TR AT S

| (Bulletin of FFPRI) Vol.17 No.2 (No0.446) 141 - 148 June 2018

BN
off

X (Original article)

A X DEGHY IR D T8 D SNP /XX IVDFF EFIA

P FEORER V" FaAS R

P =

AFFHADORGBETTHEBETHO., ZTORMBREBIHADANT KD 44% 1R 5N, ThE
TOBIGIENT DS AFICIT 4 DORKEHIFFEWN R TNV —TDEFETZ T EMFALNICER> TWVS,
— RIS, EMEFICIZ FNF N OIS ER B @ S L T W B s M R O R T DVEAS 15 S OB s
SEHERENG, LHLAENS, AFREMMOBRNEED D THE L, ko B s 7 )L —
TRHELMCT B0, 7/ LAND T VR LCBERARLEBZICEET O DNA X —H—HARET
Holco TTTAWMETIE., TOAFD 4 DOOBEMN T IV—TZ#BI RNy FO—HES
BO(SNP) NIV EERT B2 HWNET S, AFDT /L ETOMEDHS M 2500 D SNP
DH>H, 7 LR 5 HIC 288SNP &k L, SNP /SR IV ZMEEE Uz, fERR LT8RV E W
TRIRMK 234 (1K 18 LM & BT LI2AE R ZD S5 B D 257 BEICB W OB TMARETE R, £z
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g2 LicHHTOB EEZDENT,

F—T—K 5 LT A R SNPSRIL, BB FIES

1. ZC®IC

BEMETHHMEMIE. ROEAZEBLT, e
NOEBRENEEENICHEIGL TR I ENZN
(Hufford and Mazer 2003, Leimu and Fischer 2008), A
KHEWTE, HABHKRARZEL T, LEREANDH
JIEDE T TV B BINZEEE TN TS (Alberto et al.
2013), AF T4 E B T O FEHEER D B 13 72V HY,
< OHIEROFAENERHENTE ., TNET
I, HEEDFEE (Murai 1947), VT IV XV (Yasue
et al. 1987). DNA Z ¥ (Takahashi et al. 2005, Tsumura
et al. 2007, 2012, 2014, Kimura et al. 2014) 7% 1D T
DZENM TN, AFIEHARWEE & REPHA TR REIC
HEEEMICEMEL TR T EAMEINT NS,
To B OO A F RIRFRDFEMN 72 DNA AT T AR,
HARMEH OMIC, Mt DEHE Bz 28N 7 5 X
A= EIND T ENREN, AFIKE 4 DOELEN
BIN—ThHHBTENHEN LR >TSS (Kimura
et al. 2014, Tsumura et al. 2014), T DX 5 IR BEH 7L
— 7. BEODMLERREZOBLEIFIICE ST
L L2 EEZLNBEH, HIEERE D 5 O B IRBEIN O %%
EZFT TS, FRICAF TR SNz 4 DOBEIRI T IV
— T TREBEENMAE B E>TEBH, AFOEEMND
{LICHISER BN D IE N G L C WA ATREED e T

JERRSZAS < SR 29 47 8 14 L JEURSZEE - PR30 473 6 H
1) AR B IZERT A ) BB e aisk

EAE, EEmRe

%o AFTRMEMBTEIC KO EEEAXNEDSNT
B0, EAERSRER EORESEMICIS U T, MEOBE)
MHIREN TS, Thid, REOKE < B> 7
WKCHMABHE NS C LI &K 2 MERB DA IER I
DENLZ SDICENL>TEREEZLNS, L LK
N, HEOBIIC K 5B FERZNE, HisicEL
TefnzZ R % 2o, Mo Uz 8 inrzs me
FHSRANIA 7 AR O MU 1 72 FEf 9~ 2 LA D B, LD
L5, oS RS & Mikic, JR RS HE 72 D
2 AFE, BHMOBLEAREIMNERTHO . EHM
DB EDREEDME N 2D, ZDOFHHIEEE L, i
EDOWHEBTIE. AFD 4 DB ZIV— T E R
TE7DIC, TrIEBZ2ZHDDNA X ——ZENTT
ZRENHD, ZRERHEIANDRETH B, TD
72, RN D LA B AR s 72 FE A A T e 7
T N T A —LDOERPRETH S,

