
CHAPTER H

Materials and Methods

2.1 Instruments

1. A u to c lav e  H A -3 0  (H iray am a  M an u fac tu rin g  C o ., Jap an )

2. A u to m a tic  p ip e tte  P 2 , P 2 0 , P 1 0 0  (G ilso n  M ed ica l E le c tro n ic s  S .A ., 

F ran ce )

3. C a m e ra  P e n ta x  su p e r A  (A sah i O p t. C o ., Jap an )

4. E le c to n ic  b a lan ce  A lsep  E Y 2 2 0 A  (A & D  C o . L td ., Jap an )

5. E le c tro p h o re s is  a p p a ra tu s

5.1 H o rizo n ta l a g a ro se  gel e le c tro p h o re s is  a p p a ra tu s  (9 x 1 2  cm.

5 .2  V ertica l gel e le c tro p h o re s is  a p p a ra tu s  fo r  D N A  seq u en c in g  

(H o efe r, E n g lan d )

6. -20 °c fre e z e r  (K ru n g th a i L td ., T ha iland )

7. -80 °c freeze r (K ru n g th a i L td ., T h a ilan d )

8. G el d ry e r 583 (B io -R A D  L a b o ra to r ie s , U S A )

9. H ig h  sp eed  m ic ro cen trifu g e  M C - 15A  (T o m y  S eiko , Jap an )

10. H e a tin g  b lo ck  B D  17 0 1 6 -2 6  (S y b ro n  T h e rm o ly n e  C o ., U S A )

11. In c u b a to r  B M -6 0 0  (M em m ert G am bit, G erm an y )

12. L ig h t b o x  2 8 5 9  S H A D O N  (S h a n d o n  S cien tific  C o ., L td ., E n g lan d )

13. M a g n e tic  s tir re r  M 2 1 /1  (F ran z  M o ra t K G  G am b H , G erm an y )

14. M ic ro cen trifu g e  F o rc e  6 (D e n v e r  In s tru m e n t co m p an y , U S A )

15. P o w e r  supp lies (B io -R A D  L a b o ra to r ie s , U S A )
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15.1 P o w e r P A C  3 00

15.2 P o w e r  P A C  3 0 0 0

16. S hak ing  w a te r  b a th  0 1 P F 6 2 3  (N ew  B ru n sw ick  Scien tific  C o . Inc., 

U S A )

17. S tan d ard  film  casse tte : R an ex  R eg u la r  S c reen  E a s tm a n  (E astm an  

K o d a k  com pany , U S A )

18. T h erm al C ycler: G en e  A m p P C R  system  2 4 0 0  (P e rk in  E lm er C etus, 

U S A )

19. u v  tran sillu m in a to r 2011 M a c c ro v u e  (S an G ab rie l C alifo rn ia , U S A )

20 . V o rte x  g en ic  K 5 5 0 -G  (S cien tific  In d u s tr ie s  In c ., U S A )

2.2 Inventory Supplies
1. B la c k  and  w h ite  film  (T riX -p an  400 , E a s tm a n  K o d a k  C o m p an y  L td ., 

U S A )

2. W h a tm an  3 mm. filte r p a p e r  (W h a tm an  In te rn a tio n  L td ., E n g lan d )

3. H y p er-film  M P  (A m ersh am  In te rn a tio n a l, E n g lan d )

4. 0 .5  m l and  1.5 ml m ic ro cen trifu g e  tu b es  (A x y g en  H ay w ard , U S A )

5. 3 0 X 4 0  cm  g lass p la te s  (A xygen  H ay w ard , U S A )

6. P ip e tte  tip s  (A xygen  H ay w ard  U S A )

7. 0 .2  m l th in -w all m icro cen trifiig e  tu b e s  (A x y g en  H ay w ard , U S A )
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2.3 Chemical reagents
N am e C om pany C oun try

A bso lu te  e thano l M e rc k G erm any

A c ry lam id e M e rc k G erm any

A ga rose  gel F M C  B io p ro d u c ts U S A

- M e ta p h o r Agarose

- SeaKem  L E  Agarose

A m m on ium  pe rsu lfa te M e rc k G erm any

B o r ic  acid M e rc k G erm any

B rom opheno l b lue S igm a U S A

C he le x®  100 resin B io -R A D U S A

D eve lope r K od a k U S A

E thy lened iam ine  te traace tic  acid

d isod ium  salt d ih yd ra te (N a2E D T A ) F lu ka Sw itze rland

E th id iu m  b rom ide S igma U S A

F ic o ll 400 S igma U S A

F ixe r K o d a k U S A

G eneAm p P C R  co re  reagents P e rk in  E lm e r U S A

- A m p li 7a<7 D N A  po lymerase (5 บ /!! !)

