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Two first isolated intact mariner-like elements with different methylation patterns
contribute to genome polymorphism in Phyllostachys pubescens and intra-species cultivars

SEERB CHRICDBEINTZRERRDIAFNMMEREZ - 2/ T 5 2BOE~Y
VI—EBBERFOEYV I UFIROBELED ¥ AR ~DES

Ding-Qin Tang"?« Ming-Bing Zhou’ * Yue-Yuan Wang’+ Yuji Ide'
' Laboratory of Forest Ecosystem Studies, The University of Tokyo, Japan

* State Key Lab of Subtropical Silviculture (Nurturing Station), Zhejiang A & F University, China

Abstract

Bamboo (Bambusoideae, Poaceae) characterized a big genome with abundant transposable
elements, of which mariner-like elements (MLEs) are widespread and diverse in fungi, insects,
nematodes, fish, mammals and plants, and play a role in host growth and development.
Phyllostachys pubescens is the most important bamboo species and has the highest economic
value in China. Many different cultivars with diverse phenotypes have been produced during its
long cultivation. We report the isolation of two full-length MLEs from P. pubescens by
chromosome walking using a modified magnetic enrichment procedure. Ppmarl is 3456 bp in
length with 28-bp perfect inverted terminal repeats (ITRs) and a 1500-bp open reading frame
(ORF) encoding transposase, whereas Ppmar2 is 3674 bp in length with 27-bp perfect ITRs and a
1350-bp ORF encoding transposase. Both transposases contain intact DNA-binding of HTH
motifs, catalytic motifs with canonical DD39D and residues of Met-216, Asp-237, Glu-238, Asp-
360, Glu-256, Asp-370, Asp-395 and Asp-400 which showed to be critical for transposase activity
previously reported, and high homology of ITRs to those of active MLEs in rice, indicating that
the elements might be potentially still active. Southern blots revealed the multiple coexisting
copies of Ppmarl and Ppmar2 in the P. pubescens genome. Transposon display with the
endonuclease Bfal and a pair of isoschizomers with differing sensitivity to cytosine methylation
(Hpall and Mspl) revealed high-level insertional polymorphism for copies of Ppmarl and Ppmar?2
with different methylation patterns in P. pubescens and eight intra-species cultivars. The results
imply the morphogenesis of P. pubescens might be involved in the activity of MLEs in some
aspects. Further molecular elucidation of these potentially active MLEs would facilitate the
development of a new transposon tagging system and new marker system, which would certainly

contribute to the functional genomics as well as breeding for bamboo species.

Keywords: Chromosome walking, Insertional polymorphism, mariner-like elements (MLEs),

Phyllostachys pubescens, Transposon display.
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AR, YPHEH LE -7 v = ThDH0E Lz, 2011 4 3 A 27 BITEEAKR L E
PHO Y B 2 B2 - it L7 & 2 A BEARRIIBAIESH#EA TN D Z LA, RN LY K
T, FANLY RV, FEO IR\ ETERERZSE VAR Sz, WIS, H 7
KRB OEEANR L JHAO Y HE OZEN D DNA ZfhiH L, £% DNA © SSR @ 27 #{s - & %
#&& DNA @ SSR D 5 AR F-IT OV THHT L, BB A I 2 ERMEL R 72 & HERIRL
T QB OUT R DR 7R & L B LTz, £ ORER, K[RE OEAR TIT AW Y I I3
e U7 Y b 58 L TN T OBEFIET B L8 AR Y b 55 & 1 5T Clls T
BIGEWR RN, Fl—7 a8 —r TN ERER I,



RAZ—FK515
DLt 7 XA IR O UARTAR M 8T 5 HEX]
— LB OV A X, HLofE, BREEHAL, REOEOOBRE —
BHPTE G - AREIE L o & —), SREM (5 RIS ,
ARG, VTR (F R AR - REMFEE v 2 —)

