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Hybridization between two different chloroplast DNA
haplotypes of Aucuba japonica, a landscaping and
horticultural species
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WA, WHEICB T 2EWEHEO & EHNER S, NBEEN5FTIC B 5 B ALY EM
TR, B AR T A EM b ReEsRE LTE#RENS L9124 > T &7 (MILLER and
HOBBS, 2002; ANGOLD et al., 2006) o #FHTIIAERR T AW DOV, FERFEIC X 2 A RERHE
LR, MBS BMRE~NOE#ROBET ) £ L LI, ERMEWHEOMHIEMNT S L) 12k o7
(WHELAN et al., 2006) o L7>L, FUFERMETH > ThH, ABHEHIICHAT 5 HRER & (1L
R R B AR ERSHH5NE 2L 34 { (MONTALVO et al., 1997), fFkE V)74 %
WU CHEEFIZZ WH L WEE TSRO ERIEA SR Tw IR b H 5, 202
SAd, WIS B U 2 WEN OBENEHEEE RO L L) A1) v MEEO—T, HItkoT
(&, 3 L CEA SN X %8IR8 3D ) (Genetic swamping) (SALTONSTALL, 2002)
RFEHNZHE (Intraspecific hybridization) (MCKAY et al., 2005) %@ UC, HALFAROE®E
HEEDSHEALEN D E W) AT v b H D (WHELAN ef al., 2006) o

MM TIE, B PO R ZEMAROME L FHT S Z L ORI SN, AF, v/ F,
yuaxy, THRY R ETIE, FEEIC X ) SO A XIEAED b TW 5, ik T,
NEW T O BIRFHAERALEE TH W 2 M EHZ DWW T S, BIOWET2 S BRELL 721+
RUARE NS Z LT 20 EAC R ), HART O MY EEL 7 — & 12360 { il X 55
BELBEESNTWD UMME - AR, 2006) . L2 L, SEESLEZER EOEESTCIE, MW
BOFET - HAREMIEED L DONDL Z D75, RIEPAHRER Hk i 12872 5 o
MEAFH SN DHE DS\, iER - FEAAEICBWC, BBICHET 2 HARER & #mmiC
Rb5 47 GEAESY A7) OFHIEAEERICRITT RE L TRIRITAZRENTD )
(WHELAN et al., 2006; JOHNSON and GALLOWAY, 2008), JEHE S 1 T oklskaE, £ s OffiFk
BOEFIRD, FEAEY A 7L HARME OZMTREMN 2 &, AN ERLILRT 5 2 L5
IC B 28 - RERAMY OB HEEZ 5 L CTEELRHELE > TV,
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7 A ¥ (Aucuba japonica) 13ERREZETIL M SN LT, Bk ERENTT Y A
TICHHBE 2 MBRREEH 5 Z LS N T A (OHL et al., 2003) o S D728, fEEME & 3k
KDNA #3252 & C, MRMIBICBIT2H4 - FHAEDKGEEHIAT) TN TE L, &
EHOE, TAFICBWTHEDOEAES A 72ENICHEL (RES , 2005, Fh5 25k
SNk, HTHEBHEARMAICEYRHL, 2084 THRHELZVHIRICHRESE L TV
LRSI L7 (YANO et al., #AREEMRT) . SNOHOIEZ M LT, BRESE LZIFEHES A
THEAES A T LI L T L AREMEDSRR S L7z 2s, MBS 2 ORL N T u s 4 T
DIGENFEBR R 20 &) DR T 2 LEDNH o 72,

F TR TR, &R - BEMBET A FI2onT, B AERENT O Y A TR ORI
MO ESHEERR Z 1TV, BB T Y £ TOBRNPZIRIIRICE 2 588 %50 L 720

W3R DFHE

KE A

T FIE, KHETIRACHEEE A S RIS ¥ CHROA T SRR O F AL IERA T, 4 A
255 HICEIET 5. MefbE 2D, 1{EFRICO &, HETIE 10~300 18, METIZ 30 EUA 4
FAEE DT 0 TNHOIINONTF, Nr, HlizEEGiks 2 BIICEHES S (ABE,
2001), T2 EHRFIFLTIRAL, FICva FY R EORMOBIZ L > THER SN,
T A FOBARERL, FEREDNANTO Y 4T (651 7) LM QfEHE/ARKRE) I2XoT
8747 INTa¥y A7 -fEHMEDNETBl-4x, B2-4x, B3-4x, B4-4x, Ja-4x, Ja-2x, Ov-4x, Ov-2x
LR IS, BRI ET ATEET, 2 IEHowTnd Ja-dx BHESY 1 7T
&% (OHletal,2003),

