T 2

il

RES082

i

TR O RN
H
XYY 72

~-

LY

sty

Al G
. KIS x.._
A A
.\A .

i
v




T EB/BILRE R E X 5N

NS REER TRRAETEERET
\ Mook & M OW % O OH &
h o B B AH— & — H

L




% =S

ZAHERHIEEERTHANEN KL, SNAKABREERF
EEWEEGEHE, YHRESPHUEBERBIEEZ S, UER BT
BESIAR, JHEENOE. SHEESTE2NSERAlY
ZERE, ISR MEERALEIFHESN., s aoked
b ZEEMS' w204 BHENEINE, HXBANEHMEILE
(Cervus nippon taiouanus). — % C.p.hortulorum, — % H & H§ 1
B (C.o.nippon) . —%C.n.pseudaxis® —%C.elavhus xanthopy-
gus o BENSHBHEEESE b XEMI HBEIT @R+ —
&, HXEAMNELGHBEIEE (C.n.tajouanus). — % C.n.hortule-
rus . — ¥ B &HEIE® (C.n.nirpon) . —%C.n.pseudaxis R — %
C.elaphus xanthopysus - T ABEEMNEEEHYBEFIHAR, Ex
TERENNEIBEASHRANESRE, cMBIEE2EREaRD &
HERE3IHOPOBEEBENE (IR —-HEEB) , HF
—~E@/N, KBFEMEEIN S FH2HEERT, RT LA 85— %4
M EBENECEEBIEEYEBRE - ERORE, 24 8aA8—
AN EErFBRREBEBIEE, BrATEENRE. AWERFEAZHF &
TRHRDHARAMPMELEREDE,

" —n

g

WGIERE (Cervus nivoon) FH L HHE, HERTHES, H
ERERCEFNEFVERE T DE -5 MMWIEE (C.o.taiovanus) o -
ERTHFRLABNESZGEEBRERTHE, OARBGHLELHY
H2BIERGEIEFZEBEER, EXREEHBERNENTNER.
HEFUYNERTHENS, F-HUBET2TH, DATHET K
BmEELEE, UVRRFRZENRATEGNEEREREE., aRET
CEHSTEXAN —BEEBEYH, S LA IFSEEAER, &3




BOHABEZ-HNAKAGERRERNSREREE.,

RGBS - EBEEHERERTERESENAN TETIR RN
RENBETSE, HREEHRNAR R LB L OEREYI &
FRE, UMNMREFEROBOSRE., RN ERS ESH
ERERERP, ¥ 208N BEBARHMEM SIS EEgT,
AUEFHEENOAEFAEE, UBEBIXERASINETER D,
BT - EREHAXREHRENATHEER, ZBAANTRIY
AEABEHRRAFENHRHE,

THHITERARBZHWR. LEZLEITRBEEERA IR BN
tb# (Feldhamer,1982bivan Tuinen,1983:Sung,et al.,1985:Sung,

et al LIMEELHEARERENERBANLBEH, CEHILE

LHBEHBRAMERSG ., EETHRENERNBHEELPREAHKYD
 MARPBRZEZBEER, .

FRAABEZELEIN BN LR BN EEER, 3
HuEELtal LD ] (displacement loop:D-loop) HEBRE G
BHRERD E8 | FRATAGRKRE (PCR) 2B AXRBIWH
Fal. AaRNSBBEARISIEMAEH. HEAE LR FREY
B, RENBBNOIAETREFSHER, EEF-FANNLSA M
K, IMFEFLRBREERIIN—BERD, EFSHERBOTLEE S
HER, RBHLBEED—SBR . AN XEBLBREA A
RtBHGFT .

8 B 75 A

— . DNAR K2l E

RISOEHR, EEERBELTANEBREER (2ER=HEH)
REGSIEREF, CBERPHTRAMEASRETES AR, X —8%
BEREBEAR, EFH, L8 UR2TEAEE, BT -HEBRLER
HELATIHYRIIAERERE, —BEZAZEBEREBIE, LY
HYULIIEEL., BRACBRHONBRBREREL, TR TERMKBI0EE
EBORBRB2amE, FLARERUBINIG B, BEL10HE
hEZELOBEREGFBLEGRNE. AT ITHYENE11H8
BEx, BEFEDOREARETONEFTABREAR . ARBT2HFTERS
REGLETIEYE, ALEEBR2LERRA-RE&EHR,

HMEWIEEBE®E: Con.hortulorunr B C.n.pseudaxis, B — &
IR SMEME :C. elaphus xanthopygus, HDNA B A B &
HE YR E M George AnatoRMB, BAMIEA (C.n.nirpon) W&
#4 A ESendai KB Y Seiki TakatsukiB WG,



RORANEAEEETTHPINA M HERABE Byt am,
phenol/chloroforer BREWBWMZ, FHZBUBERX (FHFRR
fﬁﬁ—') o

SV RAmRFEERFINSH ‘

FAAESMREERNSEIN 93) BHER S AREERD &
B FEIoHt% (Saiki,et al., 1988, % —=) , E—XkEHEH
primer L15926 RHIGASH N S B REAM T — 2580 BREMHERK
X, ERBESHED Bii397 BHE, A ALEFEA—-BRAD EDNA,
BARTAGBrrineri S HHEITFHMEMBA ¢ L159267H16498, L1

/ H18498 5 L2/ H16498, L15926  H2R L1,/ H2, PCR Z & ¢ A 094" —
T oRE, 600 —HE, 72" ZEHE, BEERE,

WHREHED DNMAZHR S 4 F Aperiner L14341 R R15015 KA — B &
1074 M EMH R B, BB AMAHHEM priner BHEEHRINA ., IFEHEZ
primer& WM T : 114841,/ H15915, L15408,/ H15767 B L15609/
H15915, BperinerfI A R R~ PCR 2K &AM —5H8E, 50°
—5E, 72° — @&, EER. '

CEL BHAH

WaRE®ED FIHFILE, EEREREVERE P RERAS
HEE, EAFTENNSHEEYH, FEHAELEIXBATE,
ATHEHABRERD E0ENN - EBEER, BTN E=BEE
RAGEXBREE-RE_NER, IUERILBDPE=MNEE
RBRLELE-RE-NEBZERAS . HREZNEESXRTYTW A H
¥, ﬁﬁﬁﬁﬁZ%‘&%:ﬂEEﬁ{bﬁﬁiﬁﬁﬁ?o BEFAR
REREBEHETZRVUE, R ENGEE2sRIm2ET
ERMBIRIPRERY, FiScER2—HLY, REgREHRE
2 U RE WY I &% B & o

