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Woodwardia harlandii Hook. and W. kempii Copd. are two Woodwardia
species of Blechnaceae. They have no distinct difference in morphology
excepting the division of fronds. The systematic relationship between them s a
controversia issue until now because of their similar ecology and sympatric
distribution. We first implement the systematic study, by distribution pattern,
phonol ogical observation, cytological data and molecular evidences, to find their
phylogenetic relationship. Mating systems would determine the infraspecial
genetic contents and evolutionary process of a species. Therefore, the
reproduction study of these two species was conducted, before the population
genetic and phylogeographic studies proceeding, to have insight into the
reproductive mode and mating system. Finaly, genetic diversity and genetic
structure of populations are studied by alozyme analysis and chloroplast DNA
sequence to find the genetic relationship among populations, to infer the
migration route in the geologica history, and to test the different hypotheses of
geographic distribution and transition of population. Cytological results show
that al populations detected are tetraploid but the two ones, which are diploid, at
Hsinhui in Guangtung Province of China. According to the distinction between
the nuclear haplotypes, these polyploidy taxa are determined as allotetraploid.
Addition to sympatric distribution and similar habitants, the phenology is
identical for the tetraploidy W. harlandii and W. kempii living in the same habitat.
Although having different divison of fronds these two species living
sympatrically show the same genetic contents in both nuclear and chloroplast
genes. All characters excepting morphology indicate that, without essential
difference, they are not * good  species. On the other hand, the results of

distribution information, cytological data and molecular evidences indicate that
diploidy W. harlandii and tetraploidy W. harlandii and W. kempii belong to two

different biological species. Therefore, the W. harlandii species complex



comprises diploidy W. harlandii and tetraploidy W. harlandii and W. kempii. The
prothallial development is Aspidium type. Almost al the gametophytes are
unisexua, in which the female ones reach mature 3week earlier than the males.
The sexual progression of the gametophytes promotes the intergametophytic
mating in tetraploidy W. harlandii complex. The observation that lots of
small-size gametophytes nearby the female one become male and bear numerous
antheridia in a short period indicates this complex producing antherridiogen to
favor cross-fertilization. The results of allozyme analysis show that the diploidy
W. harlandii complex has much higher mean number of alleles per locus than
the tetraploids. The interpretation for this high vaue is that the population
maintains significantly high genetic diversity because it was a refugium at
Hsinhui in the last glacia period. The population there, however, has relatively
high proportion of homozygotes. It might be the outcome of the Wahlund effect.
Allele frequencies for the populations of tetraploid W. harlandii complex usually
become fixed pattern. These taxa should be dlotetraploids and have high
proportion of heterozygotes within the populations because high percentage of
fixed- and heterozygous-alele loci. The genetic identity of | is less than 0.919
between the populations of the tetraploidy W. harlandii and W. kempii, which is
much higher than the mean genetic identity among the populations of the same
species. The result of this UPGMA analysis consists with the argument that the
tetraploidy W. harlandii and W. kempii should be the same species. Additionally,
the fact that sympatric populations of these two tetraploids aways have similar
alele frequencies at most loci aso supports the above argument. In W. harlandii
species complex, diploidy taxon have higher nucleotide and haplotype
diversities (p=0.00108, h=0.979) of chloroplast DNA than those of tetraploidy
taxa (p=0.00072, h=0.294). In the diploidy taxon, the lineage relationship of its
nine haplotypes shows a star-like pattern. In addition, this taxon has high
haplotype diversity but low nucleotide diversity. These results indicate the
populations at Hsinhui grow rapidly and experience a recent range expansion.
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The Ggr and Ngr indices of genetic differentiation indicate the populations of
four groups of diploiy W. harlandii, tetraploidy W. harlandii, tetraploidy W.
harlandii complex, and W. harlandii complex al show significantly genetic
differentiation. The Ggr significantly higher than N4 in al four groups indicates
the populations of these four groups al show obvioudy phylogeographic
structure. The diploidy populations at Hsinhui have nine ones, in which eight are
endemic, of total 15 cpDNA haplotypes. Therefore, it is proposed that Hsinhui is
a long-term refugium for diploidy taxon. The cpDNA haplotypes of the
populations in Nanling Mountain Ridge and Hainan Idand both include two
groups of highly variant sequences. It may be the effect of melting point after
the last maximum glacial period that there are high nucleotide diversities in both
areas. According to the mutation rate at the noncoding region of cpDNA, Urai in
Tawan might be another candidate for refugium. The Urai populations having
two haplotypes might exist before the last maximum glacial period. The
hypothesis of Cranfill about migration pattern of historical populations is
rgjected by the molecular evidences in this study. However, the hypothess of
multiple mgration routes directly from the north to the south proposed in this
study is partially supported by nuclear DNA.
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65 10
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2-1 Codes and sample size for populations of Woodwardia harlandii complex in this study.
Shaded rows indicating the diploid populations while the others being tetraploid.
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2-4

1 8
318 1
1 132 4-1
4-1 Anayzed populations of W. harlandii and W. kempii
. Woodwardia harlandii Woodwardia kempii
Population site Code Sample size Code Samplz size
227 119
TWL-H 42 TWL-K 29
TSS-H 54 TSSK 43
TDP-H 22 TDP-K 5
TFSH 5
TTP-H 46 TTP-K 4
TDT-H 15 TDT-K 18
TSM-H 20
TDL-H 23 TDL-K 20
91 7
CDY-H 44
CWJH 47
CCG-K 7
6
JOJK 6
318 132
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BIOSYS-II  Swofford & Sdlander, 1989
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3 cluster analysis

TETRAPLOIDE

UPGMA, unweighted pair group method analysis



12 4 Wendd & Weeden 1989
11
H Chdiak & Pite, 1984 DIA-3
Diaphorase E.C.1.6.99.1 G3PD Glyceraldehyde-3-phosphate
dehydrogenase EC12112 MDH-1 Madate dehydrogenase
E.C.1.1.1.37 6PGD-1 Phospho-gluconate dehydrogenase E.C.1.1.1.44
PGM-1 Phosphoglucomutase E.C54.22 PGM-2 Bnd
Cheliak & Pitel, 1984 AAT-2  Aspartate aminotransferase
E.C26.11 HK Hexokinase E.C27.11 PGI-3
Phosphoglucoisomerase  E.C.5.3.1.9 8 Soltis et d., 1983
AAT-2 LAP Leucine aminopeptidase  E.C.34.11.1 10
EST-2 Esterase E.C3.1.1.- 8
1" 4-2 G3PD HK
EST-2
LAP
heterozygote
MDH-1  6PGD-1

