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Yoichi Hasegawa"? and Mitsuo Suzuki': An attempt to identify species

by amplifying ancient pollen DNA at the Tomizawa site, Sendai, Japan

E: |

WEONWY DAL, MO E N s tn o2 MBIV EZ W THET 2 2 LTS

WIKENTE T, LaL, ZO0FHOMERMF2ED—HZR T RIJBEDOL VVICEEED, DL LTy
FZORAEZWSPICT B LR L o7z, 22 TANIETIE, FREL IEK{LA A5 PCR % )HT DNA % B4
L, ZOWIEINZHAFHD b D LK T 2 2 & THROFEZRA T, IETHEIEIROK 2 TTEFOHERI> & W
MRERBEMEZ T YR SE - Py eEofEibaziil L <) L, $REL 72t h o 55kt DNA
D trnT-trnL & trnW-trnP @ 2 D OBEEFRIFER (271241160 bp, 158 bp) ZMiFHL T, FHOMIZRKAL, ZD
R, PREL B 61 KD H b, THEts FRIGEET 1 K9 22 2 Kot {tfih & DNA ORISR S -,
DNA OER G 2P LicE 25, HICEIEDODNA THY, OEDE3HAEDEIE S MOEHAI Pl LY
1EHEDBEBOTHEL 7, IV EDEFHRAEDY I OEI LY FE Y OIEIRGIE —3 L7z, ZOfEE, UOiIE
Wi, BATIEBO I EP R LY IPUEIEHIILFEYREF L COAIRENSREB I N, BFELD
HIGH KNS, B FICaET 2 2 e oL EL TOT LTz L0 ) B e R s v,
F—7—R : {EbH DNA, fOKI, fEFE, €38, TRk DNA

Abstract The past vegetation has been clarified by identifying taxa based on morphological characteristics of fos-
sil plant remains such as fossil pollen grains found in sediments. The identification of taxa from pollen grains is,
however, generally at the genus level, and the species level identification from pollen grains has been difficult. To
identify species from fossil pollen grains, we amplified DNA from fossil pollen grains using PCR methods. Fos-
sil pollen samples were collected from the sediments of ca. 20,000 years ago at the Tomizawa site, Sendai. Two
intergenic chloroplast DNA regions, trnT-trnl. and trnW-trnP (160 and 158 bp long, respectively), were amplified
from pollen grains that had been identified as Abies or Picea spp. morphologically. The PCR amplification was
successful for two of the 61 pollen samples. The zrnT-trnL sequence of one pollen sample differed from five Abies
species occurring in Japan by at least one substitution. The other pollen sample had the same #r7 W-trnP sequence
as A. homolepis and A. veitchii. The current northern limit of distributiion of these species is in Fukushima Pre-
fecture to the south. Thus, the results unexpectedly showed a northward distribution of Abies species growing in

the south during the last glacial period.

Keywords: Abies, chloroplast DNA, fossil pollen DNA, last glacial period, species identification
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JVCIRIE DS AT RE 22 R IR Y3 1 7% [\ UMb 2> S B H L
T, SO TN T I2HERH -7, <Y EHEYIEFIC
HREDEEL S LICHORENZIN TS CaH - F T,
1952), b @iz ddbi T omFOKIIRIEI (BX#
2 JTAEHT) OHERE D> & CRAPIRAED R ORI DS HOEH L
T3 (#7212, Kobayashi et al., 2000), —%, €IJE
TIZEREDBGT B2 E NI NFIZoTLEID, I )E
BRILDEE D %, BT TIEERED 1 AFFTEH
2 A. sachalinensis £ SNAERED, FLEHRD 7 A
AT 7 €Y A veitchii L SNDBREDVEH L 72DATH
D, B, AF, WF, FEOKETIREEICENGIN
W (Suzuki, 1991), =728, FEOKIIRAEA 0 1 2RI,
R RIS DO HALHITT 120 AT LT 72 € S B OIS 2
IZ72 5T 78\,

