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ABSTRACT

The Genetic Diversity of Oncorhynchus masou formosanus using AFLP

The genetic diversity of the 30 Oncorhynchus masou formosanus was
explored applying AFLP technique in this study. Totally, 626 loci were
detected using 6 primer pairs. Of which, 221 were polymorphic with a
proportion of 35.3%. The stock has a low genetic diversity with Shannon
index=0.1328, He=0.0800, average genetic distance=0.06854, and average
BSI value=0.9342. UPGMA dendrogram indicated that the individuals were
divided into two groups, which might stem from two different founder stocks.
According to the present data, we suggest that the genetic diversity of the
Oncorhynchus masou formosanus is very low, the genetic structure of the
stocks was relatively simple which demonstrated that the evolution potential
of the population was limited and the stocks were in sever danger. In order
to improve the genetic structure, keep and enhance the genetic diversity
level, we should choose the higher heterozygosity of Oncorhynchus masou

formosanus individuals as stocks for breeding and releasing program.

Key words: Oncorhynchus masou formosanus ~ AFLP ~ genetic diversity
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Erbldr B FE - RILBRBELE P L RESF LR A
A7 b R A FRAG FG 5 T T8 FH ooy F VR IRA T {{
TP ERRBE RS AT NAE (2 A A -
LR AP TP ERFNRATTEL Py oA PG R
LM e Ffrme 2 PESHFTR - UL ARNLRDOPF
do o HERE S R A T A e B b 5 A T A Al e
B FoRE AL R ET 2 A o AFIEAELEF T frp REH
YR T g e TE DR 0 AT
ARG AR (HEINTH) I 2 R AT EE L L
BB P REE LRG> g

M

RER L K- 2D

N
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B AR THe L, TR 2 o2 w12 HjiF

R I R R
3.1 HoH %

AF LMY AR HACHFBEIBESEREZ IR SR -7 R
XU E L el R RPE e N A d R BT AL P B
0EME ~ ] 2 & (1522 32628 ) 2% 4 2P BH i (8
TR AT ) BN %emeY o F v R kT FGFN-80CH G
o

3.2 BB 2 A %] 2 DNA

R IR N AR REE G F B A T @ DNA 5 B 1% g bR
TAWPBIDNAG = B > EBF &4 (7 &+ ) «7DNAH & * *+ AFLP
4~ 47 - DNA&Jk & * HITACHI U-2001 2 UVB-1(Apices Scientific Co.,Model
EZC-2002) % *b & ke R:-RI T » @F&mw * Bk 915 B W HDNAK
&k & 3 1 50ng/ul -

3.3 AFLP; & Wl 3# chit 4

W4 Vos & (1995) 3% i1 AFLP = 2 feh oo R £ AR
A o EH AFLP 4y R B - AFLP £ 3 2 513 A7 2 4 1o
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Wit =z

% 1 AFLP & & 3 2 51 3 B 7

EcoR | # & + (adapter) 5-CTCGTAGACTGCGTACC
CATCTGACGCATGGTTAA-3'

Mse | # & + (adapter) 5-GACGTGAGTCCTGAG
TACTCAGGACTCAT-3'

T 51 5 ¥ (pre-amplification primers )
EcoRIl 31+  5-GACTGCGTACCAATTC-3
Msel 313  5-GATGAGTCCTGAGTAA-3
EHE M IS ¥ (selective primers) 6 ¥t

E-AGC/M-CTA E-AGC/M-CTT E-AGC/M-CAT
E-ACG/M-CTA E-AGG/M-CAT E-ACAIM-CTG

331 @ F &

B & % e DNA # % % 100ng > Trull(10u/pl )0.1ul » 10xY+/Tango
buffer(* & & =% )4.0pl > £ 4 -k 3 F B M A 20ul - »> PCR & ¢
65°C f#*» 2h o £ 4c » EcoR I(10u/ul) 0.1yl > ddH201.9ul ** PCR i ¢
37°C p&*» 2h - »> 70C ¥ % % 15min> B pv 4 /5 » 4C T %5 & *

332 REMWRYF I

Erd 4 F BR LRI pFEFE R AS Sulo 10mM ATP 0.5l
EcoR 1 adapter(5uM) 0.5yl »Mseladapter(50uM) 0.5ul T4 DNA ligase (10u/ul)
0 f1pl» R4 ¥ k3 F BB 20 37TCT F B 4h-4CT %54

#

333 FEHAF A

FR®R &R eI @4k AP gl 10xPCR buffer plus Mgzt 2yl »
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B o BRI grepbs FiRie 2 R d 78 i £ 5 2 P

dNTP(10mM) 0.4ul,EcoR 1 preamp primer(10 uM) 0.4pl, Mse 1 preamp
primer(10 uM) 0.4pl » Tag DNA % & ps (5u/pl) 0.1yl - * eppendoff = &
2 ADPCRp&F BEREREFTHH -

PCR ¥ i : 5 2L 94°C 2min; #& ¥ 94°C 30s > 56°C 60s - 72C
60s> % 20 B P %k 5 4C T iR dE *r o NI 15%H AR T AR
REBB AL DT E -ZAL T B AFRI0R 8 4CT Fr & * oo

334 EFEELEBHF K

B~ Sul 3 ¥ 5 1§ R & ;% > 10xPCR buffer plus Mgz+ 2ul » EcoRI 3l
+ (27.8ng/ul) 0.4pl > Msel 51 3 (27.8ng/ul) 0.4pl > Tag DNA % & p= 0.2yl ~
te ok 3 M EAE S 20pl o PCR & if 2 0 £ 94°C 2min> £ 94°C 30s>
65C 30s (= AR AR M 1C) 72C60s 10 B £ 47 ATk 1o ¥ &
94°C 30s > 56°C 30s->72°C 60s- 26 B £ 47 A%k - F ¥ & & * 1.5%
Ao BT ARRBMEBH AT DT E - HAHF BAF F 30 4CTH T -