AL FEEE, REERTE R T 12 & 2 REURFE KB R E AR A BT S0 R MY s i 8 AR A3t
B (DL, HERERH) OFERAERRIIZES 1 & (], 2000) OZIETITo720 KA bOTF
JEIIZEHOT HFFEAELTEY, WROEELRMWHEL 2o T b, BWERTIE, BHlL
L CHIERBR L AR ERS L 72 6 1K (ap01~06), fEFH & L Cl U RO 1 15 (ap07)
EERWRES IFHo () BRERBEEATIEITAIC BT L7 284 (No.140 & No.181) @
FF3ERE Fwr (F-1),

KW REFOEHMEEEREDNANTOZ A TORE

H USRI (- B SkE A L7z TR & © I THRE L 722 @K I2ow»C, OHr 5 (2003) @
o 2E12, HBEEEEFEDNA ONTOY f THRE L, £, 70— 4 b A—
y—zFH L, BAO2AHDNA % DAPL R L, TOHEIGREZHREIT 52 & T, MW
W E IR L7z B, FEHERFNCIE I Y a7 (Lotus corniculatus var. japonicus) %
F\ 7212, 3% A DNA @ atpB-rbeL #38 (forward:5’-CGAAGCTCCATCTACAAATGG-
3°) & (reverse: 5>-ACTGCCTTCATCCACTTGGC-3’), B X UpsbA-trnH #H3#, (forward:
5’-AATGTCCGATAGGACGTTCAT-3’) & (reverse: 5°-ATGAATTAGGCGTTAATG-3’)
(HAMILTON, 1999) # g5 L, M ERIZL L5 4 THT 24T o720 2HIZ LY, BELADNA
ONTUI AT DI LOLDY A THhE#IL, ERMAICHET 2517 (Ja), &
HWiddEHZESY 4 7 (B1, B2, B3, B4, Ov) %#¥IBIL 72,
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Table 1. Crossing type and pollination success rate obtained by hand-pollination experiments.

LMy AT fEA 1D g AR 1 2 & e ! ZRy R
BB < fE [ERE) e Fake] ALY (%)
JaxJa ap02 140 3 4 12.3 10.0 81.6
ap03 140 3 3 10.0 8.3 83.3
ap04 140 1 1 8.0 7.0 87.5
ap06 140 2 2 27.0 19.5 72.2
Ja X Bl ap02 181 3 4 11.5 5.5 478
ap03 181 3 3 14.0 11.7 83.3
ap04 181 1 1 12.0 12.0 100.0
ap06 181 2 2 43.5 30.5 70.1
Ja x Op2 ap02 - - 5 10.8 10.0 92.6
ap03 - - 5 7.8 5.4 69.2
ap04 - - 5 4.0 4.0 100.0
ap06 - - 5 28.4 26.2 92.3
Ja X Cont3 ap02 - 1 2 7.0 0.0 0.0
ap03 - 1 2 12.5 0.0 0.0
Bl X Ja ap01 140 3 7 14.6 12.4 85.3
Bl x Bl ap01 181 3 8 16.4 12.6 77.1
ap05 ap07 1 2 7.5 6.0 80.0
Bl x Op2 ap01 - - 5 15.2 11.6 76.3
ap05 - - 5 5.0 4.6 92.0
B1 % Cont3 ap01 - 1 3 13.0 0.7 5.1