WIS D, WEDEYDOEMAEIIRAFS % DNA %2 PCR
HEHOCHEIEL CEITL, ZhzBER04D DNA &
L <, ELBROEY DO ZHLIZL K9
& 9% Ancient DNA DL AIITONS X1k -5
C&7: (Handt et al., 1994; Gugerli et al., 2005; Parducci
et al., 2012), W&k n o DNA 2 HIR L 2z B4 fH
@ DNA & g9 2 2 L, BRIFED S TIEAAIRETH -
TAEVNEROREL XV TORENHREIC R S, L L, 4
ViEARICE 5 DNA SHERSYICHIRE L v 21,
LRSS MA DRI X > TR TLE- T, E
W DNA $H28IR$ 2 Z 3L v e # 2 5405 (Lindahl,
1993), Zd7-®, Ancient DNA fffZEic B\ T3R5
DNA %2 T&9 2RO B CEEL, PCRIC K 2IIERHR
ZEODZEMThNTW3 (Handt et al., 1994),

Suyama et al. (1996) %, %15 H4EHiDE I B

1 B AUt OERE (BEIRILILA TR IOEF).
Fig. 1 Map showing the sampling locality of the fossil pollen
at the Tomizawa site, Sendai, Miyagi, Japan.

225 390 Hi K D kA DNA ZHilF L, Z ofEubass
EIA firmaDbDTHL I ERMSHIT LT, ZOWFE
THOO N FETRETRE AL, B4 - EhE2Mod
B frbie T lYiiiEs 5 © DNA shiEOE¥E%21Tb
U2, et 1k % ERE PCR KIGH I A#1C DNA @
BEICHII L2 e Th B, ZHuckh, ibfE¥zan
LAz % & &b, fithEfEic k%2 DNA of%k%
WEF T, fERMEAICH% % DNA 23058 K S BiR$ 2 2 & A8
HREIC 2o 72,

Z 2T, AWHZETIE, D o BEkk ik DNA % 3R
L C%2? DNA /%M L CREOM® %179 Fikz H
W, IREOKIAD AL T ICIA 434 LTz S g o fil
DEHSPICT 22 EZHIEL 2, Z2DDIT, 1) €
SBICB VT, TE I SR K\ DNA fEIS CRE O 5
TRE R PO FERLE, Z DM ERIE S % 77 4 ~— DB
Fufiol, 20, 2) AT D RMEOKIHOHERY H>
SEAE L 7EMEA 1 B3 o5 5 DNA O#IEZ2 17\, %
DFEDFRAN % Fh A7z

MHElEAE
1. EBEYHSOEIRE - MYEBIEHOREEFE
R E D Wi-e g - Y e EIEHOHEEZ{T-
7z AU=YRHCET 2 EIE, FVEE, <~V B,
AARDSFEI AR DOREEDS 2 fliff { & 23T

17
18a | 22cm
l 20,350+100y.B.P.
7y ~21,080+160y.B.P.
18b | 5cm (HIREHRIEFT, 2004)
Y
19 9cm

2 HERYEREGEH N OARIR, AR D813 R IR B
55126 JEHEICEB T 27 &S, 18a JHOFAUIAM DI

Fig. 2 Stratigraphic sequence of the sampling location. The
layer numbers follow the 126th report of the Tomizawa site.
Radiocarbon dates are obtained from wood remains. Arrow
indicates the sampling horizon of the fossil pollen grains.
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&1 DNAHHOBIEE S - 7 e EOk
Table 1 DNA samples of extant Abies and Picea

&+ % LIS P PR TUS
Abies firma €3 ERIRALA T FALRER B e B BB Y. Hasegawa
A. homolepis A= LN EWAEMIAT  RILRARABEER AR E YR * Y. Hasegawa
A. mariesii FFI7EY ARG AN = ST K. Yonekura et al. 260386
A. sachalinensis Ry A&y AGHERE R S 1 A S. Noshiro et al.
A. veitchii vIEY LAY 2T P74 AR S. Noshiro et al. 258201
Picea alcoquiana 47€3 Wi ARELH T BRI R H Y3 * . Yokoyama & K. Kobayashi 214007
P. glebnii THIYY ATFRETPHONE it K. Kobayashi et al.
P. jezoensis Yy ALBENER  AGRE AN R E R K. Kobayashi et al. 169278
P. jezoensis var. hondoensis A= WiAR S HGT BRI BB H OG0B * ], Yokoyama & K. Kobayashi 214003

