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Screening of the male characteristic DNA fragment using AFLP

analysis in Pacific bluefin tuna, Thunnus orientalis

YASUO AGAWA,P* TAKAFUMI KOMIYA,! ToMoKI HONRYO,! MicHio0 KURATA,?
TOKIHIKO OKADA,? OsaMU MURATA,3 HipEmMI KUMAI* AND YOSHIFUMI SAWADA!

Fisheries Laboratories, Kinki University, 'Oshima Experiment Station, 2Oshima Fish Nursery Center,
Kushimoto, Wakayama 649-3633, 3Shirahama Experiment Station, Shivahama, Wakayama 649-2211, *Ura-
gami Experiment Station, Nachikatsuura, Wakayama 649-5145, Japan

AFLP, amplified fragment length polymorphism screening, was conducted to identify sex characteristic DNA
markers of cultured Pacific bluefin tuna (PBT), Thunnus orientalis. The AFLP screening of 4 females and 4
males with 64 primer combinations produced a total of 1038 scorable bands, of which 183 were polymorphic be-
tween individuals. Male characteristic fragments were confirmed with EcoRI + AGG and Msel + CAT primers by
gel image analysis, which corresponded to 437 bp in 29 of 32 males and 3 of 32 females. Fragment detail was ana-
lyzed by electropherogram analysis and DNA quantification. The 437 bp fragment was detected in 30 individuals
of average DNA concentration 0.231 ng/uL; while in females, 13 individuals were detected with average 0.080 ng

/uL (P<0.01).
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7 B EFRIRE O,

ARG T, B BT O OWTOBE 2§
57 OOERN LS FEYFNRNERRE L, 2ORH
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7/ AR ERERERES v ¥ —KREEE
Bk FUKREERBIC TR, 8F I/ 19 £
SELBRBEHIMNRE (F3) #AVvA, F3HRIFER
144 (F2) OF Th b3 MG B mRICE ML
DNA s Ok & L7,
DNA s

RIS D B B O AEIRE 4 7 THIL T
MEM X7z, 250uL @ 0.5M EDTA (pHS8.0) #Ah
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B0 SR - 7o EEFIIH ECHBERH OB A
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DNAERL L TRETLHORUTONES DS, B
LEEOFRMIRITWHAEDO 2N LT R 2 ERMERT
B0, MEs5ul» 58 X% 2ug OXEOD total DNA
7378 55 % (DNeasy Blood and Tissue kit, 772,
BEARMBR A ST MIRIE, WIS ORRERRMERE
HINH & B U IMmEs / A DNA S5 Gk DNA hhiE»
RETH T, 7T OME»HO DNAFEE S L
THA~ORBEEZRBRLAEBR O FT77r Vs b
(7 ZyvviEE, JoFr—YaE, ACVhS L
FEE) A b % LT total DNA Sl i3k 7z, mgid
BETHLIZDPNDPELSTHY, 15mL DTS5 AF
v 7 F 2 —TEIPGT TRESER S, REREICK
MUGEHBEICEEL TBHEWoTh HRORR % H D
HEHRBRA TS, K42 1EBED/Y 1L5mL OMmE
2R, F3.0mLBEERL L TREL TV,
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AFLP (Amplified Fragment Length Polymorphism)
BISE Vos 60 Hik &, BKERHTF AR (B
EEWETFAL 2000 5 F~x—h—%FHBL/cHERAF
BB E—QTL fi#Efr = .0 & L T http: // ftp.
staff.or.jp/rgp/protocols/QTL.pdf) % HFEIT{T - /oo
WEOFEZERPGICE L CTH 5B, ligase LHIBREEE
DAy MY, FINRESIFETRL S, W& THA
BRL7ofE R, BBV UHES FONY FRETFES )
STCEPSHEEOFRICEL TT- 7,