VP fl % 7R L 72,0p2: BAASEH, Cont - S A0 ILEL % IR 56

EHREBROFIE

HIEABR I 3505 2 7 A S EATE S BIAE 3 2 18T 2008 4F 4 H 2 HIZREBL 6 k2o T, 1
B0 13 HOEFNPADL LI, ENEFN2~TREORELEE % 2T 720 RWT, 4HTHE 11
HICENTKIFL LTHRESE722 I3l (No.140 & No.181) DHEFE & BFA4C HARBAE
L7 HEDERHB (ap07) DOHEAEE K REBOMALICERE IO CALER €7 (KM-1-a). 4 H
11 HIZENOBEE sk L, S e s L7z FEERORIEIHT L0 2 il L
TR EI L, 6 H 24 HISSAID) L725E% (SHkhiiEs) #iskl7z (M -1-b)o
F7o, WESHRE LT, SRBUIO & SIEF O BARZIIZOWTH I & Sl e % &t
FRL720 &512ap0l, ap02, ap03 OEEH 3 HEMAKIZIZEDNT 24T o 721k, THETH R VIR
M A RE L7 (-1, AW - KIE (2006) &, 74 FTld6 AhmFE Tide < BERIbET I
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T HIRERNL C RoNE 2 248, S iZh# (Pollination success rate) * # L%
R D AW IAEE DB G TRO T L, AIFFETD ZDEFKIZHE, [EF T &I MmiFE %
K7z,

T — 2R

AWFZETIX, BB LI, BBy 17 (BT us (47, & LAIHERZ) 252k
HIZGZDHBIOWT—RALILE T IV & HCTHRE L7zs THO DT TIE, *HE L7
BAMHE D 7 — 7 TR L 720 —ALBIEE TV T, 165 2 & oI 2 2kt
HOBG2IBEERE L, TEhmBloy 4 Ta@ilNEHE Lz, IWEEBIZZIHDAIHE) L L,
OUJ AT 4 v 7)EE{T>72 (R Development Core Team, 2008) o

] £

HFHE LTG0 2 KD 9 5, No.140 1ZHAEY 1 7 (Ja-4x), No.181 1ZIEHE
747 (Bl-4x) EHIBISNIz, 2B, O Bl-4xixd, duke wHEHT O HARMEE, S
5 & TUE SO RSN B A5 5 4 7T D (OHl et al., 2003) o HIHERERM I HRGE
# L7 THREICOWTIE, B0 B 41k (ap02, ap03, ap04, ap06) 2SHA S 4 7 (Ja-4x) T
HY, MW2MEME (ap0l, ap05) EALAHL1MEAE (ap07) AIEHAESY A7 (Bl-4x) Tholz (K
—1) o RIFFEORGMEEKD S 2 FERIIHRE SN o722 s, Pk, KL T Jadx %
Ja, Bl-4x % Bl W52 L &5 5,

AR Z L OFE IR L R -1 1R T, Jax JaTIE72.2~87.5%, Jax Bl Tit47.8
~100.0%, Ja®E%ZH (UF, x Op L #id) TIE69.2~100.0%, Ja DIEZHLE (LT,
x Cont & %it) TIE0% TH o720 —F, Bl x JaTIix85.3%, Bl x Bl Tix77.1~80.0%, Bl
X OpTlL763%~92.0%, Bl X Cont TlE5.1% TH o720 MWD T— 5 24 L, B8
TEhZ L AEm B S 4 7 (Ja, B1, Op) BIOSARBIIE P £ BE#EHRE) 22158 L7,

—MAIRIEE 70 CTEAEL Y A THZ I RIS R T B A B T L ISR, B 6
ko5 &, 5% (ap01, ap03, ap04, ap05, ap06) Tik, FERMENTT sy 4 7 (Ja/Bl) T=

)

-1 ATIEER() &SI L7246 (b) DR T

Fig. 1. Photos of hand pollination experiments (a) and fertilized female flowers (b)
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ML DE BB NIFRO SN holze —77, HEEMAKap02 TIX, Bl L OZHETIE, Ja®
Op IZHARTEMBIIENFEIE D2 o7 (p<0.001). F72, ap06 TlL, FEkA N7 18 1 T
DFENIIE SN A0 072755, Jak BIOW20p & ) b A BRI ED KA > 72 (p<0.05) -