P. koyamae YA R BEARE

FRUR A BAAAR I It H e g

J. Yokoyama & K. Kobayashi214001

P. maximowiczii EXNTES R A M. Suzuki & J. Yosikawa 293305
P. maximowiczii var. senanensis 7 A% N7 €3 REWEREEAR  FELTFE M. Suzuki & J. Yosikawa 217844
P. torano NYES 4% FLIL LRI R. Hirano

P. shrasawae EX2YNY REFICELRAT )\ LRV K. Kobayashi et al. 169328

*UREAR, TUS @ JUERR PG e R Y A B AR

*: cultivated, TUS: voucher specimens in the Herbarium of the Botanical Gardens, Graduate School of Science, Tohoku University

H5 (B, 1980), v VIEDEHM %MD 2 DDJE L 4r1)

DRHITEMOREZICHD, <=V EBDOIEMIE 43-67 pm
Thh, FYEJE65-95 pm, € IJE 75-110 pm X HERIC
NSO B EETH S5 (B 1987), —/4T, +v
L)E & E Bt oikilicid, BEMEEE 22 TE
REDYBIHIECcH S (BE, 1973 ; FFf, 1980), L»
LH36, ARWtZeClidfbibf 2 FE L 72 2ICH) L <
SOMTL U R o\, AN=HIAZ2ENTE &
29, WA IS A TRAT R 2 BUIR SR B 2 FH VT
bt oRE#{To7%, 22T, FTREITVEE
XL T, I SDHHOHLWEIEE PV EEDLE
BHIiEkH: & © DNA BlEO G fEE X OB L 72 DNA
HHNE S Sl LGRAINT 228 E L7,

AW 7oK O HERT O FURHE, 2003 4F 10
A s A TR A X RITEY T H o8 RGEBE 126
KPR (E140° 52, N38°13) IcuLCEEL: (K1),
18a, 18b, 19 Dt § 2 E% 7 vy 7 TREL, 18a)H
ZMMEARED 72O DR E Lz (M2), 2D 18a
6 PEH L 72 ARMERIZ 20,350+£100 ~ 21,080+160 yBP
EEMRIEN SN TS GEEREEIFZEAT, 2004),

BREL MBI o & - Py eEoE a2 LD
WL 7, BUFO#EMEIX, Suyama et al. (1996) Tirhi
1B E2SH AT 7, YO 7 vy 7 OREZHID %
L%, EE 2 mm, fE1 cm, BITE 1 cm 13 EDOHERS
MEUIDHL, INZASICHREAKE L DITA T, FHE
TTNORL7H,0.5 mm & 0.125 mm D550 72,

F A AT A RH T Z—Tvk & L, SRR BEMEE
TTvA vty b 2HWTEIE - by eEEOIEHZ
TRIZFED L, 2974 FH 7 AIZEZHEKT 10 [[]
W L7zo A9A4 FH I RITE, A——L A v X iz
) WAL, KBAIA A I A ETERICARZ X HICL
2o ¥72, 24 270ERy MI, Bl DNA 23 H -
TLRVHDEMHL, BIAEDNADarYyy I x2—v a3y
ZRIEL 72, 6B 1K O ZIEKEHICPCR F2—7
IZHLh, 24k DNABIEHO 7> 7L —FE LTz,

2. BEEIRE - U EEOERE DNA OIREFTIRE

BAEDHAEEIBB LU MY EBOMBHTICH
DNA 3$#EE S L7z, $FEEIE, BALRSEPEERTERE
eI EI LA (TUS) (2IN® & 7z &  BEREAR D S
BLDD, H2OITEERZREL AT VTS
boEHWE (F1),

FHEEITAEA 2 L2 50 mg TOMID > TTF 2 — 7T A
N, Fa—7 T LREZTHEESE%, XY —3I
(MM200, Retsch) ZHTofEL 7o, Bl L 728155026
Dneasy Plant Mini Kit (QIAGEN) % fi\>C DNA Dih
Mz 7,

HAEE I8 S mA 1MHEE (KD I2ow» THERME
DNA @ 2 > D& s - truT-trul & trnW-trnP @
BRI EZRE L, AL 7421, Z0Zh
trnTL a & trnTL b, psa]-petG F & psa]-petG R TH % (#
2, X3), £/, HAREIYEE 724 (1) <o
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Table 2 PCR primers used to amplify the chloroplast DNA sequences of Abies and Picea

