
CHAPTER n i

Results

3.1 DNA extraction

The quantity of isolated genomic DNA of T. clareae and T. koemgerum 

could not be spectrophotometrically measured due to the limited amount of DNA 
obtained. Electrophoretic analysis revealed that extracted total DNA was greatly 
degraded, therefore the DNA concentration of each sample could not be compared 
with the standard DNA marker (Fig 3.1).

3.2 Testing range of DNA template for PCR amplification of the ITS region

To overcome difficulties to quantify the DNA template, two fold increases 

in volume (from 1-10 pi) of extracted DNA was served as the DNA template in the 

PCR amplification of the ITS region as described in Fig.3.2. The ITS PCR product 

approximately 600 bp in size was initailly observed at 1 pi DNA template. The 

resulting product was gradually increased until 4 pi of DNA . At the concentration 

of template greater than this, smeared PCR product was usually observed. As a 

result, amplification of the ITS region was basically carried out using 4 pi of 

extracted T. clareae and T. koenigeriim DNA. If smeared PCk product was 
observed after electrophoresis, the amount of DNA template used in the 
amplification reactions was then reduced.
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Fig. 3.1 Agarose gel electrophoresis showing the quality of DNA extracted 
from Tropilealaps mites, 

lane M = DNA marker (X/HindlH)
lanes 1-4 = Total DNA from 1, 3, 5 and 10 mite individuals, respectively.
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Fig. 3.2 Agarose gel electrophoresis showing the PCR-amplified ITS product 
(600bp) using different amount of the DNA template at a constant MpC'ri 

(3.5 mM) and primer concentration (0.10 |iM). 
lane M = A 100 bp DNA ladder

lanes 1-7 = The resulting ITS product using 0, 1, 2, 4, 6 and 8 fj.1 of DNA

template, respectively.
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3.3 Optimization of PCR condition for amplification of the ITS region in 
T .  c l a r e a e  and T .  k o e n i g e r u m  .

To evaluate the most appropriate amount of MgCl2 for amplification 
of the ITS region from T. clareae, a series o f 0-4 mM MgCl2 concentration with a 
0.5 mM increment was included in the PCR reaction at a primer concentration of 

0.2 pM. As can be seen from Fig.3.3, the amplified product was firstly appeared at 

0.5 mM MgCl2. An increase ofMgCl2 concentration to be higher than 1.5 mM did 
not yield significantly higher amount of the amplified product, therefore an optimal 
MgCl2 concentration was chosen at this concentration. The most optimal primer 
concentration was examined in the same manner, the concentration of primer was 

varied in the range of 0-0.35 pM, with a 0.5 pM increment. The amplified 

product was firstly visualized at 0.0C pM of each primer and dramatically increased 

when the primer were adjusted to 0.10 pM. Higher concentrations of the primers 

did not resulted in elevating of the PCR product (Fig.3.4). The optimal primer 

concentration was chosen at 0.10 pM. Therefore, an amplification of the ITS 

region in T. clareae was routinely carried out with the existence of 1.5 mM MgCl2

and 0 .10 pM each of the primers.
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Fig. 3.3 Agarose gel electrophoresis showing the results from optimization of 
MgCl2 concentration used for amplification of the ITS region at a constant 

primer concentration of 0.2 pM. 

lane M = A 100 bp DNA ladder
lanes 1-9 = The PCR-amplified ITS product resulted from using 0, 0.5,

1.0, 1.5, 2.0, 2.5, 3.0,3.5 and 4.0 mM of MgCl2 in the PCR,
respectively.
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Fig 3.4 Agarose gel electrophoresis showing the results from optimization of 
primer concentrations used for amplification of the ITS region at
1.5 mM MgCl2 concentration, 
lane M = A 100 bp ladder

lanes 1-8 = The PCR-amplified ITS product when 0,0 .05,0.10,0.15, 

0.20, 0.25 and 0.30 pM of primers was included in the

reaction.
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3.4 Preparation of DNA template and direct sequencing
Amplification of an ITS region of twenty T. clareae individuals originating 

from different geographic locations and host species (A. dorsata or A. mellifera) 

and 5 individuals of T. koenigerum from geographically distinct samples were 
performed. The size of PCR-amplified ITS region of both T. clareae and 
T. koenigerum were about 600 bp long (Fig. 3.5). Length polymorphisms at both 
intraspecific and interspecific levels were not observed. After electrophoresis, the 
amplified ITS fragment was purified with approximately 80% yield (Fig. 3.6). This 

double stranded DNA template was subjected to cycle-sequencing. No sequence 
polymorphisms were found for all T. clareae investigated both from A. dorsata and 
from A. mellifera hosts. Fig. 3.7 showed the partial ITS sequences obtained from 
the internal primer, inITS4. No sequence polymorphisms were observed between 
geographically different and host-different T. clareae. This circumstance was also 
observed in all T. koenigerum investigated. Fig. 3.8 showed an autoradiogram 
illustrating interspecific polymorphisms of an amplified ITS region of T. clareae 
and T. koenigerum.

