(Pinus morrisonicola Hayata)

RAPD
10 169
(Hy)
020 AMOVA Fq 0146
AMOVA
14.61
AFLP . 9
Ho 008



Abstract

Pinus morrisonicola Hayata. is a eudenic specie of conifers in Taiwan.
Present study was to estimate the genetic variance and genetic structure
of this specie’s natural populations using RAPD markers. To analyze the
diversity among 163 plants of P. morrisonicola, 10 random primers were
used to obtain RAPD markers. The mean populations diversity values of
P. morrisonicola was 0.20. The F4 vaues observed using AMOVA was
0.146. The values for P. morriisonicola indicated moderate differentiation
between populations. In other words, the levels of genetic variability
found in the nine populations of P. morrisonicola were considerable and
most of the genetic variation was found between individuas within
populations, rather than among populations. The component among
population accounted for 14.94% of the genetic variation, according to
AMOVA. According to the tree of genetic distance, the plants were
clustered into two groups. The correlations were seen between clustering
results and gengraphical locations. Group one includes Hui- Sun Forest
Farm, Xiu- Luan, Gu Guan, Da- Keng, Nan- Heng, Duo-Na, Shan-Ping
and Feng-Gang-Shan. There was the closest distance between these
populations. Group two include Wu- Liao- Jian, Huang- Di- Dian and Bi-
Ja Shan.
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2.1

Pinus 2.1
15° 66°
Pinacese
Farjon, 1996 Millar 1998
Mesozoic

Jurassic

2n=24
Srobus

Pinus
Axdrod, 1986 Klaus, 1989 Millar, 1993 Miller, 1977

2.1 (Pinus)
Farjon, 1996



2.2

Pinus morrisonicola Hayata

10 4
300 - 2300
120
Tsukada 1967
Pleistocene
5-9
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6- 8

15-25
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1966 Liston 1999

DNA ITS Phylogenetics
P. kwangtungensis
Srobi subsection Cembrae
Wang 1999 DNA  rbcL
matK
2.3 genetic variation
genome mutation

Slvertown Doust, 1993
Ledig, 1988

evolutionary potential

DNA

DNA
DNA
base pairs transposon
crossing-over
Silvertown Doust, 1993
Hoelzd Dover, 1991



genome coding region

exon non-coding region intron
DNA RNA
Brooker, 1999
Wang
et al. 1999
selection gene flow genetic drift
mating system
Slatkin, 1987
outbreeding species
inbreeding species Schoen  Brown,

1991



2.4 DNA

genetic marker
Schaal et al. 1998

24.1

DNA
dominant marker
absent
AA
marker
AA Aa
Wolfenbarger, 1999

Random amplified polymorphic DNA
length polymorphism

single-locus marker

genotype
DNA
Wagner, 1992
DNA
present or
homologous aleles
Aa co-dominant
Mueller
multilocus marker
RAPD

AFLP Amplified fragment

RFLP Restriction fragment length polymorphism  SSRs simple

sequence repeats or microsatellites

2.4.2 DNA

1421 RFLP Redtriction fragment length polymorphism



RFLP restriction enzyme DNA
DNA
DNA

DNA hybridization
autoradiography X DNA
Newtonetal. 1999 RFLP
DNA

2.4.2.2 SSRs smple sequence repeats or microsatellites

SSRs DNA
2~6 bases CAT tandem

...CATCATCAT...

polymerase

chain reaction PCR
Tautz, 1989
2.4.2.3 RAPD Random amplified polymorphic DNA

RAPD PCR primer

DNA
RAPD
DNA

DNA



2.2

DNA deletion
insertion Berg et al. 1994
DNA Willams et al. 1990
complexity

C (bp) n-mer

(b) b= (2000x4"xC Willams et al.
1993

DNA repetitive DNA

middle repetitive sequence

highly repetitive sequence

RAPD DNA

Weisng et al. 1995

2424 AFLP  Amplified fragment length polymorphism

AFLP PCR 2.3
1 EcoRlI Msel DNA
DNA adaptors
2 3 DNA
adaptors

10
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PCR
adaptors PCR
restriction
fragments
denature
genome complexity Cervera
et al. 2000
AFLP
Voset al. 1995
AFLP DNA
AFLP PCR
AFLP
DNA
PCR Mueller et al. 1999
25 RAPD AFLP
Mossel ser 1992 RAPD (Pinusresinosa)