EREZHERZFERPUYILIP2H AL EHEE (Felsenstein,1987)
BWE, HEHMESHRT - B%E8 2bootstrap ﬁﬁﬁiﬁ”ﬁ‘ftﬁ‘ﬁ
AAANEIRFTANERESASETR @M,

e

=+ D ®EF

BRBAERE®E priner HERD RETHR A, TRBREIL
BEHD) REEAHDI000EEE,

FHITE 2D REF397 EAE, ®E Dybowski's H It FE,




Tonkin M, BAMIEKER Asian vapiti, BREBILE2E Y
ECAER, REGICE HAsian varitiMEREER, FRESR
REBANEEIUD REAMBEISREMIN, 37 BSREa 2 H

—

]

T.HERERD B

WEEZS'HF204 BRARBHASFH, LNENER, B2F
BRE=; 3% <2375 @ﬁﬁknﬁ{ﬁﬂﬁiﬁb‘ﬁ. HPRBEIISEE, g7
JIIRHE=,

2264 MRMERBATHITEASEMNEE, HOFESSEDRYE
—HE, ZEREE_M8, NERSCZNE  BRME -MUBH B
, BEZNEBEHF B, EZREEANEBHRALRE-BEEEL, KER
HREHARLBEREBRR: S BHE - U ESRRABEE=4E
PRETEZEAA, AAC-SER YRR LN ERERE,

3T HRERBRIAENESE : 10BEE—-NE, 4 BEE=
E, R ER=ZNE :  F RIS - I B AERE =B E 228K
ERHEAN TRERE - ESEBERZEE=WESRELAR, B
HE-SRASIEEBRLONTEERE,

EIREFAABEAEIXREHRAE, G/ ESHBILEZRNEERE
BAEXH, LS RE T EHFERNAN S S LA ANASTHE A LS
BORBEE, #RBABRVPEREBENSN, CEEHERNHEESE
HENMENEAENAZPOERSRE., ANMHKESELFETE
HEARBERAX, AR T A A NATENEARKE.,

MEMBRBIEEERTIPIMAN, HE-—HBUNEEEFM15613
BNBER-—BEEHBR, BB EHESHETR, LB EEE
EHRAER P EEEY, VDEBET - XKEBRY, UEQRANE
FEHERY, BELHAMEEROBESSLES.,

HUBRAAWMERRE, - REB X RSB rBiiEaARL M
2R, ALEERERENSRERNE; BB gt bmug s
SEBEREAZERZH, ALFEMSREBLESERRESY,
mMTPL34 BEEEHE., A r 245 EILE.,

RTHHENETREYE, DR CH 2 HERANAEE % B PHY-
LIP B=Z=HFARAMBBETERENGE, SRIRE", BHma £
F2EHERNELSE, ECEREAREE) ERMS B EAEER

EEALEAF B IR, EREMAGIEENLMOBEEARIOY
#)50 bootstrap trials 4O, B REGQJIEEEHI0EHE
P, FUESHBEEIONES50 bootstrap trials o B Me
RRXEE-RE-NVEFLZEGROD A EHEBZELE, I 5 -85
BREBAEKXKIOHBS0 bootstrap trials B,

EZFERLESYEBD, cEEIEERTTPI 4 BRE —~



WUMOER (R-E-HEE)  RafETRN -—EHEXRE,
TPZ34 ZEEB W "REBAGHRBEEE, BEEHW: AL, IR EDE
c BERAE-RE_NBEERREAEN, DEERGRAGERAE,
AMEUBANAZERADARBETHERLENERHKE,

a 2ty
st o

HRYBETS, BTTPIM A, ABNEZHIEE, BEEXBE
PEBSRRN -EH . FOIGEERBREABECMMILRE, MTPL3Y
MREUENAY, CREETRARFABEEENERERTRA
EEMEFAANEEY, CUBRERRBNRE, BHRTPI B
HYETOEE, THETHEDEN, BLERATPIY DERE EE
tE, ThREAWEBIRAONGREEEY, ARTPLIL FAXKER
BymsdEmikgl, B - SHARENESOEEAERETUR
RILREH
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Name of primer Sequence

(D-loop)

L159262 S TCAAAGGTTACACCAGTCTTGTAAAC-¥

L1 5. CAAGGAAGAAGCTCCAGCTCCACC-3'

H1 5-GGTGGAGCTGGAGCTTCTTCCTTG-3' (complement to L1)
12 S TTGTACATTATGCACCCAATGC-¥

H2 5§.GCATTGGGTGCATAATGTACAA-3' (complement to L1}
H164982 5.CCTGAAGTAGGAACCAGATG-3'

{cytochrome b)

L148412 5-AAAAAGCTTCCATCCAACATCTCAGCATGATGAAA-3
H15149Db 5.CCTCAGAATGATATTTGTCCTCA-3'

L.15408¢ 5" ATAGACAAAATCCCATTCCA-3'

L15609 5. ATTCTACGATCCATCCCAAACAAACT-3'

H15767 5 ATGAAGGGATGTTCTACTGGTTG-¥

H15915¢ 5 GGAATTCATCTCTCCGGTITACAAGAC-3

H and L refer 1o light and heavy strand. Numbers refer to the position of the 3’ end of the oligonucleotide
according to the numbering system for the human sequence (Anderson, ef al. 1989). L1, H1, L2, and H2 are
specific for sika deer, Their positions are noted in Figure 1.

aprimers described in Kocher, et al. (1989).

bDescribed in Irwin, e7 al. (1991) and modified according to fallow deer sequence.
“Described in Irwin, et al. (1991).
dDescribed in Edwards, et al. (1991).

