3.1
(Apis cerana)

5-10 10-20
%
11-13
4 (Apis
andreniformis) (Apis florea) (Apis mellifera) (Apis dorsata)
9%
2 5-10
3.2
321
Hall  Smith (1991)
(total DNA)
15
STE (Tns-HCI 50 pH 7.5, NaCl 100 Na"DTA
1 pH 8.0) 500
SDS 20 25

Proteinase K 10 25
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Ribonucléase A (Rnase A) 10
25 B5°
2 ]

10,000 10

phenol: chloroform: isoamyl
alcohol (25:24:1)
30 (vortex genic)
5 8,000
5
phenol: chloroform: isoamyl alcohol (25:24:1)

cholroform: isoamy! alcohol (24:1)

8,000
5 sodium  acetate
3 1 10
9% 2
-10° 15 -20°
1,2000 10 4°
10
20
TE (Tris-HCI 10 pH 8.0, NajEDTA 1
pH 8.0) 50 4
3.2.2
Davis (1986)

15 Extraction (Tris-HCI 100 pH
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9.0, NaCl 100 , NAEDTA 50 pH 8.0 200
) 500 0°
SDS 20 20 65°
3060 | 1
, ) Proteinase K 10
25 RNase A 10
10 37° 3
potassium acetate I
30-45 10,000 10
phenol: chloroform: isoamy! alcohol
(25:24:1) 321
TE 50 4°
3.3
33.1
TE
(absorbance) 260 (AZ) 280 (AZ0)
(Spectrophotometer)
AX) 1 50
( , 2532, , 2536)
\ X AXD 1.80-2.00 180
, phenol (Maniatis, Sambrook

and Fritsch, 1982)
3.3.2 agarose gel electrophoresis

submarine horizontal gel electrophoresis
agarose gel 0.7 TBE (Tris hase
89 ,boric acid 89 Na"DTA 25 pH 83)
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5 loading (ficoll 400
5.00 , bromophenol blue 0.25 xylene cyanol 0.25 )
4 TE i electrophoresis
100 2 30
cthidium bromide 5 30
ethidium  bromide 30
uv transilluminator
VHindlIl A-DNA
500 Hindlll
1 23.13, 9.42, 6.56, 4.36, 2.32, 2.03 0.57 (Rodriguez
and Tait, 1983) 240, 98, 67, 45, 24,20 6
3.4 PCR
PCR mitochondrial DNA
(MDNA) noncoding intergenic region cytochrome oxidase
(COl) cytochrome oxidase 11 gene (COH) primer PCR
(amplification primer) ~ primer' 1 primer 2 3
,primer 1 primer 2, dNTP (dATP, dCTP, dGTP, dTTP), Taq DNA
polymerase, PCR MgCI2
PCR (reaction tube: thin wall) 0.2 PCR
PCR PCR
sodium hypochlorite (clorox 10 )
(autopipette) PCR pipette tip aerosol filtered
tip amplicon

2 master mix
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3 primer PCR noncoding
intergenic region  mtDNA primer
mtDNA Crozier Crozier (1993)

m
primer | mtDNA (%)
(51 3
primer PCR
primer L TCTATACCACGACGTTATTC 3090 (COI) 56.0
primer 2. GATCAATATCATTGATGACC 3937 (COl) 54.0
primer 3363

primer 3: GGCAGAATAAGTGCATTG (leucine tRNA) 52.0
primer PCR Hall  Smith (1991)

primer Comuet (1991)

Tm  primer (Kaliszewski, 1992)

Tm = [2(A+T)+4(C+G) ] ( 2)
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PCR
PCR
(negative control) PCR
34.1 PCR
Hall  Smith (1991)
MtDNA noncoding intergenic region
Cal COll PCR 50
50
1 PCR (KCL 500 ,
Tris-HCI 100 pH 8.3) 5 MgCI2
25 8 dANTP mix dNTP
250 4 primer 1 10
0.8 primer 2 10
0.8 Taq DNA polymerase 5
0.25 50
(microcentrifuge) 2
thermal cycler ~ GeneAmp PCR system
Perkin Elmer Cetus PCR
dénaturation 95° 30 annealing 50°
1 30 extension 2° 2
3 2° 5
3.4.2 PCR
34.2.1 nucleotide
dNTP " 4 dNTP
0,200 200

MgCI2 4, primer
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0.16 Taqg DNA polymerase 25 100
thermal cycler
PCR 34.1
3422 primer
primer PCR
primer 0, 0.02, 0.04, 0.6, .. 020
MgCI2 4,
dNTP 100 Taq DNA polymerase 2.5
100 thermal cycler
PCR 341
3423 magnesium ion
magnesium ion (Mgt
PCR MgCI2 0,05 10, 15 .. 40
dNTP 100
primer Taq DNA polymerase
2.5 100 thermal cycler
PCR 341
343 PCR
MDNA noncoding intergenic region
COl  con PCR
50 1 PCR
5 , MgCI2 25 5 , ANTP
250 2 , primer 1 primer 2
10 0.7 Taq DNA
polymerase 5 0.25

