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Studying the genetic diversity of Indonesian teak to identify the origin of
commercial plantations on Java Island

Eko Prasetyo (University of Tsukuba), Widiyatno ¢ Sapto Indrioko * Mohammad
Na’iem (Universitas Gadjah Mada), Tetsuya Matsui (FFPRI), Ayumi Matsuo,
Yoshihisa Suyama (Tohoku University), Yoshihiko Tsumura (University of Tsukuba)

Teak (Tectona grandis) has been widely planted in 70 tropical countries because of the value of
its wood. This species was introduced to Indonesia more than 100 years ago, and large
plantations can be found on Java Island. However, little information currently exists about the
genetic diversity and origin of these trees. We collected plant materials from three regions
across Java Island and sampled trees spanning three age classes in each region, to clarify the
genetic diversity and structure of teak plantations on Java Island. We investigated teak
plantation and clonal experiment populations using multiplexed ISSR genotyping by
sequencing (MIG-seq) and compared the genetic diversity and structure with the provenance
test populations derived from the natural teak forest in India, Myanmar, Thailand, and Laos.
Analyses using 459 single-nucleotide polymorphism (SNP) loci revealed that native
provenances had higher genetic diversity than the Indonesian teak plantations. Further analyses
showed that most Indonesian teak plantations are genetically related to Laos, Thailand and
Myanmar provenances. We conclude that there is a weak genetic structure on teak plantations
among the regions, which indicates that most plantations were established using plant materials
from a specific part of the natural teak distribution.
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Potential of genome-wide association studies and genomic prediction of
Shorea platyclados, an important timber tree species in Southeast Asia

Sawitri ¢ Yoshihiko Tsumura (University of Tsukuba), Naoki Tani
(University of Tsukuba, JIRCAS), Mohammad Na’iem ¢ Widiyatno
Sapto Indrioko (Universitas Gadjah Mada), Kentaro Uchiyama (FFPRI),
Kevin Kit Siong Ng * Soon Leong Lee (FRIM)

Shorea platyclados (Dark Red Meranti) is one of the commercially important timber tree
species in Southeast Asia. However, excess logging, insufficient natural regeneration and slow
recovery rate contribute to the declining of timber stocks dramatically. Therefore, it is necessary
to promote enrichment planting and develop effective technology to support rehabilitation and
improve timber production through implementation of GWAS and GS. Plant materials were
collected from progeny population at PT. SBK forest consession, Kalimantan, Indonesia. Our
study revealed high LD up to > 110 kb, suggested that GWAS seems to be more feasible and
easier to detect the association between phenotypic traits and markers that are in LD with QTL.
However, the detection power of GWAS seems low since we could not capture any significant
SNPs associated with all traits, indicated that phenotypic traits were mostly affected by large
number of genetic loci with majority of small effects. Furthermore, prediction accuracies
estimated by Machine Learning were higher than Bayesian methods. Among growth traits,
height was more predictable than diameter and clear bole, whereas branch diameter ratio
prediction accuracies were better than branch angle in terms of branch quality traits. Our present
study suggest the potential of GS for improvement of the S. platyclados.
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EZIN B EIRRHERIC T 2 B O W TEHIC M S LT WL 3R TIE 2% v, AWFgE
TliE. BEFEOER - 2 E 34T 0 R EEL RBRESE T A E2AET L
BROBEDRETIIC L 2 28 %3 L 72, Z DR, XFEIRIZPERE LKL
FRACBIE T 2B AT 2[R R I, — 7T TSk H 5548
TREFEHROMEREICEG Z 2B IV nweEZoND, 612, WHEAML A
Mt 2 AT 2 A X 2588 L BEaiEEd IO W ISR T oo ROs: % 35 L 72
TH]ET 5,
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BHDONGS 7—5ZFAL
C. japonica N2> X0 YU F~N—LA%5 OO0 DIER

FERN (NWMNKRZRZEIEZHIT) «
AR - EIEE (NUNKZRZEREZHFE)