B — . K75 R 4 B8 D-loophy B 397 (B B8 3K AE 31

TATGGGGCAT TTACAAGATT TTTAATTCCT ATGTTAGCAT TAAARATAACC
TARATCTCTA TGTATTTCCA TGGATACCTG CACCTCCACA TTAATGTGTA
ATATCATGCA TAATATGTAT ATTTGTACAT TATGCACCCA ATGCATATAA
TAAATAATAT TGCAGAATAC ATARATATTA TTGATTGTAC ATAGTTCATT
AATTCTAGTC AACATGCATA TGATATCCAA AAGATCACAA ACGTCATCAG
GAAACCGTCA CCCCACTTIGG CAGGTGTACC TCTTCTCATT CCAGGCCCAT
GGTTTCTATT GGATGAACTT TA

AMATTTTTGT
TGATCTATCA
CATATATATC
GCATGTATGT
AAGTCARATC
CAGGCTGCAT
AGGTTGTGGA




L T G L F L A M H Y T S P T M T A F s S v T H

Dama CTC ACA GGC CTA TTC CTA GCA ATA CAC TAC ACA TCA GAT ACA ATA ACA GCA TTC TCC TCT GTC ACC CAT
Awap CTC ACA GGC CTA TTC CTA GCA ATA CAC TAT ACA TCC GAT ACA ATA ACH GCA TTT TCC TCT GTC ACC CAT
byb CTT ACA GGC CTA TTC CTA GCA ATA CAC TAT ACA TCT GAC ACAR ATA RCA GCA TTT TCC TCT GTC ACC CAT
ML. Goyo CTT NCA GGC CTA TTC CTA GCA ATA CAC TAT AYA TCY GAC ACA ATA ACA GCA TTC TCC TCT RTC ACY CAT
Tonkin NTC ACA GGC CTA TTC CTA GCA ATA CAC TAT ACA TCT GAC ACA ATA ACA GCA TTC TCC TCT GTC ACC CAT
THI16 CAT ACA GGC CTA TTC CTA GCA ATA CAC TAT ACA TCC GAY ACA ATA ACA GCA TTC TCC TCC GTY ACT CAT
TPZL9 CTC ACA GGC CTA TTC CTA GCA ATA CAC TAT ATA TCC GAC ACA ATA ACA GCR TTC TCC TCC ATC ACT CAT
TPZ34 CTA ACA GGC CTA TTC CTA GCA ATA CAC TAT ATA TCC GAC ACA ATA ACA GCA TTC TCC TCC RTC ACT CAT
TPZ49 CTA ACA GGC CTA TTC CTA GCA ATA CAC TAT ATA TCC TAC ACA ATA ACA GCR TTC TCC TCC ATC ACT CAT
14879

I C R D v N Y G W I I R Y M H A N G A 3 I F F

Dama ATC TGC CGA GAC GTC AAC TAC GGC TGA ATC ATC CGA TAC ATG CAC GCA AARC GGA GCA TCA ATA TTC TIT
Awap ATC TGT CGA GAT GTC RAT TAT GGT TGA ATT ATT CGA TAC ATA CAC GCA AAC GGG GCA TCA ATA TTT TTT
Dyb ATC TGT CGA GAT GTC AAC TAT GGT TGA ATT ATC CGA TAC ATA CAC GCA AAC GGG GCA TCA ATA TTT TTC
Mt. Goyeo ATC TGT CGA GAY GTC AAC TAT GGY TGA ATT ATC CGA TAC ATA CAY GCA AAC GGA GCA TCA ATA TTC TIC
Tonkin ATC TGT CGA GAT GTC AAT TAT GGT TGA ATT ATT CGA TAC ATA CAC GCA AAC GGG GCA TCA ATA TTC TTC
TH916 ATC TGC YGA GAT GTC AAT TAT GGC TGA ATC ATT CGA TAT ATA CAC GCA AAC GGG GCA TCA ATA TIT TTC
TPZ19 ATC TGC TGA GAC GTC AAT TAT GGC TGA ATT ATC CGA TAC ACA CAT GCA AMC GGA GCA TCA ATA TTC TIC
TPZ34 ATC TGC YGA GAY GTC AAY TAT GGC TGA ATT ATC YGA TAC ATA CAT GCA AAC GGA GCA TCA ATA TTC TTIC o
TPZ49 ATT TGC TGA GAC GTC AAT TAT GGC TGA ATT ATC TGA TAC ACA CAT GCA AAC GGA GCA TCA ATA TTC TTC
14948

I c L F M H v G R G L ¥ Y G S b4 M F L E T W

Dama ATC TGC CTA TTT ATG CAT GTA GGA CGA GGC CTA TALC TAT GGA TCG TAT ATA TTC CTA GAA ACT TGA
Awap ATC TGC CTA TTT ATA CAT GTA GGA CGA GGC CTA TAC TAC GGG TCA TAT ACT TTT CTA GAG ACT TGA
Dyb ATC TGC CTA TTC ATA CAT GTA GGA CGA GGC CTG TAC TAC GGA TCA TAC ACT TTT CTA GAG ACT TGA
Mt. Goyo ATC TGC CTA T?C ATA CAT GTA GGA CGA GGC CTG-TAC TAC GGA TCA TAT ACY TTT CTA GAG ACT TGA
Tonkin ATC TGC CTA TTC ATA CAT GTA GGA CGA GGC CTG TAC TAC GGA TCA TAT ACT TTT CTA GAG ACT TGA
TH916 ATC TGT CTA TTT ATA CAC GTA GGA CGA GGC CTG TAC TAC GGA TCA TAC ACC TTT CTA GAG ACT TGA
TPZ19 ATC TGY CTA TTC ATA CAT GTA GGG CAA GGC CTG TAC TAT GGG TCA TAY ACC TTC CTA GAG ACT TGA
TPZ34 ATC TGC CTA TTC ATA CAT GTA GGR CGA GGC CTG TAC TAC GGA TCA TAT ACT TTT CTA GAG ACT TGA
TPZ49 ATC TGT CTA TTT ATA CAT GTA GGG CAA GGT CTA TAC TCT GGG TCA TAC ACC TTC CTA GAA ACT TGA
15017

= . AEECHERd EHE MHE264 ERMESA RMHY : LRGP LT ZHYE:
Tonkin, Tonkin #GIEME : Mt.Goyo, HZAMEIERE (C.n.nippon) ; Dyb,Dybowski's HBIERE ; Awap,Asian
wapiti ; Dama, Fallow deer (Dama dama) B H Irwin,et al., (1991), N, YRR ¥R AHREMNHE : NF
e RMY, YET % C, REG B A, # B DanalanafI EEMFEABRIIRBE R, HFREXGEHBERA

HEREBIE T &R % A {8 (Anderson, et al.1989),




S
Dama TCA
Awap GCA
Dyb GCA
Mt Goyo GCA
Tonkin GCA
THO16 GCA
TH312 GCA
TH914 GCA
THO1S ACA
TPZ16 GTA
TPZ19 GCA
TPZ234
TPZ35 ACA

15481

K
Dama AAG
Awap AAR
Dyb AAR

Mt Goyo AAR
Tonkin v AAR

1

THS16 ARG
TH912 AAG
TH914 AAG
THY15 ARG
TPZ16 ARG
TPZ19 AAG
TPZ34 ABA
TPZ35 AAG
15550
| : L
| Dama CTA
| Awap TTA
| byb NYA
| Mt Goyo )
Tonkin TTA
THS16 CT
THI12 CTA
THS14 CTa
THS15 CTA
TBZ16 CTA
TPZ19 ~ CTA
TPZ34
15619