69

genetic bottleneck
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Nei 1975
Mossder 1997

polrmerase
51

Pinus oocarpa

RAPD AFLP
12 131
Hs
392
Hs 0.342
AMOVA
Thomas 1999

Pinus contorta
20-30

8000-12000

DeVerno
AmpliTag Stoffel fragment DNA
600
UBC9
1000 bp
Diaz 2001
RAPD
72 10
0.358 AFLP 4
162 10
87.77 91.37
100
20-30



Mariette 2001 122 AFLP Pinus
pinaster Aquitaine
Corsican 23 122 AFLP 48
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Low stringency annealing of arbitrary primers to genomic DNA

Gel electrophoresis

of RAPD products
22 RAPD
DNA S e
RAPD -
RAPD
A B Berg et al. 1994
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(a) AF LP template preparation Msal adaptar

: el I
Whala genomic DNA o
cAT
1 1111 11 1 11
Restriction enzymes EcoRl adaptor
J + [ and EcoRll) + T T T T T T T T 11
and AATTG
‘ DM ligasa c
] I e i
{b) Restrction and ligation
EcoRl cut
B Il Bl S 12 Bl S T B T T T 171
G AATTOC
CTTAA G
34 P (| ) e / | | 1 | [=m] | | | 1 1 | | | 11 1 \
Ksal adaptor EcoR adaptor
I ITTTTTTTTTIT
G AATTG
CAT c
1 Y |
T F A 711 B S k=) IS ) (1= ] Y (5 e ) (<o [ VS (=1 e ) (e e
G GAATTAG
C AT CTTAAC
I el [ e e el [ R e O o[ O S o) R ) O Ao (S A o L] [ P o et [ [ £V |
{c) Selective amplification (one of many primer combinations shown)
Msal primar 1
| i 2 o 7
c ET A
- T T T T T T T T T T T T T T T T T T T T T T T 1T 1T T T T T T 71
] cCAT CGAGAATTAG
AT G TA G CTCTTAAC
P o] S I ] Y i Il Ko ) Y N [ B (B ) (O e | |
C GAGAATTG
T T T Y O
EcoRl primer 1
23 AFLP EcoRI Msel
EcoRIl adaptor Msel adaptor a, b EcoRI primer
Msel primer C

Muller  Wolfnebarger, 1999
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3.1

32 33 34

31

163
169

ARP

& R
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16

31



31

RAPD AFLP
RAPD AFLP
(m)
10 1625 23°00'N,120°42'E
10 6 600 22°54'N,120°43 E
- 44 6 1700 23°4'N,120%9'E
2 700 22°58'N,120°41'E
12 5 800 24°12'N]21°00'E
33 6 880 24°05'N,121°0T'E
8 6 800 24°10'N,120°47'E
5 5 300 24°51'N,J121°21'E
2 2 500 24°58'N,121°37'E
2 2 300 25°00'NJ121°41'E
35 6 000 24°37'N,121°17'E
3 2 2400 24°11N]121°20'E
3 2 1200 23°11'N]121°01E
169 48
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Pinus morrrisonicola

3.2

2th ed.

Floraof Tawan

19



Pinus armandi
Flora of Tawan, 2th ed.