335 REXP BRIERBIAZSARL
¢ B & % 4 % & * Amersham Pharmacia Biotect = #
Supple-EPS 3501XL & # ik f Hoefer TM SQ3 Sequencer T i # #| &
GBL s LA B ATTO 2 @ o AE-6145 4] ch g & &k o 1
6%:h % 12 ROF G pRrRAE % (B 1999)  1xTBE ¥ rip & (7 T % o
RARER AR I A PR (1993) h2 p e o
TRk fe t Aot 20ml e EE+1980 ml F Gy ok B PR 40min v (B

=
&

FEEE R ) Lm0 3ml P pE+10 5o AgNO3+400p11%Na2S203 »
Z 4 30min 14+ e
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bt =

3.4 Hcdf el

AE e 0™ A E BB AR - BB AT A EBH S RCH
F) MR R R EEOAFIP R R R HE R S 1 o 0 il F B
Ea

# Microsoft Excel # 2 Visual Basic :# 3 % @l «h42 50 (2 % 2000 )
PEABEMIOARSDY BB IR BT ERED - P RESR
(A ) dp 2 2 5] - FHPMHH T K Dipin ik FRP DG

BFERE L Sk T HE BB OGHBH - - BT R P
4'}}&'—]‘”'](np‘lﬁ'l}%ﬁ#%iﬂv‘y%m——ri‘\>ﬁi
SRS E VL= (R PEREHRD SR SE) x100%

BMAFAMESF Po=n/n, H7:m 580 P33 oBMEn S AR
¥ e

i# @ §e 3 ( Genetic distance ; D) = —InS

#p 02 % K (4p B 1 Relatedness ) : % Lynch (1990) 2> ;8 2+ &
F 0 Sij=2 Nij /(Ni+Nj) o 3% ¢ Sij Z4p 02 s8> Nij 52 BHig x5 0
PEefc® NN~ EBRIE]LEG P ROKE -

&TT: #8 & 7 ( Assignment) : & AFLP data analyzer 3+ ¥ 3 & je a4 >
# » MEGA2.0 #r @ > * UPGMA = i i i7 jf 4 & 17> 2 iF 57 B (4n
B M Ktk B relatedness tree) o

Shannon % 44 B # A P i @ 5 % 4y i = -XinXiIN, Xi & 57
A BEEMANRAEF (¢ THERANUES )N LT H
Boend IR oBh % #He o

L R RE B AFLP A E ¥ 5 F- BAF B X ER

# &>t Hardy-Weinberg T @7 5k fs o % 3B 15 F e B A 5 2 M5
ER O HBLTE L BB AT ER A TS o A vt

P

EhEMOGE LR

o

He=1- P;2> P i 32 H B gt o= L 7 g &
L
|4

S

K fc Shannon % & |4 3 #cdx * #c#8 POPGEN1.32 3+ & -
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B AR THe L, TR 2 o2 w12 HjiF

¥z 3

gt

i

417kﬁﬁﬁﬂ4ﬂéﬁ%ﬁﬂﬁﬁDM%ﬁ#$ﬁﬁ%ﬂﬁ%
d 35 2% B AR AR A I P A EY 2 F e WH280 B
Wi BF AR FOHE I REREEI G 28k 5 AT
DNATR 5 ¢ 2 H ) 7 62618 7 b gl B B, H P 405 8 £ (64.7%)
FEROIINBEEE G 0 HA21% F £ (353%) A INA S Kk
B AR SEER o A FIHBH AT (- B BRI
FA B L) P A EEAED P - R (£2)0 AFLPHR e il
WL TR AR T ARSI T RIBEN SRR - BA
1B BMOFH PR LTI RMAA T F Wil KA
S BB 23F]697 % 5 T 3536.831 > 5 H = 2t B & 33.5%~
58.5% 2 R¥ » 12 E-ACAIM-CTG# 1 eh =28 (185) 3. % - E-AGG/M-CAT %
B (79.4% DB B (£2)- BI1% 7 7 51 5 E-AGC/M-CAT# 3 o) -1 AFLP
o W
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it
,\za

B 1: % E-AGC/M-CAT 51 3 33 & % i o et A A & AFLP g X Rl -
=¥ M % 10bp DNA & 3 & = # ( marker)

22 2FREBEHHINFEERHALLATE DNA Y B hh ¥
28 3

31 3 KAk #HOem 5 gk N

E-AGC/M-CTA 28 41 24(58.5%)
E-AGC/M-CTT 30 64 23 )
E-AGC/M-CAT 30 48 24(50.0%)
)
)
)

(

(

(
E-ACG/M-CAT 30 152 83(54.6%
E-AGG/M-CAT 30 136 108(79.4%
E-ACA/M-CTG 28 185 123(66.5%
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B o BRI grepbs FiRie 2 R d 78 i £ 5 2 P

FLE B HEEBIIFRH AL E o KB Lynch 2 X E N B E
shif B Ap ik B m 0.8608-0.9933 0 T 32 0.9342- i 4 B il @ FE AR 4
Bl 5 :0.0082-0.1909,T :5:¢ @ e 5 0.06854 - #7i& Bl 28 B B 48
Shannon % # thip s 01328 FEH fe & R (He) % 0.0800 -

42 FHA
Ry B AR il @ pedp v UPGMAE $4281% B M 7 fFag » 17 > &
WA (R2) 28 BHEE S A < &~ L (clade)r ~ R ¥ jF

+ B X o

21 Clade 1

Clade 2

M
0.01

Bl 2 199 285 5 s ilf i B g G UPGMA % 22 4 o i S A
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BI3AE 7“7 4 #1283 B AEAFLPE 3 F # 45 % A & | > o 2 AFLP A
B w B3 TAEEARUEFAGE AR TSN A
A NI L1009 H B Bl B S 0 A5 — B F M o
PR aE (PR BRSO AT LHFFR TR

B BeRET AR %A 20%~29%4E K R B I - B g o

450
400 T
350 1
fr 00
i 250 r
200 f

150

50'././‘\\:__*
O £ L L T . i l

-9 10~19 20~29 30~39 40~49 50~59 60~69 70~79 80~B9  90~99 100
B A DR R

W3 W Bt R A TS B P L
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B o BRI grepbs FiRie 2 R d 78 i £ 5 2 P