LFO®EE % 0.2mL F 2 — 7 ICRE L 72, 10x T4
ligase buffer 2.2 uL., 4./ /. DNA 110 ng, 500 mM NaCl
2.0 uL., BSA 1.0 ug BSA, Msel adaptor 10.0 pmol, EcoRI
adaptor 1.0 pmol, 12 U EcwRI, KU 2U Msel % &ists
WICHEZRE R 2Nz 21 ul & L, 37°C 2 BREE1n,
3.5 U/ul T4 DNA ligse (X h5/34 %) B 1.0 ul %
Iz &FH22ul &L, 25°C 15 BFRIAIE L T cut and li-
gase KL% 1T » 72, BIE#% TE (10 mM Tris-HCl pH.
8.0, 1mM EDTA)%E#H % 9 HEQ98ulL) iz EEL,
00 ERRY & USSR L 72, T4 DNA ligase DFIR
{211 100 ng/ul BSA %#&1dr 1 xT4 DNA ligase buffer
(ZAFNAF) BB, —RIEEICE Msel+C 5'~
CGATGAGTCCTGAGTAAC, EcwRI+A 5-AGACTG
CGTACCAATTCA /54 =— (A vtV V)
AW, TURBEIEICIE Msel +C3 & LT Msel +C
54 <—O 3 RKRMELF 3EFEA CAA, CAT, CAG,
CAC, CTA, CTT, CTG, CTCo 8 /5 4 ~—% AW
Joo AL < EcoRI+ A3 & L T3 KUEE 73R
ACT, ACG, ACA, ACC, AGC, AGT, AGG, AGA ©» 8 f&
TH5AR—DBHEI- ) T A HAEDRORBRE T -
7o. 1 WIEIEIL, 2.0 uL 10 X Ex taq buffer, 2.5 mM each
dNTPs 1.6 1L, 5p mol Msel + C, EcoRI+ A primer, 0.5 U
Ex taq, cut and ligase 10 f5%84 2.5 uL % S LB E
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RBEZERE AT 20,0 ul & L 72°C 3 - RIE D%, 20 34
7D 94 C20F, 56°C30%, 72°C14 D, 72°C
10 SRR L 7=, 2 k#giE PCR RiE, 1 @y RIG
LHLBEHETHLBWL OBOERRLD, T4 <—
BIZBL Tid, Msel + C3primer % 5.0 pmol, EcoRI+ 3
primer % 1.0 pmol i\ 7z, #5831 RIBEED O TE
kB 10 EFRREA 15ul Fiviic, TRIEIEEEL <
20 uL DRIEFZTIT - 720 BELHFIZKROED, 94C1
SHEBROWK%, 1294 70D 94°C208, 65°C308 (1
YA 7 NVECRES 0.7CFoF), 72Cly, %
DHBISH A 7 VDU C208, 56°C30F, 72°C1
&, ZTOHT2CEHTHRE L, Y—=¥ A7 5~
12 ASTEC #:34 PC818 % i\ /o, RIEMIIEN £ T
BIREE L 7,

AFLPRRBRIZLO>WT, ChETHREDODSHDIEZ
WHEIBIZ AV B primer O—34i % P32 BUsE# T 5 2 d
B0 HEERL L0 HY, RIBEV AT LR
DNA V7 /Y —% AW TF— 208, o8z L7
PIEEAETHEL, O N LIEREEESSBESIVIC X
LPERKKB L, MEEDEHRHETIBENCHBRRTH
Bo LHPLEAL, COAETHRIZFRERUEER
R, VT —BRBETHLH, KR TR INLOR
i, BEOLEOEN L VBELHETRFTAIL
L, BEESKEEE (MCE-202 Multi-NA, BiEfl
fEFD) ZRWTHM RS, AR THVW-EBESR
kEEEEL, DNA v —4 v —ORRE S HEEICIT BT
W, THO—-ABKRREBROLFFY LTOTA Y
Zt LD 10U EORENH S, ABISE Tid AFLP
ZRBIEPCREY %, BEHBEIKKBEEH T
DNA-1000 B/ N v 7 7 — (BESUFRT) I THEIL,
% DNA W7 K i3 Muti-NA O FEMER £ — F CEREL
Too WEICBEE T HFIEEM 3D 5 & HIMT S 72 437, 454
bp Wi OfEt EABIE L, AEL o2&k THREICH

Beav 770D BEbG Y7 IVHE 400 bp KR
DR & OFXHER KD (Table 2), ¥ 7L
DERIZ, E—7 812 Lflrsn/ciE19, 23,2512
WO S h-BREO S EMatstEICA W,
400, 437, 454 bp Wi - Dt &, 437, 454 bp Wi i @
400 bp T3 S HxHEL SPSS (Statistical Package for
the Social Science program for Windows 16.0) /L
TiHtest L DEBME 1Y CTHEREREL,

B £

AFLP

<7 o MEHEFRELE 4 @430 8 Ao mikh
ki) LSV XA NCEEL, EcoRI+A, Msel+C 7
S AT —T—KWBEL2IT\, EoRI+A3 /5 {<—8§
T, Msel+C3 75 4<—8BDE 64754 <—DE
AEDY TREIBE T - 700 ZTORKE, &5 10380
AFLPZRBEENVFHABREZ L, ThbHDR 183
(17.6%) EGFRCTEEER L7 (Table 1), 64 /5
A< —DW, TKIEIE% EcoRI+ AGG & Msel + CAT
TIT - 2B A LB (Fig. 1A, 21), 4 @&
(Fig. 1B, o1-4) CBWTHREIh L7437 L
454 bp RO EHER L. (Fig. L REI#S) . %7
BB A MRS 32 IR L, FIVA A= TH
L7-#ER, He 32 bR 29 fEfk (90.6%, Fig. 1 &7, 8,
9BR<), ME32 @&k 3EMAE (9.3%, Fig. 1 21, 15, 16)
437 bp W B TH - 7c, BRIV 7 PR T 2
075 LDV T FIVEERSHT L EREORR, i 32 HEiE
Hr 13 R {412 437 bp @, 8 fE K1 454 bp © DNA #r A
DR x /- (Fig. 2, Table 2), HE Tt 32 @+ 30
EIZ 437 bp @, 29 M8 {4 IT 454 bp @O DNA Wi f 754
HEh, CholRETREINABEREIAEL -, &
7o, ZTODNAWHF OEIIMEL D DHEERERK (P<
0.01) &VWEMRINA (Table 2),