3.3



34 Pinus taiwanensis
Flora of Tawan, 2th ed.

21



3.2 DNA

DNA
Doyleand Doyle 1990 CTAB

-80 0.1g
1.6 ml CTAB-PVP
2 CTAB 14M NaCl 20mM EDTA 100mM Tris-HCI, pH8 1
PVP 0.2%3 -mercaptoethenol

1.5ml 60 30
10 500u | chloroform
/ isoamyl alcohol 24:1 13,000
rpm 4 5
500p | chloroform / isopamyl alcohol 24:1
800u | anhydrous,
denat, with up to 5% MEK and MeOH / EtOACc -20
20 13,000 rpm 4 5
800U | 70% 4 3
30 50U
| TE 1ImM EDTA  10mM Tris-HCI, pH8
DNA -20
3.3 DNA
2u | DNA 1u | 6xstop dye 1 Agarose
80V 2 0.5u |/ ml EtBr
15 15 uv DNA
DNA



DNA DNA

10u | DNA
ou | TE 10
Amersham-pharmacia biotech 260nm  280nm
OD,60/ OD,gy 18 ODygo 50
10 DNA ng/u |
DNA TE DNA 10ng

u |

3.4 RAPD (Random Amplified Polymorphic DNA)

34.1
Operon (Operon
Techchnologies, Alameda, Calif) (primer)
10 10-mer G C 60-70
1 1
OPA01-20 OPB01-20 OPP0O1-20 OPQO1-20 80
DNA 1
32
10 3.2 RAPD
3.4.2
Williams 1990
PCR (Polymerase Chain Reaction)
2.0mM MgCl, dATP dTTP dCTP dGTP 02mM 0.4u M
20ng DNA 05U Taq DNA polymerase (Biotools, B M
Labs, SA.) 10u | Perkin ElImer Amp 9700

23



PCR U 2 “Y 1

46 30 72 1 30 10 1
9 20 6B 2 72 1 30 A
72 4 4 PCR
21 | stop dye 2 0.5<TBE
0.5xTBE 60V 10 110V
51 | DNA marker (100 bp
L adder) 0.5u I/ml EtBr 20
15 uv

3.5 AFLP (Amplified Fragment Length Polymorphism)

3.5.1
ABI Prisv® AFLP Plant Mapping Kit ~ Perkin-Elmer,
U.S A.
EcoRl Msel AFLP
DNA EcoRl Msal
DNA 10
U 0.54 g DNA 5U EcoRl 1x EcoRI
0.5u g DNA 1UMsal 0.51 g | BSA Bovine serum albumin
37 2
1% Agarose 0 DNA

(Restriction-ligation reactions)

1| 0.033y |
100 U T4 DNA ligase 1xT4DNA ( ATP) 1U Msel

24



5U EcoRlI 0.05M NaCl 0.05u giu |BSA 1y | DNA

0.50 gDNA 1xT4DNA ( ATP) 0.05M NaCl
0.05u g I BSA 1y | Msel adaptor 1y | EcoRI adaptor
1y | 37 2
TE 10
4
3.5.2 ( Pre-selective amplification )
DNA
201 DNA 7.54 | AFLP core mix
dNTPs AmpliTage DNA polymerase  0.5u | AFLP
Msel/ EcoRI pre-amplication primers
adaptor EcoRI +A / Msel +C 10
Mo Perkin EImer Amp 9700 PCR
2 2 9 20 56 30 2 2
20 60 30 PCR 5 | 1% Agarose
90 DNA 100 bp
~ 1500 bp 5 | TE buffer 10
4
3.5.3 (Selective Amplication)
DNA
3
6 DNA
DNA

25



4 3.3 10u | 1.5
b DNA 7.51 | AFLP core mix
dNTPs AmpliTage DNA polymerase 0.54 | AFLP Msel  /
EcoRI primers adaptor
EcoRl +ANN / Msel +CNN EcoRI primers 3
Perkin EImer Amp 9700 PCR
U 2 A 20 66 30 72
2 10 1 U 20

3.54

1p | 241 | Deonied
Formamide 0.25u | GeneScan- 500 ROX Size Standard

95 5 DNA denature

Polymer POP-4 ABI Prisv™ 310
Genetic Anayzer

60 24
3.6

RAPD AFLP
0 Jaccard’s coefficient

of community (genetic similsrity) (1-

GD;; ) SAS PCO (principal

26



coordinate analysis) Sigmaplot
(genetic distance)