Ak = -3 >
»IF @

51 ¢ AMEHANHA LN R B S HRERKZ R FAFH
AL B ARSI BnE e ARG
TR RS ol R EEREAATE  ERHF R E R
o (9199752000) HE @ 5T PR E X -
AEHKRPESD LB EFAAEL BT B T S
09342 B # i B e T 35 5 0.0680 o B 4 chqp i % B § 97

B

$H W pEAFLPE A T Een g 8 (2 M ~ 7 ) T2 53 > 4
IR - A (A F AT ) DA IR THEN AR Y
BN PR R T @ A S kAP T (0.9290) 0 HEEHENM T 5 S gk
] 5 36.83% » M sk g #FE Y < F 4 (69.2—76.6%) fvE 4 (584
—64% )~ 7 £ (40.07—46.18% ) @ 22 kR >>F - E¥E 4 T 5 F
FrotepPd T BEAS T SBRFUL DD T L
B (£ 4] & + ;He)4 0.0800 - Shannon % 4 |+ 45 # & 0.1328 » & X i¢ *
AFLP# jtrig = #7 3 & 3+ & Shannon % & |+ a‘g g M I R S S 4
PR R S A S LA R A R e LA RER
REOH YL RBAY - BR LA g TS Y el (0542 +;
DeWoody and Avise 2000) - » szt dp 3R & P 4 $ 4t 4 0 @ 5
BRL BHZFhG B ag F BT L R oo
T3 (1997) * Pl HiEF R L P REDR TR TEAR D
- Kk oox TE BFHMALLBPHE F AEE T RYE > ERA
FleEREF > F AT L FAERA TG

— iRk A AT S AR o AR AE Y Rk b
AR DPEFF 5 Gk EHRD oL B (DeWoody and Avise 2000 ) -
Aok R dFRL2ENF TP AL ENRY > FHEKERS o R

i
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i

LaeF A GERBRENFAFARBRES (25~ E k) AL
FOARCEE D R MR R A o TIPS B A A R K
P-tspi ERREREP Y TRIRR AR B LR

vid 0 BERBFGEFHIoAT I REIELL - AT T REEFRY
325 & % (He=0.0800) @ + % #c 5 H P =@ L > kB &
T AL BT AT (allele) A A T 4o

FPFord s o L R A TR A A F R - B R28B B R

RFPE L LA LA AL (clade) @ i H 3V OMEP S BMA YK

BT R AHM o BREE - K o

¥ oeb o g ¢ Rl 7 chShannon ¥ 2 dp #c (0.1328) o 30 @

JE 4 (0.0680) 3% »t 3 (1997) & 7 12& 5 4k 4F 7] £ 4 omtDNA

B 7l 4 47 974F 2 hdiedy (4 9 5 0.0435400.001) 247 % ¢ 7 & il

% e & & (He=0.0800)~ - H A~ 47 & B A4 b 0238 F # B 7+

wrdp 4 chlicdh (0.0115) 3 - 2B LB 7 £d A4 i 85l

o fe PR E P SBEMIAELFHER AP RAEN S RER

g R, AFIREBTL .

52 oAU R I I REFEHK LI

BAFTRET U BAREF DI HRERE (353%)
MA FHREEF T P EHBEHTREF > TARFLEEB AL
HED A GAE A o ek AR T AT A B BEF S
wﬁﬁ%éqmﬁw’fghL LN L SR

moEFE OGBS R R o g - B AT A L3t
G EHFERY L G FEEAF S AR R S DT
iiﬁ%ﬂ’fﬁﬁﬁﬁ?ﬁ@ﬁﬂ’%Wiiﬁi@%&gﬁg
BaAd B FFYTREFEFEIRLDOEITE R .

o WA A A A D R AU FET 2 L

) A~
W

I~

\Aﬁﬁt
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BE RIS F Rk Rdnd e H 2 B

Roood FEDLDEERE DL E
wF R oo Flp M R A pd g

=3

capacity ) &2 5 ¥ pF L)

(exsitu) 2 & ot ip 7 Hriodf o 4 finj
fr/%}!}‘if @téxiﬁﬂy}g%ﬁ;g\_"

FHRT A iTenie B o
@ g oreEE (Ne) ek ] 22— B %3
Bk oo Bl B EE R

e %
WA
- RE
ESRll ¥R HE A
FRORFERINE S B R

Sk A ke A

4—
f

A
[P

s ok
:]y‘ ﬁa =) /f;f— e

3
=
>~

3

Y
-

ROE o 4T 2 R

2

A B4
A H WA T
PG R AT R s
LA e P R A R
PEEFSFRESUEL D@ S
Mok hRE 4 ET %
IRE N SN O -0 A L

TR R T

I

=S

T

i %};F!

P

"\
G

v
:‘3‘

Rl w2

E AR HIABAEF LG g
3 g R

Bk d (R~ E5%
(4 E g kwatkokfod k2 B)

g R EFEREER FPFS 3 RS

T B k{2 (carrying
A L g HERE o B R
e o BF L 0

%J—L B

el 5 2 AR G

.
~=h

s S N < I LI G

EREE S B
AL B ARG
B K 8 e
B e g

uld
I
=
3

)
il

N
g\)
E-S

=1
=]
T
3
"

et

e

' FE
Lo BAHEHIAUA L DT

(A
N

¥

5:1—: N iL’ ,
"

N

R RS |
fo gl X et s A T B

Y ¥ 3

ﬂb »l Eﬁ-»_ﬁ

A

)
I~
o

=
oy
.

