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Table 1. Mapping of economically important traits in domestic animals and crops

Species Phenotype References
Wheat Yellow pigment content Elouafi et al. (2001)
Protein content and grain texture Turner et al. (2004)
Rice Conferring cold tolerance Zhi-Hong et al. (2005)
Gibberellic acid response Dong et al. (2006)
Cotton Verticillium wilt resistance Bolek et al. (2005)
Sunflower Germination and seeding development Al-Chaarani et al. (2005)
Pig Number of corpora lutea Wilkie et al. (1999)
Meat quality Koning et al. (2001)
Chicken Marek’s disease Yonash et al. (1999)
Fatness Ikeobi et al. (2002)
Cattle Milk production Khatkar et al. (2004)
Growth and carcass traits Mizoshita et al. (2004)
The degree of spotting Reinsch et al. (1999)
Sheep Resistance to Trichostrongylus colubriformis Beh et al. (2002)
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Table2 Mapping of economically important traits in aquaculture fishes

Fish Phenotype References
Rainbow trout Infection pancreatic necrosis (IPN) resistance Ozaki et al. (2001)
(Oncorhynchus mykiss) Infection hematopoietic necrosis (IHN) resistance Khoo et al. (2004)
Rodriguez et al. (2004)
Myxospoea (Ceratomyxa shasta) resistance Nichols et al. (2003)
Upper temparature tolerance Jackson et al. (1998)

Danzmann et al. (1999)
Perry et al. (2001)
Somorjai et al. (2003)

Spawning time Sakamoto et al. (1999)
Early deveropment of embrios Robison et al. (2001)
Dominant albino Nakamura et al. (2001)
Number of pyloric cacca Zimmerman et al. (2005)
Amago salmon Osmotic reguretion Hara et al. (2004)
(Oncorhynchus masou ishikawae)
Atlantic salmon Cryptobiosis resistance Ozaki et al. (2003)
(Salmo salar)
Arctic char Upper temperature tolerance Somorjai et al. (2003)
(Salvelinus alpinus)
Thilapia Lower temperature tolerance Cnaani et al. (2003)
(Oreochromis niloticus) Moen et al. (2004)
Japanese flounder Lymphocystis disease (LD) resistance Fuji et al. (2006)

(Paralichthys olivaceus)
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b T ADEARER, o RFERE. RAEE, SEREEZEDLT. LELERLA
% (Seikai, 1997; Bolker and Hill, 2000), £DHTH, KEEBETH 213 TOFIRA O
HEEN—HHEAIZZ2 D A (pseudo albinism) [FFERMEOETEZ R -d, EHEE
b BRI REREREEDO—2TH D, HEATIE, 1980 FREIOAHEBRELS &R
FTIRE DR & FHE2BRRIC OV T O LED v, i, FEH EERROEEORE,
FEREICER LIRS HE S (Seikai, 1997), HEIED SN, LAL, Ak
IR OBEFOBENRRINTRBY (Tabata, 1991), £7-, B{LIZR D LT WHRE,
RV VWRHEOFEELIMONTWS, TIT, AETIE, BHERICK 5 AEKHA
KOWHIZ B L, DNA ~—h—%HWiz QTL BT X - T, BILICBhEd 5&ETFRE

OHEEEIT- T,
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2. MELROTFiE
2-1 fRHTECR

EMERE LR LRERREZMEL Lz, £oFHIZE, AEREREOR VR,
KP-C &, B{LEFEHBEEROEWERE, KP-AZAVWE, ZhbORFIE, FHREIZE S
ToBRIZ Lo T, #EJINBAKEREHFE V& - THREFT S &, KP-C OEHAKE
EHBERIT 77.8%TH Y, KP-A DFHAEEEERRIT 19.1% TH o7 (Table 1), KP-C
MEEA (Afk) & KP-AmAENK (E%) KB L. F1(KP-CA) £M%/EH L7, KP-CA
EAFTOMEE (B LFETHD KPAREEKEZRLRE L, B LREER (KP-CAA)
REH L (Fig. 1),

R LURE SR (KP-CAA) ORFEIIZ 100L AIZINAE L. T0L O¥FK TEHIKIRE 15.5C
TILKEE Lz, K 3 BHi&., 500L KHEIZH L., WAKEE Lz, KRIZ 15.5CTHH 22.5C
RIECHTH Uie, WL 25 A B £ Tl BKH 2 LT A% Brachionus plicatilis 5% .
15 RE» S 60 A HETHE. FAFIT Arfemia salina %5 %, 30 BT HIKOBRE

ke 5 2Tz,

2-2 A{tERSER (RIE) OHE
R LUKHEER (KP-CAA) 238 AORITEDHUE L., MLk 3 » A BiZfTo T, 1D

2, HIRAIARE OB & EERBEMEICTY 17727 Y% b 25 (Canon, IXY DIGITAL
2002) IZLoTHRFE L, RIZ, ThbdarybBa—F—{CWYiAH, HEMETY 7 b
(Adobe Photoshop 6.0, Adobe Systems, San Jose, CA) TE{&Z L IZHIRMAEERTR & A
(A OTRAREL, BEEREEEEEE L (FULERS R0 = FHRL O E
B IR x100), 72k, WHE. FibE. RV, PIR-CIIE (Lo MBIk

BI-DRERRIZEDRM> T,
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2-3 v — W —SBERLOHE

KEHDHUEELT TR LREADRES lem AOKE S THER L, 100 mM NaCl, 20
mM Tris-HCl (pH8.0), 100 mM EDTA, 1.0% SDS, 100 pg/ml Proteinase K %4 #e1i4{t;
V% 600pl A%, 3TCT—BEE LIz, 7=/ —2 makA A(UDHIHE 1 EfF -7
%, =& ) VBRI THAMA DNA 237 H &8 72, EUX L7z DNA X 70% =% J —/LTH
Y. ®14% . TE Y% (0.01 M Tris-HCl pH 7.4, 2.5 mM EDTA pH 8.0) 50pl (-7 L 7=,

KEFTICIIE F AL 7Y T T4 b (MS) ~—D—%H\, 2.5 pmol forward primer
& [y-33PJATP, T4 polynucleotide kinase iZ & - Tz L7~ 0.17 pmol reverse primer.
0.175 mM each ANTP, 20 mM Tris-HCl (pH 8.4), 50 mM KC1. 1.5 mM MgCls, 1%
BSA, 0.25U Taq DNApolymerasé (Takara Bio), 50ng @7 > 7L — b DNA #&%r 11pl
DEEHE T, Gene Amp PCR System 9600 thermal cycler (Perkin-Elmer) 12T, PCR %47
272, PCRXIXF.95C, 243~ (95°C, 30 8—% 75 4 =—0D Tm (C), 15—72°C, 14)x35
YA I N) —=72C, 35 & Uz, KISt S 80D Loading dye (95% formamide, 10 mM EDTA,
0.05% bromophenol blue and xylene cyanol) & X<#E#: L, PCR EMZHALMIZL-T1
AEIZL, 6%7 7 YNVT I ROMICERKBI 21T o7, £0%., 1 BEEGBRIEES L
% . Imaging Plate (IP)iZ 3~12 BEfEE S ¥, HHABROBXE N ERs IP %
Bio-image Analyzer (BAS1000, Fuji Photo Films, Japan) THEARY, a2 a—& *—'C
BBILL, ~— I~ > THIBINET Y VOB Z —  (w—0—5HERE)  Z¥

EL,

2-4 HEE AT
b J ABEGTFES M (unpublished) 23S %, £ TOHEH LG ICBWTHELL

EEEETREEREETELLIICT6EOMS v — IV —2BUOH L, Z0L60v—h—%
AT, RLREA 4 BiE L 2OFERB I CHBO~— I — SRR OBERENEL, &~

— o — B DGR E LA X O E® Map Manager QT2968k (Manly and Olson,
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1999) ZHAWTITo7z,

2-5 QTL f#Z#T
FENTIX 3 BRI TITo 0, 28 1 BRECIX. FBAOHIEITBW TRESSIC B{biEE S

BRPRL2->TOWERLRE/AGE (BIEERSFROED > LEE L Kb EE) o
v — N —GEEROBEHENE LT, x2REICL VR L ~——BEE L O BERE
T, B2 BEFETIE, MATREEER 238 EEICERL, Bl E&“ﬁ%mﬁif“ﬁ%ﬁ'@%ot
~—7— (p<0.05) TN T, [F CEgHRt B4 5 MS ~—h — & AN Tv—1 —55k
BOBERENEL, REAFL~—b—DBRI L ORISEREFANT, 5 3 BT, §F 2
BEOER, AREsTo~——D0 BT 5EEH#HICI VT Interval mapping k%, Map
Manage QT2968k (Manly and Olson, 1999) ¢ Interval mapping algorithms % i\ T
Flce TOFEE, == —BALIZT TR, BETI~— b —DFRE R, HEHEE
EDOETOREN T QTL DR ERA D QTL T ODOREHMEETH D, £o, R
DEEBEMZRY Z N =T O, TICL - THONEERD EORBRER VWO TMT 5K
FE{E T % Permutation test (Churchill and Doerge, 1994) 12 X - TRHE (LRS f&) %K
e, OB, AEALE0.63 DBIA% Suggestive, 0.05 OBIfE# Significant, 0.001 O