Z =

NTZHEERETIE, T EIICAEn = 5 & &, KRR DL F TR 2R 52
BN Do LA LAIZETIE, fEfkap0l DL TS 1% OZmhidons (F-1)., B
WL EAT - 72O 3 DDOIEN D - 7275, TNENDOZHEIIE (ZHIIEE /9
B8 139.1% (1/11) , 5.6% (1/18) ,0.0% (0/10) TH-o72o ZOHME LTIE, ZH L2
DO, BT ENICERIZZH L Twizh, SRR A — 7 BRPNSRA L TZh Lzh
DWEFNNEEEZ BND, F72, BEEUEE ap06 1235V T, A THEAPLEL A H A2 L H X
N DI ENMEP - 72 (M-2) ZOMEEKRTIE, ZHEBRERICOIZAPEEFEZD SN2 &
»o, ZEBREIT O RS LR o 22Tl H 5. L L, TOMOMGE TIdHEs B s
TREhET, NLEH L BARATH TIBRIIBICERREN b o722 e h b, IR
ZFDOLDIZKELMEI Loz ELONS,

ARFFETIE, Bflap02 TRNT T Y A THIZH: JaxJa) LW ERLEZNTTY A THZHE (Ja
X Bl) OZHEINHEPEr o722 LE2FRITIE, BAZNTa5 4 THME RTS8 4 TH
TR B RBENPBO LN o7 (M-2)o 22T, ##ap02 128135 Ja x
Bl OB EE LT T L SHETT 5, Bl L RS E/24051F, 3 208IcENER
1, 1, 256 T2 A-TBY, (LI L DOTHBIIE (SRS / ML) &, %£No.1 T
30.8% (4/13), %No.2 T0.0% (0/11), %No.3 T91.7% (11/12) & 70.0% (7/10) &, %No.1
EHENO2 DZHHINFENEE N3 L D HRE LT LTz, 48 No.3 ORI IIIEAR A
Ja (F#81.6%) % Op (F3992.6%) D& FIETH Y, R ap02 EEIZB VT, 5k b

1|:| a a
T .
ns a
P
[181]
o
= 0.4
0z
0o — b —
JaBlOp JaBlOp kBIOp JaBlOp JaBlOp BIOp
ap02 apl3 ap 04 aplé | ap01 apls
| |
Ja El

M-2 FREHIBITDIENE Y A 7 T L OTH IR CEPME £ BHERE) R R L2 TV 7 7Ny Mk
FHICEEELEVZRT,
Fig. 2. The pollination success rates for each maternal plants (Average = S.E.). Different alphabets
indicate significant difference among the paternal types.
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Ty A4 TEORHN X B ZABEENETOE TRV Tld 2 h o 720 M BIESK
hro 72 2481%, ap02 RO R FIGEICZEE H7-BUCAE L CTB Y, Mo INTEIC X 2 %8
R TENE R ONDL, Thbb, KREEZEE L T I AL P B 72 B 5 %
ST, ARSI T L2 S 50 DLEOKRYS, TAHFIIBWTCE,
X oTnTay A THOSGERENE L L TREEEEETE Vb0, £FRMIZIERE 5%
HEFE BN CTBL T, NTus A 7RO 25 2 RSN,

FHHE, D IXMICERES LR 0 A (A4S 1 743k, EEES A 7 47 k)
I22WT AFLP (Amplified Fragment Length Polymorphisms) 7347 % 47\y, #fnFH7— 412
B TR ZAT o 7205, FEHMEDNANT B £ TIZB VT2 OIS b HAESY 4
T LI ALY A T OBIGHBU IR 2@ D530 Sz 0o 72 (YANO et al., AR ) o %
FEE DNA B RS % DIk L, AFLP 5947 CTHE 2 TR R & 7 2 DNA IEW SR % 2
LEREETHE, OETIHEAY A TEIAES A TOMTRRICKHIRE > TB Y, M
EHRGHRRIZEEN T2 ICHEM THEZ ZEWA RS 2o/ 2 e ELbNL, T
DAERL, BEIHHR S NWIAAME Grevillea macleayana O BZ R & BARERIN B A4 % SSR
(Simple Sequence Repeat) 47 L, Z D#IL T T — & 1ZED W CRIBRIC ERT T 21TV, T
FHOMCAHBUZ AR Z05E W %2 L L 72 WHELAN 5 (2006) OFFREIZRL o Tz, 74 FD
ke a ) 28D RBICHAERM S NS (ToU et al, 1993) 72&, HIJHUM KR & FF o
Grevillea macleayana & 1) b & 2 FEWH > SHENIZ T COEENTTRTH S EEZLHNL,
DOLEOFAETIE, B CHRESL, BALLET 200721, RAELEOEAES 47
(Bl) HEINTWE I LhS, HRSNZIEAESY A TH 0 BHATAMAIC L) & L 7-fEr
PHEEFOEE T HBMNICESE L, FBES A TOGMILROH 722 E 7 % LRI,
RN O B AR & ZHE L T2 TTREEDS® 5 o