WEDY— 7 Ty AFiom EE, 7F—2DERIC K
0. 12 (Single nucleotide polymorphism : SNP)
DIERPLZHFIHTES XSz oTz, SNP X, 1D
720 OMEREITDIRND, ZEOREE — I RN T HE
BRI TSy N7+ —LDFIHAARETH % (Chen and
Sullivan 2003), fil 2. #OEEAR TEEEE Nz SNP K
FNE 7 a—7 & PCR ZflH 51 T SNP Z # M

Ze AR B IEIE. T 305-8687 I D L IETHARDH 1
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9 %751 (McGuigan and Ralston 2002) ., /NA 71U &
AX¥—2 a3 v ZHMHT 5/ (Akhunov et al. 2009),
B OB OEWZ BT % 7514 (Gabriel et al. 2009)
HEMENZEDTH S,

AFEHAOBMARDHTRE T/ LIEWNAEL T
WAHRBIRETHD, TNEXTICHZ S DDNAY—H—H
BRI N TV 5 (Iwata et al. 2001, Moriguchi et al. 2003,
Tani et al. 2004, Uchiyama et al. 2012, Ueno et al. 2012),
Ko, FEBUEAR FROYING H & BB AT IC K 2 M Ok
HOEF X O MR ENTE D, BIEX TIC 2,500 ZifE X
ZEIETFICDVT, 7/ L ETOMEDHSMTE> T
% (Moriguchi et al. 2012, 2016), AT NS
DIEHZIEH U, AT OBRH 72 s M 72 I S 2
ICT&EDSNP IRV DORFEZHNE U, 7z,
L7z SNP /83 )L 2 -V T BRSO HRAI 78 N T
DB HIEEZ IS M U, Z OB HEZEEm L
Teo AF DD TH 2 ENEE T DERRRORE
DS 1993 FICIF ISR AIREPEICFIRENTH D, o
EWGZRORENHEELZFEDOV LDTH %, EBA
BOAFE, EWEDOWILHIN B fth o s & BRI
5B EDNHSEMICE > THEH (Takahashi et al. 2005,
Kimura et al. 2014), fiiitls»» 5 O OF B IAH DV
ColGa., BEEMNEELZE 5T AREDNEVWEE X
5N%.

2. MR E T

2.1 SNP /XX JLDBEZ

A D HE AR EH S I BB U fz SNP X — - — D1
# (Moriguchi et al. 2012, 2016) ZF[H L. AFDY /
LR Z T 22, 11 ADYtak ik,
5 300 PED SNP ¥ —h—Zz#ik Uiz, BRMICiE, 3
AP R O B CRER) OMIRKIEREREEIC S U T,
300 FEO S — A — 2 HFICE O IR . EEENTO Y —
S — R DREEE % BA% 0.5cM DL EBEST K 52 Lz, Fiz.
N B~ — A —F A8 S O HEE R ICIE H
IR DB 2 TV BB TN E R 5728,
WD AFRKIRMDIAAT (Tsumura et al. 2012, 2014) 1<
BOWTHREIROEHARD &5 N /B8R T IR L
Too ZTORER, FHEHBENTO Y — I — RO FEHK
Bt 5.48cM & x0Tz AF DT/ LY A X 10.8Gb
(Hizume et al. 2001) & F % 58 B8 1 [x) o i 1 ) 1 e
1266.2cM (Moriguchi et al. 2016) DS EHT 2 &, K
(XX B & U CERE L7z 0.5eM 1& 44 4.3Mbp (430 /7
RS IS T %, A OB 1358 {5 7~ [ i
T3 100Kbp ZHZ 2 FIMNERE SN TSN (Moritsuka
etal. 2012), SRIO~—H—[HiE#E. PEEEZNh
£ 405 FEL, = —ROXFNIFIFMTLLT
W3 EEZ5N%, SNP DX A YV ZICIE Fluidigm
D EP1 genotyping system 2z, TS A 7 TES
EEHELIZF Y TEHVZSNP RA VT FETHD .

