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Linkage map and estimated locations of QTLs in Iwao-sugi, using RAPD markers.
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A total of 177 linked markers were distributed among 25 linkage groups. Four linkage groups that consisted of only two markers were not included inthis figure. The markers are listed on the right and
map distances in cM are shown on the left. One asterisk (*) and two asterisks (**) designate markers with distorted segregation (0.01<P<0.05 and P<0.01, respectively). One hundred nineteen RAPD
markers with confirmed map positions were assigned to 21 linkage groups, covering 1756.4cM. Bars to the left of the linkage groups correspond to 2.0 LOD support intervals for the QTL locations.

Arrows extending from bars indicate the most likely QTL positions estimated using MAPMAKER/QTL analysis (Table 1). MOEB (Modulus of Elasticity measured by the bending method); MOET

(Modulus of Elasticity measured by the Tapping method); FVF (Fundamental Vibration Frequency); WD (Wood Density in green condition); D (Diameter)
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Linkage map and estimated locations of QTLs in Boka-sugi, using RAPD markers.

A total of 177 linked markers were distributed among 21 linkage groups. Seven linkage groups that consisted of only two markers were not included inthis figure. The markers are listed on the right and
map distances in ¢M are shown on the left. One asterisk (*) and two asterisks (**) designate markers with distorted segregation (0.01<P<0.05 and P<0.01, respectively). Ninety eight RAPD markers with
confirmed map positions were assigned to 14 linkage groups, covering 1111.9cM. Bars to the left of the linkage groups correspond to 2.0 LOD support intervals for the QTL locations. Arrows extending
from bars indicate the most likely QTL positions estimated using MAPMAKER/QTL analysis (Table 2). MOEB (Modulus of Elasticity measured by the bending method); MOET (Modulus of Elasticity
measured by the Tapping method); FVF (Fundamental Vibration Frequency); WD (Wood Density in green condition)
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EAN-FBENAB,

ESBRI O v — 5 — BO P XIFEEEA A 7 4 2 X OBEBHEX T 14.7cM, A7 A X OEFHKT132cM TdH -
7z TORERE S L1Z, Lander & Botstein D& DX 4 25E LT QTLEN OBIE % KD 7=, QTL#FO
RBifli % 1.0D score =24 LA k& 72 o 7z,

3.2 QTLEROKBR

3.2.1 ¥2UFOQTL

ATAAXERH AXTHERL 2EGRERNT, YV IV REOMBERED QTLIEN 2T 572 1 7F AXT
2, Y rEICBT 5 QTLIZAE 5 EHE X - (Figure 1, Table1), 2D 55, A6 TR ETHIE L2y v
LAXET S LHEE X5 QTLIE 4 8T (MOEHE~4) , Zh Fh D QTLA R DERBAIF BRI § 5 & 5813195
~303%Th -7, ThbH 4O QTL R TREAAICN T IHFGRERD L I A41% Lk oTz, FyEY
THETHREL YV IV EEHRT 5 L &5 QTLIZ 1 EET (MOETED) , 20 QTLAF>ERBIAFHUZ KN T 5
FE5HIZ197% ThH -1,

AHZAFTIE, YV IEIZET S QTL 848 10 BHiE & h/z (Figure2, Table 2), 2095, KL TMNNIET
BlE LYy £ LTRSS L HE XN 3 QTLIE 5 BT (MOEHB-1~5), ZhZh® QTLA R > RBA S EU X
THEG5HEIZ202~372% Th 7. Thb 5EDQTLERTRABMABICH T IHFGHRE KDL T 5, 41.7%
Llsot, —H, FvCVFETHELEY Y VREXR TS LHEEE NS QTLIZ SET (MOETEI~5), Th
Fho QTL A >EBRASHU T 2 F 513203 ~338% Th -7z, Thb 5D QTL 2R TRBRIFEICKN
FTHEEERLRMIZE T A 448% L 57z,

PED&Siz, 2X0Y v 7R EZERT S QTLIX, Adt 15EH#EE S -,

Table 1. Location and magnitude of effect of QTLs controiling traits related to module of elasticity and other traits in
Iwao-sugi, as determined by interval mapping analysis using MAPMAKER-QTL

o Linkage . QTL? L.OD %Var.?  Multiple
Trait” QTL group Marker interval position  Peak expl. estimate (%)