774 —%A MW pCR Yy T=—V

T4 —% i ficsl (5'-3") RSN D=y TV (%) oEx  vrmRE xR gl H
TI)F Fe)E (bp) (°Cc)
trnT-trnL JEE T-[E
trnTL a 54051 CATTACAAATGCGATGCTCT .
477 55.0 HEEIJE  Taberlet et al. (1991)
trnTL b 54527 TCTACCGATTTCGCCATATC - .
PernTLF 54242 GGGAAAGAAAAGGGAAGTAA 90 100
160 536 TEmMkE %
PunTLR 54401 TCTCGCCATCTCTATCTCTAC 100 100
trnW-trnP Y& {5 1-[H15EE
petGF 76279 TCCGGAATTGTGTTAGGTC -
psaJ-pe 863 505 BIEEIE
psaJ-petGR 75417 CGCTGTGGAAAGATAGGTC -
trnWetrnP £ 76024 TGGAGACCCACGTTCTACC .
223 550 # E i =
trnWetrnP - 75802 TCAAATCCTGTCATCCCTACC ; ; RERTER BUEA @6
PunWPFE 76009 TACCGAACTGAACTAAGAG 100 100 158
PrnWP IR 75853 AACGAAAGATCATTTTATATC 100 91-100 513 fEmkn %
PtrnWP 2R 75879 GAATCGAACATCAAATAAT 100 58 131

PLiE : Picea morrisonicola (=4 %7 b7 kt) OIEREA DNA HEALY] (Wu et al., 2011; Accession No. NC_016069.1) 12&1} % §' S fziE,

KHDT 74— 3 AR TR Lo,

Position: positions of the 5' end base are numbered according to the Picea morrisonicola chloroplast DNA sequence (Wu et al., 2011; Accession No.

NC_016069.1). 3 PCR primers designed in this study.

3 EETHEKE 7 74—V A FOfZE,

Fig. 3 Positions of the gene regions and the primer sites.

W CEERR R DNA @ 10 038 {5 1[I trn W-trnP D3
HELGNZPRE L7, AL 774 2—1%, trnW-trnP f &
trnW-trnP r Th 3 (£ 2, 3), HAEFNZEED truT-
trnL IR FIBES O IERLY X Kobayashi et al. (2000)
(77%vyar#E: AB045054, AB045056-AB045063)
o5 L7,

DNA filiHH7# 1 pl 12 ANTP Mix (2 mM each dNTP)
5 pl, 10xPCR Buffer (Contains 15 mM MgCl,) 5 pl,
794 = — (25 pM) 0.5 pl ¥ 5, AmpliTaq Gold™
DNA polymerase (Applied Biosystems) 1.25 U, JEE/K
37.75 pl 2z, ¥—~<n¥%4A 27— (iCycler, Bio-Rad)
ZHWT, 95°C 10 7D, 95°C 208, 7=—V v/

WET19, 72°C13%240~50% A7, 72°C 759
DEMTPCR 21757, 72—V JIREIIHHT 27
TAC—ICHbETRE L (£2), DEITHIV A2
)V PCR %Bk < PCR KBIZB VT, RUBEMER Eilob
DEMG, 72—V Y THREDAT T4 —IlHbET
2B L 72, PCR EWIE QIAquick PCR Purification Kit
(QIAGEN) % F\ TR 72,

YEIE L 7 DNA W7 - O3 FEEE S Pe 2 121X, BigDye Ter-
minator Cycle Sequencing v2.0 (Applied Biosystems) %
Hwi, WREINOWREEZ7+T7—F 774 ~—fll, V
N—=27"F 4 = —ROMNED 517\, W7 ORI Z Hk
L CRAIREDIEMES ZIH L 72, K58 L 7 PCR Y 3 pl
IZ BigDye Terminator Ready Reaction Mix % 2 pl, 7’
74 <— (1 pM) % 1.6 pl, 10xPCR Buffer (Contains
15 mM MgCl)) # 0.5 pl, JEK 2.9 pl 22, iCycler
T9%°C130Mantk, 96°C 10#, 50°C 5#, 60
CA4TE2 VAT NDEMNETY A 7V PCR 21T -
7z, ¥EIEPEY) % DyeEX Spin Columuns (QIAGEN) #
AWTHE®L, ¥ —7%7 ¥4 — (310 Genetic Analyzer,
Applied Biosystems) % H\>CHEFEEL Y Z PoiE L 7z, Ik
7 L 723 ACS1E, GENETYX-MAC 10.1.6 (Software
Development Co., Ltd.) ZHWTT7 74 X 2D, &
PPN FECHlEZ N A -2 IR TR L, o
A DS RE R R 2 R L 72,
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3. TEMMbAaDERAE DNA DOIEERSIRE