-  10x P C R  b u ffe r (100  m M  T r is -H C l

p H  8.3, 500 m M K C l)

- 2 5 m M  M g C l2 so lu tio n

-  10 m M  dN TP s (dA T P , dC TP , dG TP  

and d T T P )
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Name Company Country

N,N'-methylene-bis-acrylamide Sigma USA

N,N,N',N'-tetramethylenediamine (TEMED) Sigma USA

Geneclean II kit Bio 101 USA

- G la ssm ilk

- 6 M  S od ium  iod ide

- T B E  m o d if ie r

- N e w  wash concentra te

O m n iB ase™  D N A  cyc le  sequencing system P rom ega U S A

- 5x  D N A  sequencing b u ffe r

(2 50  m M  T r is -H C l pH  9.0, 10 m M  M g C l2)

- d /d dN T P  nuc leo tide  m ixes

- D N A  sequencing stop so lu tio n  

(10  m M  N aO H , 95 %  fo rm am ide ,

0 .0 5%  b rom opheno l blue,

0 .05  %  xy lene  cyano l)

- 10 น/p i T 4  p o lynuc leo tid e  kinase

- 10X  T 4  p o lynuc leo tid e  kinase b u ffe r  

(5 00  m M T r is -H C l p H  7.5, lO O m M  M g C l2,

50 m M  D T T , 10 m M  sperm id ine)

- 200  n g /p l p G E M 3 z f(+ )  co n tro l D N A

- 24  m e r p U C /M 1 3  fo rw a rd  p rim e r

Potass ium  acetate M e rc k  G erm any

Potassium chloride Merck Germany
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N am e C om panpy C oun ty

S od ium  acetate M e rc k G erm any

S od ium  dodecy l su lfa te  (S D S ) S igma U S A

T r is - (h y d ro x y  m e thy l)-am inom e thane F lu ka S w itze rland

U rea F lu ka S w itze rland

X y lene  cyano l FF S igma U S A

100 base p a ir D N A  ladder P rom ega U S A

2.4 Oligonucleotide primers

O lig onu c le o tid e s  used fo r  P C R  w e re  purchased fro m  B io se rv ice  U n it,  

N a tio n a l C en te r fo r  G ene tic  E ng inee ring  and B io te chn o lo g y , N a tio n a l Science  

and B io te c h n o lo g y  D eve lopm en t A gency , T ha iland  o r fro m  B iosyn thes is , In c ., 

U S A  The  p r im e r sequences are shown in  Tab le  2.1 and 2 .2  .

2.5 Radioisotope

[y -32P ] A T P  spec ific  a c tiv ity  3 ,000  C i/m m o l (Am ersham , E ng land )

2.6 Sample collections

T w o  pa ras itic  m ite  species, T. c la re a e  and T. koen igeru m  w e re  co llec ted  

fro m  the  geog raph ic  ranges o f  these taxa. The  fo rm e r can be fo u n d  in  tw o  hosts  

in c lu d in g  A. d o rsa ta  and A. m e llife ra  and w id e ly  d is tr ib u ted  whereas th e  la tte r is 

hos t-spec ific  to  A . d o rsa ta . The re fo re , T. c la rea e  fro m  A . d o rsa ta  was sampled  

fro m  L u m p a n g , N a k h o n ra tc h a s im a , C h a n th a b u r i, T ra d , S am u tsakho rn ,  

Sam utsongkhram , P rachuab K h ir i K han  and C hum pom  w h ile  T. c la re a e  fro m  

A. m e llife ra  was co llec ted  fro m  C h iang  M a i, U tta ra d it, P isanu loks , K h o n  Kaen,
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U d o n  Than i, C hanthaburi, B a n g ko k  and C hum pom . In d iv id ua ls  o f  T. koenigerum 
was co llec ted  fro m  Sam ut S ongkh ram  and Chanthaburi.

A n  in d iv id u a l o f  the  parasites was separa te ly p laced in  a 0.5 m l 

m ic ro cen tr ifu g e  tube  and im m ed ia te ly  trans fe rred  to  a ta n k  con ta in ing  liq u id  

n itrogen  u n til fu r th e r requ ired . A  num ber o f  specimens was app ro x im a te ly  15-50  

in d iv id u a ls  pe r lo ca tion .