MOEB MOEBI-1 I-1 OPA08a-OPAB18b 0.0 2.8 19.5

MOEBI-2 I-2 OPO02c-OP0O06a 14.0 2.9 30.3

MOEBI-3 1-4 OPADO06b-OPAG02a 22.0 2.5 24.5

MOFEBI4 I-8 OPAK10a-OPA07z 22.0 3.3 29.9 441
MOET MOET-1 I-3 OPT09z-OPABI12a 8.0 2.9 19.7 —
WD WDI-1 1-2 OPAB04a-OP0O02c 0.0 3.5 20.8 —
FVF FVFI-1 1-3 OPT09z-OPAB]12a 12.0 45 30.6 —
D DI-1 I-3 OPT092-OPABI12a 16.0 4.6 26.8 —

1) MOEB, Module of Elasticity by the Hanging method; MOET, Module of Elasticity by the Tapping method; WD, Wood Density;
FVF, Fundamental Vibration Frequency; D, Diameter

2) Most likely QTI. position corresponding to LOD peak, as estimated by MAPMAKER QTL;cM distance from left most marker
of interval

3) Percentage of the phenotypic variation explained, as estimated by MAPMAKER QTI.
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Table 2. Tocation and magnitude of effect of QTLs controlling traits related to module of elasticity and other traits in
Boka-sugi, as determined by interval mapping analysis using MAPMAKER-QTL

. Linkage . QTI? L.OD %Var®  Multiple
Trait” QL group Marker interval position  Peak expl. estimate (%)
MOEB MOEBB-1 B-1 OPK08a-OPAF20b 10.0 2.82 22.5

MOEBB-2 B-3 OPAH04b-OPR11a 0.0 4.81 30.8
MOEBB-3 B-5 OPN19b-OPA07a 14.0 3.08 37.2
MOEBB-4 B-6 OPK16b-OPE17b 0.0 2.83 20.2
MOEBB-5 B9 OPN20a-OPN15a 20.0 4.28 34.3 41.7

MOET MOETB-1 B1 OPAF20b-OPAH02b 4.0 2.90 20.3
MOETB-2 B-2 OPABO08b-OPAA03a 8.0 2.65 21.0
MOETB-3 B3 OPAA03a-OPAC05a 0.0 6.10 33.8

MOETB4 B4 OPT11a-OPAF05a 18.0 3.56 32.7
MOFETB-5 B-5 OPZ10a-OPN13a 4.0 3.17 21.5 44.8

WD WDB-1 B-2 OPAB08b-OPAA03a 0.0 4.08 24.2

WDB-2 B2 OPN15b-OPZ09b 14.0 2.71 20.0
WDB-3 B-3 OPAH04b-OPR11a 0.0 2.59 15.7 29.8

FVF FVFB-1 B-3 OPU08a-OPAH02a 2.0 2.52 20.1
FVFB-2 B-5 OPZ10a-OPN13a 22.0 3.26 28.3 31.2

1) MOEH, Module of Elasticity by the Hanging method; MOET, Module of Elasticity by the Tapping method; WD, Wood Density;
FVF, Fundamental Vibration Frequency

2) Most likely QTI. position corresponding to 1.OD peak, as estimated by MAPMAKER QTL;cM distance from left most marker
of interval

3) Percentage of the phenotypic variation explained, as estimated by MAPMAKER QTL

3.2.2 4£MRE, BRFEHESICBEEREODQTL

EMeE, EHERSE, sIUMEEEORELXE TS5 LHEI N QTLIZ DO TRETOED TH -7,

HEMIEE IR 5 QTLIEA VA X T 1M (WDED) #E & h, ZOQTLARRMZEUI T 535 5%1320.8%
TdH -7 (Figure 1, Table1), —F#, A1 ZAF T 3EHEE SN/ (WDB1 ~3) (Figure 2, Table2), ZH 5 3
FED QTL BNEBREGHI N 285 H1215.7-24.2% T, 2R TOEREEIL298% Th -7,

