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INTRODUCTION

The introductory history of plant species is of interest to 
plant scientists for many reasons. Since Columbus re-discov-
ered the American continent and global trading routes became 
established, a large number of organisms have been dispersed 
worldwide along various transcontinental trading routes. An 
example is Ginkgo biloba L., the Maidenhair Tree, first intro-
duced into Europe in the early 18th century. Engelbert Kaemp-
fer (1651–1716), a German physician and botanist, visited Japan 
from 1690 to 1692 during a mission financed by the Dutch 
East-India Company, where he saw the Ginkgo tree (1691) and 
described it in his work Amoenitatum exoticarum (1712). It is 
said that he brought some seeds to Utrecht, and seedlings were 
cultivated and the first European cultivated tree was planted in 
1730 in Utrecht, Netherlands.

Ginkgo biloba is regarded as a “living fossil” and is the 
only extant representative of the isolated gymnosperm family 
Ginkgoaceae (Harris, 1874; Traula 1967, 1968; Uemura 1997; 
Zhou, 2003). Ginkgo is a long-lived dioecious tree. The oldest 
individuals known are estimated to be approximately 1000 to 
3000 years old (He & al., 1997). At its native sites the seeds 
are eventually dispersed by carnivores such as the leopard-
cat (Felis bengalensis) or badgers which may be attracted by 
the smell of rotting flesh emited from the ripening sarcotesta 
(Jiang & al., 1990; Del Tredici & al., 1992). Seedlings are 
rarely observed in natural stands, however, where the species 
occurs and their occurrence seems to depend on open and 
sunny places in the woodlands (Del Tredici & al., 1992; Y. 

Xiang & al., 2000; Z. Xiang & al., 2001, 2003; B. Xiang & 
al., 2006, 2007).

From 1730 onwards, Ginkgo trees were increasingly 
planted all over Europe: Geetbets (Belgium) 1730 (independ-
ently brought by missionaries from China), Anduze (France) 
1750, Padova (Italy) 1750, Slavkov (Czech Republic) 1758, 
Kew (United Kingdom) 1762, Vienna (Austria) 1770, Daruvar 
(Croatia) 1777, Harbke (Germany) 1781, Montpellier (France) 
1788, etc. In 1784 the first Ginkgo tree was planted in North 
America, in Philadelphia (http://www.xs4all.nl/~kwanten/more
.htm). All of these trees are male individuals. The first recorded 
female tree was from near Geneva, Switzerland; in 1814 its 
scions were grafted onto a male tree in the botanical garden of 
Montpellier, where the first seed had grown. Similar records of 
grafted female scions are known from other botanical gardens, 
e.g., the Botanical Garden of Vienna. During the following two 
centuries, Ginkgo was continuously introduced from Japan and 
maybe also China, to Europe and North America.

It was long thought among Western botanists that the genus 
Ginkgo was probably extinct in the wild and preserved only via 
human propagation (Sargent, 1897; Wilson 1914, 1919; and dis-
cussed in Del Tredici & al., 1992). When the occurrence of relic 
populations in China became obvious, questions about true 
wild populations, remained open (Del Tredici & al., 1992). Re-
cently, some data on the phylogeographic history of G. biloba in 
China were presented by Gong & al. (2008). Chloroplast DNA 
sequence variation indicated that Pleistocene glaciations forced 
Gingko into two refugia in southwestern China, and in eastern 
China in the West Tianmu Mountains. Particularly, the status 
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of the population from Eastern China was controversial (Del 
Tredici & al., 1992; Lin & Zhang 2004). Our recent cpDNA 
and AFLP study confirmed, that this population represents 
offspring from a second refugium and represents a highly di-
verse gene pool. However, AFLP data indicated that Central 
China was colonised multiple times, mostly from these Eastern 
areas. It also appeared that cpDNA variation outside China is 
largely reduced: in Korea and Japan we only found the most 
prominent Chinese cpDNA type and only one singleton and 
derived haplotype was found in Tsukuba, Japan. We took this 
as first evidence that G. biloba was introduced from China to 
Korea and Japan in different historical periods (Gong & al. 
2008). It is said that G. biloba was introduced into Japan from 
China between the late 13th and the early 14th century (Satoh 
& al., 2002, 2003). A larger time interval was proposed by Tsu-
mara & Ohba (1997), showing an introduction during the Ka-
makura and Muromachi eras (A.D. 1192–1573). This fits well 
with that Eastern Chinese populations at Tianmu Mountain and 
its surrounding areas have been the site of human cultural and 
agricultural activities, and that Ginkgo propagation and con-
servation was practiced by Buddhist monks for approximately 
1500 years in the gardens and forests surrounding their temples 
(Del Tredici & al., 1992).