IR

S
%= G

i

kA r e

Fed kR3] (B A LR K)o EF A RZ B RS FTF » g
2 AR A EY o F P TP s nE kRS H R
é%ﬁo%&%ﬁﬁ&aim$ﬁ4ﬂaﬁﬂ&éﬁ%ﬁm;é%
EoEEgE o AHB M RAEEI L FERE F-FREF LR
TR BT R A T o Ld k(R @) AR R R R B
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e

Prfes R AREE o deink s Jlokz Bk Ak
Bt o mRFAAE NPT TR FEP A REERFPE AR
@»ww@m«%a%ﬁﬁﬂéﬁwiiﬁﬁﬁ+’@%ﬁ%WW
F2 A A B EFEN DS RMETRF o ARk ARk ¥
BA ARk o Ry ERITP ARE EATE DAL (Red list) 2
e P AREGTOR I EICL AR &R R SR EP AP AAG
Bod oKk A R E (318) ch 1435 o fE B Ak A S B E RS D
AEBRFGOZARF AP VREFES L EER 1 E K
ToREE kL S RFZ PR 2GRS EEE 0 R
Lo FlE oo
TRy OFEFCPFBELFOPREFTFAEOEFEL B H AT
VR g o B A WA P Sk (biodiversity) z & o ¢ 35 A T
(gene)~ ¥ f& (species)~ # i & (ecosystem) %2 ¥ F (landscape)
SHEM e 2 AES G i o FER S RESL G
B+ R FPAFA P ELEMOHL - FP 2 FLRAEL PRI
T aFE it FF o - kR hRE A P b4 o WA
ok okokE (P s @ in s ke sk
R4 RH (patch) > FlpiE A FLEERT B - PR
W%ﬁ%éﬁﬂ%ﬁi%%izwﬁﬁﬁﬁﬁﬁﬁ(ﬁ@gﬂﬁﬁ
M5 k3R i ankE ¥ Local population) o ;‘g-‘?% il @4 anE
ﬁﬁﬁﬁ@%i’mkﬁ FPREBAFZ S HRPE-F BB R
iﬁ@..‘%fﬁﬁﬂ*’%%lﬁ“ﬁw*ﬂ N R ! IR S S <O EAE
PR A g BREY -
HAFI®HE LRTAFEDAFNHG LI iF i F L E D
é%,éﬁﬁgﬁﬁ,wﬁﬁﬁaigmaofygﬁ%ﬁmﬁﬁ
Rk REFFBOE R RF F oy 2 E = (Management Unit ;
EU) ¥ &

i

ﬂ_.
N

*

) hr s o gy s

~

"y

R

X2 P HEME e - AR EE N E

g
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B3 LRI A e 2 e A A e 4 2 B

,ILL,‘ Wi b R D hfic P e o d #k
U gk e & Mol R 3 (metapopulation) o F ¥ &

HEA A hl B AF A OLAT S HEE - 2 LR

)

xR
4N
&
<k

o BIFE 5+ 3 % 3 (regional population) o i @ < JiE A% b
o R G mp IR FNMENERF BREELE RS
BEPFAZAATE c AEFHAREFEFRE T LRI R
HRhyd > #Fhey FAMs NELAFEFEFAFN I KLENLE -
Fle i B AMEFHFE  H > W hWEE v ¢ KA
PRAFSHEM % (2000) B EAFRELE T HE N LR
A LEKETHRPE BT RLET L L RTINS ES IR K
ERCPPAERTF] . FlL RS HRREEE DL RS
FoRe 2 E &71455116@."11-;%-;% B AR A BER § R KR
2R LS I ARSIP: o5 (- A= ol = I
ANBFF AR X ELTERESSF REFIRRETANEL L
#HEF 5 £ B (network) h¥g il » B A A 40 E % o
MM RAREBST FEOFAEHALLIFAAAT DT L o
p & 3 =¥ X (Pseudobagrus ichikawai) & - fa# L 4 % 7 £ 4
ETEFEME o i P
H

b

(dm
&

\4
Py
"

\

WpoAE R E R IR R AR B g
Erichh [fd 2 Fliict 2 2% 0 H- 4z gy
3102 > B2 ¢ 10 (k20 F215%) R FT0% B4 > EH L
G R RME cERHITRARRE CREANNE ST BB KFES
DNAchiE 4 « # ML 2 ¢ A gen % H2 B T4 P oA TEH#
22 2B IR OEEREE (R4) o B ML LT 0 &R0
s FIR G A EE S BIFOGRA o A PR R
4 B 2 }%,ﬁriﬁfra—\ﬂ Prh o AR A GBSz wm s LB B
BEpPZAF RO ) - e P LA AT A
PrREFRaprAaR3gBSE AR PR APREA T S R
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BES

ﬂbﬁﬁﬁ’ﬁi?u%ﬁﬁﬁﬁé%ﬁ%ﬁ%?iﬁﬁoﬂmﬁ

S RBEY AR OB LEE LT B P ERGEAYT

j&%sﬁﬁﬁéﬁ’%ﬁﬁéﬁiﬁﬂéﬁ?wzggo

DO1E:
§ v OOHT I Y- A—0 S WTE S L DK FIRE R (R RN
. @EOREHA S RENE, BRI P VLEECL LT Py IR EERE L
THOLRRESH. S0 BRERRET — )

E 15

W4~ 195 M 605 DNAS 5 432 & 15 32 BINekogigi (X 2 ¥ ¥ ) # #

WEAMRBY ERABREE SRS

5.3 % ¥ Pk 45 * (DNA fingerprinting)2 f& *

PH R R AL K ARG oA DNA B A 4 s

RAPD~ fcii s DNA 2 AFLP = * #f » 3 7 &% % 7R % 387 4p o » AFLP
(TS

& RFLP ¢ RAPD A& 45 R 3L 2 o A7 ch i 3 fe 4y 20 4 45 4L
% #3& F2 DNA 5 - f8

+ (Adapter)dx & > £ 11 7 4

i Rm
TUF PR AT R SRR A
L

R L SIS EEr
DNA 7 g > m 2 L 32 DNA % & %

[ R IF L P R4 R o BN A

/\L %4—#;&:1’:43@*" DNA

T

b R U R N BT B

i%&ﬁ&iﬁ%w’ﬁ—%ﬁé%WF’agiiﬁﬁﬁ’ﬁ?