NGS £ D Szt 8iE - HEHREY ORI RT3 RB I 2 - 72, ARIFFET
. 7 LRI E WS 2 E K, B 25Tl I N HE T — 8 G
T5 2L TN RIEREYA Y v 72 ER L 7, AL %5 —% 1% Roche-454,
[llumina Hiseq/MiSeq. PacBio RS II ¥ 25 A2 AW TlEINdDTH 3,
Roche-454 ¥ — %13 9 §F . Hlumina (% 8 . PacBio 12 25 F o 67
bOERMGH L, CNH6DF—F %2572/l —LIcT7ry 7V L DL, HES
Kr2 77252 ) 7T ETHRESINLIINAYa 7% ERL. &N 2 TD
BeHN T — 7 R—AZWE LT, TNH6DT—FRXR—RIEKHRE T L ORBEYZ~ v
Y7L CZOMEZFNIEZA, REBIGEVWYRH L7250 TR, 7YV Off
WL IThN TV AHEEED D 2 Z L 3b o1, 26 DFRBFEY)DE\ I IIHE
L BRI DEIR L T HgE b H 5 2 E DRI s,
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"R BETREEELSTRRICHEET 5 2 BT DR

HER A F (NUINAKZEMERRERZHE) .
AR (N ARZEZIE)
BEALH (MRS AEEEY 5 —).
OO E (FUMNKRZEERZPFR)

M9 IIBMRATFEFMARER/ L v ¥ —I12 & o OER S N EEATR R X 5l
D—DOTH %, ZDEEARIFE I —NOFEEEFICX > TEREINT WS, Z
FCI, K ERBEBEWDE & ORRLIC X - TEE S ke F, 1% o g T
DMrbi, HYEAIRIZE & T 277 LEEDR S, T OFBICERT 3
reCj19250 B F122 W T, e« Tiz0BEE TR ZENTE 2\ 22D DNA <«
— A= I N, ZOEOEEED S reCjl19250 SE{E T3 B S O b A 11 2 et
BIETTH B ERRINT VS, ZOEEHENTCIE, reCjl1611 #E{E 123 reCj19250
BT ER—7 ) LIS ERELTWw5, L, T T reCillell EiE IR
THHEFIZEAEMESIN TRV, AWIZETIE, TNo D 2B ITOWTT )
LB B 2 RO EHCHEEATRR < — 5 — & L CORBE., {EHREIRICE
\J BEETHBLE S Z N 2 i L, EEA o R R EEE 7 £ L ConfRgltz
BEt L 2o TcHET 5,
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AFBADERETBMNMEUARREEBREICEZ2TE

REBMND (MNKZRZBREVERRERZAA).
OO E (NN KRZRZ BRI ZT6)

AXDOEMIRFEICIZ 7 = /7 0¥ —FE L, ST RN AL 721 T < BHANEE D
BFREED 2T 2, AFZETIE, AFHARZEIRUE T2 2 LiIck>T 72/ 1Y
—ZEEL . —RICHBREIME D E I N TV EFOM U ARFEREANDRE R ST L
72, 2018 4E 4 A5 8 AT, Fl 4 MHRFEL 72 A X FIAKR%Z —1.5°CO R
CT3MMFE 12 6 EEIER L 2B LA, 90K E L O 12 8% TOEGFE,
KROEME LOFBELIMG L 72, 2> e — LI H I B W &t 2 3%
F et AFRX LRI L 22 S IX OB o N R R 2 il L 72, Z DF5E.
AR BB X CIIMIBROE N ICHF LT 2 g n g I ik, ¥, AX 7=/
0y —IHEETFREL L TRE CIEEI ERIEIc s s 2 EBHS Ik
2T 5, S DOFER D & IR ITE LB 2SR N TR D A BR AR 1 fif & D> D58 % ] UF
LTWw3 EEZ 5Nl ARRITIR DRI E T 5 FRDBIE BN 2 17\l
ARNEBOAEFLREEIZ O W THET L 72, Z OF5HR, KSR Ol s R 2k L
TEh ., BRI A FFARO A HIRE 2 2L &, FRMICE % KIT L 72 nlagik:
DRI T,
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AF S UAHEEICR T 2RBERNRERGORE

BLtE— (MWMNRKZFRZEREDERRERZRH).
SAAIE (ERMEFRIFTRT)

EH F (BMRBEMEIMATEL Y Y -—AMEES).
EER (NUNKZRZEEFIFTE) |

OO E (NN KRZRZ BRI ZT)