Tab le  2.1 P rim e r sequences used in  P C R  and sequencing o f  an am p lifie d  IT S  

reg ion  o f  ribosom a l D N A .

N am e Sequence (5 ' to  3 ') T m
(°C)

IT S 5 1 G G A A G T  A A uA A G T C G T  A C  A A G G 63 PCR /Sequenc ing

IT S 4 1 T C C T  C C G C T T  A T T  G A T  A T  G C 58 PCR /Sequenc ing

in IT S 5 2 T  C G T  A T  G T  A T T  c c  A T T C G T  A 54 In te rn a l p r im e r used  
fo r  sequencing

in IT S 4 2 C A T A G A C A C A A G G C A T C C A T 58 In te rn a l p r im e r used  
fo r  sequencing

1 A fte r  W h ite  e t al., 1990. 

2P rim ers designed in  th is  study.
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Tab le  2 .2  The  sequences o f  a ll random  p rim e rs  p r im ir ily  used fo r  screening o f  

in fo rm a tiv e  p rim e rs fo r  T. clareae and T. koenigerum.

P rim e r Sequences(5 ' to  3 ')

O P A -01 C A G G C C C T T C

O P A -0 2 T G C C G A G C T G

O P A -03 A G T C A G C C A C

O P A -0 4 A A T C G G G C T G

O P A -05 A G G G G T C T T G

O P A -0 6 G G T C C C T G A C

O P A -0 7 G A A A C G G G T G

O P A -08 G T G A C G T A G G

O P A -0 9 G G G T A A C G C C

OP A - 10 G T G A T C G C A G

OP A - 11 C A A T C G C C G T

O P A -1 2 T C G G C G A T A G

O P A -13 C A G C A C C C A C

O P A -1 4 T C T G T G C T G G

O P A -15 T T C C G A A C C C

O P A -1 6 A G C C A G C G A A

O P A -1 7 G A C C G C T T G T

O P A -18 A G G T G A C C G T

O P A -1 9 C A A A C G T C G G

O P A -2 0 G T T G C G A T C C
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Table 2.3 The number of specimen being sequenced and the geographic origin of 
specimens used in this รณdy.

Abbreviation Sampling Area Host Number of 
specimens 
being 
sequenced

N2M Bupphachat Beefarm, Muang, Uttaradit A . m e l l i fe r a 2
N1M Supha Beefarm, Maerim, Chiang Mai A . m e ll ife r a 1
N1D Thungkweng Market, Hang chat, Lumpang A . d o r s a t  a 2
NE1M Preservation and Bee Culture Center 3, 

Khon Kaen
A . m e ll ife r a 1

NE2M Phupan Beefarm, Muang, Udon Thani A . m e ll ife r a 1
NE ID Nongnunnak, Nakhon Ratchasima A . d o r s a ta 1
C2M Naraesaun University, Phisanulok A . m e l l i fe r a 1
C1M Chulalongkom University, Bangkok A . m e l l i fe r a 1
C1D Samroy Yod, Prachuap Khiri Khan A . d o r s a ta 1
C2D Krathumban, Samutt Sakom A . d o r s a ta 1
E1M Preservation and Bee Culture Center 4 

Chanthaburi
A . m e l l i fe r a 2

E3D Muang, Trat A . d o r s a ta 2
SIM Preservation and Bee Culmre Center 5 

Chumphon
A . m e l l i fe r a 1

SID Sawi, Chumphon A . d o r s a ta ' 3
TKC Krathumban, Samutt Sakom A . d o r s a ta 3
TKE Soy Down, Chanthaburi A . d o r s a ta 2
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2 .7  D N A  ex tra c tio n

Total DNA was individually extracted from each specimen using the 
modification of the method of Walsh et al. (1991). When needed, an individual 
mite was removed from a storage tank, placed in a micro centrifuge tube (1.5 ml) 

containing 35 pi of 5% chelex and homogenized with a micropestle for a few 

strokes. The homogenate was gently vortexed at low speed (3-4 degree) for 30 

seconds and incubated at 55 °c for at least 3 hours. The mixture was then 

incubated at 95-100 °c for 7 minutes before centrifugation at 8,000x^- for 10 

minutes at room temperature. The supernatant was carefully transferred to a new 

sterile microcentrifuge tube. The DNA solution was stored at 4 °c and utilized as 

the template for PCR amplification.