{& % Highly significant & F24fi L 7= (Lander and Kruglyak, 1995),
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3. FHE
3-1 p{bEBE S A ROHUE
R LAZRFEZKP-CAAD RO BLER A ROLHMEEHSARITTHE L (Fig. 2),
KDY 7 MR AVITICIE, AEERSAEREZERLL (72 HE—-EMITER
DRT — F O - IEERE), TOEEREMEL LEbO LAV, ITRRFOR
RAER <A F22R Ll (EEREE) 13 59.7%THY, RETENT T RERL

etk (B{efEfdF) 13403%Th-o7,

3-2 BEHARLT

EHERITIERA L2 T6 BO MS ~——D 5 5, 48 BDO MS ~— 7 —PR LKER
FKP-CAAIZ= v &N, Y D MS = —I—iIABITERICBW TSR MARER SR
Dofe, £z, LGI9IZE LT, v 7 ABRTFESHHEK (unpublished) LG19 D MS <

— =R TIEERROENRNoT2T20, BT EED D Z LN TERMho7,

3-3 QTL fi#ht
B 1BBICBNT, x2RECK YR LRERFR KP-CAA £H (n=44) =BT HRHA

L A8MAD MS v~ — W —IZ Lk B2~ —N — R & OXSBIREFRANT R, 6 ~—H—FEIC
BWTEERER (p<0.05; BHE 1, x2=3.84) &bl (Table 2),

Z T, 5 2 BRSO EGEE 238 AEICHERCL, B 1BRTERTHo MS v—
H— &R UEHEHKE EICET D MS ~— I —2ANWT~—V— SRR OBFRENEL, R
B & v — I — B L OXISBER AT (Table 2), ZOFER. 5 BHBICET S 16
BD~—7— (LGL; Polil30TUE Poli9-67TUEF, Polil00TUF, LG5; Poi9TUF, Poli43TUE
Poli169TUF, Poli226TUF, Polil5-1TUF, Poli215TUE Poli236TUF, Polil51TUF, LG6;
Poli143TUF, 1.G8; Polil67TUE, 1.G24; Polil78TUF, Polil83TUE, Polil98TUF) % {tH

ERETEE L OEBER~— b — L LTRH L (Table 3), Zhbd~—F—3SE84 5
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QTL I B{tIED 1~14% % FHB T2 D ThH o7z,

B3 BB\ T, ¥ 2 BB CTHREL Rolt~e— N — BB T 2 EHHEIZ Interval
mapping &2 X o T QTL OALE % #E L, Permutation test {2 X » THEMZEHE L /=,
FORR, 2 HEERICBETS 11 Ho~—>b— (LG5; Poi9TUE Poli43TUE, Polil69TUF,
Poli226TUF, Poli15-1TUF, Poli2l5TUFE, Poli236TUF, Polil51TUF, 1.G24; Polil78TUE,
Poli183TUF, Polil198TUF) 7' Highly significant level, Significant level Z = L 7= (Table
4, Fig. 3), LG5 [ZH#E Shv/- B{LRE#EER % pseudo-albinism-1 (PA-1) & L., LG24
(R INTEEFES PA-2 & L7z (Fig. 8, Fig. 4, LG5 IZE L., PA-1 L& 7RV H#EH
BRI B o e v—H—1X Poli2l5TUF & Polil5-1TUF T, ZHUIA{LFE D 14% & AT
BbDThHolz, iz, LG24 IZE L., PA2 L HEHLRVWESHBERICH T~ —F—iZ

PoliI83TUF T, ZHUIB{LED 6% % HHAT 5L D TH o7 (Table 3),

21



4, B

AFRIZBNT, 2O0OFERBEERETRE, PA-1 & PA-2 BHEI Nz, PA-1 X
LG5 EIZHEE sS4, PA-2 13 LG24 LicH#ES NIz, PA-1 L& bRWERBERICH o T-<
— 51 —1% Poli2l5TUF & Polil5-1 (P=8.7x101) Th oz, F£7=. PA-2 LK RV B
BRiZdH o To=— I —i% Polil83TUF (P=6.8x10%) Th oz,

AP TR U- B FES M (unpublished) 1%, 217 O MS v —H—R~< v 7 X
NTVWAR, RFFTER T, LG19 AR oD ~—h—2372<, LG19 B L
TR D B 2 LR TERNSZ L LY, fFcHaR~——HThotz, &k
EVREW, BE, ZOLORBESEMEL, JVFERRITZED 57202, 1000 fEE
ED MS w—h—X Y R5BEFEFHMROFEMLEZED T\ D, ML S ioEEEX
ZRuvE, LG19 EiZ, ’ifc%@{tﬁo) LG Lich, F-zA{kBE QTL S S5 ¥
BN BB, E7o. TTIRRE25 2T 3 PA-1, PA2 It oW Th EREET & L Vi< &
g pe—n— (FRBETFCLVENT——) BELNDbOLMETE D, FE,
BIRBIGER O BED A = X MEAR, EEEE L FEEFEREOFARERBEOLEIC
L0, #HHENTWE, ZOREE, MRERUNTBREROELERKRL (EXEREREEIESR
FHHERT) RKEA2BOTHD, V) RMEIRENTVD  (Seikai, 1997), HIDHF
72C, EATRHERMLE X T 5 BEFOFEERRRINTWVWS (Hashimoto et. al, 2002),
ARG THE SNz LS B G TR & EARERMEICEE T 2 BB F & OBEIIIEFIC
BORRV, 5%, MEOBERER, ERDFHEMRMBITEZED D Z L3, BiCET3R
REBEFERETDI—D2OFETHA I,

LirL, AR T QTL T 24T > BiIE, DNA v~ — b —Z AW BRBEREICL - T
A(LEEEBEREZME T2 L ieh D, TOEHDITHBEROIE, W 2HD/hEW QTL %

BT 32 LTI BRREEZXE T 2EH2 QTL 2R L. TOFREBEREIISH
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LTV ZETHD, ABRETIE, 2 -o0FERMBEERETFENEE SN, ThEn
DBREFRELMIEHLTWD DNA— I —i, v — IV —BRERIZFEDo~— I —Th

HLEZD,
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Table 1. Ratio of pseudo albinism observed at Kanagawa Prefectural Fisheries

Technology Center
Strain KP-CA
hame KP-A KP-C (F1 hybrid of
Year KP-C x KP-A)
1998 19.0* - -
2000 3.7 69.4 -
2001 239 97.6 -
2002 16.0 70.1 59.0
2003 5.2 - -
Average 19.1 77.8 59.0
Number of pseudo-albinism
x 100

*Percent ratio (%) =

Total number of each strain fish
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Table 2. Microsatellite markers typed in KP-CAA backcross families

LG Number of markers Number of markers Number of markers
typed at Stage 1° with p<0.05° typed at Stage 2
1 3 1 4
2 2 0 0
3 2 0 0
4 4 0 0
5 1 1 8
6 2 0 0
7 2 0 0
8 2 1 7
9 3 0 0
10 3 1 5
11 2 0 0
12 2 0 0
13 3 0 0
14 1 0 0
15 1 0 0
16 2 1 2
17 2 0 0
18 1 0 0
20 2 0 0
21 2 0 0
22 1 0 0
23 3 0 0
24 2 1 5
Total 48 6 37

a; Linkage group names were according to the Japanese flounder genetic linkage map
generation2 (unpublished).

b; Number of markers typed at stage 1; 22 pseudo-albinism and 22 normal individuals
from the KP-CAA were typed at 48 marker loci. '

¢; Loci producing x 2distribution statistic with p<0.05 at stage 1.
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Table 3. QTL affecting pseudo albinism in the experimental family

LG? Marker P value
1 Polil30TUF 0.034
Poli9-67TUF 0.003
Polil00TUF 0.028
5 Poli9TUF 2.6x107
Poli43TUF 2.6x10°
Polil69TUF 2.6x107
Poli226TUF 2.6x10°
Polil 5-1TUF 8.7x1071°
Poli2l 5STUF 8.7x1071°
Poli236TUF 1.2x107
Polil5]ITUF 3.6x107
Polil43TUF 0.014
8 Polil67TUF 0.046
24 Polil 78TUF 3.0x10™
- Polil83TUF 6.8x107
Polil98TUF 0.001