Table 1 Summary of the numbers of polymorphic bands produced by the 64 AFLP primer combinations in Pacific bluefin tuna by

the 64 primer combinations

EcoRI primers

Msel primers EcoRI total
ACT ACG ACA ACC AGC AGT AGG AGA
Msel primers
CAA 0 7 0 2 3 2 2 0 16
CAT 0 3 1 4 3 0 3 0 14
CAG 1 4 2 3 3 2 2 1 18
CAC 4 4 0 3 5 6 5 2 29
CTA 3 2 2 4 6 2 2 2 23
CTT 4 1 3 5 3 4 3 2 25
CTG 3 8 4 5 2 2 1 4 29
CTC 7 5 0 4 7 3 3 0 29
Msel total 22 34 12 30 32 21 21 11 183
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Fig. 1 AFLP 2~ amplification products were analyzed using the MCE-202 Multi-NA micro-chip auto electrophoresis system. A:
female and B: male AFLP fragments are shown in gel images. Arrowhead indicates fragments typically detected in males.
Characters at top of gel image indicate M: 100 bp ladder marker, numbers: individual ID.

1 £

BRI RIEOMICEIE I 5 AFLP @##id, 757 hv
AES AW INEIAZT RN A, F O« DE
MTEBEINTVD, HSTAVRIESATIE6M4 TS
A=—Fy T 28 BEENEHTIN, 4618 DRI H/3V
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W T /ora< s 1 AFLP @ Cid, 64 /54
<—+ v FT1038 D AFLP Wi - et ah, 7183
(17.6%) 5348 %R 7=, 183 D4 T DNA WA i3,
a4 OGREA IS FE 76 EICBE T
&, MR Eo—FEH2 50O TELRE» S LNk
W SEIDI8IEMMF T AHS T HY X T AR
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ABFGECHE, MERER]CRURICHIEBEE SR 5 DNA
Wil A U7, M 32 Bk AR 29 f{k (90.6%), i 32
kb 3B (6.3%), 1T 437 bp @ DNA Wi B H
chiz (Fig. 1), TV 7 FRT o075 AOFEMBEN
DOFER, HE32 B {AF 30 @k (93.7%), HE32 fEfEF
13 ik (40.6%), 1437 bp Wik At S hic (Fig.
2, Table 2), 437 bp DT A (LM THH S N 5 S FE 25
FVEEL, TOELE P57 (Fig. 2, Table 2), HE
KRWTH LD & BEEINSEE, B/ AFICR
SR BEVCTTREMENE 2 Oh, 7o</ ook
PHEZZ, MEZIW THAFERET L LTV, —
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Fig. 2 Electropherogram of AFLP products, A to H: females and I to P: males. Vertical line indicates fluorescence intensity and
horizontal line represents time index of electropherogram (%) . Individual IDs are shown on the right side of the figures. Open
and closed arrows indicate approx. 437 and 454 bp fragments, respectively. Numbers on the electropherogram indicate areal in-
dex of the fragments. Counted peak is shown by an asterisk under the electropherogram charts.
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Table 2 Summary of the quantification analysis of the
400, 437, 454 bp DNA fragments between females and
males

Female Male

Average DNA Average DNA
content ng/uL content ng/ulL

Ind. Ratio Ind. Ratio

400bp 32 4.1438 100 32 3.9102 100
437bp 13 0.080= 1.932 30 0.231° 5.91b
454bp 8 0.0742 179 29 0.1620 4.15>

Values in the same row with different superscript letters are sig-
nificantly different (¢-test, P<0.01).
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437 bp BT A BHEREIC R S WA BRI 2V TiH—KD
FEEMSAEZ OGNS, M5 77 TRIFHERZEKRRCH
BFIHHFICLY, T AW L A48T, FH#
AEEKETHET A & CHESHHOESREE
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LBk, BRI X2 WM RSSOk« IV #H
AMIZINTELD, SHREIINGICMALEINRRH
PGS OEN BB 2RI 2EbExh 5,
7= OHICRAET S DNAKIE & LT 437 bp OB
F&RRELCEL, SEHOERYEO - RARERICE
BEIERTH D, SHREMBEC LBHE T 5 DNA v —
A—%FAEL 7 A</ OFEYINET AEHHFIh 5,

& 2

AR EET T HICHEL, ARKFKREFFEHTEUK
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227 1= 7 0 MR FEIZ OV Tld ok BERB R
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S LTHRBL B h - 7o, HEEPIEITREER I
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