OVl (7 a—2) IZRESNTWD e FREEEAZ AT, LIRS,
i URM Lo, TR OBRFEEAL, BB OEWEZREF L7z, &S 5~10cm OFfi L
TR L 2 7 o — 0 & BITRRENIEF IR - 7223, 15cm OFF LEETIZZ n— 12
FoTEREN, B165TIHAT.6%TH-o7208, M5 5 TIL95.2% Th -7, 20cm D
FLETIIINDLD 2 71— & HIC 80% MR DML T, BREZRTHEHEORKE N
TEAREEIE DR E < Zp oz, Kt 2~3mm OWKIFEE 150 4~6mm O/INRLFEE 1, /INRLEEVR
+ & 4~6mm O/PRIFRELDOREG LV b, PMRIRELZFMTCHWEH L TR mOFR
KR/ Oz, DRARELIIMOM XV b EKRER NPTz, FREOEN» SR L
B, PREBSEME 2 DRI LB L D b IIRENME o7, H—2rr—rTh, B
BRIRRE L 0 b AR R ST 25 L BIRER F o 72,

HTROA 72y RERICE T 2RI &SRS & oBIR a
EH R CaTRMERMN LY 5 —)

N7V ERDBXZEAT2ERE LT, AREMLOBEBRBHEMINE D, BIRRHE %
EEMMGEDEN 2 EZ 2 LTS E LR 00, SBROMTLEEREIIOBITHILD
BitfcE s, LLl, INETEATROFMEETA 7 vV OERERRE T 2R3 A5
N, 22T, WERICATRORMETARE S N RER L AREFOBRZ, dbEEas s
TN FR EHE L 200 BE L 7D THET 5,

G TR ORME D & A pE S N7 ERFE D S i &35V 7 X 7 ABIMLE T H 5 b b
IZEIT 5 1997 £ 5 2010 4E £ T, 1 HIZ L o P&, FKkE, HIRRFOME 2 Hi L
7o BN, HERRE], BkEZnzho 11 HEoBEEE 2 ke, BEORMHER L D
HEAR S 2 KD 7z, mOEOCHBIREZ R L0137 H 10 Hili#g z2 Vg L 72856 @ H IR
Tr=0.66"TH-7%, ZD7HI10HIZ, FitL 7% 1997 4255 2010 £ TlE, TXTOHED
HRHAD LTEY, 6250 EHEDOSMAE LARFEATOREREIELEEZ SN
%,
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DNA /N— 2 — Fipb R XV T OFENESR L 0L B Okt o B4R
ERBT . SRHTF GRAGRIE) . & LIS R Z EE R A2

X /L7 (Rhus javanica var. chinensis) 1%, VLV ROEERAT, W7 V7 bALHE
BETEIMLTND, Hix, BENOIRONLI X =%, [BHEE ICHNTEY,
BUETH, e L, A 7 OFE BHZ EITEDILTN S, fi#D DNA /N—a— R,
HERKIAR DNA @ rbeLl #5325 B S, matK S0 AR S 2 2 fEIR A IR L 325 2 & 3 kD
HNTWD, BRENOD X VT KO OITFREIZOWT, it 248k & . trnH-psbA #1x
TR D 3 Ik AT ~T=, ZOREE., HARICET 2RO VLV UEOXNVTIEY <t

(Rhus sylvestris) . /~¥ / % (Rhus succedane), 7 /L @D ¥ 7 /L3 (Toxicodendron
orientale), ¥~ 7,/ 3 (Toxicodendron trichocarpum) 23 & L CE & F o> TV THERNE
BH/NEpo oD, XVT 1T 3 AT DNA S84 T C, KERFENERZRA LT
WD Z e o7,

RAL —H75 18

SSR ~— W — & iz — 0 U AR O fias
EAE AL BTRES, TUILE. EHIOA. BUFEA. @ HET,
Mg, PRI, STRIBISE (RABNE 77U /A ABFRERD

7 VN ORI BT, REE®EE A HRYE LT SSR v — U — & HW Bl #E
B FENE LTz, fe ORENG, BE L 6 20 SSR~v—I—% 5 & 99% L EOREE T
=N ) OFFEEN TR 2D AR LT, £o, BRZ v — %2452 BTkl
L 7= REAR BN O R BRI 1. Eucalyptus urophylla <° E.urophyllaX E. grandis 7’ T2 hE#
SNTHY, EEMEYGRBHITIE, RO R DA Z2EENEEFT LTS, AlE,
D DMERDIR & T D720, MBI -725 7 5 DNA % SSR ~— U —%Z AT
Mt LT, ZORER, ®mREMEOEEKDZ <X E.urophylla (F)) X E.pellita (/) OHE
& o T,