T 5 M % M % (genetic relationship) £ & % 2 5 B % (pedigree)2 # 3 -
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B o BRI grepbs FiRie 2 R d 78 i £ 5 2 P

AFLP H_% RAPD B it &+ 51 » "L ML B P 27 b T2 &~ i
FOH T4 8 B3 i (selective restriction fragement amplification,

A4

SRFA) #jlr e H A A RE{rf2 A 7 P45 5 Z B2 & H 3 1 % - #H L
Mo i T e DNA % B 2 B P g p o e 7R AR B -
# Z_% T,DNA i B fF ¥4 2. %k 94 1 & &£ 3 (4 adapter or linker)
WS DNA B ERA % $2H L% 25 A1 HEF PR

P B E e 273 A TP ER A DA D g A
i 45 0 DNA ¥ it 7 PCR 4 3 o $kjiFd 0 875 » o PCR 4 4
& A A @ SR RFLP A 45 i fc RAPD v ehzF 4 7
B> 4 RFLP 322 % 2 ch% g o RAPD $ i cn & 4f (g 4 % F 3L » 5]
AR R AR okl B E Y
Z5 7 o & RFLP 4 RAPD # jtr4p vt » AFLP ehi & 22 2 2 PCR #

B3l 0 P B s B RUOURE R 2 s BB S o E B ik A A 7

EN

ZWMA eSS AT RES R %’é_l:’i’%’?'cﬁﬁ'lffﬁﬁ*?ﬁ%ﬁ* 7 3 A
i o d ERBID D ERE R A LS - AP BRBHEF D
PREEF S Y - RSB ERRANED KK
T RHAS DY Rk TR A REL D PO E R o ek R -
BEEak A > PIHMODNAF XA AT R4 483 o b eh > d A
AT T RE Tm B asl - R EEAR- 45 56C &H &
B RAPD € 5 » €A {4 3 L 4t A 18 &3 7 MiEF L7
TooAE - A1 HEEIAT LA KIS o FLT LA
Fli s 4 B4 B A DNA 4y wdicdy > & A 38 2 i A T 2w i gy
BAcdt S PR NN GARE c AF T N6 ERMIF K28 0
B4 AE & ¥ R B 626 0 0 AFLP i5 3 > 221 B 2 B (35.3%) N 4 B
AW S HRmM g T4 AFLP $t4pl & a4t 4 B A DNA
SHRMEE B AP - KRG AP CHRMELFERNEFLED S

S
N

EN

-3‘!%

it ? BEELARDHIT o
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i

Wang % (2004)7 5 6 fhitis ¥R & BHEF AL F HAFF DY
B FAROA TR TR T R R A B A E s FREEE
» oy PFE T REF A R 3 0 F DNAR A 6 %3 PCR3l+
% B = % SCAR ( Sequence Characterized Amplified Region) 3z - ¥ ¢
SRETT - T R FeRALEHErBI T (8) 5 AFLP &
o s TENYHEFE F6 2 H 4 Ry g s
Fo AL AMHEL Y A BEH N SCAR £ A hiF s8R
ARG v EE EFE R L T B A i F oo ik ity 6 58
Mﬂ+mAHPﬁ*@&Ferﬁﬁwﬂhﬁ?mﬁ®ﬁ$@m
R 21 c B R - F B2 FBHEALRESOFE 2 FFfd
VEE YA A B E - A 28 * mDNA ke T 3 0
HBE - koo T EP L AFLP B @ 3 e BEES - N HES
B2 af kBBl armg Lgyfv oo

g AFLP M e 2 2 T Ao A H Aend @ F
Ao FR PR EL YL AAF PR ORGEME B Ry B o 27
L uip o AFLP 2 47 d BRI F R o P B - IEBEX KA AR -
& T g ¥t A F) (allele of the same locus) @ * F /& ( homologus ) °
e d 2 AFLP # 2 P BB S RE (2 U4 e 3 %] 8 B 4
PCR 3+ A4 inEH 2 dk > €359 16bp) > % X W % 2 B 4
BRAPRF (&2 FHrfE) v ¢ I 5 n2bytin ¥ B (nonallelic
fragement) Fl 2 B x| e P BT i kR p 3 K Fl A o e PR
* AR REEFOpRAFRE > A ERE AT R BEERS & FD
FwmoFt AFLIP R FE TG M R A A TR T S B R § i
BRI F 2 TEZRHARP R THEEREFFEALAT AT
B o % % enr 2 (Wang et al., 2004) -
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B o BRI grepbs FiRie 2 R d 78 i £ 5 2 P

e
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AFLP protocol (Silver Staining Method)

Modified by Wang Zhi Yong

B Preparation of genomic DNA  (1st~2nd day)

1. Extraction of (genomic) DNA: best use fresh samples.
2. Run agarose gel (0.8~1.0%) to check quality of DNA
3. Determine DNA concentration by UV photospectral meter. Best all adjust to 50ng/ 1 |

(1 OD25o=50 pg/ml)

B Restriction digestion and ligation: (3 day)

Using LifeTechnologies AFLP Core Reagent Kit:

1. Mix 100 ng of DNA (<18 pl), 5 ul of 5X Reaction Buffer, 2 ul of EcoRI/Msel

2. Add ddH20 or MQ water TO 25 pl

3. Incubate 2hat37°C

4. Incubate 15 min at 70°C, and put on ice (@ stop sample 1)

5. Take 5.0 ul of the double digested products into a new PCR tube, add 4.8 ul of Adapters/Ligation
Soultion and 0.2 pl of T4 DNA ligase (1u/pl)

6. Mix atRT and incubate at 20°C for 2 h

7. add 10 ul of TE buffer (NOT water)

8. Store the reaction at-20'C (@ stop sample 1)

Using BioLabs Reagent:

1. (for one sample) Mix the following components in an appropriate tube:

ddH20 add TO 20 pl
NE Buffer2 (10x) 2.0

EcoRI (20u/pl) 0.125 pl

Msel  (10u/pl) 0.25ul

2. Add 50~100 ng sample DNA (all individuals should be in equal amount) into each reaction tube
and votex slightly (spin down if necessary)
3. Incubate 2~3hat37°C (@ stop sample 1)