CCA
CCA
CCA

CcCa
CCA
CCA
CCa
CCA
CCA
CCA

CCA

CCA
ccY
cCcy
Yoy
cece
CY
TCC
TCC
cce
TCC
TCC
cce
cccC

GCA
GYC
GYC

GYC

GCC
GCC
GCC
GCC
GCC

D
GAC
GAC
GAC
GAC
GAC
GAC
GAC
GAC
GAC
GAC
GAC

GAC

GAR
GAA
GAA
GAA
GAA
GAA

GAA

GAR
GAA
GAA

CTA
CTA
CTA

cTa

CTA
CTA
CTA
CTA
CTA

v
GTG
YTG

YTG

TTG
CTR
YTG
TTG
TTG
TG
TTG
TTG

TTG

W
TGA
TGA
TGA
TGA
TGA
GG
T6G
GG
TGG
TGG
TGG
TGG
TGG

GTC
GTIC
GTC

GTC

ATG
ATC
ATC
ATC
AIC

TC

L
TTA
cTY
CcTY
cre
cTY
cTY
cre
CTC
CTC
CIC
cTe

cTC

TAT
TAC
TAC
TAC
TAC
TAC
TAC
TAC
TAC
TAC
TAC
TAC
TAC

CTC
TCA
TCA

TCA

TTC
TTC
TTC
TTC
TTC
TCA

G
GGA
GGA
GGA

GGA
GGA
GGA
GGA

GGA
GGA

RCA

TTC
TTC
TTC
TTC
TTC
TTC
TTC
TTC
TTT
TTC
TTC
TTC
TTT

TCT
TCY
TCC

TCT

TCT
TCT
TCT
TCT
TCT
TCC

D
GAC
GAC
GAC
GAC
GAY
GAC
GAC
GAC
GAC
GAC
GAC

GAC

CTA
CTA
CTA
CTA
CTA
CTAa
CTA
CTA
CTA
CTA
CTA
CTA
CTA

ATT
ATC
ATC

ATC

ATC
GTC
ATC
ATC
ATC
ATC

P
ccce
cca
CCa
CcCa
CCA
CCA
CCA
CChA
CCA
cCa
CCa

CCa

TTC
TTT
TTT
TTT
TTT
TTT
TTT
TTT
TIT
TTT
TTT
TTT
TTT

CTC
CTA
CTA

CTA

TTA
TTA
TTA
TTA
TTA
CTA

D
GAC
GAY
GAY
GAY
GAY
‘GAT
GAT
GAT
GAT
GAT
GAT

GAT

GChA
GCA
GChA

GCA
GAA
GAA
GAA
GCA
GAR
GAA
GCA
GCA

ATC
ATC
ATC

ATC

GTT
GTT
GTT
GTT
GTT
ANN

N
ARC
AAC
AAC
AAC
AAC
AAC
AAC
AAC
ARC
AAC
AAC

AAC

TAC
TAC
TAC
TAY
TAC
TAT
TAT
TAT
TAT
TAT
TAT
TAC
TAT

CTT
TTG
TTG

TTG

CTA
CTA
CTT
CTA
CTA
NNG

Y
TAC
TAY
TAY
TAC
TAY
TAY
TAC
TAC
TAC
TAC
TAC
TAC
TAC

GCA
GCA
GCA
GCA
GCA

GCA
GCA
GCA
GCA
GCA
GCA
GCA

ATC
ATT
ATT

ATT

ATT
ATT
ATA
ATT
ATT
ATT

T
ACA
ACY
ACY
ACT
ACY
ACT
ACT
ACT
ACT
ACT
ACT
ACN
ACT

ATC
ATC
ATC
ATT
ATC
ATT
ATT
ATT
ATT
ATT
ATT
ATT
ATT

TTT
CTC
CTC

CTC

CTT
CTT
cce
CTT
CTT
CTC

P
CCA
CCA
CCa

CCA
CCa
CCA
CCA

CCA
CCA
CCA
CCca

CTA
CTaA
CTA
CTA
CTA
CTA
CTA
CTA
CTA
CTA
CTA
CTA
CTA

ATA
ATG
ATG

ATG

ATA
ATA
CTA
ATA
ATA
ATG

A
GCT
GCA
GCA
GCA
GCA
GCA
GCA
GCA
GCA
GCA
GCA

CGA
CGA
CGA
CGA
CGA
CGA
CGA
CGA
CGA
CGA
CGA
CGh
CGA

ccc
CCT
cCT

CcCT

ccc
cce
cTC
ccc
ccC
CccT

N
ARC
AAY
AAY
ARY
ARY
AAY
AAC
AAC
AAC
AAC
AAC

AAC

TCA
TCA
TCA
TCA
TCA
TCA
TCA
TCA
TCA
TCA
TCA
TCA
TCA

CTG
CTT
CTT

CTT

CcTA
CTA
CAT
CTha
CThA
CTT

14
CCA
CCa
CCA
CCA
CCA
cca
CCA
CCh
CCha
CcCa
CCa
cCa
cca

ATC
ATT
ATT
ATT
ATT
ATT
ATT
ATT
ATT
ATT
ATT
ATT
ATT

CTC
CTT
CTT

CTT

Ccre
cTC
ACA
CTC
crC
CTT

L
CTC
CTC
CTC
CTC
crc
CcTC
C1C
CTC
CTC
CTC
cTC
CTC
cTe

ccT
ccc
ccc
cce
cce
cce
cce
cce
ccc
cce
ccc
ccc
ccC

CAC

cac
CacC

CacC

AC
CAT
CAT
TCT
CAT
CAT
CAC

N
AAC
AANC
AAC
ARY
AnC
AAT
AAT
AAT
AAT
AAT
AAT
AAC
AAT

ARC
ARY
AAC
ANY
ARY
AAT
AAT
AAT
AAT
AAT
AAT
ARY

ACA
ACG
ACG

ACG
ACG
ACA
ACA

ACA
ACA
ACG

p
CcCT
ccc
cce
ccc
cce
cce
cec
cce
ccC
cce
cce
ccC
ccc

EEEEEEEE~

=3
&3
o

33

P
CChA
ccT
ccr
CcCT
CCT
cCT
cCct
cCr
ccr
CcCT
cCT
cCcr
cCT

GGA
GGA
GGA
GGA
GGA
GGA
GGA
GGA
GGA
GGA
GGA
GGA

L
CTT
CAC
CAC
ChAY
Cac
Cat
CAT
CAT
CAT
CAT
CAT
CAC

GGA
GGA

15613

CAA
CAR

CAA

Cax
CAA

AGC
CAA
CAA
CAR

CGA
cGC
CGC
CGC
CGC
CGC
TGA
TGA
ATG
TGA

CGC

ATT
ATY
ATY
ATT
ATC
ATT
ATT
ATT
ATT
ATT
ATT
ATN
ATT

AGC
AGC
GTN

GTN
GTC
GTC
GTC
GTC
GTC
GTC

BAGC
AGC
AGC
AGC
AGC
AGC
AGC
AGC
ATA
AGC

AGC
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Reagents

Bt #% -— . DNABY B HY

1 M Tris-HCL, pH 7.5

10% SDS

0.5 M NaEDTA, pH 8.0

5.0 M Na(l

3 M NaAcetate :

Proteinase K, 10 mg/mi in H2O ‘

Tris buffered phenol/chloroform (1:1) extraction solvent
Absolute ethanol

TE buffer, pH 7.5 (10 mM Tris-HCl, 1 mM EDTA)
TA buffer (04M Tris-HC], 1.142 mI/L acetic acid)

Digest buffer (0.5 ml, made from above solutions):

10 mM Tris-HC 5ul

10mM EDTA JURTH

50 mM NaCl Sul

2% SDS 100

sterile deiomized Ha0 3804

Procedure

1. Suspend 0.2 ml buffered whole blood in 0.5 ml digest buffer. Add 15 ul
proteinase K solution. Incubate one hour at 56°C or overnight at 37°C

2. Add 0.5 ml buffered phenol/chloroform. Mix tharoughly by inversion or
vonexing. Centrifuge 1-2 minutes in microfuge (12,000 g).

3. Remove aqueous upper layer and transfer to new tube. Repeat extraction until
interface is clear; usually 2-3 extractions. :

4. Remove final aqueous layer and concentrate by ethanol precipitation as follows:
add 1/10 volume of 3M Na acetate, then 2.5 volumes of cold ethanol. Store at -