BEAIREE A XA 5 LHEE Shi QTLIRARHEHE S hiz, A IA XX TR 1E (FVFE), A7 AX¥ T2
s (FVFB-1, 2) #E &¥h7z (Figure 1,2, Table 1,2),

faEEEEs KR TS EHMEINZQTLIX, A VAXXTOALE (DE1) #E Xhi (Figure 1, Table 1),

3.2.3 QTLOEHERE ETOSH

QTLIEMORER, Y v /L ZOMOIE % XET 5 LHEE Sz QTLOW Dh A, MR DR U fHlg i
Lo A TAZAXTIR 258D QTL DEF A S 22k - 7= (Figure 1 W), 52 HEHFE LICERL -0
MOEHI-2 &£ WDI1, % XU 3 #$# Lo MOETI1, FVFI1, DF1Th 3,

F, KA ZXTIRAEBO QTLOEHBHAM S » 2k 57 (Figure 2 BH), 5 1 #BBEDO MOETB-1 &
MOEHB-1, % 2 #8{# D MOETB-2 L WDB-1, % 3 ##i¥®D FVFB-1, MOETB-3, WDB-3, MOEHB-2, % 5 # 8}
BED MOETB-5 & FVFB-2T®% 5,
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4.1 SEHEME

2 X OFEFHP &R U R, £ H 2 ¥ TIZRMXITESE 1111.9cM (21884 v — 7 —) OMPHBR A, 1
T4 2 XTI, HBHIXIFERE1756.4cM (258 888E 119 v — 4 —) OESHEAER T X 7z (Figure 1,2), ZhE Tz
WE SN TV 5 2 FHESHR Tl 7 DR X FEREA 887.3cM (13RI v —H—) TH-727, T4bb, 50
PERL U 7= 3B gHI AL, StuIXIFERED & 3T TIIBEH D 2 G 413 5 0 IZBEB L T B, L7zht - THRIME TIER
U 7RIS, A 2 AR EOBIZAM AT BRI L D BOHEE CEIZFOEFMN EOMNBE4RIET S 2 L
AU THD, SHMASAFH L - AXERICOBELHESHNXORFEL LTEhTWEEEL NS, —F, Kl
TR L - EEX O~ — 7 — RO X FESE I, 13.2cM ~ 14.7cM Th - 7z, BEHRO 2 FESHIRIE, 20
v — 5 — O X PERE A 9.8cM ThH o7 Z L b, SEMER L = #ESBHRI O~ — 7 — ORI,
Mukai 5 DEFHEX O FEHPEREI N TREL B DFREL o7, L2 L, RFIPV— A -4 EILK-T10~
20cM BULTY / £ &I 5T LI0& 5T, LS QTLARATE S 2 &, 5", KRIZE TR L 788X
3, SHAXOREPE X T 2% QTLRINICKAFIHATEELEEZE LS5, LirL, SEOERISAXDY /) L
Ri3f2800cM L HEE S M7z Z &, AW AX B L UA 74 A XD Z W FhOBXFERIL, 2 X5 40D%940% , 60
%DHhEHIN—=FTHZ M5, $HIZIZISSR (Inter Simple Sequence Repeat) , AFLP (Amplified Fragment Length
Polymorphism) , STS (Sequence Tagged Site) & W\ 78~ — 7 —2FW T, &) FRFEL -RafE X 4 1B,
U, X0, BEENIRCERTE S &5 ST 50BN 5B,

AR TR U 78X Tk, BIETEEICEA Lk sy — - MBS h: ({94 2AF 307~
H—, AAZAF 457 —H—), TRETIZAX TR, BBFEBEF L EDBIEY— 1 —DOHBELEEZ 25T
FEEEIZBE T 2 EL, HEEHE IR T3 109 ) B0 2 FOEFHRIZB T, HEHREO~ —
H—DBEBEINTE), COFBELREBEORKIE, MBOTEEF L OBEHITL > TAHEL TS EHRIL THWE, K
R CHER L 78 8B R L IS5 53 3 D REE O~ — 7 — &, il S »pOBFEER LB L T -0 5 Ll h
5, %k, 20X, BOEEREE L EZOMOBER L DEFUI K> THEL 5 LRI AN B~ — 7 — DR
RN DL OBFECEEIRTNE Y2 2,