In this paper we aim to provide genetic data on the Eu-
ropean introductory history of G. biloba. We used AFLP and 
cpDNA sequence variation in order to (1) test for multiple and 
early introduction from China into Korea and Japan; (2) explore 

the genetic source of the oldest European and Northern Ameri-
can trees; and (3) provide data on the genetic variation in areas 
of introduction compared to its natural stands in China.

Although our data are far from being comprehensive, we 
hope this work will stimulate further research to unravel the 
biological and evolutionary questions concerning this fascinat-
ing tree.

MATERIALS AND METHODS

Population sampling. — In total we analysed 145 indi-
viduals, originating from 13 natural populations: China (92 
individuals), Korea (11), Japan (18), Europe (14) and North 
America (10) (Fig. 1). Our aim was to sample the oldest trees 
outside China known (Table 1). In a previous study, we ana-
lysed the phylogeography of G. biloba within China (Gong & 
al., 2008) and worked with incomplete datasets for AFLPs and 
cpDNA sequence variation outside China. Herein we aim to add 
the missing information (AFLP data for Korean, Japanese and 
American samples; cpDNA data for various European samples) 
(Table 1) and to address open questions concerning G. biloba’s 
early introduction history.

DNA extraction and AFLP analysis. — Total genomic 
DNA was extracted from 50–75 mg dried leaf tissue follow-
ing the procedure of Doyle & Doyle (1987) and Doyle (1991) 
with minor modifications (Gong & al., 2008). Leaf tissue was 

Fig. . Distribution of Ginkgo accessions and populations analysed herein. For details refer to Table 1.
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grinded in a Precellys 24 (Bertin technologies) homogenizator. 
Two units of ribonuclease A per extraction were added to the 
isolation buffer. The DNA pellet was washed twice with 70% 
ethanol and dissolved in 50 μl TE-buffer. The concentration of 
the sample was measured using the NanoDrop ND-1000 spec-
trophotometer (Peqlab) and prior to analysis each sample was 
diluted with ddH2O to a final DNA concentration of 100 ng/μl.

AFLP analysis was performed according to Vos & al. 
(1995) and modified by Gong & al. (2008). The analysis was 
carried out using EcoRI-AC and MseI-CC as pre-selective 
primers and six selective primer combinations: EcoRI-ACG 
(TET)/MseI-CCTG, EcoRI-ACG (FAM)/MseI-CCAG, EcoRI-
ACG (HEX)/MseI-CCAA, EcoRI-ACG (TET)/MseI-CCAC, 
EcoRI-ACG (FAM)/MseI-CCTA and EcoRI-ACC (HEX)/
MseI-CCTG. Three differentially fluorescence-labelled primer 
pairs were multiplexed (2 μl TET, 2 μl FAM, 5 μl HEX) and 
diluted 30 times with ddH2O, of which 6 μl were taken and 
mixed with 0.2 μl ET-ROX 550 size standard. After 2 min 
denaturation at 95°C, samples were run on a MegaBase 500 
automated sequencer (Amersham Biosiences). Raw data were 
scored and exported as a presence/absence matrix using Gen-
emarker v.1.6 (SoftGenetics LLC).

In each experiment running 48 samples on the DNA se-
quencer, six standards (previously analysed sam ples; Gong & 
al. 2008) and one repeat of the sample were always applied in 
order to score constancy and repeatability of banding patterns.

cpDNA sequence analysis. — For DNA amplification of 
the plastids, trnK IGS and trnS-trnG IGS, we used the same 
DNA as used for AFLP analysis. Amplification and sequenc-
ing strategy followed Gong & al. (2008). PCR was performed 
using a GeneAmp 9700 PCR DNA Thermal Cycler (Perkin 
Elmer). Thermal cycling started with a denaturation step last-
ing 5 min at 94°C, followed by 35 cycles each comprising 1 min 
denaturation at 94°C, 30 s annealing at 52°C (for the trnK IGS) 
or 58°C (for the trnS-trnG IGS), and 2 min elongation at 72°C. 
Amplification ended with an elongation phase lasting 10 min 
at 72°C, and a final hold at 10°C. Amplicons were purified 
using a PCR purification kit (Quiagen). Cycle sequencing was 
done with the DYEnamic ET Terminator Cycle Sequencing Kit 
(Amersham Biosciences) using the PCR primers for the cycle 
sequencing reaction. Samples were resolved in 10 μl Load-
ing Solution and then run on a MegaBace 500 Sequencer (GE 
Healthcare Life Sciences).