AR, ERE - BEARAEICBT S B EN S S BAELHBANOBETHRAIER SN TEDY,
WL OPOFET N LIHEEBRDAA DB IN T %, AT Grevillea macleayana Ti%, JEIZHEF S
N7z B 2%l & S AR O C N LB 217\, #%ET 5 2 L AVRE N7z (WHELAN ef al.,
2006), ¥ 7z, WATE Lobelia cardinalis Ti%, BAY A 7OMEH LIBAEY A TOMEH TR 5
HETRA L72AEH 2 W CHERN L IEAERMOSTHEENOZE LB L, fEEEIHL 00
O, FHAHTHELEBOBEAMEFICLRD H 22 L2 S N Tw% (JOHNSON  and
GALLOWAY, 2008) o ARWFFETHIZeExtR & L7+ F TOHMBAFE 2 oT808 £ THTD
SHET TR N 25 2 EATRENT, ERE - EEMMEETIE, FRESY A TPEERO D B
ICHEFR S, ZRODHESY A TERMT A L2 ), RREEEFDFOBEHHN & 137
BHLDIZH > TWBWEEENED Do TNHIXEDOHAMAILKPIEE R L 322 ), HICH
R W CHEIZIN LSS AT 2 WD S 5 72 OB 20D LEDVH 5,

E i B

ZHREEIC D72, TR RFBE B A A A Rh AR 87 W o 168 PR FH S8t o> 88 B R S Al
FHEEH L T2z, 2R L TEHOEZER L2V,
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BT 2 R R B 2R X B AR AL, BN & DM OBIRFRERIC & o TR
2B L ERERORZNERMEE &D L —T5, FFAEY A TICL 2 EEHD ) L HELEN
E DN & BRI TIHEL TR SRS D 5, AR TIE, ERSCEETICHAINSGT
FFIZOWT, WIS T R OTERMK DNA 70y 47 (Ja- Bl) MHEIZATRHEZITV,
WAAERUI R § B TR OE & (SZRBIIER) 2 H~~7o B E ¥ O FIgm i =
(%) 1, JaxJa%s81.2, JaxB17%75.3, B1xJa%$85.3, BIxB14378.6 Th o7z, —MALIIEE
TOVTAT L7/, 1 AR Z B C, SomishEidsgig i 7a & 4 7H THEZREV DD
SN holze UEDKHRNS, 7AHFTIIFEASININTOY L TERENT TS L TOIGE
&0, BEEFMOBENHEAEICR R Z2wh7c b TEILT 2 TREMEAVRE S L7z,

F—U—F 1 R - NS - NI - W - BRI DNANT O Y 1T
50 B X ®

ABE, T. (2001) Flowering phenology, display size, and fruit set in an understory dioecious shrub, Aucuba
Jjaponica (Cornaceae) . American Journal of Botany. 88:455-461.

ANGOLD, P. G, SADLER, J. P, HILL, M. O., PULLIN, A., RUSHTON, S., AUSTIN, K., SMALL, E., WooD, B.,
WADSWORTH, R., SANDERSON, R., and THOMPSON, K. (2006) Biodiversity in urban habitat patches.
Science of the Total Environment. 360:196-204.