SEOENS, SSR ~— I — 1 TEREREZ AT REOMEELRE L, BHEZ)H
b 272D FEMRY— 1D EEZ BN,
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A X RERM LG R bR S NI B BRI E R A O Lo 1% 200 H B O S LAFERR
T BiR, EIORER, kR, B, @i RARaTHRE e Iun)

A X RS HERHAR) L D ZZ L 52 R OREAGRBR I & O 2 X4 2 AU T EA (DL, 4l
K) OBHEDPED ST D, BREEMM DK S NI BEHAO IO TIE Y 72—
URUEMEER L, BEA 7 0 —  ORRSOM BRI ORI 2 M L TV D, S LARZEIR
PEIZRRRSOME S O MR & IR EE 27 v — Rtk Ch 5, ARG T, TWNEREY
BRNICOERTREFESNEZEHAZ 0= O —EZHNTE LAREZITV, LT 155
200 H i L7zl COREROFARB O AR R 2 HE T 5, 2011 0 11 A T, 30 7
B—2nBbAF860 REZERF L, 7 ABNITHE L2072, LT 58200 A& L
7o, 6 A PHICBHEOT-OIZI Y Y HE LZEO, FOAFRBEIORBREITZNEN
ITRB L NBIN T o7, ZOREBRAERENOIX, AXIEEMBZHLZ R D RE SN ERF
Bl v — U BRI F RN S LR AEFEICH 0 B RRstE 2 H 9 2 & B2 bl

RAL—FK72 0
BT O Ak BAGR ) DHEE LTZASRBIR =D OV v DRt A r — 2B 557
AL R TR
BN, BEG . R GO R PR FP R T AR PSR A B o 2 7 L)

R HNCEA SNSRI AR =D DL o3, A4 H CIREARSHICHERS D, BEH
B IE4 E TIT, BERIAEZ O DNA @t b B RO RE R 7 — M2 1T 2 RO 3 IE K
BAHN L7z, L2avL., X Va7 Ay — L CONMIERICET A2 M7, 2T
ABFIETIE, JAFTA 7 — 23T 2 KROS5 2 A 572, (L H RAGE O =
U VBRI B BRI LT 82 A Z 1T HEfkIA DNA ~— 4 —3 JE L SSR ~— 71—
9 & W= T 4T o Tm, T ORER, 3 XA TOIERIMRNT B XA T L 42 XA T DR
IRz LTz, BB FREOBEEN - TRO bR, F—OER A R
R OIEREE 30m LINTh o7z, EHIC, BBE R 42 ¥ A 7O MuixBIRMENT 6 1l
HEAGRDY 67 MOBEAS TR DOMIIERD B AL, KEBD T E mLAN TR CEERA N T 1 2 A
T FOBROEBIE RO TH T, ULEnE, =T U IIRICES LA
R38R THECHIERE) & 2000 - hIERD 2/ 0 2 Ttk Lz L e s 5,
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HAICHER L7z 2 SRR R 7 b — v OISR E 2 H8E & LM EIRE O REHk O
5]

BRI GRAEBIARE B IUN « JUNIIREFREERD) . Ak FiR (RMHRAITARE & LN

AXMEREORYEHMEZ HAY & L, TWNBERSNOEMICER L. 2 F£4E2F 7 n—
> ORI OIS ST AR 4 2011 4 3 AICHIE Lz, MIERICEE L, SRR
FEZJIE L7z X (M B 15ecm 7225 65em) 225 50cm & DORBRIA A ERL L 72, RBR AR
RHDRBBIZE L7212 X v B JIETEIN Y v 7R 2 JE LT,

il L O v — 2 EED 2 AR O/ R, 15cm @mOEE, &R REERE, Y
VIR, [ECEEORBGAER A ROz, IS REERE IR KO v — SRR fE L
HICHR Y V7 REGBWIEOMBEZ R LT, £70, BWEOREREZROTZLEZAH, )
WARREHE X 0.72 L HWKEERTH -T2,