D, (N, +N;)
! _(Nij+Ni+Nj)

N, Ge pogtionsinlinei notinline|

N, Ge pogtionsinlinej notinlinei

N, Gel pogtionsinlinei andinline

TFPGA version 1.3 Miller, 1997 Ng's 1978
unbiased hererozygosity Hardy-Weinberg
equilibrium diversty value RAPD  AFLP

locus
dleles
Lynch Milligan 1994 Taylor
expansion
marker

h — n(l- éi piz)

! n-1

Pi |

n

ah

-
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Hs
H,

TFPGA verson 1.3 Ne’ s unbiased distance
UPGMA (Unweighted Pair Group Method with Arithmetic Averages)

(cluster anaysis)

3.7 AMOVA

RAPD ASCII AMOVA-PRE
verson 1.01 Euclidean distance
matrix

S
XY
i i
AMOVAWIN version 1.55
df. SSD MSD
% Total
P-vdue Fq
Eo- s2+s/

T a2 2 2
S2+s.+S;

2 group
s subpopulation
2 individua

28



3.2 RAPD

primer sequence 5 -~3 GC
OPA-04 AATCGGGCTG 60
OPA-09 GGGTAACGCC 70
OPB-03 CATCCCCCTG 70
OPB-14 TCCGCTCTGG 70
OPB-19 ACCCCCGAAG 70
OPP-10 TCCCGCCTAC 70
OPQ-08 CTCCAGCGGA 70
OPQ-09 GGCTAACCGA 60
OPQ-14 GGACGCTTCA 60
OPQ-18 AGGCTGGGTG 70
3.3 AFLP

primer set (5 ~3')
Msel / EcoRl

EcoRI-ACT / Msel-CAA
EcoRI-AGG / Msel-CAA
EcoRI-ACC/ Msal-CTC
EcoRI-ACT / Msel-CTA




41 RAPD

4.1.1
80 32
40 10
10 102
250 bp ~ 2000 bp OPP-10
15 OPQ-08 5
10.2
11 15
1
163 75 63
4.1 A OPB-19 OPP-10 OPQ-14
100 OPA-04 25
4.1.2
Na’ s unbiased distance
4.2 UPGMA
4.1
0.088
0.295
0.598



0.236 ~

0.399
0.544 ~ 0.757 Jaccard PCO
4.2
PCO
4.1.3
Na’ s unbiased disance UPGMA
4.3
0.087
0.099
0.037
0.047
0.077
0.128 1-GD
0.872 Jaccard PCO

4.4

31



4.3

Na’ s unbiased distance

0.024

0.204

X

Y =0.00058X+0.03524

Ne’ s unbiased heterozygosity

(H)

0.243
0.312
OPQ-09

0.336 OPQ-08
0.073

Hs 0.196
H, 0.276

H;
4.4

0.135 ~ 0.369
OPQ-18
0 OPP-10
0
0360 OPQ-08
OPQ-09
0.123

0.262
151

32

XY

OPB-19



41.4

Y
X 4.5 4.6
He 23.23°
24.08° 0.262
24.20° 24.62°
0219 0239
4.1.5AMOVA
AMOVA 4.6
14.61
0.1
Fqg 0146 Fgq Fq
42 AFLP
4.2.1
48 4
4 4
119 44 bp ~ 351 bp
EcoRI-ACT / Msel-CAA 39
EcoRI-ACC / Msel-CTC
16 29.75

85.39

8.3



37

44 80

9 4.7 11.25
EcoRI-ACT / Msel-CAA 18.18
EcoRI-ACC / Msel-CTC 7.70
4.2.2

Ne’ s unbiased heterozygosity 9
H 0

0.167 0.088

44 0.321



41 RAPD

primer sequence 5 ~3 GC No. of No. of % of
total bands polymorphic bands polymorphism