2 .8  P C R  a m p lif ica tio n

2.8.1 Amplification of the internal transcribed spacer region (ITS)

The ITS of T. clareae and T. koenigerum was amplified by PCR using a 

pair of universal primers previously successful used for amplification of the ITS in 

fungi (White et al., 1990). PCR was carried out in a 25 III reaction mixture 

constituting 4 pi of DNA template, 200mM each of dNTPS (dATP, dCTP, dGTP 

and dTTP), 2.5 mM of MgCb, lx PCR buffer (10 mM Tris-HCl pH 8.3, 50 mM 

KC1), 0.2 pM each of the forward and reverse primers and 0.6 unit of Taq DNA 

polymerase.

The reaction mixture was firstly predenatured at 94 ๐c for 1 minute 

followed by 35 cycles consisting of a dénaturation at 92 °c for 1 minute, an
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annealing at 52 °c for 1 minute and an extension at 72 °c for 2 minutes. The 

final extension was performed at 72 °c for 7 minutes. After amplification, the 

resulting product was examined by agarose gel electrophoresis and further 
purified for sequencing.

2.8.2 Random amplified polymorphic DNA analysis of T. clareae and 
T. koenigerum

Four microliters of total DNA extraction from each individual mite was 

used as DNA template for PCR in a total volume of 25 pi. An appropriate 

amount o f other constituents composing of 100 mM each of dNTPs (dATP, 
dCTP, dGTP and dTTP), 2.0 mM of MgCl2, lx PCR buffer (lOmM Tris-HCl pH

8.3, 50 mM KC1), 0.2 pM of a particular primer and 1.0 unit of Taq DNA 

polymerase was added.

The thermo-cycler profile (Perkin Elmer Model 2400) was composed of 

predenatured at 94 °c for 1 minute followed by 40 cycles of a 92 ๐c  dénaturation 

for 30 second, a 36 °c annealing for 45 second and a 72 ๐c  extension for 2 

minutes. The final extension was carried out at 72 °c for 5 minute. The 

amplification products were electrophoretically analyzed by appropriate 
concentrations of agarose gels.

2 .9  A g a ro se  g e l e lec tro p h o resis

An appropriate amount of agarose (SaeKem LE or Metaphor) was 
weighed out and mixed with Tris-Borate-EDTA buffer (TBE; 89 mM Tris-HCl, 
89 mM boric acid and 2.5 mM EDTA, pH 8.3) to make the desired gel 
concentration (1.5% for SeaKem LE and 1.8% Metaphor for detection of ITS
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and RAPD-PCR products, respectively). The dissolved agarose was heated until 

complete solubilization and cooled at room temperature to 50 ๐c  before poured 

into a gel mould in which a comb was already inserted. When the gel had 
solidified, the comb was carefully removed. The agarose gel was submerged in a 

chamber containing an enough amount of lx TBE buffer that cover the gel for 

approximately 0.5 cm.

An appropriate amount of ITS or RAPD-PCR amplified DNA was mixed 
with one-fifth volume of the loading dye buffer (15% ficoll 400, 0.25% 

bromophenol blue and 0.25% xylene cyanol FF) before carefully loaded into the 
well. Three microlitters (390 ng) of a 100 bp ladder was used as a DNA standard. 
Electrophoresis was operated at 100 volts until bromophenol blue moved to 
approximately 3 cm (for ITS) and 0.5 cm (for RAPD) from the bottom of the gel. 

The electrophoresed gel was stained by immersed in a 2.5 pg/ml ethidium 

bromide solution for 5 minutes and destained to remove unbound ethidium 
bromide in distilled water for 30 minutes. DNA fragments were visualized under 
a u v  transilluminator and photographed through a red filter using Kodak Tri-X- 
pan 400.

2 .1 0  P rep a ra tio n  o f  D N A  tem p la te  fo r  D N A  se q u e n c in g

The amplified ITS fragment was size-fractionated through a 1.5% agarose 
gel prepared in lx TBE buffer and electrophoretically analyzed side by side with a 

100 bp ladder. After electrophoresis was completed, the lane corresponding to 
the DNA marker was excised and stained with ethidium bromide as described
above. The ITS fragment could also be excised by comparing its molecular length
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corresponding to that of the ladder and placed into a pre-weighed 1.5 ml 
microcentrifuge tube, one-half volume of TBE modifier and 4.5 volumes of 6M 
sodium iodide were added. The gel was dissolved by inversion of the tube for 

several times and further incubated at 55 °c for 10 minutes. Five microliters of 

glass milk was added to the gel solution. The suspension was incubated on ice for 
5 minutes. The glass milk was pelleted by centrifugation at 8000xg for 30 

seconds. After the supernatant was removed and discarded, 250 (il of a new wash 

solution was added. The pellet was resuspended and centrifuged at the same 
speed for 30 seconds. This process was further carried twice. The ITS amplified 
DNA was recovered from the washed pellet with an addition of the suitable 
amount of TE buffer (10 mM Tris-HCl pH 8.0, 1 mM EDTA) and incubated at 

55 ๐c  for 5 minutes. The solution was centrifuged at 5000x g  for 30 seconds, the 

supernatant containing the eluted DNA was collected and used for direct- 

sequencing.