E BT, NINBERGNOBREBMRAFR S L OREAR REMET O 5 EHEAHRNICH D &
BERERTO 16 FAEDAX 7 0 — 2 OIS IR ELZE L, 2FEAF 7 v — 2 Off
L LT, 2 A L BTREEMIRATE OIS I BACREEE OEBIR T r=0.56, 2 FAELHE
HEHEMPT CTIEr=0.49 ThoTo, LLEDORERNS, 2FEADISIBASRERE ZHIE L LT
MEEE %2 RSk T 2 RN RIZ S L7,

RA L —FeH7 22
JUN Histsl o0 B M5 PR R L 36 1T D P~ Y HR DO /R T 4 —~ o A5
AR BREEIVUN) - KFiIET KER) - BREE - REERES - HEE - THR
W6 EfE (RE RN - BEm s (RERRE) - BAEZ (U0 EAR S EHE)
B RKBERE)

T~y T HROREN L FBTH DRI ERE T 2 EER T
bb, LR, vV /) FAerFavbsy /)~ T7H3I%) (UTF, #3Ix%V)
IZR - THI &/ SN DM RIFIC L0 RETHEAEELZIT TN D, WREREE ¥
— IR ERIRA~OXR & U CBIREER & JhF T, Pk v~y - T~ A B L
TEY, N0 OMEITA RO ICHH STV D, JUNHECIRmaE, BRplE -
SO DIPUET I~ YA, W7 o~ Y BT ARNEES L TN D,

ZIH OEPUE~ Y OBFNANRIGIZEBIT DT 4=~ VA EFHET S 72, P K OV
ZPEDT I~V a2 1991~1992 4R ITHERR U 7= 3 BR #2350 T 2007 45 L 0 AR R
i OFEARIL A A LTz, 5 F OGS IR 2R OFIEARDRIERIT 4 % b
59%ITHIIN LTz, E£72, MWD H I X VERIEREEZET 5720, A7 V=T y
TTHRATH O i L, AR LOBHAZTE Lz, B~ Y FRD/NT 4 —
v A% I VABEREERS KO IR O A TR BE S CTilam 7 2.
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I E BRI O ZEFHIRIC BT 5 AFERMEOKEZ A LN D 2R
etz B R & R B UL oD (R RBR ML 35 1) D BRi:
PRI (B RIRARARAE) - KSR (RERMAEE) - AR (R IRARFHE) -
RFAGUER « M FHL (REFEMRE) « ANLZRIL (BB R
A Kl A B e B BR FTLE%LKEH,Ewmkiﬁﬁokﬁﬁ%fﬁﬂAﬂ%é_
EMFBNTND, LaL, Hmcs T 2 AFMEOREIZ OV TOREFNTD 7 <,
D R FECRR IZ K i?fﬁ%@_ow1+“ RSN TS STV,
AEFFETIE, BRIBTFEAT (FHE; 1964/1965 FAfk) & BB RZERT (S48, 1971 4
FEER) (CRRE L7e A SRR AR ©, il L TR S LT D LIRS 2 6 BRI R
FRER M Uiz, 0 30 R4 L 40 FEAERO A X (e, MEER) 2 s L,
7F NAY, YUTAX, TYAXE, WA E bICHFEARORERSESEE L TV
Teid, £ FvBAF, Vv AFX, v AV AXE, MR T A 9N F 7R > TV
7o WiHHE & HIZHERILE B X OBETZHIRIC & 5 23, WS OB D1 I L1,
REREITHENRLE LN, TN HERESRMEOEN AT ORI KF LT
HEMER D D,
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FEFSZ AT LD 7~ FliF O AR D&
AETTER R ) - Bst GEMAITFRGL) - mATH
(BAFRHIARE T ALHEE) - BURESR BRMRITARE £ HE)

FERIATDAM OB RENCIR SN TNDH T~ V1%, ERAENRABEL L TAkDsy
itz 2 CHALH T PALHEE £ TR M ST B, BITERER R D7 = /vy
—X, EEHOBREFEMFICIVRIREZ T TV B2 050, ERBREOEEIT, &
FU AR ST MU TE L7 SIS AR R LTS EIEBR B e\, I T~ Y DR D EREEIC
KT DRIEDENERFET 22— & LT, MRGEITIC X 2 ORI OE WA ] & 7>
(2 Bz, REREMEET, 5 FRERA, &L TR KOH)IRT O 4 @i
T, 8 ANH 10 AIZ T TIEAEBNCER R A BRI L2, HONTEFIZON T X #RIC KD
W OBIE L LORFEOMRMELIT o2, BN EHT2RIT, R L0V
FT8H 20 HAlth, JLMHEILHITO A 1 B, duifpE)Ilc9 A 20 il &b L7 2
IZRENKRE S BRDREIG LN, BTN OMEMEREBRIEO T A b FEEICIEo b oiZ
CELSRET DDA BN, BT~ OBITEREIT, B & ALEITRIT 2 B