TLMED DNA BERUMEKIC KD, —FEIc 47927
IZDWWT 48SNP DB TR ZIRET 5 T EHHHETH
%o L3BdD 300SNP D ffimn 5., 48SNP, 62y M3 dD
288SNPICHL T oA~ —%&RaI L. Tl Lz,

2.2 SNP /N VDB RE DFERR

IR S WIZEAT CHAE LTV 5 2EO X F KB 18
#H, FF 234 A& D DNA I DWW T, fERL L 72 SNP /8
FIVIC X 0 EERGE 2 GG L, s s stk o5 BE
R LTz, TNHOENIEAFORRD MmO L 7%
% E RIS 7 IR B RIC B 72 2 R B IR R A B E M &
TEEFH, HARICHEIT S ZAFKIRNO BN Rz
g 5 72D DREMNGZEB DY M Bk N
TE% (Fig. Do 9. i L7z SNP O Z TR 7 fife
R BTD, KIEMOBLEFMN 5K SNP DX A F—
7 U )V (minor allele frequency: MAF) ZHH L7z,
Fiz. ENBOBEMNTEDORREIC DWW T, Fst (Weir
and Cockerham 1984) 7% FSTAT v2.9.4 (Goudet 2005) 7%
HWTEH Uz, Fil TRIVER O BRI 7 Hiss( 1t 72
S % 7zdic, AHEA TOBEN T T R 2 —0H
EF1LT&H % STRUCTURE fi##7 (Pritchard et al. 2000)
Y 7 b =7 STRUCTURE v2.3.4 % /I THi - 7z,
STRUCTURE f# 4T 1% 82 [ D 38 (53 O FEAM . kD

} Ishinomaki

Yakushima

Fig. 1. fRATICHIOTZ A F RN 18 £ DT X
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HNOEOHRD . MR IO, BB, M
RN TOEEEM ORGSO A EICSHEEE TN D
(Pritchard et al. 2000), STRUCTURE f##T T & Hadi fH 5%
ZROMEBN I S A2 —ZREL T, %7 T AX—NT
DIN=T 4 =T A > N)V T AN 75 5 GIS AP Y
BNCIRZ K518 T AR VT RITO. [FRHC S A
MENFND T T A2 —ICHOIRONZHERDFE I
%o 7T AX—H10 X TOMVHAITZE 10 HITL,
1 #17H 72D 5 J7Al7% burn-in period (FIHAMEICIKTET %
WD & LUTBRE. 10 HRIO~X)Va 7#EEEE Y T A
0 (MCMC) 217> 7z, fEMTSEME. SO EREUhE
% & 87z Hubisz et al. (2009) 1ZHE> 7z, 135 N7HER
M5 AK (Evanno et al. 2005) ZHH L. FilfTrDOH%
2 (LnP (D)) & & BICHRIE T T A X —# 7z i i Lz,
BoNTRAMEROBLEMEICDWT, EHTE
BFEBODLIRNE DD 148 JED CAPS ¥ — /1 —
(Tsumura et al. 2007) T#EFT S N7zfl, 51T, 1026 J#
(Tsumura et al. 2012) ¥ X T, 3930 D SNP ¥ — /71—
(Tsumura et al. 2014) TS N7z & LR L 7z,

2.3 FHRABHD X F1E £ D #33 t DREER

SEIBFE LTz SNP 7SV & WV, HSRARBHO A F D
TSR U GRS ORI 217w, RIME DL
M B AFD 4 DB T IV—TDEICET 2 HhD
A2 AT MFENCIE, RIS IRAEEREABIT O/
FAIT 1980 AU IR & N7z HRABHD A F N THD
PV ER O, B ZEINO FG. 2R
EIRWCH D, RENGEA L LTHARMXXKZET
1.5km OFEEICH 7z %, Fig. 2 I EHN & X Z /R T,
ANTIHR 10 D 5 ZNZFN 5-14 i, BFF 94 k7%
PROY UM G & U Tz

FREL U Jo A F OARBE G ImBE U, BRER S 02T
I C DNA O %2177 > 7z, & CTAB {7 W T

B ss0om
10km = 1000 — 1500m

500~ 1000m
0 - 500

DNA fiH{Z 17> (Tsumura et al. 1995), AHWFZE THIFE
L7z SNP SRV EHWTCHEE PR T — 2 2 E LTz,
MR D Tz 8, REDAFREMOT—X & G5b8
C STRUCTURE f##t 217 > 7z fRFTSRAFIE K IAMK L [F
& Ulzo /e, HEMOBRNZEGRZHSMNCT %
febic, BHIEDOKRY 7= D TOBENHRE (Nei's standard
genetic distance: D; (Nei 1972)) ZHH L, 717 Z L
Splitstree (Huson and Bryant 2006) Z W\ Txwy U —
T RZER L Tz,