4.2 QTL#&EH

AT, vV EEXET S QTL A AT 15 BB 5 » 1% - 7= (Figure 1,2, Tablel,2), ZDWNRIZ, 25 TF
BOETHMEL =Y IV E 5 LET S5 QTLAAGIE, 4y €V VHETHIE LY Vv R4 K3 5 QTL 43 6
THD3, RAHIAXTRELSTADEBLTY vy EV FHETHEL 27 v 7 #E 4XE$ 5 QTLAESHN FIZIER
UGB TRIE SN, ThhroFABZ L, B Bh -2 2 20HEETHRE LAYy 7EY , BEAICE
CHEDIZHRENTOBZEEREL TS, LAL, QTLY y ¥V FETTIRZ D LREVTIhankd, 5%,
AR, YIEEREZTO LItk ZOBENEREALLPIIL T BERD S, —F, 2 Bhk->72
DOWMEBLETHE L 727 v VY EEXE TS QTLD S 5, B LT B - MBEISHEE S =B d -7z,
Sy v SEOREICHG TR, UTOXS 2REBAH 5, 356 TADEE, HEEOWE L, REMON
RIS S ORMEE KL T b, 49 Y SEORAITIE, RN, KR 2 L 8 ICRAFBREROFEYI LMD
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Mtk £ IEE 2B, THIR, S5 THDE, 29 Ve XRT 5 QTLOMEFHX EORE,NEL > TV5BED
i, TNETNOREENREELDOBOERRLTNBIEDEEL LIS,

ARCER, BRI AR 5 LRI NZQTLIE, YV yEAEXRTEQTLEA 74 XX T 25K, A4
Z XT3 4 FE, SR O RRROME THE - (Figure 1,2, Tablel,2), 2D Z &id, ¥V IRIZAMILER
BEAHREK L Vo 2BV Y SRBOBERDOV LD TH LI LEBKRL TS, Thbd, YV I/ETREIhIE
ORI, EREPEORELEZERTH ), UK L2y v V7 EBORA SHEO QTL AR & ¢, HiK$ 52
LilkoT, YUvIr/RBOEBELBERAEMONIZTELEDLEEALND,

—REICBIAR TIE, ORI FRER IZERICEOCEESEH 5., L L AFOHEITEMOBARIIN LTy
BTHEBEEARD, »OY v VRBEFREEOMICEFHOERE L2 80, EHICSEOMRTIE, 174 2%, K
AXEFNZTNTY V7 EEXET S 3O QTL AW AEMILEE XA T 5 LHEE S hi- QTL L EGHX F TR -7
T L 2. 2heOWEY, BIRFNRTO/BRIZ, 2 X TIRAEMILERY V FRITEAMIC LI EE LT
WEWI EAREL TS,

BB %R T 3 QTLOXRBRA AU N T 25 ELFM U7z (Tablel,2), 5, S5 TADETHEL Y Y
THRIZOWT, A TFAXTHE SN 4EDOQTLR EARTREA IO UM% EHATE LS I LW »iTko
7oo RAAXTHE I N5 20 QTLIE, 2R TREBGEONTI%EFHATESL I LAHL NI -7z, F o ¥
YOBETHRE LYV SRICONTUE, R ZAXTHEZ N2 5 DO QTL TRRB MO 448% % FHATE B L
S A7 o 7z, FROME T, MORIM %R T —DDIBEE T H 2 FREE D QTLA WL DrOBIA THE
EhTwb, 7—-&v YT, Groover 5% PEMBEHE 2 XA T 5 QTL 2R TR THD 23%HHT & % L H/E
LT3, Knott 59 &, RILK 7 — &7V ilhWT, BROBFMER A IR T2 QTLE®E L T 5, SEIOH
HTIX, MORMEIZET 2 BIEMEBEORTIE, ZThETICHESATOIRBRICHEKLT, EFICKRE LA
THHHTE S QTLAHLNIZTE -,