Map Manager QT2968k software was used for this analysis (P<0.05, 238 informative
progeny, Additive regression model with no control for other QTL).
a; Linkage groups were designated according to the Japanese flounder genetic linkage
map generation 2 (unpublished).
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Table 4. Results of interval mapping in the experimental family

LG* Marker LRS® % Add?
1 Polil30TUF 4.5% 1 0.27
Poli9-67TUF 9.0% 3 0.38
Polil00TUF 4.8% 2 0.28

5 Poli9TUF 35.4%%# 13 0.75

POli43TUF | 354%%+ | 13 0.75
Polil69TUF | 354%++ | 13 0.75
Poli226TUF | 35.4%* | 13 0.75
Polil5-ITUF | 37.6%** | 14 0.77
Poli2I5STUF | 37.6*** | 14 0.77
Poli236TUF | 28.0%* | 11 0.68
Polil5SITUF | 17.1%%+ | 7 0.53
6 | Polil43TUF | 6.1* 2 0.32
24 | Polil78TUF | 13.1% | 5 0.47

Polil83TUF | 15.9%* 6 0.52
Polil98TUF | 11.2%* 4 0.44

a; Linkage groups were designated according to the Japanese flounder genetic linkage

map generation 2 (unpublished).

b; LRS, Likelihood ratio statistic for the association of the trait with this locus.

¢; Phenotypic trait variation explained by QTL. ‘

d; Additive regression coefficient for the association.

e; The threshold values of the permutation test, which are labeled Suggestive (shown
as single(*)asterisk at this table), significant (shown as double(**)asterisks) and
highly significant (shown as triple(***) asterisks), are taken from the guidelines of
Lander and Kruglyak (1995).
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KP-C strain

KP-A strain

2 pseudo albinism d'normal

e |

2 pseudo albinism

Flhybrid (KP-CA)

Backcross family (KP-CAA)

Fig. 1. Schematic representation of the experimental population 1 used in this study.
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The number of progenies

~8.2 ~16.4 ~24.6 ~32.8 ~41 ~49.2 ~57.4 ~656 ~73.8 ~82
%

Fig. 2. Histograms for the ratio of pseudo albinism area in the KP-CAA backcross
family.
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Poli169TUF Polizzerur  ©oStion(eM)
LG24
18
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Q Q D N N N S
P&U&?T UF — ;
Polil78TUF Position(cM) Poli223TUFp,ji720MHFS

Fig. 3. Evidence for QTL affecting pseudo albinism. Test statistics curves following
interval mapping analysis of the Japanese flounder linkage group 5 and 24 in KP-CAA.
Significant QTL are identified by name, and their most likely positions.
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Poli43TUF
Poli178TUF
Poli169TUF
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354
il POIZIETUF
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il POli151TUF
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Fig. 4. Location of significant QTL affecting pseudo albinism in KP-CAA. Markers are
shown on the right of each linkage group. Numerical values on the left are the genetic
distances estimated in this QTL mapping study. QTL affecting pseudo albinism is
named PA-1 on LG5 and PA-2 on LG24. A bold ellipse indicates the approximate
position of significant QTL.
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Abstract

J aiaanese flounder (Paralichthys olivaceus) is an economically important fish as a
food, and has been widely cultured in Asian countries such as Japan, Korea and China.
We chose to study lymphocystis disease (LD) because it has become widely spread in
these countries and seriously damaged fish farms. LD is an Iridovirus-induced infection.
Japanese flounder affected with LD develop characteristically hypertrophied cells,
called lymphocystis cells, on skin, fins and/or mouth. Fish with lymphocystis cells lose
commercial value because they are ugly. Lymphocystis cells on the mouth prevent
proper feeding and in the worst case can lead to starvation. The disease is thus costly to
farmers. There are presently no treatment for LD nor commercially available vaccines.
In this study, we tried to identify the LD-resistance locus (LD-R) by linkage analysis
because it may facilitate the effort for the establishment of LD-resistance strains.

We used 50 microsatellite markers to search for a locus associated with resistance to
LD in Japanese flounder. Linkage tests were conducted in a backcross progeny (n=136)
produced by the crossing a susceptible male with a (susceptible x resistant) hybrid
female.

One major locus for LD-R was detected on linkage group (LG) 15 of the Japanese

flounder genetic linkage map. On LG15, a microsatellite marker (Poli.9-8TUF)
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explained 50% of the total phenotypic variation in the 136 individuals screened.
Therefore, it can be considered as a candidate locus for marker-assisted breeding in

order to enhance selective efficiency for LD resistance.

Keywords: linkage analysis, microsatellite marker, disease resistance, Japanese flounder,

Paralichthys olivaceus, marker-assisted breeding
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1. Introduction

Recently developed techniques in molecular biology have made it possible to dissect
some traits genetically. Genetic linkage maps based on DNA markers are an important
tool in these techniques. The use of DNA markers facilitates the eventual positional
cloning of the functional genes contributing to the quantitative trait (Collins, 1992).
Marker-assisted selection (MAS) and/or marker-assisted gene introgression (MAI)
using DNA markers can improve breeding programs for domestic animals and food
crops. A number of studies have contributed to breeding programs by identifying loci
influencing quantitative traits in domesticated animals (e.g., pig and cattle) and food
crops (e.g., wheat and rice) (Andersson et al., 1994; Georges et al., 1995; Elouafi et al.,
2001; Kwon et al., 2001).

To identify individual loci controlling traits of economic significance to fisheries, it is
presently necessary to construct a genetic linkage map based on molecular markers at a
large number of sites in the genome. The first microsatellite linkage map of rainbow
trout was constructed by Sakamoto et al. (2000) and a more detailed map was produced
by Nichols et al. (2003). It is the most comprehensive map for aquaculture species,
consists of a total 1,359 markers, mainly of AFLP and microsatellites markers with

some variable number of tandem repeats (VNTR) and structure genes. Atlantic
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salmon map has been made recently available (Moen et al., 2004; Gilbey et al., 2004).
High quality microsatellite linkage maps of channel catfish, tilapia and Japanese
flounder are also constructed (Kocher et al., 1998; McConnell et al., 2000; Waldbieser
et al., 2001; Liu et al., 2003; Coimbra et al., 2003; Lee et al., 2005). The linkage maps
of shrimps are characteristically created with AFLP markers as high frequency and
extended length of simple sequence repeats make the isolation of microsatellite markers
difficult in this species (Mooreet al., 1999; Wilson et al., 2002; Li et al., 2003). The
map of common carp has been constructed with microsatellites and random
amplification of polymorphic DNA (RAPD) markers by Sun and Liang (2004). One
publication shows two types of genetic linkage maps, one male and one female, for two
species of yellowtail constructed using F; population of an intercross between Seriola
quinqueradiata and S. lalandi (Ohara et al., 2005). This approach shows interesting
results with a wide variation of DNA polymorphisms.

These linkage maps have facilitated the analysis of quantitative trait locus (QTL) that
control complex traits such as disease resistance, growth, fecundity etc. In rainbow trout,
quantitative trait regions associated with resistance to two viral diseases, infectious
pancreatic necrosis (IPN) and infectious hematopoietic necrosis (IHN), and one

parasitic disease, myxosporea, were mapped (Ozaki et al., 2001; Nichols et al., 2003;
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Khoo et al., 2004). In addition, regions related to upper temperature tolerance,
spawning time, early development of embryos as well as dominant albino were reported
(Jackson et al., 1998; Danzmann et al., 1999; Sakamoto et al., 1999; Fishback et al.,
2000; Perry et al., 2001; Robison et al., 2001; Nakamura et al., 2001; Somorjai et al.,
2003). QTL for upper temperature tolerance in Arctic char, lower temperature
tolerance in tilapia and cold tolerance in common carp were also mapped (Somorjai et
al., 2003; Cnaani et al., 2003; Moen et al., 2004; Sun and Liang, 2004).