trnT-trnL BAZ TR O 160 HHILZIET 2 774
<—PtrnTL F & PernTL R Z{ERRL 72 (£ 2, K 3), Z
DT T4 =—=xtE, BNt EEOOFRNZME LT
RS ttz, 16->T, P EEBD 774> —H A MRS
5%y Fv713100% TH2 (£2), LrLABsI07
T4 2—RE, EIBIZOVWTHTIA4~v—H A KT
vy Ty Im90% MU EEES (2), FAbhths
5%E IJED DNA OMIESHER I N2 L6, EIFED
RO L 72,

FIEEIC, traW-trnP &5 T-RIFEI D 158 $HH: % BiE 5
%5794 <—PtrnWP F & PtrnWP 1R Z1ER L 72 (3% 2,
M 3), D774 v—xflE, U6 E IBOMMDHN %
RE L TR SN, 612, HINE T 35616 E Ptrn WP
1R D€ IR ERNAZ 7 7 4 v — PurnWP 2R % {E
L7 (322, ®3), 77A4~—1FRICEY 7bo 27
OLIGO (National Biosciences Inc.) % H\>7z,

FREL 7 Abba 1R Z2BEAK 1S pll ZMA 72T 2 —
JUTHLD, Z iz, dNTP Mix (2 mM each dNTP) 2
pl, 10xPCR Buffer (Contains 15 mM MgCl,) 2 pl, 7
F4<— (25 uM) 0.2 pl 92, AmpliTaq Gold™ DNA
polymerase 0.31 U Z/MZ, iCycler ZH\>TPCR Zf7\>
DNA Wi O34z ildr 7z, 72, PCR #1772 TDOIE
BUHICDOWT, AF4 P47 A ECRBIIEH LA OB
B O A% 0.5 pl £ h, Z2UZ PCR KRIGiHEE
MZTCEHN T4 7avibn—nLElk, R547avk
T —)LiZiE, €3 Abies firma (£ 1) 1fZ A,

HHEBH) %2 e T BRI g L 72 5 PCR EEMI O R DA
REHH 7202, 7Au—AEKRIKEIC X >TDNA O
AR & N7z 2 >ofe AR Fea _1, 16k
fthi _2) 122w TPCR EYZFHRIZL T2 HH? PCR
B1Fo7, WEK 35.75 pl 12 PCR BV 3 pl, dNTP
Mix (2 mM each dNTP) 5 pl, 10xPCR Buffer (Contains
15 mM MgCl) Spl, 774 ~— 25 pM) 0.5 pl ¢
-, AmpliTaq Gold™ DNA polymerase 1.25 U %}l Z,
iCycler % Fi\>C PCR #47- 7z, Bl Em{ba 112k
WC PtrnTL F & PtrnTL R %, f6#rbfa 2 1I28WT7
74 <—PunWP F & PtrnWP 2R % i\ 7z, $4IEEY) I3
FEELL 7459 4 7V PCR %247\, HEHRLH 2 PRE IV 72,