50
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thermal cycler PCR
341
3.4.4 PCR
PCR
noncoding intergenic region  MtDNA primer PCR

(amplification primer) ~ primer L primer 2

3.4.5 primer
primer (internal
sequencing primer) primer 3
primer 1 primer 2 primer 3
(DNA template) primer 3 primer 2
mtDNA
PCR 343
3.5 PCR
PCR product
non specific PCR product , PCR 10
loading 2 agarose gel
electrophoresis agarose 15 TBE
electrophoresis 100 2 30
ethidium bromide 5
30 30
negative control ,
primer dimer 100 bp DNA
|adder 50-100 bp DNA ladder 100 bp DNA lacder

1 1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200



100 100 bp DNA ladder 5 electrophoresis
50 500
150 50-100 bp DNA ladder
9 1000, 700, 525, 500, 400, 300, 200, 100 50
electrophoresis 5 50
3.6 PCR
PCR
specific PCR product "
specific PCR product PCR product
agarose gel electrophoresis [
3.6.1
Gaillard -~ Strauss (1990)
polyacrylamide
product 40 potassium chloride
1 5 polyacrylamide
( 1) 5
9 250
-10° 15 12,000
10
TE 10
3.6.2
36.1
agarose gel electrophoresis agarose
TAE (Tris-HCI 40 , acetic acid 20
Na"DTA 2 ) 80 3

ethidium ~ bromide

31

non
non

PCR

0.25

40

10
15
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3.6.3
3.6.3.1
Wizard preps DNA
purification system Promega
PCR
PCR 40
15 purification (KCL 50 ,
Tris-HCI 10 pH 8.8, MyCL, 15 Triton X-1000.1 )
100
1 3
('wizard minicolumn) 5
isopropanol 80 2
15 12,000 30
20
1 12,000
30 4°
agarose
agarose 15
1 10° agarose
purification 100
6.3.2 Geneclean
Geneclean 11 Bio 101
PCR product agarose

Nal 450 TBE modifier 50
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60° agarose 5
glassmilk 5 5 1
8,000
new wash 3
TE 60° 10 glassmilk
8.7
37.1
OmniBase  DNA cycle sequencing protocol
Promega (1996) chain termination sequencing
Sanger (1977)
3111 primer
bl primer
(internal  sequencing primer) — primer 3 Bacteriophage T4
polynucleotide kinase 0.5 primer 3
10 1 , T4 polynucleotide kinase (Tris-HCI
500 pH 7.5; MyCL, 100 , DTT 50 spermidine
10 ) 1 [\-2P]ATP 10
(specific activity 3000 ) 3
T4 polynucleotide kinase 10 05
10
37° 30 90° 2
primer -20°
3.1.1.2 extension termination
2
0.5 sequencing

(Tris-HCI 250 pH 9.0; MgCL, 10 ) primer
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3711 15 16
OmniBase  sequencing 10
1 4
4 d/ddNTP nucleotide mix (A, ¢, G, T) 2
mineral oil 1 thermal cycler
95° 2 30
dénaturation 90° 30 annealing 47°
30 extension 10° 1
sequencing stop solution (NaOH 10 , formamide 9%
, bromophenol blue 0.05 xylene cyanol 0.05 )
3 -20°
3.1.2
Maniatis (1982)
denaturing polyacrylamide gel electrophoresis urea
1
30x40
spacer

polyacrylamice gel
(acrylamide:bisacrylamide = 19:1) urea 1
60
10 200 TEMED

TBE
ammonium  persulfate
30
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comb ' 0.5
polymerization 2 comb
TBE urea
sequencing gel electrophoresis TBE
comb (Shark's tooth
comb) comb
comb (power supply)
b5 per-run 30-60
extention termination ( 3.7.1.2) 10°
2 urea TBE
comb sequencing reaction
2 comb
55
electrophoresis 3 dye marker
syran wrap
(Gel dryer) 80% 2
autoradiography (Hyperfilm MP) (film
cassette) 6-12
(dleveloper) 1-2
1 (fixer) 35
313

4 ACG T

Ziuwm
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sequencing el

, load
complementary strand !
31
3.74
17 multiple sequence
alignment CLUSTAL (Higgins and Sharp, 1988)
K-tuple value 2, 0ap penalty )
window size 10, filtering level 2.5, 0pen gap cost 10, unit gap cost
10 transitions 2 transversions
phylogenetic analysis parsimony cladogram
PAUP version 3.0L (Swofford, 1990) heuristic search
outgroup bootstrapping
bootstrap value number of replication bootstrap

100
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