Data analysis. — As a measure of within-population di-
versity, we assessed the total number of fragments (FT), and 
the percentage of polymorphic fragments (Poly%) for all in-
dividual populations from China and the samples from Japan, 
Korea, Europe and North America (Table 2). The number of 
private fragments was counted for each population (FPP) and 
each geographical region (FPR ) of G. biloba in China using 
AFLPDAT (Ehrich, 2006). Accordingly, gene diversity was 
measured as Nei’s genetic diversity.

Hierarchical structuring of genetic variation among popu-
lations was determined by an analysis of molecular variance 
(AMOVA) with WINAMOVA v.1.55 (Excoffier & al., 1992) 
(Table 3). Significance levels of the variance components were 
based on 1000 permutations.

Phylogenetic relationships were inferred using the dis-
tance-based neighbour-net method (implemented in SplitsTree 
v.4, Huson & Bryant, 2006) based on uncorrected p-distances 
(Fig. 2). In comparison to generally used tree building methods, 
a network method allows to visualise potentially conflicting 
signals, which may be caused by homoplasy, reticulation or 
hybridisation.

Principal coordinate analysis (PCoA) was performed to 
calculate principal coordinates from pairwise Euclidian dis-
tances between individual genotypes (MVSP v.3.1, Kovach 
Computing Services, Anglesey, Wales) (Fig. 3).

As an alternative approach, the population structure was 
examined by genetic admixture analysis using the programs 
STRUCTURE v.2.2 (Pritchard & al., 2000) and BAPS v.3.2 
(Corander & al., 2003, 2004, 2006) (Fig. 4). The data were 

Table . Genetic diversity based on AFLP data among the various 
Ginkgo populations. 

Populations FT Poly% FPP FPR

Gene 
diversity

SW China 99 2
 1. ES 90 23.85 2 0.104
 2. JF 87 21.10 0.076
 3. PX 85 22.93 0.078
 4. SP 88 22.02 0.088
 5. WC 89 21.10 0.085

Central China 94 1
 6. DH 85 20.18 0.101
 7. GX 87 20.18 0.098
 8. SX 85 17.43 1 0.078

Eastern China 99 0
 9. CX 89 22.94 0.093
10. TC 80  6.42 0.027
11. TM 90 24.77 0.103
12. TX 86 13.76 0.044
13. WY 84 17.43 0.096

Japan 89 0
14. TSU 78 33.94 0.182
15. TOK 83 14.68 0.060
16. FUK 87 28.44 0.118

Korea 89 0
17. KOR 89 41.28 0.123

Europe 84 0
18. EUR 84 19.27 0.068

North America 84 0
19. NY 82 13.76 0.059
20. PHI 82 30.27 0.171

FT, total number of fragments; Poly%, percentage of polymorphic 
fragments; FPP , number of private fragments per population; FPR, 
number of private fragments per geographic region. Genetic diversity 
calculated as Nei’s measure of heterozygosity.
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analysed with STRUCTURE with K (number of groups)  rang-
ing from 2 to 5, with 10 replicate runs for each K, and a burn-in 
period of 2 × 104 and 1 × 105 iterations. The “no admixture 
model” and uncorrelated allele frequencies were chosen for 
the analysis. The likelihood of Ks ranging from 1 to 10 was 
calculated using the R-script Structure-sum (Ehrich, 2006). 
For a detailed description of the above used parameters, refer 
to Ehrich & al. (2007) and Evanno & al. (2005). BAPS was run 
with the most likely number of groups (K) set to 2–5 as revealed 
by the R-script analysis. Each run was replicated three times.

Chloroplast DNA sequences were analysed for those indi-
viduals not included in our previous phylogeographic survey 
(Gong & al., 2008). The haplotypes were identified accordingly 
and are shown in Table 1.