Japanese flounder is an economically important fish as a food and recently culture of
Japanese flounder has become popular in Asian countries such as Japan, Korea and
China. However, in these countries, the Japanese flounder aquaculture industry has
many problems such as disease (Muroga et al., 1996) and color abnormalities
(Venizelos and Benetti, 1999). In this study, we investigated lymphocystis disease (LD)
because this disease is widely distributed over many countries and causes serious
damage to fish farms. LD is a viral infection due to lymphocystis disease virus (LDV)
belonging to the Iridovirus family. It has spread worldwide, and has been identified in at
least 96 species of teleosts belonging to 32 families and 6 orders (Nigrelli et al., 1965;
Lawler et al., 1977). Japanese flounder affected with LD develop characteristically

hypertrophied cells called lymphocystis cells, on skin, fins and/or mouth. Affected fish
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lose commercial value due to tumor-like nodules that have accumulated lymphocystis

cells. Lymphocystis cells on the mouth interfere with feeding, and sometimes lead to

starvation. The disease is thus costly to farmers. There are presently no medicines for

LD or commercially available vaccines. The purpose of this study was to identify

LD-resistant locus that could aid in marker-assisted breeding of LD-resistant Japanese

flounder.
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2. Materials and methods
2.1. Japanese flounder family

An LD-resistant line (KP-B) and an LD-susceptible line (KP-A) have been reared at
Kanagawa Prefectural Fisheries Research Institute in Japan. Both lines were
phenotypically selected for four generations during the past ten years. A fish affected
with LD is shown in Fig.1. In 1998, a KP-B (LD-resistant) female was crossed with a
KP-A (LD-susceptible) male to produce an F; hybrid family (KP-BA). A female of a
family KP-BA that was not infected with LDV was backcrossed to the susceptible sire

(KP-A) to generate a backcross family termed KP-BAA in 2000.

2.2. LD-resistance test (Phenotypic measurements)

An LD-resistance test was performed using 136 progeny of the KP-BA A backcross
family. Fish were reared with UV-treated water (4x10000 pW/em?*, UV125, Hanovia)
until the infectivity trials because ordinary rearing water is contaminated with LDV.
This treatment completely protected the fish against LD. The LD-resistance test was
carried out from February to May in 2001, during which time the progeny of KP-BAA
were exposed to LDV-contaminated water. Fish were kept in a five-ton tank with

running water. Water temperature was 14°C- 20°C during this experiment. We also
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tested 47 progeny of the F; hybrid family (KP-BA) from December 1998 to May 1999
using the same method used for the backcross family.

The phenotypes were scored as either LD (+) (fish that developed lymphocystis cells
on skin, fins and/or mouth) or LD (-) (fish without lymphocystis cells on skin, fins or
mouth). The KP-BAA backeross family was scored in May 2001, and the KP-BA F1

family was scored in May 1999.

2.3. Microsatellite analysis

DNA was extracted from blood tissues of the backcross progeny. Tissues were
digested in 100 mM NaCl, 20 mM Tris-HCI (pH8.0), 100 mM EDTA, with a final
concentration of 0.5% SDS and 100 pg/ml of protease K. After protein digestion, the
aqueous phase was extracted twice with phenol, twice with phenol/ chloroform/ isoamyl
alcohol, and once with chloroform. DNA was precipitated using ethanol; pellets were
washed in 70% ethanol, dried and resuspended in TE (0.01 M Tris-HCl pH 7.4, 2.5 mM
EDTA pH 8.0).

Fifty microsatellite markers were tested in a 25 pl reaction volume containing 5 pmol
c;f unlabeled primer and 0.17 pmol of end-labeled with [y-**P]ATP using T4

polynucleotide kinase, plus 0.175 mM of each ANTP, 20 mM Tris-HCI (pH 8.4), 50 mM
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KCl, 1.5 mM MgCl,, 1% BSA, 0.25 U of Tag DNA polymerase and 50 ng template
DNA. A specific annealing temperature was used for each microsatellite marker. The
PCR program consisted of an initial denaturation at 95°C for 2 min, followed by 35
cycles consisting of 1 min at the annealing temperature, 1min at 72°C, 30s at 95°C, and
final extension of 3min at 72°C.

The amplification products were mixed with 20 pl of loading buffer (95% formamide,
10 mM EDTA, 0.05% bromophenol blue and xylene cyanol), denatured for 10 min at
95°C and quickly cooled on ice. Two microliters of each sample were loaded onto a 6%
polyacrylamide gel (19:1 ratio acrylamide: bisacrylamide). After electrophoresis, gels
were dried on a standard gel drier for 80 min and exposed to photo-imaging plates
overnight. The imaging plates were scanned with a Bio-image Analyzer (BAS1000, Fuji

Photo Films, Japan).

2.4. Genetic linkage analysis

First, we analyzed 42 individuals from the KP-BAA progeny (21 fish of LD (+)/ 21
fish of LD (-)) using 50 microsatellite markers. Those markers were selected from each
linkage group of the genetic linkage map of Japanese flounder (Coimbra et al., 2003).

The linkage map distances between the genotypes of KP-BAA progeny at each marker
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locus and phenotypic values for LD (+) and LD (-) were calculated using Map Manager
QT (Manly and Olson, 1999). In the second step, the suggestive markers (P<0.001)
detected in the first step were typed in the KP-BAA population (#=136; 75 fish of LD

(+) and 61 fish of LD (-)).

44



3. Results
3.1. Phenotypic variation of LD-resistance in Japanese flounder

In May 1999 and in May 2001, we confirmed that LD was present not only in the
tanks holding the F; and Backcross progeny but also other tanks (data not shown). In
the KP-BA F; hybrid family, 24 fish (51.1%) were LD (+) and 23 fish (48.9%) were LD
(). In the KP-BAA backcross family, 75 fish (55.2%) were LD (+) and 61 fish (44.9%)

were LD (-). The phenotypic variance in both F1 and Backcross was approximately 1:1.

3.2. Genetic linkage locus for LD-resistance

Initially, 42 individuals of the KP-BAA family were analyzed at 44 loci spaced
throughout the Japanese flounder genomes. The results are shown in Table 1. Among 50
microsatellite markers used, six markers were non-polymorphic regarding the maternal
(KP-B) specific bands. As a result, one highly significant locus associated with LD
resistance was detected (Fig. 2). The locus peak, designated as the lymphocystis disease
resistant locus (LD-R), was located close to the markers Poli. 9-8TUF, Poli.9-35TUF,
and Pol,i. 121TUF on LG 15. This QTL explained 31% of the total phenotypic variation
in the 42 individuals screened (Table 1).

The linkage-group location of these loci was confirmed by screening 136
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individuals from the KP-BAA family. The locus peak, designated LD-R, was identified
by significant LOD scores for three markers: Poli.9-8TUF, Poli.9-35TUF and

Poli. 121TUF (Table 2). The distance between Poli.9-8TUF and the LD-R locus was
14.7 cM as estimated from the KP-BAA backcross family’s linkage map (Fig. 3). This
locus explained 50% of the total phenotypic variation in the 136 individuals screened
(Table 2).

It is worth mentioning that when 42 fish were tested, the KP-B allele (showing a
147bp band for Poli9-8TUF) was inherited at the LD-R locus by 86.4% (19/22) of the
healthy (LD-) progeny, and by 30% (6/20) of the progeny affected with LD (LD+). Also,
when 136 fish were tested, the KP-B allele was inherited by 88.5% (54/61) of the
healthy (LD-) progeny and by 17.3% (13/75) of the progeny affected with LD (LD+)
(Table 3). The dam from KP-B that was used to produce the F1 family and the dam

from KP-BA that was used to make a backcross were heterozygous at the LD-R locus

(Fig. 2).

46



4. Discussion

Our results imply that the LD-resistance is inherited as a dominant trait that follows
Mendelian inheritance. In the F; experiment, the number of LD (+) and LD (-) fish were
51.1% and 48.9%, respectively, and in the Backcross experiment, the numbers were
55.2% and 44.9%, respectively. The phenotypic variance in both F; and Backcross was
about 1:1. The value of 1:1 is reasonable because both of the dams used in these
experiments were heterozygous at the LD-resistant locus. The inherited allele from the
LD-resistant KP-B family exhibited a dominant effect in the KP-BAA backcross
progeny on LD-resistance as a heterozygote (Fig.2).

We identified one significant locus that was associated with LD-resistance in
Japanese flounder. The mechanism underlying resistance can frequently be explained by
the presence or absence of certain molecules in the host which are critical for infection,
recognition or elimination of the pathogen. A typical example is the association between
the major histocompatibility complex (MHC) and disease resistance. Thus, in the case
of chlzckens, MHC haplotypes B21 and B19 affect susceptibility to Marek’s disease
virus (Hepkema et al., 1993). In Japanese flounder, a microsatellite marker designed by
MHC class I cluster gene sequences was found to be unlinked to LG15 (data not shown).