DEWRDDHZ ENMBIVTND A, R OE IR OENREEL T D
LoEEZ LN,
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A AR S LK u— o & - B o gt
IR — « B GRMGAIIRE &) . LS U k)

MR, R L THOIN#EE TR AT 2, 207D, Witk & E/E 4 2 HE/
IZHED D T-0IZiE, X —F v b ETHREZVDICRLSGHET 20N EE L 2D, AX %
A& L TR 288, EEERDIAMMWEDO =DV VR 13D D, ¥ 7 RITHM DM
FEZ2FHhT 2R TH Y | TEHEES OIS M O B AREMEE JAS)] Tk, v 7=®RIick
D ERRAT T DY TSR IX 5y & LTHRD ARLBI TV D, P o 7 E T, #sdnicisn
TEEHTLZENMOLNTEY ., Sl ’;tsu\ﬂf%b\fﬁ%%wu#& EHITEL R ZE
TREMIH D, ZDTedY L VRBOBEREDRITHED 272D, ShERFZ I ThHL
BINOFAHA FIREDE D D ERETT D LENH D, T 2 TRIFIETIL, 4 FED A X FEHH
SLAZ = EZHWTH v B 7L P U 7R ERE L, 14 FAEOR TR HEEE
LHET HZ LICRY, YU rREE RINIFHITE 205 Lz, 2. £ ORHMMEIC X
DEDLS HVWDORE TRERKTE D& et L,
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A FRAAE L O
TR —ER » ZIHEAL « IR GRIGEIIART &) . M08 Ul KRB ET)

MARBHE o Z — T3 IO R B O 2 a4 25 0 L RIS, Kieh 2B
B % o e o Tt RIE) 1B DREmmic b F Lo, BIAIX, Kl EHE2 5
BT 256103 THREER] OBEHZHEEZEI RO LBEETHD, TODITIT
T AL iéﬁm’%ﬁ@kﬂ% SEFHINICE &, FREEREELE L ToOLREZRT

IR Z2RBET 208N D 5, £, BHRICEWRBIRER D12
RS EE I 2 BB L L. 8RN K B 2w LB O AZBL R (T T B k4 % [ 2 MEA 7 )
BDHEZEZ NS, LS O[T, SEEAN TRAERN LS 2 W E—F% =27 —
LB, &F7 - miT@k e T ) [MEM@EEFERE PEESh D, SRRSO 7 v —
(TAEPESRM ) 13, BREM» @&V 7o, B0 RH O B ECE R 2% — IS T
WS 2 MBI D D, ABE TIE, itR{L s Zokittz BE L7260 BFO 5 W
PEIZOWTIHRA LIEHRZ WS T 5,
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ZRRIZEBT BV EA A N\DLMBENE—2 LT OEKEER
BINEZ - REE - BHTE - 0HEE (RBRRXF)

T EA T TN DB ACHRE 2T THAn s D HARE A OF HIREER T, Z B 7
L LTAMTS Tl STV D, i Tk, RN SEL SN D EEDNKE
<o DMEPE SR ORNE DE~ /N, IR HEEH SN D ERN/NE L O
BPMENEDE A A NE LT LTV, R RSP EEEARICIT Y XA
SNME T DK 100 FEEDIREER “IRMKR B D03, T OH T XA T3 2 ORI
fEREZEIZ E DL WD D0, ~ B A W RO & RS FET 5008 5 vt &
K432 TR, ARFFETIE 87 iR 2 R 2 I AR ST IR A £ L | 4 TFTR DD &
W& BRSOV TEREL, FmieE 2 JE Lo, £ o5 R, FIAGrRE, O s,
DM RIXEARR OENKE | e R RZ T 2 & PR & DM RT3 f5, D
MHEREIC IV TIL 6 (DR &IV Te, BRI DM R TIIRRMRED < J1 /3 L3
EZRITEERORD DN, v L LTIRON A I ELRRR 1D B2 6
Too RFEETIE, UFA DU NOOMIERITTT 5, WM ARSI BE 2> D O FREE,
RN = DEBENS | DR Y — o EERZEIZ DWW T hikam T Do
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b a T OB RIS DRSO
OFSEARER « PR E - A B (R RAWRE), &) 11E0E (I BRI R,
HIEST (6 B IR B S OR B R )