AR TIE, ThETHRAYEBETRESNTOIMED QTLIZETAME LD L LD AT LTS HREH - &
QTLAEMOMIZT B I LN TEL, LALLENS, REAFHISHTI2FEL» RS &, REA Y EE & THM
TE b TELV, ZHZE, UTFO LD ZHA»E L S hiz, OFEPE %2 XA T 5 QTLOWL D1 DA &
TOBBETHTH 72728, QTLOBEFRIO FEESHEE TE B2 o 72, QF B QTLIFN O 72 IZ1ER L 7= gt
KIIHEE X N2 AX DT ) LRE2THN—Leb T3 s 572720, W 2 DQTLAESH N L THE T &
o 7z, @Pseudo-test cross DERGR L, H#IZ DWW THER & /- 3 SB0XI O BB A S RBHTH 5, Lizdi-
T, M THE EN7ZQTLO WL DR HETH ZWHEMEH 5, DV DH DR A RTER & DL HAE
JHIZ &> THEC T, OO R ROMERKA, #Hat L, B AR »HEE 20 QTLAHE T 51234
Bhrotz, UED XS RBHLS, RERMIMOETEHNTE ar >R S 5,

ks, SEBFONEY Y VEEOQTLEITOMRAHRAHTES LSI0T 220101, QTLOWENE, &5
CICBREER e OMBEERS ML 2T 570, OMOZMERTQTLEN AT 2 &, ORA KRERK T T
WE LR R ENRIC QTLEf 2110, REEKAEZEL - QTLOWRE .7, ZLHFHEETH D,

X500, SEEGHRIOERIZIZEN~Y - —THBRAPD v —H — A/ Z & & QTLENTIZ IV 72 Pseudo-
test cross D ¥REE ASEEMUR U XMBIDBIERR TH B Z 26, UTO LD LMERDH 5, OXMHTHH 4 74 2
FLAN ZXOEFHHIHATE LN L, OQTLMFT ORI, FRIREHET 5DICRLEETH 5 H M
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IREHEMDRS FHETE L, LzhoT, §%STS, CAPSE KUSSR &y 7= M~ — & — &V TEH
WROPEF LA, & 612, KOEGBEDEZVFERE QTLENTICHOT, MATBREEZ IR L T ZEAEHET
b5

SEOQTLBF DR AEWF L T Z L I3MENED * 7 = X LD, ORI L HBEOS W EIE— 7 —D
BEIZAEHTH A5, T T, §HRIZIZ 07 4 TV IMEARAFDOY v 7RISR SHET L8280, WK, ¥
HREREZWRAL TS TETH S,

ZOMREEITTHIIY0, HMRATRMAEYRERRRENZZE L, AHEMEEELICREELIER
iz 0 e, DNAESIR AR T 51C 4720, ARHEEHE TR, sikAEFEG BRI TRICZ, BEEkX
FEBHROWE W, 72, BATOY Y PUREL, YU S ERIRICEE LT, WAER L Y ¥ — UNERESR
MEBEK, RRIEEESSLLETR, MABE L 2 —A0O0FRICE, BEELY 2D W70,

D EDBMI L, b8 L B 5,
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Detection of Quantitative Trait Loci for Wood Strength
in Cryptomeria japonica

Noritsugu Kuramoto V' , Teiji Kondo @ |, Yoshitake Fujisawa ' , Ryogo Nakada
Eiji Hayashi ¥ ,Yoko Goto ' and Fukashi Shibata @

Summary . Cryptomeria japonica D.Don is one of the most important forest tree species in Japan. The progeny of a
cross between the cultivars Iwao-sugi and Boka-sugi were analyzed using RAPD markers, with the pseudo-testcross
strategy, to construct linkage maps of the parental cuitivars. A total of 355 segregating loci were detected among 72
offspring: 200 and 155 markers being distributed in Iwao-sugi and Boka-sugi, respectively. In Iwao-sugi, 119 markers
with confirmed map positions were assigned to 21 linkage groups covering 1756.4cM. In Boka-sugi, 84 markers with
confirmed map positions were assigned to 14 linkage groups covering 1111.9¢M. The framework map distance in Iwao-
sugi and Boka-sugi respectively provides about 62% and 40% coverage of the total genome, estimated to be approxi-
mately 2800cM in length. Using genetic linkage maps constructed in this study, 15 QTILs were detected that are associ-
ated with the modulus of elasticity (MOE) - an important indicator of wood strength. QTLs for MOE explained about
45% of its total phenotypic variance. Some QTLs associated with different phenotypic traits were located on the same
linkage groups. Some of the QTLs for MOE measured by two different methods (the bending method and the tapping

method) were located independently on the different linkage groups.
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