20°C at least one hour. Collect DNA by centrifugation, 10-30 minutes, in
microfuge. :

5. Remove ethanol solution, wash DNA with 1 ml 70% ethanol, reduce

temperature to -20°, then spin in microfuge 15 minutes. Remove supernatant

.and evaporate to dryness. Resuspend DNA in 20 yl TE buffer.

DNA was visualized on a 1% agarose (SeaChem) gel in TA buffer. 1 i of purified
DNA was loaded onto the gel and electrophoresed at 60V for one hour. The gel was
stained with ethidium bromide and photographed under UV light

12
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The polymerase chain reaction (PCR) allows the rapid amplification of selected DNA segments.
Purified DNA is mixed with oligonucleotide primers, a thermostable DNA polymerase, and
deoxynucleotides (the building blocks of DNA). Primers are short oligonucleotide sequences which
bind to single stranded DNA in the reaction mixture, forming short double strands at which the
polymerase can initiate replication. The mixture is heated to denature the purified DNA, cooled to an
annealing temperature at which allows the primer binds to the single stranded template, then heated
to the temperature (72° for Taq polymerase) at which the DNA polymerase functions most
efficiently. The polymerase, starting at the primer, duplicates the original DNA strand. The mixture
is heated again to denature the newly formed strands, then cooled again to allow another cycle of
annealing and polymerization. Typically, 25 to 40 cycles are performed in a PCR thermal cycler,
resulting in a many-fold increase in the number of copies of the target DNA. Both double stranded
and single stranded amplifications are possible. In a double stranded amplification two primers
which initiate transcription on opposite strands of the target DNA are used. A double stranded
segment between the two primers is then amplified and can be used in further PCR reactions. In a
single stranded amplification one of the two primers is reduced in concentration, usually 50 to 100
times less than the other primer, so that the PCR product contains many copies of the single
stranded DNA which has been amplified by the primer at normal concentration. This single
stranded product can then be sequenced directly (Gyllensten and Erdich, 1988),

PCR protocol

Reagents
10x reaction buffer 500 mM KCl1
100 mM Tris-HCl, pH 8.3
25 mM MgCly
0.1% (wiv) gelatin
100 mM deoxynucleotide mix 25 mM each dATP, dCTp, dGTP, dTTP
PCR primers 10 uM solutions of each primer
Tag polymerase 5 units/ful :
Procedure )
2.5 ul 10x reaction buffer

2.5 pl each 10 uM primer (final concentration 0.25 pM)
1 Wl 100 mM dNTPs (final concentration 0.25 mM)

1 1 Tag polymerase

16.9 pl sterile, double distilled H2O
1 1 DNA solution

Final volume = 25 yl

£

A premix was prepared cortaining all of the above except the DNA, This is placed into a 0.5 ml
microfuge tube, then the DNA is added. Two drops of mineral oil were placed on top of the sample
to prevent evaporation. For single stranded amplifications one of the primers was reduced in
concentration by a factor of 75. PCR conditions were as follows: denaturing at 94°C for 1 minute,
annealing at 45-60°C for 1 minute, extension at 72°C for 3 minates. Thirty to 40 cycles were
performed. Five i aliquots of each PCR product were visualized on 2% NuSieve agarose gelsina
Tris-acetate buffer. Gels are run at 70V for one to two hours, stained with ethidium bromide and
photographed under a UV light.

Purified double stranded PCR products were obtained by cutting the ethidium bromide stained
band from the agarose gels and placing them in 100-250 pI of sterile double distilled Hp0. DNA
was eluted from the agarose fragment by heating the sample to 70° to melt the agarose. One il
aliquots were then used for asymmetric PCR amplifications,




An analysis of the popuiation structure of Formosan sika deer
(C. n. taiouanus) in Kenting National Park by amplification
and direct sequencing of the mitochondrial cytochrome b gene

Charles E. Cook, Jr.
Department of Geography
University of California
Berkeley, CA 94720