A, KX MERE R E LCar 7 FEORABRF S TWD, ZOHDOEES
2OV TIE, B R B 2 TSR M Th I TV A28, MRS E & 36/
BT L7z a3 720,

ZIZT, AFETIEE ) Fa T T HOBMRIZKIT DMEORELIRT L2 L2 M
LT, RIRFER SRR H kD 1 EAFEAZ IS A2 2 2 T 24 1L (300ce) D~
NFXYET 4 a2 T FTHERT HRMAITo /o, R LIRSt L, ERto & - i
A - BOOBEAEIEICONWTTH D, EEROREIZONTIE, 1HFAFEEOEFRBIEDE
WERIFE TR Lz, ZOfE, BHEKOEWVEREZH WS Z L THBIEZEAKTE S Z
&, BROEASFENEmWIEEIZ WD LMEENREWI L, 1EEEEOFRERED
BN L o THIR DB 2 5 Z L S LR o T2,
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BRBEHEEARXIZB T~ ) A v F o iRt EfE
TR BRARHTE - BARSA ), HERER— GRIRHTE - KB B), 80l Ouk - &)

KRELT, vV FA B FaviZL ik BAREO~ Y RITZIBO—ik%
7o TWD, BRRAEIETIMRABRE Y % —TTiL, 1978 EL D~y ) FA v Fa v
EPTEEREELZEA L, WHr B ARCHIH G B W TR T 1~y Bl e~y %
Bk L C& 7, BRBEEAKICBWTS, 2002 4 HM I/ NGERZEZENT (BAEDOH)I
ﬁ)@ﬁ%%@&%&@@&Lfvy/%4ﬁy%lvﬁﬁﬁ§@$%%%%b,m%fﬁ
DITHPUE M SR S R EE L U ORI OME 2 B A IC®R K L TE T,
%@%%kbf 2010 FRZIZ~Y /A B Fa vty n~> 4 ffE (RKEBE 55, 6
Wy, 129, 165) BT L, BUETSH ZRdsiitfe L CHEUIEEERORBL 2D T D, A%
FTIE, BEBEREEAXN TIPSR R EEORBE LTI, ZhE
TORPIHEBFEREFEORE L2 ORKBEE BT 5,

RAL—FF30
WIE 7 R E BTN T 72T ~ ULy AT A O E AL
INIFHET-, A (BRARRIIRE ) . OB UM RFRFRL)

7 RRE B IIMABREICS W THEERMEADO—2Th D, T, HRRTIZRHIMN
DB RREBCHIEVEEN M S 7o, RMEHETIEORRBIIMO CTEETH L, £, DNA
IINTEAT D HEA 722 L K O EIRZ BT D 2 ENES Lo BAE, AANI AKX
REMETCEIVEDLZENRDNoTND, — T, T AN 5577« WL L D HIBR2
b5, DNA iz —fixfb+ 5 2 &il%f%é
. MARFHE X —TILIC # 7 % FH L TRIERSESMEkOE =4 1 > 7 Fi#k

VAT A, B RIEN—a— RERAHALE T NVRITUAT A (LIXHR) ZBR%S
Lko%$®ﬁ~®$£% TR AEETIERL, BT PDART v Fu A Rk &2 #fEd
HZ kT . VEEBBEDOE LD BEME N T 72O NBW I A 2T 5 Z &0
f%éio_ﬁb\meﬁﬁﬁﬁiﬁaﬁ%ﬁ%«k%ffé EMATRE L Ao Tz,
ASEBAFE L7 H Y AT L& DNA T, S HICHGHER EZID AT 2 & T
LD EfMRRTEREIT> T ZERARETH L, ARETIEINOG VAT 2O ES
BT %,
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Comparison of genetic diversity and variation of Myanmar teak (Tectona grandis)
with other native countries

Thwe Thwe Win', Atsushi Watanabe?, Tomonori Hirao’, Susumu Goto'

"Faculty of Agri. and Life Scien., Univ. of Tokyo, * Faculty of Agri., Kyushu Univ., > Forest Tree
Breeding Center, Hitachi

Tropical deciduous tree species, teak is economically important species in the world. It is

indigenous to India, Myanmar, Laos and Thai. Four natural teak populations were investigated

using 13 SSR markers and compared with genetic diversity of teak from other native countries.