HAMILTON, M. B. (1999) Four primer pairs for the amplification of chloroplast intergenic regions with
intraspecific variation. Molecular Ecology. 8:521-523.

AHTEF - KIG—H (2006) MEHERMEMY 7 A+ X (Aucuba japonica) OZEM A & BIALRDSEGHIZE-2 5
HE OTEWY v —F N 5. (X ¥ T4 T ¥ —F )V http://www.biol.tsukuba.ac.jp/tjb/Vol5No1/
TJB200601200200722.html)

ITou, K., IT0, S., and GYOKUSEN, K. (1993) The characteristics of seed dispersal and germination of Aucuba
Jjaponica. Transactions of the Japanese Forestry Society Kyusyu division. 46:109-110.

JoHNSON, K. M. L., and GALLOWAY, F. L. (2008) From horticultural plantings into wild populations:
movement of pollen and genes in Lobelia cardinalis. Plant Ecology. 197:55-67.

P (2000) EHIAERR 7Oy M2 X2 HFMATEROME . P10 ~ PR 1L FEERAIT B4 (Fik
Wige (B) (2)) BB . 124-130. B RYREPE oA arRk 2= roe g .

ANRIER] - BARE (2006) 4SRRI ORATIZELE L R URE OB Y T (SRR LN Y BTy
7 RILER, i ANFE, W0 L 13-58.

MCcKAY, J. K., CHRISTIAN, C. E., HARRISON, S., and RICE, K. J. (2005) “How local is local?” - A review of
practical and conceptual issues in the genetics of restoration. Restoration Ecology. 13:432-440.
MILLER, J. R., and HOBBS, R. J. (2002) Conservation where people live and work. Conservation Biology.

16:330-337.

MONTALVO, A. M., WILLIAMS, S. L., RICE, K. J., BUCHMANN, S. L., CORY, C., HANDEL, S. N., NABHAN, G.
P., PRIMACK, R., and ROBICHAUX, R. H. (1997) Restoration biology: A population biology perspective.
Restoration Ecology. 5:277-290.

OHI, T., KAJITA, T., and MURATA, J. (2003) Distinct geographic structure as evidenced by chloroplast DNA
haplotypes and ploidy level in Japanese Aucuba (Aucubaceae) . American Journal of Botany. 90:1645-
1652.

R Development Core Team. (2008) R: A language and environment for statistical computing R Foundation for
Statistical Computing, Vienna, Austria.



18 FEMRE - REE

SALTONSTALL, K. (2002) Cryptic invasion by a non-native genotype of the common reed, Phragmites
australis, into North America. Proceedings of the National Academy of Sciences of the United States
of America. 99:2445-2449.

WHELAN, R. J., ROBERTS, D. G., ENGLAND, P. R., and AYRE, D. J. (2006) The potential for genetic
contamination vs. augmentation by native plants in urban gardens. Biological Conservation. 128:493-
500.

KEFZE - NEWLL - ZiiEsE - HFE (2005) 74 F (Aucuba japonica Thunb.) O EAZAIFFENT %3 L C
R IAFACREY DT B OBLK . BRFIH B 75 % . 19:291-296.

(2008 4% 8 A 29 H=A+4)

(2008411 A 17 H=#1)

Summary

The introduction of native plant species through landscaping and horticulture can enhance the
genetic diversity of plant populations in urban areas, but it can also disturb the genetic structure of
the remaining native populations. We hand-pollinated two chloroplast DNA haplotypes (Ja/B1) of
Aucuba japonica, a landscaping and horticultural plant species. The pollination success rate was
calculated as the percentage of fertilized flowers to the total number of pollinated flowers. The
average pollination success rate was 82.1% for Ja (female) X Ja (male), 75.3% for Ja X BI,

85.3% for B1 X Ja, and 78.6% for B1 X BI1. A generalized linear model revealed no significant
effects of paternal haplotype on the pollination success rate, except in the case of one maternal

plant. Thus, natural hybridization between an introduced haplotype and a native haplotype can
occur and the genetic composition of local populations of Aucuba japonica would cryptically be
changed in this way.

Key words: horticulture, intraspecific hybridization, hand pollination experiment, urban
area, chloroplast DNA haplotype