However, other MHC class genes are not mapped on this linkage map, and the next step
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will be to determine the locations of other MHC class genes as clarifying differences in
MHC haplotypes may explain LD-resistance. Within fish, NK (natural killer)-like cells
are referred to as nonspecific cytotoxic cells (NCC) and are presumed to protect against
viruses and tumor growth (Jaso-Friedmann et al., 2001). However, the locus associated
with NK-like activity is unlinked to MHC class I and II in rainbow trout (Zimmerman et
al., 2004). In Japanese flounder, some other immune response-related genes were
isolated by expressed sequenced tags (EST) (Nam et al., 2003). Further study to
investigate possible relationships between these immune related genes and LD-R are
needed. Identification of functional genes by positional cloning is a final goal of our
study because the isolated genes can be used for marker-assisted breeding, i.e., for
gene-assisted selection. However, the genetic distance between the LD-R locus and the
nearest DNA marker is not close enough yet for positional cloning.

Microsatellite markers offer many advantages; they show high levels of allelic
variance and co-dominance which facilitates genome mapping of domesticated species.
In previous studies, we have mapped 236 microsatellite loci for Japanese flounder.
Completion of a high-density linkage map of Japanese flounder will be required before

positional cloning of the LD-R gene can do achieved.
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Fig. 1. Affected fish showing tumor-like nodules that have accumulated lymphocystis
cells.
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Fig. 2. Autoradiograph of one marker (Poli.9-8TUF) associated with LD-resistance on
LG15. The upper band (147 bp) from B (KP-B, a resistant strain) was confirmed to be
responsible for LD-resistance.
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Fig. 3. Linkage map on LG15 in the KP-BAA backcross progeny.
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Table 1. Linkage data for LD-resistant locus in the KP-BAA backcross family

LG* Marker locus DDBJ accession No. LOD score Contribution (%)° P
1 Poli.6TUF AB037979 0.17 0 0.38
Poli.9-22TUF AB086477,AB086478 0.04 0 0.66
Poli.9-67TUF AB086447,AB086448 0.00 0 0.98
2 Poli.23TUF AB037985 0.04 0 0.69
3 Poli. 13TUF AB037982 0.20 0 0.33
Poli. 138TUF AB086531,AB086532 0.30 1 0.24
4 Poli. 128TUF AB086519,AB086520 0.59 4 0.10
Poli. 148TUF ABO086551,AB086552 0.09 0 0.51
Poli-RC35-TUF AB032370 0.02 0 0.79
Poli. 156TUF AB086563,AB086564 0.02 0 0.75
5 Poli.9TUF AB037980 0.17 0 0.37
Poli.151TUF AB086557,AB086558 0.00 0 0.83
6 Poli. 190TUF AB086603,AB086604 0.35 1 0.21
7 Poli.18-55TUF | AB086489,AB086490 0.54 3 0.12
Poli. 117TUF AB037992 0.52 3 0.12
8 Poli 202TUF AB086617,AB086618 0.17 0 0.37
Poli. 136TUF AB086529,AB086530 0.17 0 0.37
9 Poli. 182TUF AB086595,AB086596 0.39 2 0.18
Poli. 129TUF AB086521,AB086522 0.39 2 0.18
Poli.163TUF ABO086571,AB086572 0.22 0 0.32
10 Poli, 144TUF AB086543,AB086544 1.04 9 0.03
11 Poli. 176TUF ABO086587,AB086588 0.17 0 0.37
12 Poli. 179TUF AB218007,AB218008 0.11 0 0.49
Poli. 149TUF ABO086553,AB086554 0.09 0 0.51
Poli. ITUF ABO037977 0.17 0 0.36
13 Poli. 175TUF AB086585,AB086586 0.17 0 0.38
Poli.145TUF AB086545,AB086546 0.17 0 0.36
14 Poli-RC47-TUF AB030938 0.07 0 0.58
Poli, 14]1TUF AB086537,AB086538 0.07 0 0.58
15 Poli.9-8TUF ABO037989 3.64 31 4.30x10°
Poli-RC15-35TUF | AB086451,AB086452 3.64 31 4.30x10°
Poli 121TUF AB037993 3.64 31 4.30x10°
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16 Poli. 199TUF AB086613,AB086614 0.00 0 1.00
17 Poli.9-38TUF AB086479,AB086480 0.09 0 0.54
19 Poli. 108TUF AB086501,AB086502 0.52 3 0.12
20 Poli. 123TUF AB03799%4 0.00 0 0.98
21 Poli.113TUF AB086509,AB086510 0.11 0 0.49
22 Poli.2TUF AB037978 0.09 0 0.51
23 Poli. 174TUF AB086583,AB086584 0.02 0 0.77
24 Poli. 139TUF AB086533,AB086534 0.09 0 0.54
26 Poli. 150TUF AB086555,AB086556 0.17 0 0.37

Poli. 122TUF AB086513,AB086514 0.17 0 0.37
27 Poli. 124TUF AB086515,AB086516 0.69 5 0.07
28 Poli 146TUF AB086547,AB086548 0.04 0 0.69

The data were obtained using phenotypic measurements and the Map Manager QT Backcross
statistic (42 informative progeny).
2LG, linkage group.

® Percentage of the total trait variance that would be explained by a locus at this locus.
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Table 2. Single-locus associations for putative locus for LD-resistance

Number of progeny | Marker locus | LOD score Contribution (%)2 | P

42(20 LD+ /22 LD-) | Poli9-8TUF |3.64 31 4.3x10%
Poli.15-35TUF| 3.64 31 4.3x105
Poli. 12ITUF | 3.64 31 4.3x105

136(75 LD+ / 61 LD-) | Poli.9-8TUF 20.54 50 2.2x1022
Poli. 15-35TUF | 19.24 48 4.6x1021
Poli. 121TUF | 15.27 40 4.8x10°17

The data were obtained using phenotypic measurement and the Map Manager QT Backcross

Statistic.

* Percentage of the total trait variance that would be explained by a locus at this locus.
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Table 3. Phenotypes and genotypes of the KP-BAA progeny at putative locus for LD

Marker locus

Number of progeny (LG15) Phenotypes / Genotypes
LD—- LD+
147bp-inherited 147bp-inherited
147bp-not inherited 147bp-not inherited

42(20 LD+ /22 LD-) | Poli.9-8TUF 19:3 6:14
Poli. 15-35TUF 19:3 6:14

Poli 121TUF 19:3 6:14

136(75 LD+ / 61 LD-) | Poli.9-8TUF 54:7 13:62
Poli. 15-35TUF 538 13:62

Poli. 121TUF 52:9 16:59
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Fig. 2. Genetic linkage map (LG4) constructed from F1 hybrid, A2 family.
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BNHDOD—D2L SNTVBIETL1bLT, FE - FEICBVWTHIURETEEZ AR L
TeWFRIE D 24, FRICHEI LFIIZFEOMBIRY 2v,

#Z T, DNA v—H—%HAVWESFEROFEEZ RV ABERK ORI E BIE L.
AETIE, B 1 BEOEFHFET THEONZY VA VRAFRE (LD) EHMHEETE & EH
T5 MS ~—I—%AVkEs—F—T7T A MREXHE (Marker assisted gene

introgression; MAT) I X 5 LD EHMHEREDI/EHERAT-,
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2. MER O

2-1 = —H—T7 VA MEEZRHE MAD 2LV VRV AF AR (LD) EHMEET 5
LW RFEDIEH

MRJNBAKEBHTE V7 — B THREE ShTE e BARE21 L. 8 1 EofRIC
HEox, VARV AFRFEEGME (LD-R) EEFELESHT D MS v —»F—(Poli9-8TUF)
ZRAV. LDRZETALHEELE, 2V, KP-BRHKED 14Tbp OV A XDT LA EFT
HMEERKE L., ThElEEA L Lz, 20044 4 BIC, fdE LTERVWIHEESE TV 5 R
B AESTOBEAERAERAICZOMERA%RRE L, LD-R 27T 2%/ 2BE% st B
Li=%# (LD-R b T 2A) OEHEFT-7% (MAD (Fig. 1-a,b), LD-R & 5 X OfEH, ROE
BIRER 6em £ COFTIZRMES AESICTIT o/, Bc, FAEY4EERTOREY

EERBAZACTHERAE 7 AZEH L GIRE 7 LD-R 2H S22,

2-2 fE R

2004 £ 7 A, fEHL7-LD-R £ 7 A DF )5 26250 BE2 =ZEHRND A BREGZIC, T
AR 6cm THT L7z, FiT. 200448 A, xRt 7 A Do 22000 B% A BASGIZ, ¥
BER 6ecm THATL, LD'R 7 A &% e 7 A0HATRREIT o7, WXV A& 5

FRICNAL, ABABORAETFEILE> THE L.
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3. fER

LDR EZ AL, iR - AL bIcRe 72 LBER< . LD ERECENL TV, xt
B 5 AT 45%0 LD BEBEIRER SN2, LDR £ 7 A TORERIT 0% Tho7-

(P=6.0 x 10°267; 42 test) (Table 1),
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4, B

DNA v —W—%fAVZBERERICL 2 RRBRT, 7 ABTRICRBT3HORLTH S,
ARBRTIIFRC, WE O LD itk & BRAEICER L.