S AAT-2 DIA-3 PGI-3 PGM-1
PGM-2



4-2 Allele frequencies for populations of W. harlandii and W. kempii

Loo Pop* Woodwardia harlandii Woodwar dia kempii
OocCl
TWL-H TSSH TDP-H TFSH TTP-H TDT-H TSM-H TDL-H CDY-H CWJ}H TWL-K TDP-K TSSK TDT-K TTP-K TDL-K CCG-K JOJK
AAT-2 A - - - - - - - - - - - - - - - - 0.250 0.250
B 0500 0500 0500 0500 0500 0500 0500 0500 0.98 0.957 0.500 0.500 0.500 0500 0.500 0.500 0438 0417
C 0500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.015 0.043 0.500 0.500 0.500 0.500 0.500 0.500 0.312 0.333
DIA-3 A - 0.407 0500 0500 0453 0500 0.500 0.500 0.386 0.362 - 0.500 0.395 0.500 0.375 0.500 0.429 0.500
B 1.000 0593 0.500 0500 0.547 0500 0.500 0.500 0.614 0.638 1.000 0.500 0.605 0.500 0.625 0.500 0.571 0.500
EST-2 A - - - - - - - - - - 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
G3PD A 1000 1000 1.000 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
HK A 1000 1000 1.000 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
LAP A 1000 1000 1.000 1000 1.000 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.750 1.000
B - - - - - - - - - - - - - - - - 0.250 -
MDH-1 A - - - - - - - - 0.087 0.048 - - - - - - - -
B - - - - - - - - 0.349 0.607 - - - - - - - -
C 1000 1000 1000 1.000 1.000 1.000 1.000 1.000 0.564 0.345 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6PGD-1 A - - - - - - - - - - - - - - - - - -
B - - - - - - - - 0.091 0.076 - - - - - - - -
C 1000 1000 1000 1000 1000 1.000 1.000 1.000 0.909 0.924 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
D - - - - - - - - - - - - - - - - - -
PGI-3 A - - - - - - - - - - - - - - - - 0.107 -
B - 0.165 0.179 - 0.065 - - 0.023 0110 0.064 - - - 0.153 0125 0111 0.107 0.208
C - - - - - - - - - - 0.474 - 0.482 0.083 0.125 - - -
D 0750 0585 0571 0750 0.685 0750 0.750 0.727 0.802 0.878 0.052 0500 0.024 0472 0438 0.639 0357 0542
E - - - - - - - - - - 0.474 - 0.482 0.083 0.125 - - -
F_ 0250 0250 0250 0250 0.250 0.250 0.250 0.250 _0.087 0.059 - 0.500 0.012 0.208 0.188 0.250 0.429 0.250
PGM -1 A - 0.500 0.500 0500 0.500 0500 0.500 0.500 0.028 - - 0.500 0.500 0.500 0500 0.500 0.300 0.500
B 1000 0500 0500 0500 0500 0500 0500 0500 0.944 0976 1.000 0,500 0500 0500 0.500 0.500 0.700 0.500
C - - - - - - - - 0.028 0.024 - - - - - - - -
PGM -2 A - - - - - - - - - - - - - - - - 0.107 -
B - - - - 0.011 - - - - - 0.009 - - - - - - -
C 0500 0528 0500 0500 0500 0500 0500 0.500 0.136 0.065 0500 1.000 0.500 0500 0500 1.000 0.536 0.500
D 0500 0472 0500 0500 0489 0500 0500 0500 0.818 0.924 0.491 - 0.500 0.500 0.500 - 0.250 0.500
E - - - - - - - - 0.045 - - - - - - - 0.107 -
F - 0.011 - - - - - - - -

Pop* : Populations of W. harlandii and W. kempii. Population codes are identical to table 4-1.

65



Biosys-I|

1.68

4-3

0.357
4-4

4-4

P 48.55
P 1.56
A P
6
S
AAT-2
Ho
0.393 A P

AAT-2 C PGM-1 A C

He 0.370
Ho 0.387

Cheng et d., 2008; Table5 Ho

40.07

0.4%4

Ho

4-3

4-2

Ho
0.390

Ho



4-3 Genetic diversity for the populations of W. harlandii and W. kempii

Mean heterozygosity Fixation

Population N A Px100 Observed  Expected*  index
(Ho) (He) (@)

TWL-H 41.8 1.3 30 0.300 0.243 -
TSSH 525 1.6 50 0.476 0.435 -
TDP-H 21.6 16 50 0.500 0.439 -
TFS-H 4.9 15 50 0.500 0.418 -
TTP-H 44.6 1.7 50 0.491 0.427 -
TDT-H 13.8 15 50 0.500 0.418 -
TSM-H 19.8 15 50 0.500 0.418 -
TDL-H 20.2 1.6 50 0.500 0.422 -
CDY-H** 39.7 2.1 60 0.241 0.343 0.829
CWJ-H** 44.7 2.0 50 0.210 0.287 0.26
Mt 1.55 46.19 0.454 0.393 -
M c** 2.05 54.70 0.225 0.314 0.283
M 1.68 48.55 0.390 0.370 -
TWL-K 28.2 14 27.3 0.273 0.271 -
TDP-K 5.0 14 36.4 0.364 0.318 -
TSSK 40.1 1.6 45.5 0.436 0.396 -
TDT-K 16.5 17 45.5 0.455 0.404 -
TTP-K 4.0 1.6 45.5 0.432 0.401 -
TDL-K 18.6 15 36.4 0.364 0.314 -
CCG-K 6.2 2.0 54.5 0.425 0.464 -
JOJK 52 16 45.5 0.455 0.407 -
Mt 1.54 39.02 0.382 0.349 -
M 1.56 40.07 0.387 0.357 -

* Unbiased estimate (see Nei, 1978)

** Diploid taxa; others were tetraploid
N: Mean sample size per locus

A: Mean no. of alleles per locus
P. Percentage of loci polymorphic. A locus is considered polymorphic if the frequency of

the most common allele does not exceed 0.95
Mt: mean of populations in Taiwan

Mc: mean of populations in main land China
M mean of all populations

Ho=0.225

A
Haufler 1985

4-4

Bommeria
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B. ehrenbergiana 4-4
Haufler 1999 Botrychium Botrychium
Allad 1993
Avena barbata
hirtula Soltis& Soltis 2000

, 2000
4-2
CDY-H CWJH

4-2

Mendd’ slaw
Soltis et d., 2003 Gastony, 1990
Werth ¢ d., 1985
DNA

Hauk &

Avena



4-4  Genetic variability in 53 fern species

Species A P He References
11 terrestria outcrossing ferns 1.67 0.35 0.113
Adenophorus tamariscinus 2.2 0.553 0.146
Alsophila firma 1.24 0.200 0.078 soltisetal. 1991
Alsophila spinulosa 1.34 0.345 0.145 cChengetal. 2008
Blechnum spicant 14 0.236 0.02 Soltis & Soltis, 1988
Bommeria ehrenbergiana 1.38 0.213 0.128  Haufler, 1985
Bommeria hispida 2.62 0.615 0.206 Haufler& Soltis, 1984
Bommeria pedata 1.62 0.462 0.244  Haufler, 1985
Bommeria subpaleacea 1.54 0.385 0.162  Haufler, 1985
Botrychium acuminatum 1.58 0.5 0.277  Hauk & Haufler, 1999
Botrychium ascendens 1.33 0.333 0.169 Hauk & Haufler, 1999
Botrychium crenulatum 1 0 0 Hauk & Haufler, 1999
Botrychium echo 1.67 0.667 0.343  Hauk & Haufler, 1999
Botrychium hesperium 15 0.5 0.253  Hauk & Haufler, 1999
Botrychium lanceolatum 121 0.214 0.086 Hauk & Haufler, 1999
Botrychiumlineare 1 0 0 Hauk & Haufler, 1999
Botrychium lunaria 111 0119 0.07 Hauk & Haufler, 1999
Botrychium matricariifolium 1.67 0.5 0.271  Hauk & Haufler, 1999
Botrychium minganense 1.35 0455 0.233 Hauk & Haufler, 1999
Botrychium pedunculosm 1.33 0.333 0.089 Hauk & Haufler, 1999
Botrychium pinnatum 142 0417 0.218 Hauk & Haufler, 1999
Botrychium pseudopinnatum 15 0.5 0.286  Hauk & Haufler, 1999
Botrychium pumicola 1 0 0 Hauk & Haufler, 1999
Botrychium simplex 1.03 0.033 0.017 Hauk& Haufler, 1999
Botrychium spathulatum 117 0.167 0.089 Hauk & Haufler, 1999
Botrychium virginianum 1.19 0.161 0.012 Soltis& Soltis, 1986
Cyathea stipularis 12 0.175 0.037 soltisetal. 1991
Dryopteris  expansa 1.09 0.095 0.016 soltis& Soltis, 1987a
Gymnocar pium dryopteris 1.79 0.586 0.194 Kirkpatrick et al. 1990
disunctum
Lophosoria quadripinnata 12 0.190 0.047 soltisetal. 1991
Pellaea andromedifolia 1.3 0.635 0.221 Gastony & Gottlieb, 1985
Pleopeltis astrolepis 2.18 0.682 0.153  Hopper & Haufler, 1997
Pleopeltis complanata 2.25 0.582 0.162  Hopper & Haufler, 1997
Pleopeltis crassinervata 2.65 0.691 0.252  Hopper & Haufler, 1997
Pleopeltis polylepis erythrolepis 1.95 0.545 0.179  Hopper & Haufler, 1997
Pleopeltis polylepis polylepis 242 0.651 0.201  Hopper & Haufler, 1997
Pleopeltis wiesbaurii 2.09 0576 0.14 Hopper & Haufler, 1997
Polystichum acrostichoides 1.59 0444 0.075 Soltis& Soltis, 1990
Polystichum dudleyi 1.09 0.083 0.016 sSoltis& Soltis, 1990
Polystichum imbricans 1.8 0.5 0.158  Soltis& Soltis, 1987b
Polystichum lemmonii 131 0.25 0.046  Soltis& Soltis, 1990
Polystichum lonchitis 1.08 0.067 0.005 Soltis& Soltis, 1990
Polystichum munitum 1.64 0394 01 Soltis & Soltis, 1987b
Polystichum otomasui 1.93 0.619 0.177 Maki & Asada, 1988
Pteridium aquilinum 1.62 0.346 0.097 Wolf etal. 1988
Sohaeropteris lepifera 11 0.125 0.057 Chen, 1995
Mean 1585 0367 0.133
M edian 1.42 0.389  0.146
Woodwardia harlandii (2x) 2.05 0.547 0.225 Thisstudy
Woodwardia harlandii (4x) 155 0462 0454  Thisstudy
Woodwardia kempii (4x) 1.56 0.401 0.387  Thisstudy