FLUARTAEEICE W OLRBEORMIZFEELHEDO —>OTH ), —MRIVITHEDEIC X
DR A2HIRT 2 2 & T LIKRD & O Z&FEH LD & D& Z IIHI 2, #1308
BOARTHE IRER EDMOBREER 112 b HEZ T T 720, EERPERZ: & D
LD EFEEIC O E L2 MIE T, NETICH LARBBIC KT T HREDOEEIZ O
THHEDI B L OPIREI N TV B, REZIWCHIEICZ > TR W EBI %\, Z2 2T
WIS 2 LT 6 BRBEOBEEE (0%, 38%. 50%. 75%. 85%. 95%) I
FIL X AT, K2 7u—v R HAWEERL L ERFLORIE - WEHE % 1T
ST, TNSDFERDSH L ARFE, MILICKIZTHREDHENELH LI/ 0 — I
DELZZEPHSIZRoT, £, MRZIEBGEHG T % 2 & THMR EMBIHIET
I E T BRI 5 2 LRI NS, HIT, i LARFERICE T 200072 R
ZHHG 22T 272901 95% IR D FE D %2 Fl v TERE IO & 320 %
BT BHEBRITo7, 2N DERZIICEML I u— 1y BOEEZ: SIc BB L 7~
Bt 7 B SR 2 R T 5,
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Dot /FAVTFEREZMAELCE L AREBE
AREHz (RREEMREMEEZY T )

AXRPE/ FORWHICEBWT, avy 7 THONHABIADLR>TWw5, LaxrL, av T
FHOFICIZ, BEHROMEBRECETNHE L UIE LB 2 BAONE, 22T, BH
IR LRI T 27 DI BRI T L E-5 M2 AEMNIENT 208235 5,
AWtFEClx, Aeke / ¥oay g2 LEE LCRIEL, #ikicary T
HEBRTAZEZ2HMNE Lz, 2019 4E 3 HIZ 20 KOHARD S FHHOHi 2 & 1245
10~15 KD LFIZ LD, At 216 K2 N—3I X294 MIcHiL7, H5HIZ 183
ROFWH 2Ty T HICBIEL 72, Z DGR, [ 10 H DK i CfE- - 32.3cm
DERICKRIEZE L, F7. 201947 Hic 10 KD a v 5+ 6 Bl = & 124
13~15 KD LFHEZE & ) Gal 147 Kz RIS L 726558, 130 RO FEIRE % 1572,
—MBALRRIE ' T VIC X BT, FIREZE X, L FEOREGTAIC X 2@ I A S
N, FRBEEEAR L LB EORE L ZIT T,

-25-



41

WETICE T3 b MY VETFORRAR EEXBRROINGEERE

ZHIET (MR EMEMATEL Y Y —). WiBRA -
# WS - ANER - A&EER (UINKZRFMFR).
BHE_(CRAKXZARZRRZEMRIZEIIRY).

= HERE (KA RILKZAMEEI T FTR)

BHEERE AT 2 R TIIBHAN O B I B\ T R D LI E I 22 503
LU BIREENENT 5 526050, ZOFHMIZHS LIZI N TV, Z 2T,
BEBECAEE L7z b N = v it o E TH SRR & HEE SR RE 2 M5 22 10 fddr
L 72,41 44 SR o il R 2> & THI ¥ C i & i Bl o Fliascz sl L
fEfeE B3 & N IR DT RUE O AR S 2 A O L7z, 2 DR, 1 DL ED
R AR DA L (i R IR & E ) DL & 7oA AAE U 72, SRl R E B & A ] R 52K
IEARF TR 22 ) . SRBEEUIEERNT L B o7, 61T, B B X DA
PRI DIEHE D R e Kb 7z, XiT, b HFERAKRZ 8 Huf» 5 70 HH
FHXFEHREE 5% CHba L 72, WREBHIAI 2> & IR B T £ Co sk & R E R o
PR R & A E R Z 2 fEERRE TR L 8o o280k %2 g L7, 2 Of5HE,
WHEE AR & b U TR O MR RER E MRRERIZE T L2, #ER% 56 H
BB, W TEm O THAEMIEF & @O b B4 L T 7203, EIERO [HIF Tk
BERIEDINIAE U 72 R DSAE L, BB OB OIMRICHF S T 5 L E£ 2L 61
72,
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AIEWICIRED TR I DHEREIEETF F 7 I X/NY OERET / LB