LD 5B LT, LD-R b5 AT 0%DOREETH Y, Bt T AL 45%DRIERE
R UTz, BAOERMBNCRIT 5 LD ORERI, £ - JSRECAE <L, MECHNE
IERPER SNEBERICBNT, B8, £KBERRLONBRNI 35D, ABERICE
NWTh, ZHETIZ, ZOEARERSR TN S, ARBREM IO, A RFEBIZHBITS LD
DFFEL, FIEI AR TERIDRL,, FRRTOMBE 7 A D LD BERIL 4.5%L &
£, ARABOEDOMOERITENTHRROEVWRERICE EE o7, L, EWE!
BETH-oThH, HBE T A, ZOMOEEHICHEECRENER Iz L, LDR t
T AX OUNDREEThHolz, TORERIL, LDR b I7AOFAMEERTOIZKESRLDT
hHolbEZ B,

REFHEIZB LT, LD-R & F A, R - AR L BICHEE T X LRAERPo T, Lk
L. A2 R 7REORNE, AR, G2l i) 5, BMERIC L BTG L~
JMZE STV (Fig. 2),

A1, FRET2ICh7 0 WEREIIRINTWVA A, AR T LD ko k& 2%
BRON=Z 2iE, MAI OFMEEZTRTHOTHY SHROKETEOF LWL R
L. ZOREERIETDHHDOTHoLE 2D,

7¥, AEE (LDREIALHBrIA) 1, 2004 F 11 AICERRAD B BHEE
IZLD-RE 7 2 5250 B L%t T 4 10300 2.,2005 4= 8 AIC=ERND CHFESHIZ LD-R
b T A 3500 BLABE T A 1800 BINAEL, LD ORELLB LB, 4FETOLZ S,

HEAGL D, EBHDE FAIZY LD DRIENBD N TWRINI & 22T 5,
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Table 1. The results of the field test for LD resistance of Japanese flounder produced by

marker assisted gene introgression

Number of
. . . Rearing
Genetic (allele) information LD fish |Total number of
A-fish farm . - period
(Poli.9-8TUF on LG15) (Cumulative| tested fish )
. (fish size)
mortality)
Parents Progeny
Male Female
O*
LD-Resistant - ++ +- 26250 -
(0%) 2004.7
2005.11
. 1000**
LD-Susceptible - - - 22000 (7cm-30cm)
(4.5%)

(*P=6.0 X 10™; 42 test)
2 At least, 1000 fish were counted.
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147bp

fues

¥ g

Select some fish with LD-R by DNA marker

\ 4

Select a female

v

Breed with a male, which was bred at a commercial company (without LD-R)

Fig.1-a. How to make LD-R strain.

Fig.1-b. Fish of LD-R strain.
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HIE

DNA =— b —0DO.FA{LZHER L7727 DNA 7 v 7 O3



DNA v —7—0BFIL, BEFHRENELZRESERE Y, i, DNA v—h—
FRWEECTFEEME (LU, ESHMN LT 5) & EREZFRIA U ESEHAT (QTL
FEATE) 1%, B - EMICRD DN T AREFHEICHE ST 2B FEOESHHIK L TOAL
BROEFTREIC L, FABBTFOREE, ROFAEGETEFEORBEORLREICKELE
MLT&7, BiZ, DNA—H—DFThvA 7 aH 7T T4 bMS)~v——IL, ek
MDY 7 AE2ECESBEL TS ZERUERECEATNS Z Lnb, EEHN, B
FHIF, RECHER, AT, REECHB. BREPEOBEMBITP~— I —BIKEE, KM
BET OB CRETHEITNICOES AV DR, 5O BIEZNFHERLICHEL T2
LEND, THETAREIRBNT MS w—7—% AW ESEMN O ERIIHEBIC BV TR
HEINLTND (Table 1), LA2L, ZhbDfF@IE, A - EARICHPOLTEHEINT
WRWOREETHD, £z, MS w—F—DERATIE, T—F—_R—2 LIzABan~
MS v—H—E#REELZ, MEEPBLORERBIZD ol — W — 2B L, EREE
FETD. LS FEERDOP—HEATH Y, FIOEICE > TELT LIV FEF0
bDOTIER, 22T, DNA v—X—DRALZEE L. MS v—b —DFE®RIZT TR
{CMS<w—b—%#ic7V L, —OE L LTHERREFHERD VAT LELT, T2
7 DNA 7 v 7 ORR##B T,

DNA 7' v 7 D BRI ERTIC X o THE SN DT, 7277 DNA 7y
ZIRZOESERANTTY IS T4 >—2RICTV ML ZAREENH D, KT
v 71X MS 7—7’J~—ﬂ>’r§$&%~%f“é‘ BDEVWIREEART 7B LI T ADMS
v—h—, BETEHBK EIZv oy FENTWS, T2bb, 7/ A LEDOMENRERE
ENTWAED, 7 L EDHBESRSZN MS ~— I — Il BEBICEDOBEWERL
BETEDLWVIRITBNT, EBREHEZASLT DNV TR, Y a7 MS
v —H—IIREBEEZFRI L T50T, HohileF—F—0kFizboni v, HAH

HEOBENLDTHD, Bic, KT v Z7IC3RA L LTARZHAES S A ~—b B sh
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TVBD FFRANCIE. 2 ORETHE SN DNA Y —I — 2 LI DNA 7 v 7 R0,

EANRBAOEFRZUIAT T A~ — 2B LI-DNA 7 v 7 2 E~DISHARFRETH 5,
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Table 1. Genetics linkage map for aquaculture fishes

Fish and shellfish Kinds of molecular markers Total number  References
of markers
Rainbow trout Allozyme 54 May and Johnson.(1990)
(Oncorhynchus mykiss) ~ AFLP 475 Young et al.(1998)
Microsatellite 208 Sakamoto et al. (2000)
AFLP, Microsatellite, VNTR, SINE, 1359 Nichols et al. (2003)
Structure gene _
Atlantic salmon AFLP, Microsatelllite 527 Moen et al. (2004)
(Salmo salar) Microsatellite 64 Gilbey ef al. (2004)
Amago salmon Microsatellite 123 Nagase (Unpublished)
(Oncorhynchus masou
ishikawae )
Channel catfish Microsatellite, EST, Structure gene 293 Waldbieser et al. (2001)
(Ictalurus punctatus) AFLP 418 Liu et al. (2003)
Thilapia (Oreochromis ~ AFLP, Microsatellite 162 Kocher et al. (1998)
niloticus)
(Oreochromis aureus) Microsatellite 28 McConnell et al. (2000)
Japanese flounder AFLP, Microsatellite 463 Coimbra et al. (2003)
(Paralichthys olivaceus) ‘
Kuruma prawn AFLP 129 Moore et al. (1999)
(Penaeus japonicus) AFLP 251 Lietal (2003)
Black tiger shrimp AFLP 116 Wilson et al. (2002)
(Penaeus monodon)
Common carp Microsatellite, RAPD 268 Sun and Liang (2004)
(Cyprinus carpio L.)
Yellowtail (Seriola Microsatellite 200 Ohara et al. (2005)
quinqueradiata),

Gold-striped amberjack
(Seriola laland)
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Abstract

We propose a new method of primers distribution. Primers are printed directly onto the
page of books and delivered to users along with relevant information. Primers are
spotted onto water-soluble paper, and readers can easily use the primers from the sheet
and amplify them directly using PCR. DNA sheets can withstand various conditions that
may be experienced during bookbinding and delivery such as high temperature and
humidity. A book designated as “AQUA DNABook” is the first trial for printing DNA
primers on sheets. This book contains 218 primers for microsatellites on a Japanese
flounder linkage map and 24 primers for disease diagnosis. This edition was distributed
to selected institutions in Japan for research use. We are planning to publish the second

edition of Aqua DNABook for worldwide use.
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1. Introduction

The idea for the DNABook™ came into when it was thinking about plans for RIKEN
mouse genome encyclopedia project. The RIKEN mouse genome encyclopedia project
aimed at collating the entire set of mouse full-length ¢cDNAs, and RIKEN started
thinking about the problems associated with storing the numerous clones as the project
proceeded. Basically, the idea of the DNABook™ was originated from superimposed
images of a computer hard disk and hard copy printed matter. The DNABook™ of
RIKEN MOUSE GENOME ENCYCLOPEDIA and RIKEN HUMAN c¢DNA
ENCYCLOPEDIA (Kawai et al 2003, Hayashizaki et al 2004) was published for this
conception. We believe that the idea of the DNABook™ is also useful for researchers in
fisheries field.