A: Mean no. of alleles per locus
P. Percentage of loci polymorphic
Ho: Observed mean heterozygosity
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Bommeriapedata Haufler,

1985 Hemionitispinnatifida Ranker et d., 1989
Pelleae rufa Gastony, 1990 Botrychium Hauk &
Haufler, 1999

PGM-2 B

PGM-2 B PGI-3 C E
4-2

Ranker et d., 1989; Soltis & Soltis, 1999; Chang et dl.,
2009

Werth et a., 1985; Soltis& Soltis, 2000; Haufler, 2002
Chapman et d., 1979; Haufler,
2002 Gastony, 1990 Ramsy &
Schemske 2002

Ramsy & Schemske 78

80%
8%
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fixation index

+1 1
=0 0
F 0
F 0
43 F
F 0 4-2
the
Wahlund effect
Ho<He DNA
Ne 1978 45 46
| 0.890-1.000 I
0.934-1.000 CDY-H
CWJH I 0.947-1.000
UPGMA 41 42
4-1
I 1 0.94r-
1.000

4-6
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4-5 Matrix of genetic similairtyof W  har l.andi i

Population TWL-H TSSH TDPH TFSH TTP-H TDT-H TSM-H TDL-H CDY-H
TDP-H 0.947  1.000 -

TFS-H 0.947 1.000 1.000 -

TTP-H 0947 1000 1.000 1.000 -

TDT-H 0947 1000 1000 1.000 1.000 -

TSM-H 0947 1000 1000 1.000 1.000 1.000 -

TDL-H 0947 1000 1000 1000 1.000 1000 1.000 -

CDY-H 0890 0890 0890 0.890 0890 0890 0.890 0.890 -

CWJ-H 0890 0890 0890 0.890 0890 0890 0.890 0.890 0.994

4-6  Matrix of genetic similairtyof W~ ke mp i i
Population TWL-K TDP-K TSSK TDT-K TTP-K TDL-K CCGK

TSS-K 0.959 0.934 -

TDT-K 0934 0987 0934 -

TTP-K 0934 0987 0934 1.000 -

TDL-K 0934 1000 0934 0987 0.987 -
CCG-K 0934 0987 0934 1000 1000 0.987 -
JOJK 0934 0987 0934 1000 1.000 0987 1.000

4-2

4-3
4-2
DIA3 A PGM-1 A

3
LAP B PGI-3 A
PGM-2 A
orphan dlele DNA
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TWL-H
TSS-H
TDP-H
TFS-H
TTP-H
TDT-H|

TSM-H
TDL-H
— CDY-H

L CWJ-H

086

0.88 0.90

0.92

0.94

0.96

0.98

100

4-1 UPGMA dendrogram showing the genetic relationships among 10 popul ations of

Woodwardia harlandii

1

TWL-K

TSS-K
TDP-K

]

TDL-K

TDT-K
TTP-K

JOJ-K

CCG-K

T

0.88 0.90

0.92

0.94

0.96

0.98

1.00

UPGMA dendrogram showing the genetic relationships among 8 populations of

Woodwar dia kempii
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Soltis& Soltis 1989 ?
I 072 1.00 I
4-3 0.876

0.919

4-2 TWL-H/TWL-K

TDT-H/TDT-K  TTP-H/TTP-K TSS-H/TSS-K TDL-H/TDL-K
EST-2
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CCG-K

TDL-K
TDP-K
TTP-K

TDT-K

TS5-H
TFS-H
TTP-H

TDT-H

TDP-H

TSM-H

TDL-H

TSS-K
TWL-H

CDY-H

CWJ-H

0.80 0.83 0.87 0.90 0.83 0.ev7 1.00

4-3 UPGMA dendrogram showing the genetic relationships among the populations of
Woodwardia harlandii and W. kempii
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F 0
the Wahlund effect
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Wj, W. japonica
Wo, W. orientalis var. formosana Wu, W. unigemmata



1. DNA Viogene® Plant Genomic DNA Miniprep System Kit

DNA
(1) 100mg
(2 400m PX1 4 Rnase (100mg/ml)
65 10
(3) 130m  PX2
5
(4) Shearing tube
(10,000rpm)
5) 05 PX3 4
(6) 5 650m Spin column
1
(7) 6 5
(8) 0.7ml 30 2
©) 2
(10) (2 (1.5ml) 200m  0.1xTE
65 DNA
(11) DNA -20



5-1 Codesand demographic parameters for populations of Woodwardia harlandii complex in this study. Shaded rows indicating the diploid
popul ations while the others being tetraploid.