LR BXUBE

3.1 SNP /XX JVDBEF

KNI F DWW THERATE 300 FED SNP D5 B, 290
JEIC 35T Fluidigm £ SNP 2 A ¥ TV X5 LD
TIAR—FERATEHTENTER, FKHD 10 ETIE
MG L % SNP DI FFIC B 7% SNP DIFIEL TV % P
BXUSNP DD GC FRBPVEWEHIC TSI A
X—DRFIDRETH oz, IHICASEERINET S
Fluidigm #ED 7" Z v s 7 4+ — LI HbE 3728, 290
Mo —H—B O 2N EFICHR D K S I 288
ZEG, SNP XA Y T 1oz, 288 EDY — 1 —I
2T DDBJ (777t w3 No. AB874696-AB889383)
¥ K U TreeGenes database (http://dendrome.ucdavis.edu/
cmap/, accession: 1438-1448) ICEEHIN TV B, KK
Pk 234 (B K7 RO T2 AT Tld, 288 AR 257 JEICHWNT
BIETHZRETE o, HEHTD SNP % Table 1
WCRT, RAKEY TN TEIRh -7 31 ETIE., KRB
BT OEGERONBINARHETH 120 DED
ERDFFED 7 V)V THEHNDMRH P T E R o R e
MEIE LTz ThHEDOBEEL T, T4 —HBIcE
B A DEE L CO AT REE, e LT
UIVDIADHE 3 D7 ) )V 72§ - T BRI FAE L 72 Al RElE
HEZ BN,

[ BEHROATH |
500m @ soTLanEn |

Bt EROBFEEECRERSTEER

Fig. 2. RAEYMZR O RD N T K TH > 7V ERIULE
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Table 1. 5 HSIREHCER LTV S SNP I—h—DH

PR JERK
LGO1 23
LGO02 20
LGO03 35
LGO04 25
LGOS 27
LGO06 16
LGO07 23
LGO08 22
LGO09 15
LG10 27
LGI11 24

3.2 SNP /XX LD BIRE D REER

B 2 A © 2 T HMT A 257 IR T DFETE RN
BMHE N, MAF O 028 TH o e, —kDEGMH
MTHEREENZIE T UILIEMAF 28 0.05 5 L< Ik
0.10 L & &N 3H (Altshuler et al. 2005), 4 A {F K
L7z257 FED S B 231 B (90%) T MAF = 0.1 £75D
ZHRIMENE L BEHEDZ WV SNP ISV IMERTE - L
EZboNT, EMEBETOD Fst130.027 750, i
SNP TOWFZEHIC 1T % 0.039 (Tsumura et al. 2012)
0.050 (Tsumura et al. 2014). 0.062 (Tsumura et al. 2007)
KO BNME & T Tz, MDEHTIC BN TIE HIREIRE
R TFRENEEW Fst (50.2) #R9 &5 REIE
TEEEL EBEENTWVE D, 2D Fst hE < 7x->

(a)