In the last few years molecular biological methods became important tools for
investigations in a fisheries field. Above all, PCR is valuable tools for detecting various
levels of genetic polymorphism, e.g. genetic diversity in population analysis, breeding
programs by identifying loci influencing quantitative traits and diagnosis of diseases.
The DNABook™ support researchers working in such fields, because it is the portable
and paper product DNA bank and can keep on their desks, not in a freezer.

The AQUA DNABook is the first trial for printing not only DNA but also PCR
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primers. It is constructed with two main parts. One is microsatellite markers on a
genetic linkage map of Japanese flounder on the basis of Coimbra et al. (2003), and the
other is primers for detecting of pathogenic microorganisms. In the part of later, the
information about diseases and references are prepared. The aim of publication of this
book is to conduct a field test of the AQUA DNABook™. Therefore, this book was
written in Japanese and provided for selected Japanese Institutions for research use. We

have a plan to publish the second edition of the AQUA DNABook for worldwide use.
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2. Materials and methods
2-1 Microsatellite markers of Japanese flounder

Two hundred eighteen primers for microsatellites in Japanese flounder, Paralichthys
olivaceus, were isolated and identified from a partial genomic library enriched for CA
repeat following the protocol described by Coimbra et al. (2003). Positive controls used
for effectiveness of the primers were genomic DNA extracted from the blood of
Japanese flounder stocked in Kanagawa prefectural research center.
2-2 Primers for detecting pathogenic microorganisms

In this book, 19 diseases were presented (Table 1). Twenty four primers including
nested PCR for pathogenic microorganisms were synthesized based on the literatures
that have been already published. In bacterial diseases, DNA for the positive control
was extracted from the bacteria purchased from ATCC (American Type Cﬁlture
Collection). In viral and parasitic diseases, DNA or RNA for the positive control was
extracted from viruses or parasites that were kindly provided from prefectural or
national fisheries research centers in Japan. The amplified fragments of DNA were
separated by an agarose gel electrophoresis, and cloned into a home-made T-tailed
pBluescript IT SK (&#8722;) vector.

2-3 DNA preparation for printing and spotting
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Plasmid DNA containing target sequences of 19 pathogenic microorganisms was
purified using a Qiagen Spin Miniprep Kit (Qiagen). Purified DNA was dissolved at a
concentration of 20ng) ul in TE (10mM Tris-HCI at pH 8.0, ImM EDTA). 218 primers
for microsatellite sequences of Japanese flounder and 24 primers for detecting
pathogenic microorganisms were chemically synthesized by Invitrogen. DNA was
dissolved in TE, and DNA concentration was adjusted to 40pM. A DNA printer
developed in RIKEN was used for DNA- spotting on the 120 MDP sheets (Mishima
Paper Co.). 0.13ul of each DNA solution was taken by the disposable 384-pin replicator
(Genetix) attached to the DNA printer and placed on the paper (each spot contains 2.6

ng plasmid DNA or 5 pmol primer DNA).
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3. Results

The AQUA DNABook (40 x 30 cm, hard cover) is constructed with 7 chapters: @D
General explanation of the DNABook™, @Basic introduction of microsatellites and
primers for disease diagnosis, @Notes for use of the AQUA DNABook, @Information
concerning DNA sheets, ®General protocol for using the AQUA DNABook, ®
Detailed information of diseases, detailed protocol for using primers, and listing the
references, @WDNA sheets spotted with primers for use. The volume of this book was
50 pages for instructions plus 36 sheets for microsatellites and 10 sheets for disease
diagnosis, and one extra of genetic linkage map of Japanese flounder.

DNA sheets spotted with primers were printed in the relevant scientific articles and/or
brief information of the contents. Researchers who are interested in the enclosed primer

can immediately apply primers from the sheet to their research, showing in Figure 1 and

Figure 1 is a sample page of which Japanese flounder microsatellites are spotted. In
this page and the next, the way to use microsatellites is shown with a protocol. PCR is
performed in a 25 pl solution containing 0.75 units of KOD-Plus DNA polymerase

(TOYOBO), 1x KOD-Plus buffer (TOYOBO), 2.5 mM of MgCl,, 0.2 mM of dNTP, a

bit of the page where area was spotted microsatellite primer pairs (about 5 pmol), 50 ng
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of genomic DNA, and 0.5% bovine serum albumin. Thermal cycling is consisted of an
initial denaturation at 94 °C for 2 min, followed by 30 cycles of 94 °C for 1 min, 60 °C
for 30 sec, 68 °C for 2 min and a final extension of 2 min at 68 °C. PCR products are
electrophoresed in a 3% agarose gel. We designed PCR primers for all DNA samples as
fragment size of the products shows around 100bp to 300bp. Fig. 2 indicates a sample
page that primers for diagnosing diseases were spotted. A method of using this page for
PCR is the same as mentioned above. PCR products are electrophoresed in a 2%
agarose gel. Fragment size detected for each microorganism is shown at the page of
detailed information of diseases.

Figure 3 showed the results of PCR amplification, using primers from the DNA sheet.
We tested all Japanese flounder microsatellite markers spotted on DNA sheets. 86.7% of
these markers were successfully ainpliﬁed. Representative results from 12 of the 218
markers are shown in Fig. 3-a. And 24 disease diagnosis markers were checked for PCR,
and 95.8% of these markers were successfully amplified. The results are shown in Fig.

3-b.
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4. Discussion

Our results indicated that almost all primers could be applied from DNA sheets.
Although we tested these primer’s availability, success of PCR amplifies was not
perfect. One of the reasons we speculated is to be unified a temperature of PCR steps
and a concentration of PCR mixture. Improvement of these points is needed.

We have tested the tolerance of DNA sheets to temperature, high pressure, humidity,
and rubbing stress, however, it is still not equivalent to the full range of situations and
conditions. In order to improve this book, users’ contributions to examine the practical
use of DNA sheets by using DNA amplification are requested. After summarizing users’
results, the data will be reported in a separate paper.

We propose that in future this technology could be used as one way of distributing
physical resources to biological communities, because AQUA DNABook can offers
several advantages; (1) Origo DNA (primers) is stable in printed form and this character
allow bookbinding and shipment by courier. And it makes easier to stock primers in
room temperature. (2) Researchers can easily use primers to PCR, cutting from a DNA
sheet within a short time. (3) As both scientific information and physical primers
concerning researchers’ interest can be obtained simultaneously, they can start an

experiment and research immediately.
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Also in fisheries field, AQUA DNABook can be applied to a variety of situations. (1)
Collection of microsatellite markers of different species that were reported all over the
world is useful for research of population analysis and/or genetic diversity of the
population. According to researchers’ purpose, they can easily use microsatellite
markers for their target species. (2) AQUA DNABook is useful from the viewpoint of
prevention of epidemics. Researchers often get into troubles when they have to confront
with unknown disease. In those cases, if diagnostic primers for all diseases that
recognized in the world would be collected in a book, they can diagnose the diseases
smoothly, using the book that binds both disease information and the physical primers

for disease diagnosis. It must become a reliable tool.
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Fig. 1. A sample page of Japanese flounder microsatellite markers. Half of the markers

in a page are shown in this figure. Chromosomal location of the printed markers can

be known by a genetic linkage map shown in the figure. Researchers can test one

primer pair for 25 times. Primer’s information is also printed. Detailed information of

the primers including a PCR-protocol is shown in a different section.
*1: Group number of a genetic linkage map of Japanese flounder (Coimbra et al., 2003)

*2: In one box, information of the primer is printed and physical primers for 25

times-use are spotted.

*3: A part of the genetic linkage map. C shows a position of centromere and the markers

plotted in this page are shown by bold letters.
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Fig. 2. A sample page of diagnostic primers. Two diseases are appeared in a page. This
is a half of the contents. Researchers can test one disease for 25 times. Nine of the
positive control DNA are also spotted. Information about diseases, fish species
susceptible, tissues or organs that should be tested are printed and physical primers
for diagnosis are plotted. Detailed information about diseases and PCR-protocols are
bound in a reference section.

*1: Name of fish species susceptible to the pathogens.

*2: Main tissues or organs that should be tested for diagnosis.

*3: Positive control DNA.

*4: Diagnostic primers.

*5: Information of the primers.

*6: The second primers (when nested PCR is needed, we can use these primers).
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Fig. 3(a)

Fig. 3(b)

Results of PCR amplification.