RESULTS

AFLP data and high reproducibility. — A total of 145 
individuals of G. biloba (92 individuals from 13 Chinese pop-
ulations, 14 European individuals, 18 Japanese individuals, 
11 Korean individuals, 10 North American individuals) were 
successfully scored for the six selective primer combinations, 
producing 109 repeatable fragments with sizes ranging from 
75 to 500 bp (Table S1 in the Electronic Supplement to this 
article). Out of the 109 fragments, 85 fragments (77.98%) were 
polymorphic. The mean repeat accuracy of all experiments 
amounts to 98.93%; the mean scoring error was therefore below 
1.1%. Furthermore, we observed a 99% accuracy and repeat-
ability when comparing the standard samples with former re-
sults (Gong & al., 2008). The experiments showed the general 
quality and reliability of the AFLP marker system and the pos-
sibility to add more individuals in future studies.

cpDNA data indicate limited gene flow out of China. 
— With the exception of two Japanese individuals carrying 
cpDNA haplotype H (Table 1), all remaining individuals from 
outside China are characterised by cpDNA haplotype E. It was 
shown earlier (Gong & al., 2008) that haplotype H directly 
derived from haplotype E and was not found elsewhere.

Haplotype E is widespread in China and is the most com-
mon haplotype. We can hypothesize for the maternal lineage, 
and thus for seed dispersal, that Ginkgo migrated out of China, 

but most likely not from its two primary centres of cpDNA ge-
netic diversity as we found none of the rare and refugia specific 
cpDNA haplotypes outside China. This might be an indicator 
for human propagation not from the primary centres of genetic 
diversity in the refugia but from neighbouring or other regions 
in China possibly surrounding Buddhists’ temples.

AFLP data show reduced genetic diversity outside China. 
— Based on AFLP data and similar to the cpDNA data, genetic 
diversity is decreasing outside China. This is most obvious 
when considering the overall number of fragments detected 
(FT, Table 2). Chinese populations and regions revealed up to 
99 fragments. In contrast, we scored only 90% of the original 
diversity (89 fragments) in Japan and Korea and 85% (84 frag-
ments) in Europe and North America. This genetic depletion is 
also evident in terms of private fragments, which exclusively 
exist in single populations or areas. This level of genetic vari-
ation was only observed in Ginkgo plants from China.

AFLP data show relative high gene diversity outside 
China. — Unexpectedly, gene diversity at the larger scale of 
whole regions (Europe, America, Japan, Korea, China) exhib-
ited no dramatic loss of genetic variation (Table 2). This can 
be best explained by the dioecious breeding biology of the spe-
cies, which maintains high levels of heterozygosity and gene 
diversity, or by the extreme longevity of this species. Our AFLP 
data does not allow assumptions on overall heterozygosity, but 
high levels of heterozygosity had been demonstrated in earlier 
isozyme analysis (Tsumara & Ohba, 1997). Consequently, AM-
OVA showed that most genetic variation is distributed within 
regions and populations with 83.7% and 72.6% (P < 0.001), 
respectively (Table 3).

Multiple immigration events to Japan but limited in-
troductions to Europe and North America. — Results from 
Network analysis are congruent with genetic diversity analy-
sis (Fig. 2). As molecular variance analysis (Table 3) showed 
high levels of diversity within population/region, the network 
analysis showed an unresolved star-like structure with few 
internal nodes, indicating a low amount of diversity between 
the populations or regions. The most important findings con-
cern individuals from Ginkgo populations outside China: (1) 
Korean samples group at three different positions within all 
Chinese individuals; (2) Japanese samples are found through-
out the network at various positions; (3) European samples are 

Table . Analysis of molecular variance (AMOVA) of all analyzed samples of G. biloba based 
on the AFLP data.

Source of variation df
Sum of 
squares

Variance of 
components

Percentage 
of variation FST

Among regions   6 163.446 1.09429 16.30**

Within regions 138 775.478 5.61940 83.70**

Total 144 938.924 6.71369 0.16299**

Among populations  19 339.393 1.81224 27.42**

Within populations 125 599.531 4.79625 72.58**

Total 144 938.924 6.60849 0.27423**

**, P < 0.001
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all clustering closely together with one Korean sample and 
few individuals from China and, in general, are more close to 
individuals from Central China then from the putative Chinese 
refugia; (4) North American individuals are close either to the 
European samples, or Philadelphian to Japanese and Korean 
individuals.