THAR (RRXKZEZED. AtESA -
FERF (RRRKFAFREFEMRZHIED

AN 3G AR DAAEPICHBAE L TB D . 29 L BT cl Bk s ik
DRI LT3, AEMOMBESRS NS 2 &2, SRIERHRBOEEIC XD, LIS
MY 3B ERER L EENDE, AN FROFF 73 2N (Betula
chichibuensis) X AIKAEDFTEH L ZBRLEMico A4EE T 5 R F0 420K EMY)
ThHb, FF7 I NN ITHEGFH - FHEE - BEBRICE 203201 E . AFRD
At Bl BB AR L T 203, Z OB LB DWW TG s I i
Tk, Z2 2 TARIE TR, FF 7 3 32N OIERIRS /) LENTIC X - T, B
DO RFBIREHEE U, FRER L AL FEM OB ZLEZHS 2T 2 2 E2HWE
L7 BRI 8 £ & b Eilidthod 3EM D 1 k2 & EZ L T/ & DNA
WL 72, ERIEST 2 20— % PCR BIRL., vy 7)) — Ry —/7 v A gkt %17
272, 9 38000 IR D —7r v AFERD & RFHEE 2T o7 £ 2 A, FRAREN &
b MM TSI N, £2, AL EERIDIIEI W RETHH ., MEINT
W BEBAD S IR OENIZH L WRETH 5 2 LRI N, RAFETIE,
CNODFERE L YT, BERAEY ) LOEMBOERIZOWTIRE T 5,
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FELL - B8 - SIFICHBER L A FBEROYERE

= HEL GRMRIAME BER) . ME—E (FILEHRW) ., FFE=EE -
ARHE (BEREMt), LEE (BEEMK L), HEEXE - EH
F (MM E AN . SR (FMRIME )

HIERIRIEAL 1, RMRANTER AL E 2 LT LRSI, ABEEEICEIG L 72 2 F D
TEHBANiPAFE RO ST %, T &) BEAhibFE T, & - EHETE 5
ANLEREC, MRS 2 BT 5 2 EB—MINEH, Sz b o3, B2 H
RESE N TED L) BROGZ NS PBGEET 2 2 L b HEETH 5, £ 2T, SRR L
ZVUR HAS 3 sk (R, 222, eiR) o—fiEiic, BRSO 2 HiY &
U 7o X FhaaaUih 2 35%0E U, i 1 4F H QRG22 i U 7o, TR, 16k
RO A 22 2 o ek, 2R USRI T b 5, BRI, AR & RAR IR
Who e EROTEZ I L. MEEE L OGNS X WERIREZGlER L 72, AFRIZ 3
BT, 89.6~90.1% & (XXM U TH H | Koet & 28 AR TEVIZ 22 -
7o 3B VR RIZ. ML, HIRSFERE T, Zm ol iie &b, Bl
ORGSR AR DS, RSt & O IR SR WA DS S o 7o, HEAEE X, FLDS, 2
&R LENE AT 2% < L & B0 TIOR3 H_ 38 T AURS S
AR TEE LT OEAZ D 2 DI L, HFTIEZD & ) BHAIZ 22> 7,
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Population geneticeiversity of Cryptomeria japonica var. sinensis based on

RAD sequencing technology

Cai Mengying (University of Tsukuba, Central South University of
Forestry and Technology), Wen Yafeng (Central South University
of Forestry and Technology), Uchiyama Kentaro (FFPRI),
Tsumura Yoshihiko (University of Tsukuba)

Cryptomeria japonica var. sinensis is an important species for afforestation and wood
producing in southern China, despite its wide plantation, genetic diversity level is still obscured.
In this study, we employed RAD sequencing technology to investigate the genetic diversity of
79 samples from 6 old tree populations representing the main distribution range. 922 SNPs
revealed low genetic diversity within populations (Na=1.7634, Ne=1.4065, 1=0.3684) and
strong genetic differentiation among populations (FST=0.11164). Nevertheless, isolate-
breaking effect were detected among different geographic populations (Ho>He), and
heterozygosity excesses was existed in most populations except the population of WT (Fis=-
0.055). The clear genetic structure suggested that population of WT is relative isolated in
genetics, and its lower genetic diversity was also observed. Our data support the hypothesis that
those old tree populations were introduced and then experienced bottleneck event respectively.
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