& ES
1. BEDEIE - MY EEDZERA DNA IEEFCS
EIF/ S ML LR (£1) 1o T traT-trnl BB T
RISEIRDIEFERLSN 2 RE LTy 774 AV M 2T 1 f5 R,
aver Y ARGIREE 428 L kot (TR yvay
%5 1 AB750619-AB750623), Z DR TIx, 4 AL

frClEL 2RO, 72, I, 750 F 3, FReY,
PIEVIREUESITH o7, ZOMEBICE EN AIEHE
fack->T, €I, 753YUEI, FFeY, ¥5EVD4
ML, A4 7EVD2LRHUCHETES, 22T, £IE
SHZZD2HICOETE I LDTE S truT-trunl BisT
R 160 HEEZ G LA RIS 5 2 LT L7z,
Kz, €IS ML LK (F1) 1220 T ornW-trnP
BB RO IR 2 RE L7, 774 XY MaiTo
TG, ave vy AR 837 HE Lok (77
v av#Fa: AB750624-AB750628), I DFEIK T
W, 11BN CHfE L E A, 1 s T CRRE RO, Z
NoDEILEHR LA/ RIUCE-T, £, 790 %E
I, AATIEY, ¥IEY, A4 ITEVD S I
T&7, 22T, EI/SMizEs, 77Y0EI -7
EY, AATIEY, FRYVDOABIIOETLIIEDT
& % trnW-trnP JB{n 7 HIFEE O 158 A2 B b a2 5
WIRT 32817,

¥/, oGRS KT LT, €2
J& Stz by elE 7 R 2 2 LT 5 2 EDSHEETH o
7= (X4,5),

2. et aDEFAE DNA BEES

BTGRP 18a JEDOHERIW > & 4L L 7. bt A 61 KL
BRFIREP RN AR ELZR->TE D, WERE
IZHDWTE IR S 2\ i b e JEE) LT ST,
INSDIHE 43 Ki% troT-trnl FIBOBREIC, 70 18 ki
% trnW-trnP I OEIEIC AL 72, 79 A4 v — PtrnTL
F & PturnTL R 272 PCR 247- 7% L 2 A, 43 KD
1k (e _1) < DNA oiEsiER sz (M
6) £72, 794 <—PtrnWP F & PtrnWP 1R % i\ 7=
PCR {77 25, 18KDI b 1k (FEkbt _2) T
DNA O#iEsfER SN (K7), Z3sd DNA ok
Bio & e L7 & 2 A, e _1 263§ L 72 DNA
DOFERINZ, troT-trunl Eis FRITERICBIT €3,
FYUEI, YIEY, FRevORET 3 HEEROHEE
Bigl e 1EHEDENTH -7 (X4, 8), 20 11k,
HADEIESEBuTiivninoffibs v (C) T
Hoths, LA _1 26 8iE L 7 EEEIC B VT
F2v (T) THhot, 7, LA 2 58IEL 72
DNA DOIFEFEESNZ, truW-trnP B85 FRfEBICE T 5
720U EI LY TEYOMNINT BRI 4T
—¥ L% (K¥5,9), Zqucky, ek 2137590
EIHDHVIFTTEVDLDTH S EFEI N,

WML 2 Y5 2 720 I w72 I E K 2 PCR K
AEBICMZ T2 T4 7avy br—LicBWTIE,
DNA DOl HER S Nizhr o7z,
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Fossil pollen_1 1 GGAAGGGTCAATTGATATTGATAATTTGACTCACTATTCCAAATCGACTAGAGGAGGATAATAACATTGCATTGAAAATGCAGAAATAATATAAT 95
Abies firma Lo Y 95
A. homolepis 1o i A 95
A. mariesii Lo Covennnnn T e 95
A. sachalinensis 1o Y 95
A. veitchii 1o P 95
Picea alcoquiana 1...TT-—---....T....C...CG...T....... Coveieeie s [P T..... Ao 91
P. glehnii 1...T.-———....TC...C...CG...T....... Covvninii [ T 91
P. jezoensis 1...To———. . .. T....C. GG .. Tae .. oo [T T 91
P. jezoensis var. hondoensis 1 ... T.----....T....C...CG...T....... Coveieeie s [T PP To 91
P. koyamae 1...T.-——-....TC...C...CG...T....... Coveeee e [T T 91
P. maximowiczii 1...T.———-....T....C...CG...T....... Covieeeieens [P T.o.o... Ao 91
P. maximowiczii var. senanen 1 ... T.----....T....C...CG...T....... Coveieeeies [T PP T..... Ao 91
P. torano 1...To———. . .T....C...CG... T oLt Covrniiia [ T..... Aol 91
P. shirasawae 1...T.--——-....TC...C...CG...T....... Covieeeieens [T T e 91
Fossil pollen_1 96 GATTCCCAGTCAC----ATTCGATTGGG 119
Abies firma 96 v T, 119
A. homolepis 96 o Rt 119
A. mariesii 96 v e 119
A. sachalinensis 9 i T 119
A. veitchii 96 o Rt 119
Picea alcoquiana 92 ... A....C..GTAAT........... 119
P. glehnii 92 ... AL .CLLGTAAT...lll e 119
P. jezoensis 92 ... A....C..GTAAT........... 119
P. jezoensis var. hondoensis 92 ....A....C..GTAAT........... 119
P. koyamae 92 ... AL .CLLGTAAT...olle e 119
P. maximowiczii 92 ....A....C..GTAAT........... 119
P. maximowiczii var. senanen 92 ....A....C..GTAAT........... 119
P. torano 92 ....A....C..GTAAT........... 119
P. shirasawae 92 ... A....C..GTAAT........... 119