OPA-04 AATCGGGCTG 60 8 5 62.5
OPA-09 GGGTAACGCC 70 9 8 88.9
OPB-03 CATCCCCCTG 70 6 5 83.3
OPB-14 TCCGCTCTGG 70 8 7 87.5
OPB-19 ACCCCCGAAG 70 1 1 100
OPP-10 TCCCGCCTAC 70 7 7 100
OPQ-08 CTCCAGCGGA 70 4 1 25

OPQ-09 GGCTAACCGA 60 9 8 88.9
OPQ-14 GGACGCTTCA 60 8 8 100
OPQ-18 AGGCTGGGTG 70 5 3 60




4.2 Nei’ sunbiased (1978) digance

Population 1 2 3 4 5 6 7 8 9 10 1 12 13
1 S
2 0.0393 *x***
3 0.0375 0.0604 *****
4 00272 0.0251 0.0624 *****
5 0.01/6 0.0482 0.0612 0.0279 ***=**
6 0.0462 0.0755 0.0672 0.0709 0.0253 *****
7 0.0355 0.0656 0.0686 0.0522 0.0165 0.0179 *****
8 0.0815 0.1199 0.1044 0.1034 0.0524 0.0/702 0.0702 *****
9 0.0792 0.1259 0.0988 0.1005 0.0473 0.0508 0.0545 0.0521 *****
10 0.0908 0.1380 0.1131 0.1183 0.0/67 0.0947 0.0934 0.0/97 0.0500 *****
1 0.0326 0.0609 0.0572 0.0389 0.0185 0.0341 0.01/8 0.0625 0.0532 0.0680 ***=**
12 0.3000 0.2909 0.3636 0.2638 0.2461 0.2621 0.2364 0.3635 0.3193 0.3990 0.2520 *****
13 0.5845 0.6191 0.7061 0.5442 05447 0.6026 0.5564 0.6807 0.6769 0.7574 0.5452 05117 *****




4.3 Nei’ sunbiased (1978) distance
km
Popul ation 1 2 3 4 ) 6 7 8 9
1 FRAKRE 4235 12485 12815 13420 21450 23045 22715 182.60
2 0.0360  ***** 86.90 95.15 9735 17490 18975 18535 143.00
3 00699 0.0409  **x**x* 25.30 11.55 90.20 10835 104.50 58.30
4 01095 01027 0.0353  ***** 20.35 9405 11825 11275 64.90
) 00946 0.0/51 0.0235 00264  ***** 8140 102.30 97.35 50.05
6 01785 01527 0.0/50 0.0987 0.1023  ***** 29.70 23.65 33.55
7 01925 01521 0.0716 00759 0.0848 0.0773  ***** 6.05 52.80
8 0.2036 01739 01128 01405 01389 01175 0.0813  ***** 47.30
9 0089% 0.0574 0.0271 00483 0.0240 00901 0.0803 0.0989  *****

37



4.4 Ne’ s unbiased heterozygosity

151
Primer
OPA-04 01530 01093 01278 01068 0.0782 0.0964 0.0618 0.0618 0.1407 0.1256
OPA-09 02307 02302 0334 02064 01402 01413 0.0000 0.0000 01648 0.3072
OPB-03 01610 02600 02384 01549 01849 01286 01648 0.0824 0.2334 0.2670
OPB-14 01506 02920 0.2687 0.1827 0.2158 01555 01854 0.1236 02267 0.2802
OPB-19 03072 03194 03181 03694 0318 02789 0.2247 0.1348 0.3653 0.3504
OPP-10 02991 02788 03070 01847 03118 0.2381 0.0706 0.0000 0.2546 0.2968
OPQ-08 01294 01241 0.1265 01079 01064 00000 0.0000 0.0000 01228 0.1233
OPQ-09 02353 03015 03055 02490 02275 03599 02746 0.049 0.2977 0.3360
OPQ-14 0.1558 03448 02018 01122 03016 01639 0.0618 0.0618 0.2735 0.3019
OPQ-18 02432 02140 01620 01314 02285 0.0743 0.0000 0.0989 0.2128 0.2368