Among four native countries, Myanmar teak showed relatively higher genetic diversity than Thai

and Laotian teak, but slightly lower than south Indian teak. AMOVA results detected moderate

genetic variation within population of Myanmar and Laotian teak, whereas somewhat no genetic

variation was observed in Indian and Thai teak. Therefore, Myanmar teak with high genetic

diversity and moderate level of genetic variation in native teak would be gene resource of teak in

the world.

HRF T 3 2
MRS R IC L D “BEEREY (VX LVY T T) OBsE
AR ACER, TIEEE (AL ZERT)

INHEIETH - e MEFOERTF TH 2R ARFITIE, 2 NEHEETH 2 fEEER LR
ThHIEAROELZD DO X1 L SOV D 340 FFDO T X L7 F | “BIERES M
HO. TORKLEMIREINTND, TFE, 20 “BEE OBBRARZTETND
ZED D, HBREEEE A O IRk O A R A T, MOBHTIE, FERBAMREE T A IEND
i U722 TEE (RTRICE R A 2~3 3t 2% L= b D) Z W, Zhz 4PU & 5\ X BAP
ZUM U7 WPM B G L= & 2 A, 4PU0.2mg 11 OB X CELIERNFE I N,
L2 3R E IBA, BAP, GA3 ZiRIML7- MS TR T2 2 LIk a—ho
MEZRTZENTE, SHICHELEY2— 2 1 ATOUVIRY AT 7 U —0D MS
IR Z RN L7277 ) 7T 74 M2 20D Z LIk W BENRBED N, B, £
TOEBRORZRICIZ, b Lrn—2 30g 112 MW, A LSk Na b 217
STt WET2 7y HBMBER L7z, 2 7 A%%IZH & 25cm (72 - 72 ShEY IR 2 JHIC ERE L 7=
LA 25 FBITITME 2.8m (TR LTz,
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PR E# AT T HAX OBRIFHR
AR, EBAFRE (R
PR EICAEFT T H2AX OO RE - FHEHIEL, BIIEABT L TODHAXOBEM
ZRRME L BRI Z A LT, PR AN DAY 60 A% T4 MR, $HEEAER L
L DNA filith &1 7o 72, BERO AR R~ A 70T T A h~— D — DS RINED 5 < TE 03 B IR
72 8 EAG FIREARINL B FRA R E LT, ZOfEE., 8 B A THRIUE R - HEZ R LT
YT NRHLI, ZNBITIR—ThdeE 2 bz, At TR BB TFRRHALIL, 2055 17
P T EERRENEIVRRR 1 Bio T HERL, EEBRTHLHEE 2D, 7D 43 fd
RITEBOEENR—OBIE TRAER L, 5 DOI/a—2rThALEZ LI, 7a— AZI3ET
HROAARLE ENTVDD, BENT-r CTho THRILER F A R LIZZEMD, fliLARIZE ST
ARSI ATREVE A RSN, T2, 70— O HBBEE RO R H D200, FEOBERICE
HLUCTHRLEEAZER Lz, LI E DR D EE RN E N -T2 E 265, ZbE—#Es
FHOMD IR L Z RO CRIBIZERIEDIBIEA R LI 2 A FREROBIENZERIEIL2E
D FRIRI 33 £ O EIE L RIFLE DI E R LTz, ZD— 5T, RNV R 7T ANCH B2 i
IRLTZZEMD T LFEZ RV EL THORMRIC WS AR . LT ZE DO RBHIRS LTV
TeeZZ b5, FoBEBRBEAD LU FEEE DTG | FEATEE FI IO RIRREIT R D48
b7 RS i ) 1) XA N By
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7 ) U A RSNP & HWTIZ AXREERNCBIT A7 Y v m—3 a UgAT
PWILFERER ' HEPEE, T EBER . AOER | AERT S, SRR
MR, Mgt A | BEIRER] . R D (LARARIART, 2.5 KRR
WRFE, 3 AR AR B o & —, 4 UK EEIFZE57)