Note: The digestion should NOT be done for significantly longer than 3 h.
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4. Add 5pl of the following mix to per reaction tube:

NE Buffer2 (10x) 0.5l

BSA  (10mg/ml) 0.025 pl

ATP  (100mM) 0.05 pl

EcoRl adapter (5.0pM) 0.5 ul

Msel adapter  (50pM) 0.5l

ddH.0 3.35 ul

T4 DNA ligase (0.4u/pl) 0.1l
5. Incubate 3~6 h at 37°C
6. Store the reaction at—20°C(@ stop sample 1)

@ stop means can be stopped at that step.

| Pre-amplification: (4t day)
Pre amp Reaction ()
MQ water 13.4
10X PCR buffer 2.0
2 mM dNTPs 2.0
25 mM MgCl, 1.2
EcoRI preamp primer (37 pM) 0.17
Msel preamp primer (33 uM) 0.17
Taq (5u/ul) 0.1
DNA (adapter ligased) 1.0
Total 20.0

Pre-amp program:

94 C 2min
20 cycles of: 94 C 30sec
53 C 30sec
72 °C 1min
Hold at : 15 C (@ stop sample Ill)

After the PCR, take 6 ul to do electrophoresis (run on 1.5% agarose gel), then make
1:3~15 dilution of the reaction with TE buffer pH 8.0, or with MQ.

(@ stop sample 11I-2)

42



Vg =

u Selective amplification:
Per reaction
MQ 8.7
10X PCR buffer 2.0
2mM dNTPs 2.0
25mM MgCly 1.2
EcoRlI primer (10 uM) 0.5
Msel primer (10 uM) 0.5
Taq 0.1
DNA (from pre-amp rx) 5.0
Total 20.0
PCR program:
9% C 2
65 C30"
7”2°C7T
then 10 cycles -1 C
94 C 30
65-56 C 30"
72T~
then 28~30 cycles (for 68 well comb), or 25~26 cycles (for 45 well and 49 well
comb)
94 C 30
56 C 30
72 C1
then
72°CY¥%
hold
4 °C (@ stop  sample V)

Prior to running the samples need to have 6-10 ul formamide stop solution added
and then to be concentrated by evaporating at 90 “C for ~25 min.

Electrophoresis and analysis of AFLP products: (5t day)

2X formamide buffer:

99% deionised formamide

10 mM EDTA

0.05% wiv xylene cyanol
0.05% w/v bromophenol blue
10X TBE buffer (in 1 L):
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Tris-base: 108 g
Boricacid:  55¢

0.5 MEDTA (pH 8.0): 40 ml
dH0: add to 1000 ml

8.11M Urea-TBE solution (in 1 L):

Urea: 486.5¢
10X TBE: 100 ml
dH0 : add to 1000 mi

Prepare a 5% acrylamide gel (with 7.0 M Urea):  In the hood!!!!!!!

For BioRad large gel tank, 0.4 mm comb : need about 86 ml
For BioRad Iarge gel tank, 0.75 mm comb : need about 165 ml
For =iy ] % WJFWHEE » 0.45 mm comb: need about 70 ml

For BioRad large For 70 ml
gel tank, 0.4mm
comb
8.11M Urea-TBE 76 ml 60.5 ml
40% acrylamide/bis M ml 8.75 ml
acrylamide
TEMED 60 ul 45 ul
10% AMPS 540 ul 430 ul

Glass preparation:

1. Wipe glass with kimwipe and ethanol

2. Fixed glass should be treated with Sigmacote or Repel Silane, and the edge of

free glass should be treat with Bind Silane.

Set the free galss into gel rig

Inject gel solution

Insert comb into the gel

Let it polymerize for at least 2 h (Important: above side should be slightly lower

than the bottom side.)

7. Remove the comb slowly and carefully. (& The well might be destroyed when
remove the comb too fast)

ook w

44




Mg =

Gel loading and running:

1.

Nk Wb

©

1.

12.

13

Fill the lower and upper chambers with 0.5~1X TBE (lower: 400~500 ml; upper:
1cm higher than the short glass, about 1000 ml).

Flush wells with dropper and pipet

Pre-run: temperature 55 °C; constant power 135~145W, 0.5~ 1 hr.
Denature samples and AFLP ladder when pre-running

Check the temp

Stop the power

Flush wells with pipet

Load 2.5-3.0 ul (for 68 well comb) or 5.0~6.0 ul (for 49 well comb) of sample; 3
wul of ladder

Set the power at:  temperature 50 “C; constant power 110 W, 3 hr

. Stop the running after 2.0-3.0 h (bromophenol blue has run off and xylene cyanol

(the green dye) be about 13 cm above the bottom)

Drain the TBE buffer back to bottle (it can be reuse for 1~2 times), remove the
clinchers, then carry gel plates to the sink. Run cold water over the outside until
plates cool.

Place plates on desk with front (glass) plate underneath. Prise plates apart very
carefully and remove the gel rig and spacers.

. Dip the gel (on glass plate) in fixing solution (see bellows).

Silver staining:

Fixing and stopping solution: 1~2% Acetic acid
for 1800 ml, add 18~30 ml  99% Acetic acid to 1800 ml ddH.0
Staining solution: AgNO3 0.2%, Benzeen sulphonic acid 0.07%

for 1600 ml, AgNOs 3.2g, Benzeen sulphonic acid 1.02g

Notes: Staining solution can be reused for 3~4 times. Just need to add ~1.0g
AgNO3 to the old solution when reuse.