2.11  D N A  S e q u e n c in g

OmniBase™ DNA cycle sequencing system and OmniBase™ sequencing 
enzyme mixes (Promega) were used for direct-sequencing of the amplified ITS of 
T. clareae and T. koenigerum. In this sequencing system, a 32p end-labeled 
primer was annealed to the DNA template and extended by the DNA poiymerase 

activity in the presence of four deoxyribonucleside triphosphates (dNTPs). The 
reaction also contained one of four dideoxyribonucleoside triphosphates 
(ddNTPs), which terminated elongation reaction when being incorporated into the 
DNA synthesizing chain. After sequencing, the products were electrophoretically 
separated on a high-resolution denaturing polyacrylamide gel. The results were
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visualized by autoradiography. Using the external primers, approximately 200 bp 

of the sequences could be unambiguously determined, as a result; internal primers 

were designed to obtained the 3' downstream sequences of the ITS.

2.11.1 End-labeling of the primer.

The primer was 5'-end-labeled with [y-32P] ATP (specific activity 3000 
Ci/mmol) using the forward activity of T4 polynucleotide kinase. The labeling 

reaction mixture in a total volume of 10 pi was set up. This composed of 6 sets 

of double-stranded sequencing reactions. Each of which contained 10 pmole of a 

particular primer, 10 pmole of [y-32P] ATP, 1 pi of lOx buffer (500 mM Tris-HCl 

pH 7.5, 100 mM DTT, 50 mM spermine) and 5 unit of T4 polynucleotide kinase. 

The reaction was gently mixed by pipetting and incubated at 37 °c for 10 
minutes. The labeling reaction was terminated by incubated at 90 °c for 2 

minutes. The reaction mixture was briefly centrifuged and stored at -20 ๐c  until 

further needed.

2.11.2 Extension-termination reactions.

The template/primer mix for each of four sequencing reactions was 

prepared in a 0.5 ml microcentrifuge tube by adding 2 ng of DNA template, 5 pi 

of 5x sequencing buffer (250 mM Tris-HCl pH 9.0, lOmM MgCb), 1.5 pi of end- 

labeled primer (2.11.1) and appropriate amount of nuclease-free water making the 

final volume up to 10 pi. Finally, 10 units of OmniBase™ Sequencing enzyme 

was added. The solution was gently mixed by pipetting. Four microliters of each
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reaction was added to a 0.5 ml microcentrifuge tube containing 2 pi of 

appropriate d/ddNTP termination mix and briefly mixed before subjected to cycle 
sequencing in a thermo-cycler. The cycle sequencing reaction was initially 

denatured at 94 °c for 1 minute followed by typical PCR steps of a 95 ๐c  
dénaturation for 30 seconds, a 44 °c annealing for 45 seconds and a 70 ๐c  
extension for 60 seconds for 30 cycles. At the end of the cycle-sequencing 

reaction, 3 pi of a stop solution was added to each sequencing reaction. Prior to 

loading of these samples on a denaturing sequencing gel, the reactions were 

heated at 70 ๐c  for 2 minutes and snap-chilled on ice.

2.11.3 Polyacrylamide gel electrophoresis

A pair of glass plates were carefully cleaned with soap and water before 
thoroughly rinsed with deionized water, 70% ethanol and left to air-dry. The 

shorter plate was siliconized with a glass coating solution, (Rain-X, บทellco Co., 
USA). The glass plates were assembled with spacers (0.4 mM thickness). The 
side and bottom edges of the plates were sealed with plastic tape.