A, mE, AMER

TWbeEZLNS, FE, kAo T7I 14
X — 1 — 11 JE T DT TIEAKS R & R Fst
PRE SN TS (Fst=0.028: Takahashi et al. 2005),
257 &7 FH WO T2 KIRFR O Structure fEAT D55 H., i
IREAEIN T 5 X Z—8F AK DEAETIZ 2, LoP (D)
Tld a4 ol 87T AX—HTORERZ Fig. 311
To BB, BRONMAROY VTV EMZ GG THIHE
ORRTH > Tetesd, INERT VTNV E G AR R Z
IRT o VIAR—HE 2 L LIGG, BAEEZOMD
BB T A R—=Igh Nz, —Ti. 725 AZ—KE 4
L LiEGHIF. TnEndtRItE Ao 3 F£H. BHA
WD 9 M, AEFEIO 5 M, BARD 1 EHMS
55 4DDBIENT T AZ=II Nz, TORRIT
3930SNP O/ IN\TJ A K SNP TOHER (Tsumura et al.
2014) LIFIF—HT B, Bixofzfild, 79X 2—#2
DA, FElD SNP /)L TIRENE & ZDftic sy
PN FDITH L, 3930SNP O H TIdAEFEM, HA M
fIMNET NIz & THs, 3930SNP DFI T, BR
BEOKE B2 KN & ORI TEWMEEZR
TSNP HELEFENTVETLEEELTCNDE EEZ
bEN%, —J7. VI AZ—H3 BXU 4 DFERITTERIC
—H LTz AFDHED 4 DDBEN Y 5 AR —2FHIT
T3 EH HIBMEOFHE TIIFICEETH %, 1026 .
3096 JED SNP X — 71— T DRI ARHT & FIREIC AR
HTERMBICINSE4DD I T AR—TF#HNT S L
MTET NS, SHEEAFE LT SNP 2SIV OFEAHE
1% 3930SNP Z WV /e R & Bz D L EZ BN,
140 JE D fRAT TLEFERIDRAE TH > Tz DI L. 5[l
257SNP X — /1 — CAFDEIEN T T A2 —727Hili T & 7z

BAE IMNEBHALH

| ]

LELBFRiEBH

BaiEf
(b) | \

KEEE EAR

MEBHEALH
| ]

Fig.3. XA T VI F AR VTN X D Bl S hiz@iii s 5 2 2 —

al I I AR 2 DA,

b VI AR—EH 4 DS
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HEHELT, 7/ LekicaFicy—h—Z2iKE LTz C
LT HJ LOREA GREBICERE LTHE-> TWAHEM
DIz, XOEWVEETHRIITE D EEZ SN,

3.3 HSRARBED R F1{E R D 35 14 D FEER

FIFE Uo7 S )bz O T/IMER D 94 flil ik 7% figg it U 7z
LT A, R EFRRIC, 257 s 7O E TR ZHH
BECIRIE T E T RIMT— 42 & &H+¥ T STRUCTURE
RN AT o T AE R, R 5 A Z—BUIKIRMD R TD
Rt LEREIC 2 & 4 Lro T, WITND T T AZ—HD
HBETE, MEAD 94 HEIG Y F A 2 —H 0.9
UETRTRAEZ I AZ—cnEE N (Fig. 3). T
DT E KO, HZRIONMEARDNTHIZEAEHNOE AL
SERENETE LG LBICH RTS8 DEE X
SNTze JUNTIIF UARMENEAIITDN TV 2D,
SEIO/NEARY > TS LTI 7 a— Ek DR &
Nighotll b, FMTHROEOAREENENEE
AbNl,

HEFMOBEEEED S * v b T — 7 RZER LIS
7% Fig. 4 1Z/7 9, STRUCTURE f@##ft & Rk IS/ M
EMIEHABICREABERMEF U7 V—TICniEn, 5
E D/ NMEAHRAHZY T IVIZEABBENICHKT %
EEZ BNz,
BAEDZAEDMhD oD 2 F L EIC BN TV
2T LICBL T, mfOKIARE DO Rkkk T & > 72 W] RE
PR, WIS KD REEE N THEAZR TR, EIETF
ICKOERNER LA ENER SN TV
(Takahashi et al. 2005), —/7C. AEOMEGICH /=%
BAEDOZ N Tl AREIC K % H RN TR 7258

BAE

Kosugi55-60

Kosugi2e-35
Kosugids-54
Kosugi15-25

Kosug
Kosugidg-100

KosugiT2-T6

*  BABREM

B4

EINZEENER Ul EEE S5 2 5 (Tsumura 2011,
Kimura et al. 2014), BARD A F OBAERIE, X
FOHEBETHELEEREEZEZ NS, SRIOFMEM,TIZ
BN D A F DR 7348 O WL L T & % 136 800 ~
900m FifRICH D . EORFHIRALIMICIHEET N TV
BENESAFIFEMRICEBEEL TV 5, JBFADKIAMD
ke BEERIGBETFRINEC > TW0d & TH-EN,
MR DOREE EAEBOZEINE, & LEAEUNOH
HOZAFHRHBEAEFN TV IREEICIE, B EROK
FAIRIRERIR L I > TNz 8B BN 5, SEIOfRKTIC
BT, #AERRE LI/MRDONTHOY > TVide
TRAEDRKIROY > 7))V L&D 5 In BB IR &2
Rl e s, BABATERIENIZFTICK > T
HWENTMD TH % LHERET N, AMDIC K BEETE
ROTREMEIBETE S L EZ DN,