Developing solution: Na:CO3 2.5%*, NaxS;03 0.002%, HCHO
0.037~0.056%. for 1800 ml, Na,COs3 45g, 10% Na>S:03 360ul, 37%
Formalin 1.8~2.7 ml Notes: 2.5% Na>COs can be replaced by 0.5%
NaOH.
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Staining procedure:

Fixation 0.5 hr ~ overnight
Wash: 300~500i;nl dH20, 2-3 min
Staining 2¢5~ 30 min
Wash: 200~50% ml, 20 sec
Developing 3~ 6 min (V}ltch the bands carefully)

Stopping: pour the Fixing solution into the Developing solution
Wash the gel with distiled water

\2
dry it
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Similarity 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1

2 0.9368

3 0.8869  0.9144

4 0.9145 0.8870  0.9576

5 0.9253 0.8780 0.9423  0.9749

6 0.9721 09344 0.8693 0.9106 0.9251

7 0.9382 09742 0.9093 0.8778 0.8845 0.9526

8 0.8844 09161 0.9884 0.9500 09346 0.8648 0.9069

9 0.9162 0.8765 0.9486 0.9775 09737 0.9065 0.8611  0.9521

10 0.9617 09282 0.8614 0.9049 09136 0.9816 009378 0.8608 0.9026

1 0.9333 0.9649 0.8947 0.8718 0.8784 0.9393 0.9752 0.8963 0.8631  0.9393

12 0.9729  0.9308 0.8873 0.9187 09159 0.9743 0.9406 0.8869 0.9165 0.9660  0.9357

13 0.9338 09634 0.9091 0.8815 0.8764 0.9356 0.9804 0.9108 0.8688 0.9377 0.9686  0.9468

14 0.9437 0.9668 0.8984 0.8733 0.8858 0.9496 0.9794 0.8980 0.8724 09433 0.9828 0.9460  0.9707

15 0.9270  0.9670 0.9170 0.8854 0.8765 0.9268 0.9687 0.9228 0.8847 0.9247 0.9572 0.9294 0.9708  0.9677

16 0.9418 09631 09145 0.8786 0.8774 0.9350 0.9780 09162 0.8758 0.9286 0.9662 0.9528 0.9846 0.9770  0.9727

17 0.9389 09666 0.9119 0.8802 0.8829 0.9407 09836 0.9136 0.8734 0.9343 0.9696 09498 0.9836 0.9782 0.9675 0.9923

18 0.9437 09711 09045 0.8772 0.8898 0.9454 0.9816 0.9061 0.8744 09370 0.9763 0.9397 09707 0.9892 0.9656 0.9748  0.9804

19 0.9421 09719 0.9046 0.8732 0.8838 0.9502 0.9912 0.9063 0.8683 0.9417 0.9772 0.9444 0.9803 0.9880 0.9750 0.9845 0.9901  0.9880

20 0.9418 09653 0.9063 0.8786 0.8714 0.9393 0.9824 0.9080 0.8677 09372 0.9684 0.9442 09846 0.9748 09727 0.9867 0.9878 0.9770 0.9867

21 0.9465 09612 0.9028 0.8832 0.8781 0.9439 09782 0.9024 0.8705 0.9397 0.9729 09467 0.9781 0.9793 09664 0.9801 0.9813 0.9793 0.9824  0.9¢
22 0.9231 09372 0.8915 0.8730 0.8698 0.9188 0.9449 0.8911 0.8663 0.9229 0.9569 0.9255 0.9469 0.9609 09380 0.9529 0.9499 0.9504 0.9510 0.9
23 0.9471 09642 0.9072 0.8735 0.8743 0.9403 09791 0.9089 0.8726 0.9360 0.9651 0.9495 0.9791 0.9759 09738 0.9878 0.9845 0.9759 0.9856 0.9
24 0.9350 0.9561 0.9022 0.8770 0.8698 0.9326 0.9685 0.9018 0.8682 0.9347 0.9634 0.9396 0.9728 0.9740 09634 0.9769 0.9738 0.9654 0.9727  0.9¢
25 0.9483 09631 0.9083 0.8806 0.8774 0.9436 0.9802 0.9080 0.8737 0.9372 0.9727 09506 0.9802 0.9814 09706 0.9867 0.9856 0.9792 0.9867  0.9¢
26 0.9458 0.9672 0.9098 0.8739 0.8726 0.9389 0.9823 0.9116 0.8710 09325 0.9682 0.9482 0.9800 0.9791 09748 0.9933 0.9878 0.9791 0.9889 0.9
27 0.9064 09351 0.8995 0.8711 0.8640 0.8983 0.9386 0.9011 0.8624 0.9044 0.9274 0.9048 0.9427 0.9335 09317 0.9443 09436 0.9356 0.9424 0.9
28 0.8687 0.8780 0.8538 0.8540 0.8469 0.8691 0.8786 0.8552 0.8453 0.8791 0.8948 0.8793 0.8928 0.8944 0.8764 0.8919 0.8893 0.8862 0.8841 0.8
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Distance
1
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1

0.0652
0.1200
0.0894
0.0776
0.0283
0.0638
0.1228
0.0875
0.0390
0.0690
0.0275
0.0685
0.0580
0.0758
0.0600
0.0630
0.0580
0.0597
0.0600
0.0550
0.0800
0.0543
0.0672
0.0531
0.0558
0.0982
0.1408
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0.0895
0.1200
0.1301
0.0678
0.0261
0.0877
0.1319
0.0745
0.0358
0.0717
0.0372
0.0337
0.0336
0.0376
0.0340
0.0293
0.0285
0.0353
0.0396
0.0648
0.0365
0.0449
0.0376
0.0333
0.0671
0.1301

3
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0.0434
0.0595
0.1401
0.0951
0.0116
0.0528
0.1492
0.1112
0.1195
0.0953
0.1072
0.0866
0.0894
0.0922
0.1004
0.1002
0.0984
0.1023
0.1148
0.0974
0.1029
0.0961
0.0945
0.1059
0.1580

0.0254
0.0936
0.1303
0.0513
0.0228
0.0999
0.1371
0.0848
0.1261
0.1355
0.1217
0.1295
0.1277
0.1310
0.1356
0.1295
0.1242
0.1359
0.1352
0.1313
0.1272
0.1348
0.1380
0.1579

0.0778
0.1227
0.0677
0.0267
0.0903
0.1296
0.0878
0.1320
0.1212
0.1319
0.1308
0.1245
0.1168
0.1235
0.1377
0.1300
0.1395
0.1344
0.1395
0.1308
0.1363
0.1461
0.1661