(a) Microsatellite markers of Japanese flounders. Amplification of 12 markers
(Polil61TUE Polil91TUF, Poli9-48TUF, Polil38TUFE Poli24MHFS, Polil46TUE,
Polil28TUE, Polill5TUE Polil9TUFE Polil42TUF, Polil40TUEF Poli-RC35TUF) are
shown as representative.

(b) Disease diagnostic markers. Results of diagnostic primers are shown in turn from
left side; penaeid acute viremia 1* primer, penaeid acute viremia 2™ red sea bream
iridoviral disease 1%, red sea bream iridoviral disease 2", lymphosistis disease,
Oncorhynchus masou virus disease, carp herpesviral disease, viral nervous necrosis,
infectious hematopoietic necrosis, YAV 1%, YAV 2" pseudotuberculosis, vibriosis,
vibriosis, furunculosis 1%, furunculosis i pseudomonas infection, bacterial coldwater
disease 1%, bacterial coldwater disease 2™, bacterial kidney disease, perkinsosis 1%,

perkinsosis 2", kudoosis amami 1%, kudoosis amami 2.
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Table 1. A list of the diseases printed in AQUA DNABook

Causative agents of diseases

Disease names

Fishes susceptible

DNA Penaeid rod-shaped DNA virus p 4 acute viremi b
: enaeid acute virem
viruses | (PRDV) virea rewn
e ey . ] Red sea bream,
Red sea bream iridovirus (RSIV) Red sea bream iridovirus disease .
Yellowtail
. g . . . Japanese flounder,
Lymphocystis disease virus (LDV) | Lymphocystis disease
Red sea bream
Oncorhynchus masou virus (OMV) | Oncorhynchus masou virus disease | Salmonid fish
Koi herpes virus (KHV) Koi herpesvirus disease Carp
RNA Striped jack nervous necrosis virus | _ . . )
. Viral nervous necrosis Yellow jack,
viruses | (SINNV)
Infectious hematopoietic necrosis . . . .
. Infectious hematopoietic necrosis Rinbow trout
virus (IHNV)
Infectious  pancreatic = necrosis . . . .
. Infectious pancreatic necrosis Rinbow trout
virus(IPNV)
Aqua birnavirus (YAV) Yellowtail ascites virus disease Yellowtail
Bacteria | Pasteurella piscicida Pseudotuberculosis Yellowtail
. e Japanese flounder,
Vibrio anguillarum Vibriosis .
Yellowtail
Flavobacterium columnare Columnaris disease Carp, Eel
Aeromonas salmonicida Furunculosis Salmonid fish
Pseudomonas plecoglossicida Pseudomonas disease Ayu fish
Flavobacterium psychrophilum Coldwater disease Ayu fish
Eel,
Edwardsiella tarda Edwardsiellosis
Japanese flounder
Renibacterium salmoninarum Bacterial kidney disease Salmonid fish
Parasites | Perkinusus spp Perkinsus protozoan infection Short-necked clam
Kudoa amaiensis Kudoosis amami Yellowtail
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AT, BRAAL LTHERE S, BIFRE - REMEEL LTRAZIEILDETET
CTHBEICBIT A KEEOF TEERATE L INTVALE I A EXNRL LT, DNAv—I—%
RAWESFERENIRZITTV., FRAEEREZMNMN Ul 2R OMSL 2RI T, Fi,
DNA ~—%—OFAZAAET 6D LT, DNA=—I—%#IZFY > b L, BIREREDN

ARER—MoARE LTHESEST 77 DNAT v 7 ZBR LT,

DNA < — 70— % RV ESERTIC & 58 RS P E BB TR DHEE

BEFAS CTHERSINL TV S, ABREO—HETHsEILE, VANAEDY R X
FRARLDMERE, &5 ZoDREHE 2 X T 2 EETEICOWT, DNAv—Hh—D
—BThdrvA 7 VT T4 MMS)v——% AW ESEHEITIC X A HEEERA T,

BRIZBELTIE, RLRERR (AL XIEES) XEES) ZRWTHITEZITo 728
R, 2 ODEK THEERBEHEETHPA- 1 LG5, PA-2; LG22 8 E LT-, £7=, LD IZH
LT, RLEEFR ((EHERK S XBXERKS) XBZERKES) &AWL
TolfR, 1 SOBGETFEMLDR; LG15)2S LD #EHHIZHR BEE LTS Z L2358 5

2 oiz,

v =N —T R MEFHHEIZ L B LD EHEREO/EH

AT TR v/ LD BHiEEEFE(LD-R) L EEH T 5 MS v — I —z2 Wiz —h—7
A H%i%fé?ﬁ (MAD) &5 LD EHitEfE CRE) OIEHERAE, FickE L, LD
FHEEEFEOLDR) L E#EEH T2 MS ~—v—%2H\, LDR 2H T2 LHE L2 HALER
ELTEWVIHEZ B TWS RMESSHOES AEMAIBALZRELTLDR v 7 AZ/EHL

F %7, FEEEESHOHRAL T A RRBL T AL Li-, BERIBICCHE A DM
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- BHEB L, ToORER, LDR I A, RE - AL bICHRE T A LEER <, LD Btk

BT e, ARERIEMALI ORI ERTHOTH D,

DNA ~— A —ORAERIE LT 77 DNA 7 v 7 DBAF

A7 T DNA v~— A4 —WMS ~— U —)D G FERIIB T 27 EESHEID b, £ T,
MS = —H—ORAORAEZBEHRLTT 77 DNAT v 7 2% L=, 77 7 DNA T v 27 i3,
MS v — b —DEHRZT TR MS v —0—bRIc 7Y v b L, —MOARE L THREEH
EBVATATHD, KT v 7R L UTRFERKHAY 7/ ~—bERIh TS, &7
v 7 AELEREFTIC L > CRE I DNA 7y 7 0ERESEZ L &, AV ITT7AM<—
EHICT Y2 R LEIORLTH Y, fBEMIZIE, 2L DR THRE SN DNA ~— 1 —%1
L7 DNA 7 v 7R [ ERKRBACKKRZEHRA S A ~—%ZME LI DNA 7y 7 R E~DIG

RPHETH D,

ABETHONIZE T AOHFEEENMRAL, DNA v —h—DRMLERELLET 7T

DNA 7'v 7 OF%IL, s FREFTRZII LD & T 58k~ R OHEE L ERE ORI

HOTHBLEEZ D,
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AT

RERZDEHIZY ABIRICED LIRS L E X DIWKBHBE LS L HEE 25
V. EARRIXOEKMEZIEE E L FIGBEREEER S AR R kgL
HEHRE MAEHERICEATRHBORERLET,

FIRFRBREFEMICE  RARMERE L OKIREBFNRE HEERBERCT
SRAZERE L HEREEZRDS & LI, KRXOMY DI LEX 0BERHE & 15
DELELZEZ I IITEBWELEY, FRFRARAEEENAE BHERBER
I REFZ RO DICHVZOHEMEEWEREEE LI L2 Z IWB#H W LE
£

ETo, MENFAKESNE > & —BEEIHTE RENBEEFERRIIIARFRIZBIT D
HOPLIETHERZ I Lo TWEEE, Z<OHMELBY E L, £/, B Kb
FFIA, BRRASA, MEARB A, &FR—SAZBDLTIMBEDOERICHIEL
HIRNZTHALTERD THREBEBVELEI &, fFRETIZICER-LET, &5
OB EIFEFTRE GM £ & — MIBRZFEE L, WEEL, PAerK, JBEET
K, ANEMREZHRD ETIMERDT 4, WKRERE 2 —FFEFFFHTEE BT
BANERK, BORE~Y Ty RERIEIMR, RZERREED LT IMEDOF £ ICH
ZLOEEEEZR > TWEEEE L LICEH#HOBEERLET,

(M)ARERE® Y F—REPFRLAT EEENE RBREE L, Van Andel Research
Institute ZRHPZE L, Universidade Federal Rural de Pernambuco M.R.M. Coimbra
B, FOREEREKREREZNRE KEEETELE, MR —RRICIIENELZED D
) ZATHIGHEIEEZTE L LB, MXOBMYVBOICER LARZHMUELZBVE L, &
ZIROBHOBER LET, i, RRPKREELHAEE CORELEFICLNT, ®

CHAEELET, FIRARICE S THEIE, BB EVAKEEREREE, KIEH
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AP REDBRESMIHEHLE L ETET,
REIC, BLRMBZESOTLE-EDE TRAZEHT D L LB, HRLEEZHE

KXZT<NREANL, B, MEZIICOLETIRETLI Y BH N LET,
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