4. %L

SEBAFE LTz SNP /S Vi, AF O HREDED
4 DDBIEI T IV — T ZHBICHENTE. 2D/ H )%
W23 T & T AR D IR & i 2 RIS 22 I 5
MICTEBR XD ITIE> T HERTNIHTH - 72 ZAE D/
EADNT RO OFR. 2 TOMAD BN IR
MR8 L 7 2 A2 =@ L, YREOEMD B AR K
DEHICE>TITbNTWiT EhRENTEEZ SN
%, S HIFAFE U SNP SRV, 7/ LK% /8N —
LTWBZ 5, AFOHBIHRZE RO ORI 5
I QTL fRATOIEE Tl 7 £ DFk 4 B BT N DL
B TERLEEZ LN,

KA

0.01

Fig. 4. SEMBORUZEE (Nei's Ds (Nei 1972)) ZHWizxy FT—7 K
DU =IE STRUCTURE fi#fi D 4 DD 5 X Z—I X G
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o

AR DOKTICHIZD . BAEO/NMZARE LD EHRD
ERITIE MR B N LT DB —RIC TR
Wzl2Wiz, BB RZ ORI EMAERIRICIE A F O
IRz IR T2 20Tz, Tz, AFKRBMERDE
FEICH 2 INES K CEBICIE, FIREOEA 2524
NI Y NN A e TN Y s Nl NEL R T EE)
R TRIWzi2 Wiz, TTIKELBILEL LIPS,
AFREERIT TIUNRME IR TR 27 fF R A S i
FUEPEHIEIC B 2 M ERRRICBT 2 B2V > )
PEHFICH D B O—RTITDbNI,
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Development and utilization of a SNP panel for identification of the geographic
origin of Cryptomeria japonica

Kentaro UCHIYAMA " and Asako MATSUMOTO"

Abstract

Sugi, C. japonica D. Don, is the most important commercial forestry species in Japan; it has been widely
planted across the whole of the country and constitutes 44% of all plantation forests. Previous large-scale genome
wide analysis have detected four phylogeographic groups in this species. These genetic groups have considerable
relevance to C. japonica silviculture, for example, in ensuring the use of local seed sources, that are considered
to be best adapted to local environments, in afforestation and to reduce the risk of any deleterious gene flow from
planted forests into remnant natural stands. In C. japonica, however, thousands of DNA markers are required to
reliably detect these phylogeographic genetic groups because of its low range-wide genetic differentiation. The
aim of this study was to develop a small set of SNPs, more evenly spread across the genome, which could more
efficiently distinguish between the four phylogeographic groups of C. japonica. From the 2500 mapped markers
of C. japonica, we selected 288SNP, which were roughly evenly spaced across the C. japonica genetic map.
Conversion of these SNPs to a cost-effective and flexible throughput SNP typing system generated successful assays
for 257SNPs. In order to test the utility of the resulting SNP set, genotyping was performed to determine levels of
polymorphism within 234 trees representing 18 natural populations of C. japonica. The results indicate samples
were clustered into the four genetic groups consistent with their geographic origin, and that SNP set developed
in this study can successfully identify population structure. Furthermore, we successfully identified the origin of
samples of unknown geographic origin from artificial forests in Yakushima islands. We anticipate that the genome-
wide SNP set reported here will be useful for evaluating the species range-wide genetic structure and identification
of the geographic origin of unknown samples.

Key words : genome-wide SNP panel, genetic structure, genetic pollution, genetic conservation

Received 14 August 2017, Accepted 6 March 2018

1) Department of Forest Molecular Genetics and Biotechnology, Forestry and Forest Products Research Institute (FFPRI)

* Department of Forest Molecular Genetics and Biotechnology, FFPRI, 1 Matsunosato, Tsukuba, Ibaraki, 305-8687 JAPAN; e-mail: kruchiyama@affrc.
go.jp

TR BB M 55 17 %2 5, 2018]