The PCoA analysis (Fig. 3) was conducted to highlight 
potential artefacts that could be caused by the phylogenetic 
approach. The first three axes explain 24% of the observed 
variation (axis 1: 10.3%; axis 2: 7.1%; axis 3: 6.4%, not shown). 
Most results are congruent to those of network analysis. How-
ever, American individuals are extremely close to the European 
material; and, furthermore, materials from Philadelphia group 
either with the European samples as well or cluster with Japa-
nese/Korean samples.

STRUCTURE analysis revealed the most clear assignment 
pattern of genetic diversity, and the results are consistent with 
BAPS (Fig. 4). We followed the recommendations from the 
program, STRUCTURE, to build our interpretations on the 
K- value with the highest likelihood (in our case: K = 4, K 
equals the number of recognised genetic clusters), for which 
the ten runs provide a consistent result and individuals were 

clearly assigned to non-empty groups (K values ranging from 
2–6, data shown in Fig. 4).

The populations from southwestern China are clearly sepa-
rated from the remaining populations and individuals. Eastern 
and Central China are differentiated similarly, and postglacial 
and even human-mediated colonisation from East to Central 
China seems obvious. The Japanese individuals are either indis-
tinguishable from these Central/Eastern Chinese populations 
or close to some individuals from Korea indicating multiple 
immigrations from the original source areas in China. Interest-
ingly, one individual from Korea (KOR6) resembles a genotype 
from Eastern China (CX) not found in Japan, but there are 
also genotypes in Korea (KOR1, KOR5) close to materials 
from Japan (TSU, FUK1) and not found in China. These results 
confirm putative colonisation of Japan via Korea. All European 
materials and most North American trees are grouped with 
the Korean sample with no corresponding representatives in 
Japan (K = 4; Fig. 4). Finally, individuals from Philadelphia are 
closest to Korean/Japanese material and cannot be assigned 
more precisely (Fig. 4). Only one individual from Philadelphia 
(PHI1), representing the oldest tree found in the United States 
(Table 1), groups with the oldest Ginkgos from Europe.
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DISCUSSION

There are few studies providing evidence on the evolu-
tionary history of G. biloba outside China. The most com-
prehensive, but not fully documented and published results 
are based on mitochondrial nad2 DNA sequence variation 
(Satoh & al., 2002, 2003; Satoh & Hori, 2004). This work 
analysed old Ginkgos with a trunk diameter at breast height 
greater than 2 m from China, Korea and Japan. A total of 18 
mtDNA types were characterised (ca. 300 trees from Japan 
with 14 types including 7 unique ones; 58 trees from Korea 
with 4 types all of them also distributed in China and Japan; 

20 trees from China with 11 types including 4 unique ones). 
The latter suffered from under-sampling of Chinese materials 
and, consequently, we have to assume that (1) the number of 
nad2 DNA sequence types unique to China will rise drasti-
cally when sample size is increased, and (2) more types found 
only in Japan are most likely to occur in China as well (Satoh, 
pers. comm. from 2009). However, Satoh & Hori’s data can be 
standardised (the numbers of types divided by the numbers of 
individuals), and then become fully consistent with the cpDNA 
data (Gong & al., 2008). The preliminary results suggest mul-
tiple introductions from China to Japan along various routes 
(directly or via Korea).

SW. China C. China E. China Japan Korea Europe N. America

Fig. . Principal coordinate 
analysis (PCoA) using pairwise 
Euclidian distances between in-
dividual genotypes (a version of 
this figure with accession codes 
included is provided as Fig. S1 
in the Electronic Supplement).

Fig. . Population structure 
examined by genetic admixture 
analysis using the programs 
STRUCTURE with K rang-
ing from 2 to 5 (K equals the 
number of recognized genetic 
clusters). The likelihoods of Ks 
ranging from 2 to 6 using the 
R-script Structure-sum (Ehrich, 
2006) are shown demonstrating 
K = 4 with the highest likeli-
hood.
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Corander, J., Marttinen, P. & Mätyniemi, S. 2006. Bayesian iden-
tification of stock mixtures from molecular marker data. Fishery 
Bull. 104: 550–558.

Corander, J., Waldmann, P., Marttinen, P. & Sillanpää, M.J. 2004. 