Population (Code) Samplesize  Polymorphic site  No. of haplotype h px10° Haplotype
142
(TY)** 100 1 2 0.432 0.33 C1,C2
(TS)** 22 0 1 0 0 C1
(TT)** 20 0 1 0 0 C1
39
(JY)*** 20 0 1 0 0 C1
(JO)* 19 0 1 0 0 C1
183
(HK)** 33 0 1 0 0 C1
(CR)* 10 0 1 0 0 C1
(CH)* 15 9 2 0.248 1.70 Ci,C4
(CC)** 17 0 1 0 0 C1
(CN21)* 10 8 4 0.533 217 C1,C3,C5,C13
(CN2)* 1 4 2 0.545 1.66 C5, C15
(CN3)* 4 0 1 0 0 C1
(CGL)* 39 7 6 0.703 1.18 C5, C8, C9, C10, C11, C14
(CG2* 44 5 6 0.770 0.83 C5, C6, C7, C9, C11, C12

*
**

*k*
h: Haplotype diversity

p: Nucleotide diversity



DNA 1x TBE buffer 1%

agarose gel 0.25nmy/ml  Ethidium Bromide
30-50 DNA Marker DNA
DNA 10 ng/m £C
2. PCR
@D
DNA atpB-rbcL  trnSrps4 2
atpB-rbcL Chiang et a.(1998) ( atpB-1
rbcL-1) atpB-F. 5 -CCRAGAGTAGT
TTCACCAA-3  rbcL-W: 5-TCGGTATCTTTGGTCTTGTAT-3
atpB-rbcL trnS-rps4 Smith
and Cranfill (2002) trnSR  rpsAR1

tSr4-W-f : 5-CCGAGGGTTCGAATCCCTCC-3
tSr4-W-r : 5 -GCCAATCGAGAATCCGTCAATTT-3

(2)PCR
PCR 50m
Viogene Biotek®
10xPCR buffer (with 15mM MgCh, 5mi 1x

Tris-HCI pH 8.0, 0.1mM EDTA,
1mM DTT, 1% Triton X-100,

50% glycerol)

10mM dNTP mixture im 0.2 mM each
Primer mix(10u M each) 2.5m 0.5uM each
Template DNA 1-10m

VioTag DNA polymerase 0.5m 2.5 units
Autoclaved distilled water to 50 m




(3) PCR
PCR
a %°C 5

b. 94 °C
C. 72°C
d.
(4) PCR
1x TBE buffer
110mA
PCR

DNA ladder, Viole)
DNA
3. PCR

DNA

53°C

5°C

1% agarose gl
30

72°C

0.25mg/ml  EtBr

molecular weight marker, 100 bp

PCR

Viogene® Gel Extraction System Kit

) PCR

/10

agarose gel 100

(2

(3)

(4)

100 mg 1.5ml
GEX buffer 60
buffer

05 ml

Kits Gd extraction column

0.6ml

10000g 1 DNA

87

PCR

loading dye 1.2%
PCR

10 ge

Gd extraction column

Gd extraction column



(5) 05m  Washl buffer DNA
(6) 0.7ml  Wash Il buffer DNA
(7) 3
(8) Gel extraction column 1.5ml
ddH,O (60 )
DNA PCR
9 2m 1/10 loading dye 1%
DNA
-20
4. DNA
DNA

1)

BioEdit 7.0
4.10.9 Rozas and rozas, 2000
2
DnaSP 4.10.9
a ? Nucleotide diversity, p
b. Haplotype diversity, h
C. Gs Ngr
d Nm

(3

DNaSp



MEGA 4 Tamura et d., 2007 Neighbor
joining, NJ
Kimurd s two-parameter (07 0]
fifth base 1000 Bootstrap

MrBayes 3.0b4 Huesenbeck & Ronquist, 2001

Bayesan inference andyss ?
GTR+G MCMCMC  Metropolis-coupled Markov Chain
Monte Carlo 1,000,000
generation 1000  generation 25

burnin

MEGA 4 Tamuraet d., 2007 Maximum
parsmony, MP
? 7 heuristic search 072 0)

fifth base

(4)
TCS 1.21 Clement et a. 2000



DNA

14 8
3 5
2
14 364 PCR
trnSrps4 420 bp
10 atpB-rbcl 893 bp
1 1,313bp A/T
58.6% 21 point mutation
? p 0 0.00217 0.00056
CN1 ? p=0.00217
CH CN2 ? 0.00170
0.00166
fixation Cl 51
?
p=0.00256 ?=0.06345
Chiang et d., 2006 ?
Alsophila spinulosa
Suetd., 2005 ? p=0.02263
Cheng €t 4.,
2005 Wu et d., 2006
?
( 52 ? p=0.00108
p=0.00072



5-2 Demographic parameters and test statistics of neutrality for major groups of Woodwardia harlandii complex in this study.

Test statistics of neutrality

Wh (2x) 2 10 9 0.797 1.08 0.072%**  (0.138*** 0.066 -0.77366  -0.66157  -0.82978

Wh+WKk (4x) 12 14 7 0.294 0.72 0.296***  0.607*** 0.311 -1.41041  1.50656 0.46727
Wh (4x) 1 14 7 0.391 0.97 0.312***  0.606*** 0.294 -1.16462  1.52583 0.61078
WK (4x) 6 0 1 0 0 - - - - - -

W?ZiiTXF;'eX 14 21 15 0567 256  0421*** 0768*** 0347 009422 013707  0.14467

*: 2x indicating diploid (2n=2x); 4x indicating tetraploid (2n=4x)

***: P<0.001

Npop: Number of population

Nvar: Polymorphic site

Nhap: Number of haplotype

h: Haplotype diversity

p: Nucleotide diversity

Gst: Estimate of genetic differentiation as defined in Nei (1973)

Nst: Estimate of genetic differentiation as defined in Lynch & Crease (1990)
D: Tgimas Dtest statistic

D*:Fu and Li's D* test statistic

F*:Fuand Li's F* test statistic
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Kimura, 1983 DnaSP
52
D D* F* 0 DNA
0
55 9
? 52
Avise, 2000
Gsr  Ngr Gsr
Nsr
Gst  Ngr

Pons & Petit, 1996 DnaSP

92



GST Ngr

MEGA 4 Tamuraet d., 2007
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5-3 Thevariable loci of chloroplast atpB-rbclL and trnS-rps4 intergenic spacer sequences

Variable sites

trnS-rps4 intergenic spacer

atpB-rbcL intergenic spacer

2 2 3 3 3 3
0O 8 2 5 2 5 6 7
6 6 5 7

7
C A GAGTITCT C G

2 3 3 4 4 4 5 6

1

1

Haplotype

7

6
1

8 5 4 8

2 5 6
1 2 8

4 5 1

7

7 8 1 3 6 6
c cT1TCCGT G A G G
c cT CCGT G A G G
c cT1TCZCGT G A G G

1
c Cc T C

Ci

G
A
G
G
G
G
G
G

G A G T C C C G
G A G T CC C G

C A GA GTTCTZCTZC G
G A G T C C
G G G T T C
G A G T C C
G A G T C C
G A G T C C
G A G T C C
G A G C C C
G A A CCC

c C T C
c Cc T C
cC T T C
c C T C
c Cc T C
c Cc T C

C2
C3
c4
C5
C6
Cc7
Cc8
C9
C10
C11
C12
C13
C14
C15

c C T C

C
A
C
C
C
C
C
C
C
C

c Cc Cc¢cC

C A GAGTI CT C G

c CcC T C

C A A A GTZCZCZC G

c C T T

C A GA GTTCTZCTCG
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Deparia petersenii Shinohara et al.,

2006
4 3
TCS 55
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Cc2 Cl
C5
C13 Ci15 TCS
Cl 15 C5
DNA
0.5 Bohle et a., 1994 1
11 5-4 TCS
55
3 2

minority cytotype exclusion Levin, 1975
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C14

5-5 The genealogica relationships between haplotypes of Woodwardia harlandii
complexbased on the atpB-rbcL and trnSrps4 spacer of the cpDNA genome. The black dots
indicate the hypothetical haplotypes and each line between haplotypes represents a mutational
step. Haplotypes only found in diploidy populations are labeled in white, which only found in
tetraploidy populations are labeled in black, and which found in both ploidy population is
labeled in gray.
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TAAATCAAAC TTCTTCTTTG TTTCGTACAC