4 b 1 B8XVBEDOEIE - Y e EL SR L 7 trnT-trnL B {5 FRITIR O R DNA OIEHE]. & () 1
feprba 1 ERUHEREZRL, "7y () 3A S REZRT, BERNOT7 72y av&Kigld, AB750638 ({EpHtA
_1), AB750619-AB750623 (£ 3J&), AB045054, AB045056-AB045063 (7 tJ& ; Kobayashi et al., 2000),

Fig. 4 Sequences of the spacer region between #7nT and trnL in chloroplast DNA from fossil pollen_1 and extant species of
Abies and Picea. Dots indicate identical bases to those of fossil pollen_1, and dashes indicate insertions/deletions. Accession
Nos. AB750638 (fossil pollen_1), AB750619-AB750623 (Abies species), AB045054, AB045056—-AB045063 (Picea species; Ko-
bayashi et al., 2000).

Fossil pollen_2 1 CGCTTTCTTAAAAAATATG-GAGATAAAGGGAATAAAAAATACCTTTCGTTGATACTCTACGAGTATCAAACATTTTTGCATCTGATACGATTCA 94
Abies firma 1o P QT A e e 94
A. homolepis 1 o B e e e e e e e e e e e e e e 94
A. mariesii 1 ..., E e e e e e e e e e e e e 93
A. sachalinensis 1o T e e e e e e e e A. 94
A. veitchii 1 o B e e e e e e e e e e e e e e 94
Picea alcoquiana 1 ......A..T..C.TCCG.A....A.GGAAAGGA.C..... - Tl Toooo... TA. .- .. [ 92
P. glehnii 1 ...... A..TC.C.TCCG.A....A.GGAAAGGA.C..... - Toooo.. Toooo.. TA. ... .. CoviCuvnni i 92
P jezoensis 1...... A..TC.C.TCCG.A....A.GGAAAGGA.C..... - Tl Toooo... TA....——. ... Co..Covnni e 92
P. jezoensis var. hondoensis 1 ...... A..TC.C.TCCG.A....A.GGAAAGGA.C..... E I Toooo... TA... .-l CooCovnnnnnii 92
P. koyamae 1 ...... A..TC.C.TCCG.A....A.GGAAAGGA.C..... - Toooo.. Toooo.. TA. ... .. CoviCuvnni i 92
P. maximowiczii 1 ......A. . T..C.TCCG.A....A.GGAAAGGA.C..... - Tl Toooo... TA....——. ... Co..Covnni e 92
P. maximowiczii var. senanens 1 ......A..T..C.TCCG.A....A.GGAAAGGA.C..... - Tl Toooo... TA. .- .. CooCovnniiiien 92
P. torano 1 ......A..T..C.TCCG.A....A.GGAAAGGA.C..... - Toooo.. Toooo.. TA. ... .. CoviCuvnni i 92
P. shirasawae 1...... A..TC.C.TCCG.A....A.GGAAAGGA.C..... - Tl Toooo... TA....——. ... Co..Covnni e 92

5 fEbA 2 BXOBAEDEIE - Y eEL SR L 72 trnW-trnP B{5 FRIFBIRO kA DNA OFEESI. m () 1
e 2 LRUHEREZRL, ~A 7y () @3fA S REZRT, BERINOT 7€y av&FKEE, AB750639 (fEHtA
_2), AB750624-AB750628 (€ &), AB750629-AB750637 (7 EJ&E).