Sixty milliliters of 6% denaturing acrylamide gel (in IX TBE, 8M urea, 
0.084 M acrylamide, 2 mM bis-acrylamide) was prepared in a 100 ml beaker. To 

initiate gel polymerization, 280 pi of 10% ammonium persulphate and 60 pi of 

TEMED (N,N,N',N'-tetramethylethylenediamine) was added to the acrylamide 

mixture and gently mixed. The resulting solution was immediately poured into 
the gel apparatus with a short plate face-up. The gel mixture was slowly poured 
between the glass plates, with a smooth flow rate to prevent any air bubbles. The 
angle of glass plates was adjusted to allow the gel solution flowed down slowly at
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one side. When the gel solution reached the top of the short plate, a 0.4 mm 
thick shark tooth comb was inserted to approximately 5 mM in depth. The 

polymerization process were allowed to be completed for 2-3 hours.

When required, the sealing tape was removed. The gel was cleaned to 
remove spilled acrylamide solution from plate surfaces with water. The gel mould 
was placed to a sequencing chamber. An enough amount of lx TBE was added 

to the upper and lower chamber allowing the gel plates submerged for 2 - 3 cm in 
the buffer. The comb was removed. The wells were immediately flushed out with 
a long-stem Pasteur pipette using the buffer in the upper reservoir to remove 
undesired small pieces of polyacrylamide. A comb was reinserted into the gel. 
The gel was pre-run at constant power of 35 watts (1.2 kilovolts) for 30 minutes. 
Prior to loading of the samples, the gel wells were carefully rinsed with the buffer 

to remove any residual urea. The heat-danatured samples were loaded. The gel 
was electrophoresed at the same constant power for 2-3 hours.

2.11.4 Autoradiography

After electrophoresis, the glass plates were removed from the 
electrophoretic apparatus and placed under the running tap water until surfaces of 
both plates were cooled. The sealing tape and spacers were removed. The 

shorter glass plate was prized apart using either scissors or a spatula, therefore the 
gel was remained on the longer glass plate. The gel was transferred to a piece of 
pre-cut Whatman 3 MM filter paper by laying the paper on top of gel and slowly 
lower the remaining of the filter paper to cover the entire polyacrylamide gel. The 

paper was slowly peeled back. At this stage the gel should stick with the filter 
paper. The 3 MM filter paper containing the sequencing gel was covered with
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cling-film and dried at 80 °c  for 30-60 minutes in a gel dryer. The dried gel was 

then placed in an X-ray cassette. In the dark room, an autoradiography film was 

placed on the dried sequencing gel. The cassette was kept in a -80 °c  freezer for 

16-24 hours. When required, it was removed from a freezer and left to thaw out 

to room temperature for approximately 30 minutes. The exposed film was 
developed and fixed according to the manufacture’s instruction. The sequences 
obtained were visualized manually.

2 .1 2  S ta tis t ica l a n a ly sis  o f  g en etic  v a r ia tio n

2.12.1 DNA sequence analysis
The sequences obtained from the amplified ITS of T. clareae in A. dorsata 

and A. mellifera and T. koenigerum in A. dorsata hosts were aligned using Clustal 

พ . The genetic distance between sequences (d) can be calculated by Kimura’s 
two parameter method using the formula;

d=  (l/2)ln(a) + (l/4)ln(b)
where a = 1/(1-2P-Q and b = 1/(1-2Q); p and Q represent the proportion of 

nucleotide differences resulted from transitional and tranvertional mutatations, 
respectively.

Practically, the genetic distance of investigated sequences was rout’nely 
calculated using DNAdist in Phylip 3.56c.

2.12.2 RAPD analysis

The reproducible and well resolvable bands with the molecular length 
between 265-2040 bp were scored from photographes of the gels. The band 

intensity differences due to homo- and hétérozygotie states were not considered.
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Accordingly, the presence (1) and absence (0) of an amplified fragment was 

treated in a dominant fashion.
The similarity coefficiency between a pair of individuals was calculated 

using the formula:

Sxy 2nxy/:nx+ny,
where; nx and ny represent the number of scorable fragments from individual X  and 

y, respectively.
nxy is the number of fragments shared by both individuals.

Similarity index within a population (ร) is calculated as the average of Sxy 
across all pairwise comparisons between individuals within such a population.

Genetic similarity between populations with a correction for within 

population similarity is:

Saij= l+SVo.5 (Si+Sj),
where Si and Sj represent the ร estimates for population i and j, respectively

ร7jj is the average similarity between random pairs of individuals across 
populations i and j (Lynch 1990).

Saij was then converted to the genetic distance (Dij) using the equation:
Dij = 1- Saij (Lynch 1991).

2.12.3 Phylogenetic construction

A phenogram based on the distance approach was constructed using the 
unweight pair-group method with arithmetic average (บPGMA) implemented in 
Phylip version 3.57c (Felsenstein, 1991).
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