TAAATCAGAC TTCTTCTTTG TTTCGTACA

119

A N L
455 465
T A AGATTACCAAGCA OG ATTTGOGTGIGCACTTAC GC TTN

TAAATCAGAC
TAAATCAGAC
TAAATCAGAC
TAAATCAGAC
TAAATCAGAC
TAAATCAGAC

TAAATCAAAC
TAAATCAAAC
T ATACAGITCAACAAACC
TAAATCAAAC
TAAATCAAAC
TAAATCAAAC
TAAATCAAAC
TAAATCAAAC
TAAATCAAAC

TTCTTCTTTG
TTCTTCTTTG
TTCTTCTETTTG
TTCTTCTTTG
TTCTTCTTTG
TTCTTCTTTG

TTCTTCTTTG
TTCTTCTTTG

T

— 4 4 <

T
T

GIATTCCTGTACATATTTAG CT

TTCTTCTTTG
TTCTTCTTTG
TTCGACATTG
TTCTTCTTTG
TTCTTCTTTG
TTCTTCTTTG

T
T
T
T
T
T
C



PWo101
MWu 1 0 1
Dwj 101
cCch101
TGh102
CNh119
CHh143
CGh6l 0

CGh204
CGh512
CGh4009
CGh101
CGh404
CGh1009
CGh60?2
CNh118
CGH304
C N\eho 1

PWo101
MWu 10 1
Dwj 101
CCh101
TGh102
CNh119
CHh143
CGh106
CGh204
CGh512
CGh4009
CGh101
CGh404
CGh1009
CGh6O0?2
CNh118
CGH304
CNh201

A T T IR
505 515

TTCACTUGBSAGCCTTEAACTACT GGGTTA

CTGTGCCCCA TTCACTGAAT C
CTGTGCCCCA TTGACTGAAT C
CTGCGCCGETAA CIGIAA GETTGRATACTC GG
CTGCGCCCTA TTGACTGAAT C
CTGCGCCCTA TTGACTGAAT C
CTGCGCCCTA TTGACTGAAT C

CTGCGCCCTA TTGACTGAAT CTT(

CTGCGCCCTA TTGACTGAAT C
CTGCGCCCTA TTGACTGAAT C

A TTGACTGEBSBTCCTTCATTACT GGGGT

CTGCGCCCTA TTGACTGAAT C
CTGCGCCCTA TTGACTGAAT C
CT GC G C GIIGEIGAT ATCTG3CAGC TGGTAAATTC 3
CTGCGCCCTA TTGACTGAAT C
CTGCGCCCTA TTGACTGAAT C
CTGCGCCCTA TTGACTGAAT C

CTGCGCCCTA TTGACTGAAT CT-

A N L
555 565

TTTCAAACAA GATTGACCAT CAAACGCAGG

TTTCAAACAA GATTGACCAT T
T T-T- CAAGAAAGA AGAG GGTATTGIGECAACAC ATTT AT

TAABEAGEGAS
TTTCAAACAA
TTTCAAACAA
TTTCAAACAA
TTTCAAACGA
TTTCAAACGA
TTTCAAACGA

GEBGTGGEGCARA
GATTGACCAT
GATTGACCAT
GA TITTGAAICTIA T
GATTGACCAT
GATTGACCAT
GATTGACCAT

4 4 444444

TTTCAAACGA GATTGACCAT TAAACGCGAC

120

TTTCAAACGA GATTGACCAT T
TTTCAAACGA GATTGACCAT T
TTABABGECGAGGATGGGAGGEARA

TTTCAAACGA
TTTCAAACGA
TTTCAAACGA
TTTCAAACGA

GATTGACCAT
GATTGACCAT
G AATTTTGTAAGCTATT
GATTGACCAT

S



P WO
M Wu
Dwj
CCh
TGh
CNh
CHh
CGh
CGh
CGh
Chh4
CGh
CGh
CGh
CGh
CNh

101
101
101
102
119
143
106
204
512
09

101
404
109
602
118

CGH304

CNh

P Wo
MWu
Dwj
CCh
T Gh
CNh
CHh
CGh
CGh
CGh
CGh
CGh
CGh
CGh
CGh
CNh

201

10
10
10
101
102
119
143
106
204
512
4009
101
404
1009
602
118

N N

CGH304

CNh

201

A T T IR
605 615

CGTATTCTAT CGACCAGTCT AAC
CGTATTCTAT CGACCAGTCT A
CGTATTCTAT CGACCAGTCT A

AT CGA GIGATGATICTICTAACCACGAAG AGAT"
CGTATTCTAT CGACCAGTCT A
CGTATTCTAT CGACCAGTCT A
CGTATTSEGATTCGEGEAGTCAAR
CGTATTCTAT CGACCAGTCT A
CGTATTCTAT CGACCAGTCT A
CGTATTCTAT CGACCAGTCT A
CGTATTCTAT CGACCAGTCT AA
CGTATTCTAT CGACCAGTCT A
CGTATTCTAT CGACCAGTCT A

CTAT CGAXXIMGITICT AACCACGAAG AGA’
CGTATTCTAT CGACCAGTCT A
CGTATTCTAT CGACCAGTCT A
CGTATGCAGATTGECGAGGTTAA
CGTATTCTAT CGACCAGTCT A

A N L
655 665
TAGGACGGGG CAGAATGCTG C
TGGGATGGGG CAGAATGCTG C
TGGGATGGGG CAGAATGCTG C
TGGGGTGGGG CAGAATGCTG CTTCTCAAG
TGGGGTGGGG CAGAATGCTG C
TGGGGTGGGG CAGAATGCTG C
GI' GOGTGIGCTTGOGAGAGS C AAGGATATTTGICTTG T A

TAGGGTGGGG
TGGGGTGGGG
TAGGGTGGGG
TAGGGTGGGG
TAGGGTGGGG
TAGGGTGGGG

CAGAATGCTG
CAGAATGCTG
CGGAAAGETGSE
CAGAATGCTG
CAGAATGCTG
CAGAATGCTG

OO0 00

TAGGGTGGGG CAGAATGCTG CTTCTCAA
TAGGGTGGGG CAGAATGCTG C
TAGGGTGGGG CAGAATGCTG C

C TTGA GGG TAEIGIGACGA GXCA GAMGATTTGT CT G T +
TAGGGTGGGG CAGAATGCTG C
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Dwj
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101
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Ch101

TGh
CNh
CHh
CGh
CGh
CGh
CGh
CGh
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102
119
143
106
204
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4009
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109
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CGH304

CNh

P Wo
MWu
Dwj
CCh
T Gh
CNh
CHh
CGh
CGh
CGh
CGh
CGh
CGh
CGh
CGh
CNh

201

101
101
101
101
102
119
143
106
204
512
4009
101
404
1009
602
118

CGH304

CNh

201

N I
705
TTGATTAGTT
TTGACTAGTT
TTGATTAGTT

TTGATTAGTT

TTGATTAGTT
TTGATTAGTT

A
715745
GCACCCCGCG
GCACCCCGCG
GCACCCCGCG

GCACCCTGCG

GCACCCTGCG
GCACCCTGCG

TAGTT GCATGEATGCG TGAGGCGCGG TAT
TTGATTAGTT GCACCCTGCG T
TTGATTAGTT GCACCCTGCG T
TT GA TG GITATT AGACAAACTGICAT GICAGA TTH