Fig. 5 Sequences of the spacer region between t#rnW and #rnP in chloroplast DNA from the fossil pollen_2 and extant species
of Abies and Picea. Dots indicate identical bases to those of fossil pollen_2, and dashes indicate insertions/deletions. Accession
Nos. AB750639 (fossil pollen_2), AB750624-AB750628 (Abies species), AB750629-AB750637 (Picea species).
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Fig. 6 Amplification product of DNA recovered from fossil
pollen_1 using the first PCR primers showing a 160-bp frag-
ment of the region between #rnT and trnL in chloroplast
DNA. M is molecular weight marker. Even-numbered lanes
are amplification products from fossil pollen, with a positive
result in lane 2. Odd-numbered lanes 1-17 are amplification-
negative controls. Lane 19 is a positive control (amplification
product from extant Abies firma).
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05, BUAERYODNAICL2aVY Y I 27— avid
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et a 1 truT-trnl $6IK) 13€ 3, 7 I9¥0EI, >
JEY, PFevo4fli 1HERXOECTRLZD, T
NOBICHEITEIN Ao, b)) 1H (bbb a _2;
trnW-trnP §8I8) 1275 0TI L2 58 ORI &
—HL, 2fDH)bDELLLDLD ERES N, HE>T,
A _2 DFERD & AR 2 T 4ERT O = IR &

7 AR _2 5 S HIE L 72 trnW-trnP GBS TR A
158 5D DNA Wik, M IZDNA ¥ A Xv—h—%, 1-11
DEFHD L — Y 13AEBHLA12> 5 O DNA BlgEY 2, L—v
S AEEMta 2 25 ORREII 2R, oL — i3 s
T4 7aviu—)%, L—r 13 3HAE S Abies firma D
DNA%Z7 v 7L —bELARY T4 7ay ba—V &Ry,
Fig. 7 Amplification product of DNA recovered from fossil
pollen_2 using the first PCR primers showing a 158-bp frag-
ment of the region between trnW and trnP in chloroplast
DNA. M is molecular weight marker. Odd-numbered lanes
1-11 are amplification products from fossil pollen, with a
positive result in lane 5. Even-numbered lanes are amplifica-
tion-negative controls. Lane 13 is a positive control (amplifi-
cation product from extant Abies firma).
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DEIFIEHOBAT Y — I TIEDH B L, BB
18aJBIC BT 2 11.1% D E I BIEHm o LRIZ, #FMEXD
557110 m BN BT E S BOBIARD A L Tk 2
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Fig. 8 Haplotype network of fossil pollen_1 and extant Abies
species based on the sequence of the spacer region between
trnT and #rnL in chloroplast DNA. One solid box shows a
base substitution mutation (see Fig. 4).
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INF T, FHTOEFOKIOKOVE (1 ~27
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V% (Suzuki, 1991 ; 5FH, 2000), L2*L, € IJEDER
BRI IR I NPT OHEEZ RO L0 6, =ik, A
F, 1IE, FEOSRTIRBERICERFIL R, RiFRIC
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FHTHINSDOBFESILEL T/ LTzt v
ARG HDME & e,

TIE, SR L TW» iz 9P e ITH
B, 7Y THAI D, ¥7EVIFHNROTHICE
WTY7YRE LD BRIMDEOCHERIC oML T3 2
Epo, K0 ERRLGEIGEIG L ZEThEEELONS
(G5H - &%, 1967), /5T, WD REED 16% T
FHARRPEOONTYE (KA, 1994), 20 kI
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5, BIGEBNCOML Ty 7YneIdH i 0t
PIEVDEDLSPIIIAE LT IR 2 A L
Tt LEZoN S,

9 fikMbAa 2 LB IBD troW-trnP Ein 1M
DR DNA OIFEEFLINICIED N T 0y L 7%y F 7 —
7. BoRy 72 13 VEROEHREZEL, AVRy 2721
il 1RO A RIE2FRT (X521,

Fig. 9 Haplotype network of fossil pollen_2 and extant Abies
species based on the sequence of the spacer region between
trnW and trnP in chloroplast DNA. One solid box shows a
base substitution mutation, and one open box shows an in-
sertion/deletion (see Fig. 5).
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