Abstract: This project was undertaken as part of the Sika Deer Reintroduction Project in
order to assess the genetic structure of the reintroduction herd in Taiwan, and to develop a
methodology for differentiating sika which belong to the subspecies C. n. taiouanus from
those which do not so that future introductions can be made using only this subspecies.
The polymerase chaiﬁ reaction was used to amplify and sequence three segments of the
mitochondrial genome from a number of sika deer (Cervis rippon). Eight 264 base
sequences from the 5" end of the mitochondrial cytochrome b gene were obtained from four
C. n. taiouanus, one C. n. hortulorum, one C. n. nippon, one C. n. pseudaxis, and one C.
elaphus xanthopygus. Eleven 375 base sequences from the 3' end of the mitochondrial
cytochrome b gene from eight C. n. taiouanusi‘ one C. n. hortulorum, one C. n. nippon,
one C. n. pseudaxis, and one C. elaphus xanthopygus. No individuals share identical

mitochondrial genotypes: hence the reintroduction herd gene pool shows considerable

variation, There is a three base deletion {one amino acid) near the 3' end of the cytochromc'

b gene in all of the C. n. taiouanus individuals except one. This deletion, and analysis of
sequence differences (by parsimony), confirm that all of the deer from Taiwan, except that
one individual, belong to a single related (monophyletic) group. The analysis suggests, but
does not confirm, that the one anomalous individual is also a member of this group. The
techniques described in this report are capable of differentiating the various sika

subspecies.
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Introduction

Numerous subspecies of sika deer (Cervus nippon) are native to East Asia, including
one endemic to Taiwan (Feldhamer, 1982a; Whitehead, 1972). The subspecies on Taiwan,
C. n. taiouanus, is extinct in the wild (McCullough, 1978). The Sika Deer Reintroduction
Project will reestablish wild populations of deer on Taiwan, starting in Kenting National
Park, with individuals descended from the herd at the Taipei Zoo. For reintroduction
projects of this type it is desirable to have some knowledge of the genetic structure of the
reintroduction population to ensure adequate genetic variability in the released animals. This
is particularly important in Kenting since the entire reintroduction herd is descended from a
single captive population. One goal of the research described in this report was to obtain an
estimate of the degree of gcnétic variation in the reintroduction herd.

A second goal was to determine if genetic studies can differentiate the various
subspecies of sika deer. This is important because it may be desirable to increase the
genetic diversity of reintroduced populations using individuals from other captive herds.
Since most such herds on Taiwan are on deer farms, and many have been interbred with
non-faiouanus deer from Japan and elsewhere, the idemiﬁcation of deer with non-taiouanus
ancestry is important to ensure that no non-native genetic material enters the reintroduced
deer population, Individuals from a second captive herd at Kenting, originally at Tunghai
University and of unknown ancestry, were studied to test the applicability of such genetic
studies for this goal. |

Past studies of gencﬁc variation in sika have relied on karyotyping and allozyme
comparisons (Feldhamer, 1982b: van Tuinen, 1983; Sung, et af., 1985; Sung, et al.,
1988). Both types of studies have proven useful in distinguishing populations of some
deer species (Dratch, 1991), but the sika studies have shown little variation, probably due
to the relatively small number of alleles and the small numbers of individuals examined

rather than to actual lack of genetic diversity.
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This project uses a more direct approach for genetic comparison of individuals: direct
comparison of DNA sequences. In particular, small segments of the mitochondrial
displacement loop (D-loop) and the mitochondrial cytochrome b gene were amplified using
the polymerase chain reaction, then sequenced. Since the mitochondrial genome is
maternally inherited and does not recombine with each generation as does the nuclear
genome, mitochondrial lineages are conserved for many generations. Thus distinct
mitochondrial lineages, such as those from non-Taiwan deer, can be identified even many
generations after they have been introduced into a population. However, it is important to
note that, because mitochondrial DNA is maternally inherited, identification of deer with
non-faiouanus ancestry by using mitochondrial sequences is only valid if some of the

introduced deer were female.

Materials and Methods _
DNA samples. During the Fall of 1990 40 samples were collected from two distinct
sika populations in three different herds in Taiwan. Two of these herds are at Kenting
National Park. One herd was originally at Tunghai university and is of unknown anceswy,
Samples from 27 individuals in this herd were collected. The second Kenting herd is
descended from the herd at the Taipei Zoo, and is believed to be pure C. n. taiouanus.
Thirteen samples were collected from individuals of this herd. Both blood and fur samples
were collected from the Kenting individuals. Blood samples from 30 individuals were
centrifuged to separate leukocytes (white blood cells) from whole blood at the Kenting
Livestock Research Laboratory, then the concentrated leukocytes were lyophilized to
prevent degradation of the DNA. Stains from whole blood were also made and preserved
on cloth. For the remaining ten individuals only blood stains on cloth were collected. In
addition, eleven blood samples from the herd at the Taipei zoo (representing every

individual there) were provided by the zoo. These were preserved as stains and by mixture
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with a buffered detergent solution. Since the reintroduction herd at Kenting is descended
from the Taipei Zoo herd the two are, genetically, a single population.

Genomic DNA samples from two other sika subspecies, C. n. hortulorum
(Dybowski’s sika, native to northeastern China) and C. n. pseudaxis (Tonkin sika, native
to Vietnam), as well as one closely related congener, C. elaphus xanthopygus (Asian
wapiti, native to northern East Asia) were obtained from George Amato of the New York
Zoological Society. A tissue sample from one C. n. nippon (Japanese sika, native to
Honshu island) was obtained from Seiki Takatsuki of Sendai University.

Genomic DNA was prepared from blood and tissue sampies by digestion with
proteinase K, phenol/chloroform extraction, and ethanol precipitation (see Appendix I).

PCR and sequencing. Mitochondrial sequences containing the D-loop region or the
cytochrome b gene were isolated using the polymerase chain reaction (Saiki, er al., 1988,
detailed in Appendix II). Single stranded D-loop DNA was obtained by first amplifying a
580 base piece of the mitochondrial genome containing the first 397 D-loop bases with
primers 115926 and H16498, then using these primers and other internal primers for
asymmetric amplification. The following primer combinations were used to produce single
stranded DNA: L15926/H16498, L1/H16498; L.2/H16498, £15926/H2, and L1/H2. PCR
conditions were 94° for | minute, 60° for 1 minute, 72° for 3 minutes, 40 cycles.