TTGATTAGTT
TTGATTAGTT
TTGATTAGTT
TTGATTAGTT
TTGATTAGTT
TTGATTAGTT

GCACCCTGCG
GCACCCTGCG
GCACCCTGCG
GCACCCTGCG
GCACCCTGCG
GCACCCTGCG

T

—— -4 < o

ATTAGTT GUTAGCCTGCG TGAGGCGCGG TA
TTGATTAGTT GCACCCTGCG T

U R
355
TGCTTGAAAT
TGCTTGAAAT
TGCCTGAAAT
TGCTTGAAAT
TGCTTGAAAT
TGCTTGAAAT

AR I
78865

GGAGTTTTGA
GGAGTTTTGA

GE3EAGET TTTGTATAGCAT

GGAGTTTTGA
GGAGTTTTGA
GGAGTTTTGA

C
C
C
C
C
C

TGCTTGAAAT GGAGTTTTGA CAGGTAT,
TGCTTGAAAT GGAGTTTTGA C
TGCTTGAAAT GGAGTTTTGA C
TTGEGEGCTAGEAATAGGAGATCACGTG

TGCTTGAAAT
TGCTTGAAAT
TGCTTGAAAT
TGCTTGAAAT
TGCTTGAAAT
TGCTTGAAAT

GGAGTTTTGA
GGAGTTTTGA

GGAGTTTTGA
GGAGTTTTGA
GGAGTTTTGA

C
C

GG GAGIEITTTTGTAGRAC TC

C
C
C

TGCTTGAAAT GGAGTTTTGA CAGGTA®
TGCTTGAAAT GGAGTTTTGA C
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P Wo
MWu
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T Gh
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CHh31
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CGh
CGh
CGh
CGh
CGh
CGh
CGh
CNh1l
CGH3
CNh2

N

ORr AR DMOANPR

01
01
01
01
02
19
4 3
06
04
12
09
01
04
09
02
18
04
01

01
01
01
01
02
19

06
04
12
09
01
04
09
02
18
04
01

815 805

825

835

ATATCCGCCT CTGCGTCTCA T
ATATCCGCCT CTGCGTCTCA T
ATATBTBCCTCTAGCGATTGECT

ATATTCGCCT
ATATTCGCCT
ATATTCGCCT
ATATTCGCCT
ATATTCGCCT
ATATTCGCCT

ATTCGCCT CCIIGCGTCTCA

855

ATATTCGCCT
ATATTCGCCT

CTGCGTCTCA
CTGCGTCTCA
CTGCGTCTCA
CTGCGTCTCA
CTGCGTCTCA
CTGCGTCTCA

TGTCGAAATA

CTGCGTCTCA
CTGCGTCTCA

4499 3404949494

ATARARLBGECTTCTSBCGTATCSGCT

ATATTCGCCT
ATATTCGCCT
ATATTCGCCT
ATATTCGCCT
ATATTCGCCT

U R
865
TCTCATCTTT

CTGCGTCTCA
CTGCGTCTCA
CTGCGIACTCA
CTGCGTCTCA
CTGCGTCTCA

U R
875
GCAAGATTTA

T

—_ -4 44

C

TCTCATCTTT GCAAGATTTA C
T CT CTAATECTT TCTA TGACGAGAGAAGIGT TAAA G
TCTCATCTTT GCAAGATTTA C
TCTCATCTTT GCAAGATTTA C
TCTCATCTTT GCAAGATTTA C
TCTCATCTTT GCAAGATTTA CTA:
TCTCATCTTT GCAAGATTTA C
TCTCATCTTT GCAAGATTTA C
GATTTACETEBATTTAEGAACATAGGGA

TCTCATCTTT
TCTCATCTTT
TCTCATCTTT
TCTCATCTTT
TCTCATCTTT
TCTCATCTTT

TCATCTTT GGCAAGATTTA

123

TCTCATCTTT

GCAAGATTTA
GCAAGATTTA
G CCAAAAGAACTCICT A
GCAAGATTTA
GCAAGATTTA
GCAAGATTTA

CTAATTTAGT

GCAAGATTTA

OQC?OOCUOO
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M Wu
Dwj
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P Wo
MWu
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CHh
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CGH3
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01
01
01
01
02
19
4 3
06
04
12
09
01
04
09
02
18
04
01

01
01
01
01
02
19
4 3
06
04
12
09
01
04
09
02
18
04
01

trnSrpsA 1GS

I
15

I
25

TAATCATTTA TTGAATGAAG A
TAATCATTTA TCGAATGAAA A

TTTA TTGAMITGCAAA AAGTTAATCG AAT/

TAATCATTTA TTGAATGAAA G
TAATCATTTA TTGAATGAAA G
TAATCEGTAAAAGTGAGGGAGBSESTG

TAATCATTTA
TAATCATTTA
TAATCATTTA
TAATCATTTA
TAATCATTTA
TAATCATTTA

TTGAATGAAA
TTGAATGAAA
TTGAATGAAA
TTGAATGAAA
TTGAATGAAA
TTGAATGAAA

oNoONONONONO)

CATTTA TTIGMWAAITGAAA GAGTTAATCG AA°

TAATCATTTA TTGAATGAAA G
TAATCATTTA TTGAATGAAA G
TAATCEAEGTAATAGGAAGGAASBGT
TAATCATTTA TTGAATGAAA G
TAATCATTTA TTGAATGAAA G

A T R B A
55 65

AATGAAAATT CAGGCAAAGG A
AATGAAAATT CAGGCAAAGG A
AATGAAAATT CAGGCAAAGG ACTTG(
AATGAAAATT CAGGCAAAGG A
AATGAAAATT CAGGCAAAGG A
GGCAAAGGAABATGGGATG ATGGAAT
AATGAAAATT AAGGCAAAGG A
AATGAAAATT CAGGCAAAGG A
AATGAAAATATT TCTAGS GAOGAAAAAGEIGA GA
AATGAAAATT CAGGCAAAGG A
AATGAAAATT CAGGCAAAGG A
AATGAAAATT CAGGCAAAGG A
AATGAAAATT CAGGCAAAGG ACTT
AATGAAAATT CAGGCAAAGG A
AATGAAAATT CAGGCAAAGG A
CAGGCAAAGGBAABTTGGGATG ATGGAA
AATGAAAATT CAGGCAAAGG A
AATGAAAATT CAGGCAAAGG A
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P Wo
MWu
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T Gh
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CGh
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CGH3
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ORMRDMNUINRPRRRPRRRPRER

=

01
01
01
01
02
19
4 3
06
04
12
09
01
04
09
02
18
04
01

01
01
01
01
02
19
43
06
04
12
09
01
04
09
02
18
04
01

TACTCGGGGA

A
105

TACTCGGGGA
TACTCGGGGA
TACTCAGGGA
TACTCAGGGA
TACTCAGGGA
ATAAAATAAC
TACTCGGGGA
TACTCGGGGA

...
115

ATGABATAAC
ATGATGAIT AAC
ATGAGATAAC
ATAABATAAC
ATAABATAAC
AAANCGITCTTIT CT
ATAABATAAC
ATAABATAAC

A
A
A
A
A

(

A
A

TABGCGGGGACGGLSABEAGRACTSG

TACTCGGGGA
TACTCGGGGA
TACTCGGGGA
TACTCGGGGA
TACTCGGGGA
TACTCGGGGA

ATAABATAAC
ATAABATAAC
AT AACATACTTAAC
ATAABATAAC
ATAABATAAC
ATAABATAAC

A

A
A
A
A
A

TACTCAGGGA ATAAAATAAC AAMAACATECTITTCT

TACTCAGGGA ATAABATAAC A
TACTCAGGGA ATAAEBATAAC A

TCCCCAGCAG AAATTTACTT A
TCTCTAGCAGAAAATAGATGGASG
TTTCTAGCAG AAATTTACTT A
TTTCTGGCAG AAATTTACTT A
TTTCTGGCAG AAATTTACTT A

TTTCTGGCAG AAATTTACTT AGAAT

TTTCTGGCAG AAATTTACTT A
TTTCTGGCAG AAATTTACTT A

AATT TTATCITCIT GNGZAMAGT TATTTC GCCTAA(

TTTCTGGCAG AAATTTACTT A
TTTCTGGCAG AAATTTACTT A
TTTCTGGCABGAAATTAGATGGA
TTTCTGGCAG AAATTTACTT A
TTTCTGGCAG AAATTTACTT A
TTTCTGGCAG AAATTTACTT A