All markers 02152 02619 02622 01918 02192 01829 0118 00725 02393 0.2755
%polymorphicloci 84.0000 62.6667 81.3333 80.0000 48.0000 64.0000 45.3333 24.0000 14.6670 74.6670




4.5 RAPD

He
0.2152 N 22.90°
( - ) 0.2619 N 23.23°
0.2622 N 24.08°
0.1918 N 24.17°
0.2192 N 24.20°
0.2393 N 24.62°
0.1829 N 24.85°
0.0725 N 25.97°
0.1186 N 25.00°
0.1960
4.6 75 RAPD 151
AMOVA d.f. SSD MSD
% Total
P-vdue
Source of variance d.f. SSD  MSD vanance % Total P-vaue
component

Among populations 8 275576 34447 1.647 1461 <0.001
Within populations 142 1366.901 9.626 9.626 8539 <0.001




4.7 AFLP

primer st (5 ~3') No. of NO. of % of
Msel / EcoRl total bands polymorphic  polymorphism
bands
EcoRI-ACT / Msel-CAA 22 4 18.2
EcoRI-AGG / Msel-CAA 20 2 10.0
EcoRI-ACC/ Msel-CTC 13 1 7.7
EcoRI-ACT / Msel-CTA 25 2 8.0
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RAPD
AFLP Powell
et al. 1996 RAPD

10 RAPD

Diazet al. 2001 Lacerdaetal. 2001

RAPD AFLP
RAPD p ¢

Hardy-Weinberg equilibrium
null homozygotes , p* ¢ Lynch
Milligan 1994
Ne

outcrossing
sfing inbreeding
Yeh Boyle, 1997
Loveless Hamrrick, 1984 Fazekas Yeh, 2001

AMOVA



Fritch Rieseberg, 1996

Hamrick 1992 93 |sozyme
Hes 0.157
Heo 0136 Gy 0.065

|sozyme RAPD

Waget al. 1999

RAPD

P.sylvestris  0.37 Szmidt et al. 1996
P. contorta 046 Thomaset al. 1999

P. oocarpa 0.36 Diazetal. 2001 0.20
Farjon A. F.L.S. 1996 Millar 1998
Tertiary refugia
21°~25°

8~11° Tsukada, 1966

47



Liston

1999
Tsukada, 1967

Amentotaxus formosana Chamaecyparis
taiwanensis Cunninghamia konishii Chamaecyparis
formosensis Keteleeria davidana Bessiner var. formosana

1998

AMOVA

Fs
Fq Fet



Fet
Fg 0.146 0.122
Dieaz et al. 2001 Wright 1978 Fy

Hamrick Godt 1989
10 20
50
AMOVA 14.61
Loveless Harmrrick
1984

1966

Wring

1991

1998

RAPD
4.3

49



52,2

0.047

232~24.1°

4.6
Lin 2001

0183 0119 0.073

0.087

0.872



Myrica rubra
Cunninghamia konishii
Taiwania cryptomerioides
Chamaecyparis taiwanensis
23.9° 24.2°

24.2°~24.6°

Liston 1999
Phylogenetics
DNA  rbcL matkK

Cinnamomum kanehirae
Trochodendron aralioides
Alnus formosana

23.6°

24.8°
23.6°~23.9°

DNA ITS

Wang 1999

strobus pinus

4.1

Miller, 1977

RAPD

51

Millar, 1993

14 cm



AFLP

AFLP

Mudler 1999

Msel-NNN

AFLP

Msel
et al. 2000

AFLP
35

2001

H, 0.088
Vos 1995

AFLP

3 EcoRI-NNN /
64 64°
RAPD

AFLP

EcoR 3

snear Ceavea

2001 2001
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0.146

RAPD

0.087

RAPD

AMOVA

14.61

0.099

0.20

AMOVA



AFLP

AFLP

0.088



(1999)
12(12) : 68
(1966)
122

(2001) U937

(1998)

(1991) 34(2):19-22
(2001)
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