0.0486
0.1452
0.0982
0.0186
0.0626
0.0261
0.0666
0.0517
0.0760
0.0672
0.0612
0.0562
0.0511
0.0626
0.0577
0.0847
0.0616
0.0697
0.0581
0.0630
0.1073
0.1403

0.0978
0.1495
0.0642
0.0251
0.0613
0.0198
0.0208
0.0318
0.0222
0.0165
0.0186
0.0088
0.0177
0.0221
0.0567
0.0211
0.0320
0.0200
0.0179
0.0634
0.1294

0.0491
0.1499
0.1094
0.1200
0.0935
0.1076
0.0804
0.0875
0.0904
0.0986
0.0984
0.0966
0.1027
0.1153
0.0955
0.1033
0.0966
0.0926
0.1041
0.1564

0.1025
0.1473
0.0872
0.1407
0.1365
0.1225
0.1327
0.1354
0.1342
0.1413
0.1419
0.1387
0.1435
0.1363
0.1413
0.1350
0.1382
0.1480
0.1681

10

0.0626
0.0346
0.0643
0.0584
0.0783
0.0740
0.0679
0.0651
0.0601
0.0649
0.0622
0.0802
0.0661
0.0675
0.0649
0.0699
0.1005
0.1288

11

0.0664
0.0319
0.0174
0.0438
0.0344
0.0308
0.0239
0.0231
0.0321
0.0275
0.0441
0.0356
0.0373
0.0276
0.0324
0.0753
0.1112

12

0.0547
0.0555
0.0732
0.0484
0.0515
0.0622
0.0572
0.0574
0.0548
0.0775
0.0518
0.0623
0.0506
0.0532
0.1001
0.1287

13

0.0298
0.0296
0.0155
0.0166
0.0298
0.0199
0.0155
0.0221
0.0545
0.0212
0.0276
0.0200
0.0202
0.0590
0.1134

14

0.0328
0.0233
0.0220
0.0109
0.0121
0.0255
0.0209
0.0399
0.0244
0.0263
0.0188
0.0212
0.0688
0.1116

15

0.0276
0.0331
0.0350
0.0253
0.0276
0.0342
0.0640
0.0266
0.0373
0.0299
0.0256
0.0708
0.1319

16

0.0078
0.0255
0.0156
0.0134
0.0201
0.0483
0.0123
0.0233
0.0134
0.0067
0.0573
0.1144

17

0.0198
0.0100
0.0122
0.0188
0.0513
0.0156
0.0266
0.0145
0.0123
0.0581
0.1173

18

0.0121
0.0233
0.0209
0.0509
0.0244
0.0352
0.0210
0.0212
0.0666
0.1209

19

0.0134
0.0177
0.0503
0.0145
0.0277
0.0134
0.0112
0.0593
0.1232

20

0.011
0.043
0.010
0.018
0.011
0.009
0.048
0.116



4~

Clade 1 and 2 pairwise difference

Diff Observed Model Freq. obs model
0 0 0.1 0 0.000414079
1 0 0.1 0 0.000414079
2 0 0.1 0 0.000414079
3 0 0.1 0 0.000414079
4 0 0.2 0 0.000828157
5 0 04 0 0.001656315
6 1 0.7 0.003558719 0.002898551
7 2 1.2 0.007117438 0.004968944
8 4 1.8 0.014234875 0.007453416
9 2 25 0.007117438 0.010351967

10 4 32 0.014234875 0.013250518
1" 6 38 0.021352313 0.01573499
12 5 43 0.0177935% 0.017805383
13 2 47 0.007117438 0.019461698
14 5 49 0.0177935% 0.020289855
15 3 5 0.010676157 0.020703934
16 4 5.1 0.014234875 0.021118012
17 5 5.1 0.017793594 0.021118012
18 8 5 0.028469751 0.020703934
19 9 49 0.03202847 0.020289855
20 5 48 0.0177935% 0.019875776
21 5 48 0.0177935% 0.019875776
22 3 47 0.010676157 0.019461698
23 5 46 0.01779359%4 0.019047619
24 4 45 0.014234875 0.01863354
25 8 44 0.028469751 0.018219462
26 2 43 0.007117438 0.017805383
27 7 4.2 0.024911032 0.017391304
28 2 41 0.007117438 0.016977226
29 6 4 0.021352313 0.016563147
30 3 39 0.010676157 0.016149068
31 5 38 0.01779359%4 0.01573499
32 4 38 0.014234875 0.01573499
33 3 37 0.010676157 0.015320911
34 6 36 0.021352313 0.014906832
35 0 35 0 0.014492754
36 1 35 0.003558719 0.014492754
37 2 34 0.007117438 0.014078675
38 1 33 0.003558719 0.013664596
39 0 32 0 0.013250518

40 3 32 0.010676157 0.013250518

41 2 31 0.007117438 0.012836439

42 1 3 0.003558719 0.01242236

43 2 3 0.007117438 0.01242236

44 3 29 0.010676157 0.012008282

45 1 28 0.003558719 0.011594203

46 3 28 0.010676157 0.011594203
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
4l
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
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2.7
2.7
26
26
25
25
24
23
23
22
22
22
2.1
2.1

1.9
1.9
1.9
1.8
1.8
1.7
1.7
1.7
1.6
1.6
1.6
1.5
1.5
1.5
14
14
14
1.3
1.3
1.3
1.3
1.2
1.2
1.2
1.2
1.1
1.1
1.1
11

- A a

0.017793594
0.014234875
0.007117438
0.021352313
0.007117438
0.021352313
0.017793594
0.024911032
0.007117438
0.010676157
0.021352313
0.014234875
0.0177935%4
0.014234875
0.017793594
0.017793594
0.014234875
0.003558719
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	Modified by Wang Zhi Yong
	Taq (5u/(l)
	After the PCR, take 6 (l to do electrophoresis (run on 1.5% agarose gel), then make 1:3~15 dilution of the reaction with TE buffer pH 8.0, or with MQ. 
	(● stop    sample III-2)

	Taq