TTTCTGGCAG AAATTTACTT AGAA

125

TTTCTGGCAG AAATTTACTT A
TTTCTGGCAG AAATTTACTT A
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O
(0]
I

CNh

P Wo
MWu
Dwj
CCh
T Gh
CNh
CHh
CGh
CGh42
CGh5
CGh4
CcCGh1l
CGh4
CGh1l
CGhe6
CNh1l
CGH3
CNh2

PR R RPRRRR

01
01
01
01
02
19
4 3
06
04
12
09
01
04
09
02
18
04
01

01
01
01
01
02
19
43
06

12
09
01
04
09
02
18
04
01

TAAATACTCT AGTTTCGAGC AGTTTAATT

126

L

205

TAAATACTCT
T ATATATTAAACTTTCTT
TAGATACTCT
TAAATACTCT
TAAATACTCT
TAAATACTCT
TAAATACTCT

TAAATACTCT

TAAATACTCT
TAAATACTCT

215
AGTTTCGAGC

GAGGI TATCTAOERAGIC

AGTTTCGAGC
AGTTTCGAGC
AGTATCGSGGC
AGTTTCGAGC
AGTTTCGAGC
AGTTTCGAGC

AGTTTCGAGC
AGTTTCGAGC

TAAGATATTTAACATTCITI
TAAATACTCT
TAAATACTCT
TAAATACTCT
TAAATACTCT
TAAATACTCT
TAAATACTCT

255

AGSGTTTATTG33CAGEACT

AGTTTCGAGC
AGTTTCGAGC
AGTTATGEGC
AGTTTCGAGC
AGTTTCGAGC
AGTTTCGAGC

265

Qw

>>>>rr _ITrXr-4>>>Trr>r>

AATCATCGGT CCACGTCACT T
TCACGAEAGATTGSEATGAAAT-TCCTAA
AATCATCGGT CCACGTCACT T
AATTATTGGT CCACGTCACT T
AATTATT GGATA TCOCAAAC GCTACAACGTG TT,
AATTATTGGT CCACGTCACT T
AATTATTGGT CCACGTCACT T
AATTATTGGT CCACGTCACT T
AATTATTGGT CCACGTCACT TCA/
AATTATTGGT CCACGTCACT T
AATTATTGGT CCACGTCACT T
T CCACGATABSTTGGAATGAAAT TCCTA
AATTATTAGT CCACGTCACT T
AATTATTGGT CCACGTCACT T
AATTAT TG3GEITA ACTCCAACAG TAOCACCATG GI
AATTATTGGT CCACGTCACT T
AATTATTGGT CCACGTCACT T
AATTATTGGT CCACGTCACT T



A T T IR
305 315

PWo101 - - -TATC AACTCTTACT GCTTCTCCTT CGA«
MWu 10 1 - - -TATC AACTCTTACT GCTTCTCCTT CGA"
Dwj 101 - - -TATC AACTCTCACT GCTTCTCTTT CGA«
cch101 AGGTATTATC AACTCTTACT G
TGh102 AGGTATTAETTCABGACGGATTG

CNh119 AGGTATTATC AACTCTTACT G
CHh143 AGGTATTATC AACTCTTACT G
CGh106 AGGTATTATC A ATCCTGOATATAAGICT G
CGh204 AGGTATTATC AACTCTTACT G
CGh512 AGGTATTATC AACTCTTACT G
CGh4009 AGGTATTATC AACTCTTACT G
CGh101 AGGTATTATC AACTCTTACT GCTTCTCC®
CGh404 AGGTATTATC AACTCTTACT G
CGh1009 AGGTATTATC AACTCTTACT G
CGh602 CAGGTATTATTTBEACEAETEECTTG
CNh118 AGGTATTATC AACTCTTACT G
CGH304 AGGTATTATC AACTCTTACT G
CNh201 AGGTATTATC AMICITCOGTATAMOCTC G

A N L
355 365

PWo101 CCGACTCCCG TCTGTCTCCT T
MWa 1 CCGACTCCCG CCTGTCTCTA TCT
Dwj 101 CCGACTCCCG CCTGTCTCTT T
CcCh101 CCGACTCCCG CCTGTCTTTT T
TGh10?2 CG CCTQIQGIALCITICCTCTAATCGGC TTTT®
CNh119 CCGACTCCCG CCTGTCTCTT T
CHh143 CCGACTTCCG CCTGTCTCTT T
CGh106 CCGACTTTTEGTAGTGACEATTTCT
CGh204 CCGACTCCCG CCTGTCTCTT T
CGh512 CCGACTCCCG CCTGTCTCTT T
CGh4009 CCGACTCCCG CCTGTCTCTT T
CB101 CCGACTCCCG CCTGTCTCTT TT
CGh 404 CCGACTCCCG CCTGTCTCTT T
CGh1009 CCGACTCCCG CCTGTCTCTT T
CGh 602 CCCG CCTOXIGATGCCITT TCTAATCGGC TTT"
CNh118 CCGACTCCCG CCTGTCTTTT T
CGH304 CCGACTCCCG CCTGTCTCTT T

CNh201 CCGACTUCUUTUCGTCTCAGGTATGATTT
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PWo101
MWu 1 0 1
Dwj 101
cCch101
TGh102
CNh119
CHh143
CGh106
CGh204
CGh512
CGh4009
CGh101
CGh404
CGh1009
CGh60?2
CNh118
CGH304
CNh201

N I
405
AGAAATAAAA
AGAAAGAAAA
AGAAATGAAA
AGAAAGGAAG
AGAAAGGAAG
AGAAAGGAAG
AGAAAGGAAG
AGAAAGGAAG

GAAAGAGTAAA GG A AG

AGAAAGGAAG
AGAAAGGAAG
AGAAAGGAAG
AGAAAGGAAG
AGAAAGGAAG

N I
415
GAAAGATAGC
GAAAGATAGC
GAAAGATAGC
GAAAGATAGC
GAAAGATAGC
GAAAGATAGC
GAAAGATAGC
GAAAGATAGC

GAAAGATAGC
GAAAGATAGC
GAAAGATAGC
GAAAGATAGC
GAAAGATAGC

AGAAAGGAAG GAAAGATAGC C

128

AGAAAGGAAG
AGAAAGGAAG
AGAAAGGAAG

GAAAGATAGC
GAAAGATAGC
GAAAGATAGC

oHONONONONONON®!