Cytochrome & DNA was similarly obtained: first, a 1074 base fragment containing
most of the cytochrome b gene was amplified using the primers L14841 and H15915, then
single stranded products were mad-e using those and other internal primers. Primer
combinations were as follows: L14841/H15915, L15408/H15767, and L15609/H15915.
Primer sequences are lisred in Table 1. PCR conditions were 94° for 1 minute, 50° for 1

minute, 72° for 3 minutes, 40 cycles.
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Table 1. Primers used for amplification and sequencing of sika D-loop and cytochrome b genes

Name of primer Sequence

(D-loop)

L159268 “TCAAAGGTTACACCAGTCTTGTAAAC-Y

L1 5-CAAGGAAGAAGCTCCAGCTCCACC-3'

H1 5-GGTGGAGCTGGAGCTTCTTCCTTG-3' (complement o L1)
L2 5-TTIGTACATTATGCACCCAATGC-3

H2 5-GCATTGGGTGCATAATGTACAA-3' (complement to L1)
H164933 5-CCTGAAGTAGGAACCAGATG-3'

(cytochrome b)

1148413 5-AAAAAGCTTCCATCCAACATCTCAGCATGATGAAA-3
HI5149DY 5 CCTCAGAATGATATITGTCCTCA-3

L15408¢ _ 5-ATAGACAAAATCCCATTCCA-3'

L15609 5'-ATTCTACGATCCATCCCAAACAAACT-3

H15767 5-ATGAAGGGATGTTCTACTGGTTG-¥

H15915¢ 5-GGAATTCATCTCTCCGGTTTACAAGAC-3'

H and L refer to light and heavy strand. Numbers refer to the position of the 3' end of the oligonucleotide
according to the numbering system for the human sequence (Anderson, et al. 1989). L1, H1, L2, and H2 are
specific for sika deer. Their positions are noted in Figure 1. -

aprimers described in Kocher, ¢! al. (1989).

bDescribed in Irwin, et al. (1991) and modified according to fallow deer sequence.

¢Described in Irwin, ef al. (1991).

dpescribed in Edwards, et al. (1991).

Data analysis. Cytochrome b sequences were aligned and compared. Bases for which at
least two individuals varied were treated as discrete character states for analysis. Each three
base sequence, or codon, codes for a single amino acid in the cytochrome b protein. The
third positions of codons tend to mutate more rapidly than the first and second positions,
hence there are many more third position differences than first and second position
differences in the sequences described in this report. Because third positons may mutate
many times and thus obscure analysis, the more slowly changing first and second positions
are often more useful for evolutionary analysis. Sequences were analyzed by compiling a
list of the individuals and positions which vary, then using a computer program to deduce
the least number of mutation events which might lead to the observed sequences. The
program output is a tree which represents a possible lineage history for the individuals

being examined.

18




Sika population genetics: final grant report

For this report trees were constructed using the parsimony algonthin of PHYLIP
(Felsenstein, 1987) and confidence values were assigned to the lineages using the bootstrap
option of the same program. Trees were constructed using various components of the

sequences and varying numbers of individuals, as described in Results and Discussion.

Results and Discussion

D-loop sequences. Some amplifications using primers flanking the entire D-loop were
performed. These indicate that the entire sika deer D-loop is about 1000 bases long.

The first 397 bases of the D-loop region were sequenced in 17 deer, including the
Dybowski’s, Tonkin, and Japanese sika; and the Asian wapiti. There were no nucleotide
differences between any of the sika deer, and only two differences between the sika and
Asian wapit, hence the D-loop was not useful for any analysis of genetic variation between

sika populations. This 397 base sequence is listed in Figure 1.

Figure 1. The first 397 bases of the sika deer mitochondrial D-loop

AAATTTTTGT
TGATCTATCA
CATATATATC
GCATGTATGT
AAGTCAAATC
CAGGCTGCAT
AGGTTGTGGA

TATGGGGCAT
TAAATCTCTA
ATATCATGCA
TARATAATAT
AATTCTAGTC
GAARCCGTCA
GGTTTCTATT

TTACAAGATT
TGTATTTCCA
TAATATGTAT
TGCAGAATAC
AACATGCATA
CCCCACTTGG
GGATGAACTT

TTTAATTCCT
TGGATACCTG
ATTTGTACAT
ATABATATTA
TGATATCCAA
CAGGTGTACC
TA

ATGTTAGCAT
CACCTCCACA
TATGCACCCA
TTGATTGTAC
AAGATCACRA
TCTTCTCATT

TAAAATAACC
TTAATGTGTA
ATGCATATAA
ATAGTTCATT
ACGTCATCAG
CCAGGCCCAT

Cytochrome b sequences. A 264 base segment at the 5' end of the gene was amplified
and sequenced for eight deer. These are listed in Figure 2. In addition, most of 2 375 base
sequence at the 3' end of the gene was amplified and sequenced from 11 deer. These are
shown in Figure 3.

In the 264 base segment there are 37 variable bases. Of these two are at codon first
positions, three at second positions, and 32 at third positions. One of the first, one second,

and eight third position differences were only in one individual and were not
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phylogenetically informative. One of the first and five of the third position differences were
not used due to ambiguity at that position in one or more deer. In the 375 base segment
there were 72 variable bases: 19 first position, 4 second position, and 49 third position. Of
these six first position and 22 third position bases were not informative, and two first and
three third position bases were ambiguous in one or more deer.

None of the sequences are completely identical, thus none of the eight C. n. taiouanus
share identical mitochondrial genomes. This.indicates that there is considerable genetic
diversity, at least in the mitochondrial genome, of the reintroduction project herd. Although
this sample is small, and does not include nuclear genes, it strongly suggests that there is
considerable diversity in the gene pool of the reintroduction herd, and that this herd should
have adequate genetic diversity for the reintroduction project for the immediate future.
However, this does not mean that this gene pool should nc\‘rcr be augmented, only that
there is probably no immediate danger of inbreeding depression in these animals.

The most interesting characteristic of these sequences is that in all of the Taiwan deer,
except TPZ34, there is an amino acid (i.e. three base) deletion at position number 15613.
Deletion events such as this are extremely rare, and indicate a single event some time during
the history of these deer. Only deer from Taiwan have the deletion, but not all of the
Taiwan deer have it. |

There are two interpretations for this finding. One is that this deletion occurred after the
sika arrived on Taiwan so that there are at present two mitochondrial lineages on the island,
onie with and one without the deletion. The other possibility is that the deletion occurred
before the deer arrived 6n Taiwan, and that all pure C. n. taiouanus have the deletion. If the
latter is so then TPZ34 must have a non-native mitochondrial type and therefore is not pure
C. n. taiouanus.

I.n order to assess these two possibilities evolutionary trees were constructed using the
parstmony option of the computer program PHYLIP (Felsenstein, 1987) on three different

subsets of the data. These are shown in Figure 4. Figure 4a shows a parsimony tree for 12
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individuals which used nine variable sites in the 5' region of the cytochrome b gene. Only
one branch of the tree, the split‘between the Taiwan deer and the other sika, occurred on
greater than 90% of 50 bootstrap trials. Figure 4b shows a parsimony tree for 10
individuals at 21 sites. Four branches occurred on 90% of 50 bootstrap trials, Figure 4¢
shows a parsimony tree for nine individuals at five variable first and second position sites.
Only one branch occurred on greater than 90% of 50 bootstrap trials.