ZAXTIIHIE, EHBIED DNA ~—H—TH ) 28Kk E 2% v L, FHME2 LR T 58T
BT D5 ) 2UA KT Y v— a URIT(GWAS)R, Bia FRIEH2 6 R 2 FHIL |
BEEITOF ) v 7L v a Ol E B LIRS ED SR TW5, 2D O FIEIFR
FlFEBR A LI L LW e  BRICEVEA ZET 2B ARKOREKICE N THEDRFETH L EH
A5, ARECEIAXOERERFREPE CHOIMEL L OMIEELREE, ¥/ LT A K
SNP L D7V vx— g ENTORE R ZHET 5, BRERELARNX O R 337
TG FEBE A R SR 3,768 SNPs O s 2 e LFEHTIC VW=, 7Y
I —v g UIRITIZIEREREIRE T v A W, EHAEEEEBE L. Q 7V, G L
EARMOMERERESZSE L QK ET A EHWCT Yy m—ya VERH Lz, R, #
B LA RZ TN T, ERME, IBEEEZZEL2WET LV TIT 4, 105, Q
ETILT 2, 10 B, Q+tK ET AV TE 1 EN 0.1% L~V DAERT VT — a VI
SNte, B E X, BFFEOWRE ST, o QTL Th o algEEnEm<. 7/ A
YA ADORKE 2 AFIZBITS GWAS OFSMENRENZEBZ BT,
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JUNBFEFEA XTI 1T D ARG O 55 LD B f A4
LR mfE THERIG BT sCHEORRS kS
(BRARFRBFRE T TUIN)
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SSR mining and the development of EST-SSR markers for a conifer,
Cunninghamia Lanceolata, based on transcriptome sequences
°Yafeng Wen L2 Saneyoshi Ueno 2 Wenjun Han ! Yoshihiko Tsumura?
! Central South University of Forestry and Technology, China
? Forestry and Forest Products Research Institute, Japan

Background: Chinese fir (Cunninghamia lanceolata) is one of the most important plantation species mainly
distributed in Southern China. However, current genomic analyses of this species were obviously lagged behind in
other conifer species due to the limitation of available markers. With the advent of the second generation
sequencing technologies, a vast amount of available transcriptome sequences have been generated. In this study, we
mined SSRs and developed a set of EST-SSR markers of Chinese fir based on publicly available transcriptome
sequences.
Results: We examined 27,666,670 reads of Cunninghamia lanceolata produced by Illumina GA II platform. These
reads were available in SRA database (Accession: SRX151872). Assembly produced 35,633 contigs, 1,822 (5.11 %)
of which contained 2,156 SSRs. On average, SSRs density was 68.4 SSRs/Mb, which was much lower compared
with other conifer species. Tri-SSRs were the most common SSRs (41.7 %), followed by hexa- (29.8 %),
penta-(12.7 %), di-(11.1%) and tetra-(4.7 %) motif repeat. The most common tri-SSR motif was AAG, which was
found in 239 (26.6 %) tri-SSRs, while most common di-SSR motif was AG and AT motif with 109 counts (45.6 %)
for both motif. Based on the 1,822 SSR-containing contigs, EST-SSR markers were developed using CMiB pipeline.
Among 35 primer pairs designed, polymorphic genotypes were obtained for 28 loci with the number of alleles per
locus from 3 to 12 when tested on the 16 plus tree individuals. The observed heterozygosity (H,), expected
heterozygosity (H,) and fixation index (Fj) values ranged from 0.125 to 0.938, 0.225 to 0.891 and -0.368 to 0.456,
respectively. One locus (contig4417_459B) showed significant deviation from Hardy-Weinberg equilibrium (HWE)
due to heterozygote deficiency (P<0.05). Possible null alleles were suggested in two loci, contigd417 459B and
contig3078 1424 A with the null allele’s frequency of 0.22 and 0.11, respectively.
Conclusion: As far as our knowledge, this was the first comprehensive analysis of SSRs and EST-SSR markers in
C. lanceolata. These EST-SSR markers will be benefit for genomic analyses of C. lanceolata and related species.
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