OO0 00

OO0 0
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CGh
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01
01
01
01
02
06
01
02
01
24
508
507

P NRPRPRRPRRRR

|

612

101
101

01
02
06
01
02
01

P NR R R

508
507
209
612
201

pgiC intron 14-15

A
5

TCTTTTGAGT
TCTTTTGAGT
TCTTTTGAGT
TCTTTTGAGT
TCTTTTGAGT

TCTTTTGAGT
TCTTTTGAGT
TCTTTTGAGT
TCTTTTGAGT
TCTTTTGAGT
TCTTTTGAGT

T
15

GTTT GGATAAT G
GTTT GS&ATAAT G
GTTTGGAATG
GTTT GSATAAT G
GTTT GGATAAT G

GTTT GS&ATAAT G
GTTT GGATAAT G
GTTT GEATAAT G
GTTT GGATAAT G
GTTT GGATAAT G
GTTT GS&ATAAT G

TCTC
TCTC
TCTC
TCTC
TCTC

G GTACATTTGI TTGCATACTA TGITCICIT -GG&TCACCC

TCTC
TCTC
TCTC
TCTC
TCTC
TCTC

T GTTIIGGIGATATTIGA G CTCATTGGTATGGT CA(

TCTTTTGAGT GTTTGGAAMI G TCTC
TCTTTTGAGT GTTTGGSBAAATG TCTC

I
55

A
65

-TTC T ATTGGTAGAALA G A -GITGEIXTTTTCT TCATTT TTTTIT GG T

TGGAAAATTC TATCTGAAGA TGGC

TGGAAAATTC JGAITCGITGIAAGCA IHGGCT T

TGGAAAATT-GTGHBTTCTTGEAGATTGGT
TGGAAAATT-GTGAEBTTTGEAGATTGGT
T GGARGCATTITHGITAGIG TITCITCGEAATGATAGGT
TGGAAAATTGTGABTTTCTGEAGATTGGT
TGGAAAATTGTGAHBTTTGEAGATTGGT
TGGAAAATT-GTGAHTTCTTGEAGATTGGT
TGGAAAATT-GTGAEBTTTGEAGATTGGT
TGGAAAATT-GTGAHTTCTTGEAAGATTGGT
TGGAAAATTGTGAETTTCTGEAGATTGGT

T GTAGAGGAAA ATAGIGIGGITTGIBITACIC TCIT TTTTGGT

TGGAAAATT-GTGHTTCTTGEAGATTGGT
TGGAAAATTGTGAETTTGEAGATTGGT

129



A T T FRU IR IR
105 115 1

MWu 10 1 GTCTTGGTCT TTTGATAAGC AATT
PWo101 GTCTTGGTCT TTTGATAAGC AATT
DWj 101 - - -GGTCT TTTGATAAGC AATTTCTCTT GATC,
HKh101 GTTGTGGTCT TTTGATAAGC AATT
HKh102 GTTGTGGTCT TTTGATAAGC AATT
HKh106 GTCGTGGBGTCBGATTAGATGAGCCAATT
TYh101 GTGGTGGTCT TTTGATAAGC AATT
CGh202 GTGGTGGTCT TTTGATGAGC AATT
CGh101 GTGGTGGTCT TTTGATGAGC AATT
CGh124 GTGGTGGTCT TTTGATAAGC AATTTCTC
CGh508 GTGGTGGTCT TTTGATAAGC AATT
CGh507 GTGGTGGTCT TTTGATGAGC AATT
CGh2009 GTGETGEGGTCTTTEAGEAGAGGTAGCA
CGh612 GTGGTGGTCT TTTGATAAGC AGTT
CNh201 GTGGTGGTCT TTTGATAAGC AATT

A T T I I

155 165 1
MWu 10 1 AGGCAATTCT ACCGTACTGT CAGG
PWo101 AGGCAATTCT ACCATACTGT CAGG
DWj 101 TCT ACNGEGIOMATTGT CAGGCATTGG AAAAG
HKh101 AGGCAATTCT ACCGTACTGT CAGG
HKh10?2 AGGCAATTCT ACCGTACTGT CAGG
HKh106 AGGCAATTCT AGIC GITOACCTTGGATC ACTATG G
TYh101 AGGCAATTCT ACCGTACTGT CAGG
CGh20?2 AGGCAATTCT ACCGTACTGT CAGG
CGh101 AGGCAATTCT ACCGTACTGT CAGG
CGh124 GGCAATTCTA ACCGTACTGT CAGGCATTGG AA,
CGh508 AGGCAATTCT ACCGTACTGT CAGG
CGh507 AGGCAATTCT ACCGTACTGT CAGG
CGh2009 AGGCAAT T CATA GATCTCTGSTCA CTTOETT COMOGAG
CGh612 AGGCAATTCT ACCGTACTGT CAGG

CNh201 AGGCAATTCT ACCGTACTGT CAGG
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612

01
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N
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CGh
CGh
CGh
CGh
CGh
CGh
CGh
CNh

202
101
124
508
507
209
612
201

A R
205
CAACAGGCAA
CAACAGGCAA

CAACAGGCAA
CAACAGGCAA
CAACAGGCAA
CAACAGGCAA
CAACAGGCAA
CAACAGGCAA

A N I
215 225

TTTBGGEACTTTCTTT
TTTBGEGEACTTTCTTT

TTEABTAGGUAAATTTIGGGAEGAAAAAA

TTIAGEGACTTTCTTT
TTTAGEGACTTTCTTT
TTTTGATCTT CTTT
TTT-ARGEACTTTCTTT
TTT-AGEACTTTCTTT
TTT-AGEGACTTTCTTT

AA TTTAARABAGGEGT CTTTABGGATCAAGAAA

255

CAACAGGCAA
CAACAGGCAA
CAACAGGCAA
CAACAGGCAA
CAACAGGCAA

I
265

TTGGGAAAGT
TTGGGAAAGC
T C G GEAAGATAGIA
TTGGGAAATC
TTGGGAAATC
TTGGGAAATC

TTGGGAAATC
TTGGGAAATC

TTTAGEGACTTTCTTT
TTT-ARGEACTTTCTTT
TAT-AGEGACTTTCTTT
TTT-AGEGACTTTCTTT
TTT-ARGEACTTTCTTT

I
275

TGACCATATC ATTG
TGACCATATC ATTG
TTGGACCTGGACTTATTTCA  ATTGIT -
T GACCATTGATTTIC ATTG
TGACCATTCATTTC ATTG
TGACCATATC ATTG

TTGGGAAATC CGACCATATC ATTGAC

CGACCATATC ATTG
TGACCATATC ATTG

TTTGG GAGTATAGAATACT GIGEPA CTCACTTAGC T T T A

TTGGGAAATC
TTGGGAAATC
TTGGGAAATC
TTGGGAAATC
TTGGGAAATC
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TGACCATATC ATTG
TGACCATATC ATTG
TGACCATIATC ATTG
TGACCATATC ATTG
TGACCATATC GTTG



MWu
P Wo
D Wj
HKh
HKh
HKh
TYh
CGh
CGh
CGh
CGh
CGh
CGh
CGh
CNh

MWu
P Wo
D Wj
HKh
HKh
HKh
TYh
CGh
CGh
CGh
CGh
CGh
CGh
CGh

01
01
01
01
02
06
01
02
01
24
508
507

PR NRRPRRRRRR

01
01
01
01
02
06
01
02
01
24
508
507
209
612

P NNRPRPRRPRPRRRR

|

Nh 201

N IR
3365

N IR
32

33

GATGTCTGCA GCTTAGTATG GAAA
GATGTCTGCA GCTTAGTATG GAAA
GATGTCTGGAAGGGGEGTATGCGBAARA
GATGTCTGCA GCTTAGTATG GAAA
GATGTCTGCA GCTTAGTATG GAAA
GATGTCTGCA GCTTAGTATG GAAA
GATGTCTGCA GCTTAGTATG GAAAGCAAT

GATGTCTGCA
GATGTCTGCA
GATGGCAGTS
GATGTCTGCA
GATGTCTGCA
GATGTCTGCA

GCTTAGTATG
GCTTAGTATG
GEAAGGGAGGUE
GCTTAGTATG
GCTTAGTATG
GCTTAGTATG

GAAA
GAAA
GAEBA
GAAA
GAAA
GAAA

GATGTCTGCA GCTTAGTATG GAAAGC
GATGTCTGCA GCTTAGTATG GAAA

GGTG
GGTG
GGT

GGTG
GGTG
GGTG
GGTG
GGTG
GGTG
GGTG
GGTG
GGTG
GGTG
GGTG

GGTG
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