All three trees clearly show that all of the Taiwan deer, except TPZ34, belong to a
single distinct lineage group (i.e. they are monophyletic), as is expected since they all share
a deletion. TPZ34 is grouped with the other Taiwan deer in Figure 4a, but not in Figure 4c.
Figure 4c is based only on first and second position differences, and normally these would
be given more weight than other trees. However, the small number of sites used reduces
the value of this tree. It is suggestive, but not conclusive.

Conclusion. The data clearly show that, with the exception of TPZ34, all of the
surveyed deer from Taiwan, including the Tunghai herd, are monophyletic: they are all
native Formosan sika. The phylogenetic position of a single deer, TPZ34, is unclear. This
individual may be pure C. n. taiouanus and possess a different mitochondrial genome of a
type which predates the amino acid deletion, or it may have an introduced genotype. The
data, in consideration with the fact that this animal is a member of the zoo herd, which has
a fairly good lineage history, suggest that it is a member of C. n. taiouanus, and that there
are two distinct mitochondrial lineages within this subspecies. However, the possibility that
this individual has a non-native mitochondrial genome cannot at present be ruled out.
Further studies which include more individuals are currently under way to clarify this

situaton.
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Appendix I: DNA extraction
Reagents

1 M Tris-HCl, pH 7.5
10% SDS
0.5 M NasEDTA,pH 8.0 .
5.0 M NaCl
3 M NaAcetate
Proteinase K, 10 mg/ml in H2O
Tris buffered phenol/chloroform (1:1) extraction solvent
Absolute ethanol
TE buffer, pH 7.5 (10 mM Tris-HC], 1 mM EDTA)
. 'TA buffer (.04M Tris-HCl, 1.142 mL/L acetic acid)

Digest buffer (0.5 ml, made from above solutions):

10 mM Tris-HC1 5ul

10mM EDTA 10l

50 mM NaCl Sl

2% SDS 100 ul

sterile deionized H70 380l
Procedure

1. Suspend 0.2 ml buffered whole blood in 0.5 ml digest buffer. Add 15 ui
proteinase K solution. Incubate one hour at 56°C or overnight at 37°C

2. Add 0.5 ml buffered phenol/chloroform. Mix thoroughly by inversion or .
vortexing. Centrifuge 1-2 minutes in microfuge (12,000 g).

3. Remove aqueous upper layer and transfer to new tube. Repeat extraction until
interface is clear; usually 2-3 extractions.

4. Remove final aqueous layer and concentrate by ethanol precipitation as follows: |
add 1/10 volume of 3M Na acetate, then 2.5 volumes of cold ethanol. Store at -
20°C at least one hour. Collect DNA by centrifugation, 10-30 minutes, in
microfuge.

5. Remove ethanol solution, wash DNA with I ml 70% ethanol, reduce
temperature to -20°, then spin in microfuge 15 minutes. Remove supernatant
and evaporate to dryness. Resuspend DNA in 20 pul TE buffer. ‘

DNA was visualized on a 1% agarose {SeaChem) gel in TA buffer. 1 pl of purified
DNA was loaded onto the gel and electrophoresed at 60V for'one hour. The gel was
stained with ethidium bromide and photographed under UV light. -




Sika population genetics: final report
Appendix II; the Polymerase Chain Reaction

The polymerase chain reaction (PCR) allows the rapid amplification of selected DNA segments.
Purified DNA is mixed with oligonucleotide primers, a thermostable DNA polymerase, and
deoxynucleotides (the building blocks of DNA). Primers are short oligonucleotide sequences which
bind to single stranded DNA in the reaction mixture, forming short double strands at which the
polymerase can initiate replication. The mixture is heated to denature the purified DNA, cooled to an
annealing temperature at which allows the primer binds to the single stranded template, then heated
to the temperature (72° for Taq polymerase) at which the DNA polymerase functions most
efficiently. The polymerase, starting at the primer, duplicates the original DNA strand. The mixture
is heated again to denature the newly formed strands, then cooled again to allow another cycle of
annealing and polymerization. Typically, 25 to 40 cycles are performed in a PCR thermal cycler,
resulting in a many-fold increase in the number of copies of the target DNA. Both double stranded
and single stranded amplifications are possible. In a double stranded amplification two primers
which initiate transcription on opposite strands of the target DNA are used. A double stranded
segment between the two primers is then amplified and can be used in further PCR reactions. In a
single stranded amplification one of the two primers is reduced in concentration, usually 50 to 100
times less than the other primer, so that the PCR product contains many copies of the single
stranded DNA which has been amplified by the primer at normal concentration. This single
stranded product can then be sequenced directly (Gyllensten and Erlich, 1988).

PCR protocol

Reagents
10x reaction buffer 500 mM KCl
100 mM Tris-HCl, pH 8.3
25 mM MgClz
0.1% (w/v) gelatin
100 mM deoxynucleotide mix 25 mM ecach dATP, dCTp, dGTP, dTTP
PCR primers 10 uM solutions of each primer
Taq polymerase 5-units/ul
Procedure
2.5 ul 10x reaction buffer
2.5 pl each 10 pM primer (final concentration 0.25 pM)
1 pl 100 mM dNTPs (final concentration 0.25 mM)
1 pl Tag polymerase
16.9 Wl sterile, double distilled H20
1 11 DNA solution

Final volume = 25 pl

A premix was prepared containing all of the above except the DNA. This is placed into a 0.5 ml
microfuge tube, then the DNA is added. Two drops of mineral oil were placed on top of the sample
to prevent evaporation. For single stranded amplifications one of the primers was reduced in
concentration by a factor of 75, PCR conditions were as follows: denaturing at 94°C for 1 minute,
annealing at 45-60°C for 1 minute, extension at 72°C for 3 minutes. Thirty to 40 cycles were
performed. Five p aliquots of each PCR product were visualized on 2% NuSieve agarose gels in a
Tris-acetate buffer. Gels are run at 70V for one to two hours, stained with ethidium bromide and
photographed under a UV light.

Purified double stranded PCR products were obtained by cutting the ethidium bromide stained
band from the agarose gels and placing them in 100-250 ! of sterile double distilled H20. DNA
was eluted from the agarose fragment by heating the sample to 70° 1o melt the agarose. One !
aliquots were then used for asymmetric PCR amplifications.
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