An AFLP analysis of two different cultivars of G. biloba 
from Europe, America and China (Wang & al., 2006), did not 
reveal a consistent biogeographic pattern. This can be easily 
explained by extensive and multiple introductions from Japan 
and China during the last 200 years leading to complex and 
reticulate distribution patterns of genetic diversity. Moreover, it 
was shown that genetic diversity among cultivars from Europe 
and America (14) exceeds that among Chinese cultivars (7) by 
approximately 10% (measured as percentage of polymorphic 
bands). This is comparable with our results on old and early 
introduced trees in the 18th century showing also very high 
genetic diversity compared to its genetic source area in China 
(Tables 2–3).

A few other studies analysed genetic variation within 
G. biloba focusing on refugia in China (Shen & al., 2006), and 
using multiple molecular markers (Gong & al., 2008), or ana-
lysing RAPD polymorphisms in individuals from the eastern 
United States (Kuddus & al., 2002). Various analyses (e.g., Kud-
dus & al., 2002; Wang & al., 2006) are highly rudimental and 
do not allow major and far-reaching conclusions. However, in 
these studies, it is obvious that the Ginkgo trees were cultivated 
outside China and are therefore considered to be introduced by 
man. These population outside of China exhibit high levels of 
genetic diversity as measured with nuclear encoded markers 
(RAPD, AFLP). This is not true for the cpDNA (Gong & al., 
2008), which indicates that Ginkgo was introduced from a lim-
ited gene pool resource into the various countries, not consider-
ing individuals from the putative relic populations in western 
and eastern China (Gong & al., 2008). This finding fits well 
with our observation that most genetic variation is distributed 
within populations but not between them (Tables 1–2; Figs. 2–3). 
The genetic differentiation of Ginkgo populations detected by 
AFLP analysis (FST = 0.27, Table 3) is comparable to other coni-
fers or tree species estimated by biparental inherited markers, 
e.g., FST = 0.054–0.300 (compilation of various wind-pollinated 
tree species; Newton & al., 1999), 0.116 (compilation of various 
Picea and Pinus species; Petit & al., 2005) or FST = 0.22 (Ca-
thaya argyrophylla, Pinaceae; Wang & Ge, 2006). Compared 
to the nuclear data genetic differentiation analysed by cpDNA 
sequences (FST = 0.35; Gong & al., 2008) is lower based on ma-
ternally inherited markers. Moreover, cpDNA-based estimates 
are usually higher with FST > 0.6 (Newton & al., 1999; Petit & 
al., 2005). However, this discrepancy can be best explained by 
the combination of two factors: their evolutionary history and 
breeding system. The distribution of common haplotype E and 
the restricted distribution of unique haplotypes indicate less 
genetic differentiation among the populations.

The AFLP data do not allow major conclusions on the re-
latedness of single trees. However, they provide some relevant 
information. The Botanical Garden of Vienna, has a large male 
tree from around 1781 (HBV1). A female shoot was grafted on 
this plant by Joseph von Jacquin (Jacquin, 1819), and with this 
experiment he was able to demonstrate sex constancy of these 
particular branches. These kinds of experiments were repeated at 
various places in a similar way. However, it was unclear wheather 
this female branch still exists in Vienna. We therefore analysed 
putative material from the original branch (HBV2) and found 

that it is virtually identical with HBV1; it is not possible to de-
termine that it is grafted material. Leaf material of this female 
branch kept in Herbarium W might be analysed in future.

The high levels of genetic variation combined with strict 
outbreeding will complicate any detailed reconstruction of 
Ginkgo’s introduction history. This is obvious when analysing 
American trees sampled at New York Botanical Garden with 
an age of approximately 60 years. These trees cluster more 
closely with the old European trees (Figs. 3–4). It is likely, 
that in principle, the European or Japanese (see Fig. 2) material 
served as a genetic source, but the variation among these few 
American trees from New York is comparable to that found in 
all other old European trees.

CONCLUSIONS

We were able to show that Ginkgo biloba was introduced to 
Japan along various routes (via Korea or directly from China). 
It was also shown that the oldest trees in Europe and North 
America represent genotypes from a gene pool which migrated 
most likely from China via Korea. Furthermore, it is unlikely 
that major immigration took place from the two main refugia 
in China as indicated by cpDNA and AFLP data. Finally, in 
all regions and continents, we found similar and high levels of 
genetic variation reflecting the outcrossing breeding system, 
but also the high levels of human impact on the distribution of 
genetic variation.
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