A SR R S
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35 HFIZEMNSHERILKE

EE M RIEE, F 17 EME THEANEFHEAD
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