The average base compositions for an ITS region of both species were 
25%A, 30%T, 25%G and 20% c. A sequence from each species (519 bp for 
T. clareae and 520 bp from T. koenigerum) was aligned by using Clustal พ  (Fig 
3.9). The*sequence similarity of the ITS region was 94.2 %. A total of 19 point 
mutations was illustrated between these sequences. There were 10 transitional 

mutations (5 of A<->G and T o C )  and 9 transversional mutations. Differences due 

to insertions/deletions was also observed (number of gaps = 7). Interestingly, the 
ITS region of T. koenigerum consistently contained a sequence o f TTCTC which
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was not found in that of T. clareae. The genetic distance (sequence divergence) 

between these two taxa calculated using Kimura’s two parameter approach was

3.79%.

M 1 2 3 4 5 6 7 8 9  10

Fig 3.5 The ITS region amplified by PCR and electrophoresec through a 1.5% 

agarose gel.
lane M = A 100 bp DNA ladder
lanes 1-5 = The PCR-amplified ITS region of T. clareae
lanes 6-10 = The PCR-amplified ITS region of T. koenigerum
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M 1 2 3 4  5 6

Fig 3.6 Five microliters of the PCR products from each individual of T. clareae 
or T. koenigerum was electrophoretically size-fractionated through a 
1.5% agarose gel. The purified ITS DNA was recovered using a 
GeneClean II Kit (Bio 101). 
lane M = A 100 bp DNA ladder 
lanes 1-3 = The ITS DNA amplified through PCR 
lanes 4-6 = The ITS DNA recovered using GeneClean.
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Fig 3.7 An autoradiogram showing partial ITS sequence obtained from using the 
primer inITS4. No sequence polymorphisms were observed between 
geographically different (ND and SD) and host-different T. clareae 
Abbreviation ND = Geographic origin from the North, A. dorsata is the host.

NM = Geographic origin from the North, A. mellifera is the host. 
SD = Geographic origin from the South, A. dorsata is the host.



Fig. 3. A n a u to ra d io g ra m  illu s tra tin g  in te rsp ec ific  p o ly m o rp h ism s (a rro w s)  o f  an 

am plified  IT S  reg io n  o f  T. clareae (a )  and  T. koenigerum (b).
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Fig. 3 .9  S eq u en ce  fo r  IT S  fro m  T. clareae and  T. koenigerum a f te r  alignm ent. 

D o ts  in d ica te  iden tities , and  d ash es  (— ) a re  g ap s  in tro d u c e d  to  

lo c a te d  h o m o lo g o u s  n u c leo tid e  p o sitio n . A n  in se rtio n  o f  5 bp  (T T C T C ) 

a t th e  n u c leo tid e  p o sitio n  9 3 -9 7  is T. koenigerum-specific . T w o  sites 

o f  G T A C  seq u en ce  in T. clareae (s ta rtin g  fro m  n u c leo tid e  sites 4 28  and 

4 4 4 ) w h e re a s  in  T. koenigerum fo u n d  o n e  site  (s ta r tin g  fro m  n u c leo tid e  

s ite  4 4 4  th a t  sam e in T. clareae) th a t  a re  re c o g n itio n  site  o f  Rsal.
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3.5 Determination of inter- and intraspecific genetic variation of T. clareae 
and T. koenigerum using RAPD analysis.

S ince th e  in trasp ec ific  d iversity  o f  โ. clareae o r  โ. koenigerum co u ld  n o t b e  

d e te c te d  by  seq u en c in g  o f  th e  IT S  reg io n , an  a lte rn a tiv e  m e th o d  b ased  o n  R A P D  

a p p ro a c h  w a s  th en  ca rried  o u t. A  to ta l o f  20  o c ta n u c le o tid e  p rim ers w e re  sc reen ed  

w h e th e r  th ey  co u ld  b e  u sed  to  exam ine  th e  g en e tic  v a ria tio n  w ith in  and  b e tw een  

th e se  species. B ased  o n  th e  seq u en c in g  resu lts , th e se  ta x a  w ere  c lose ly  re la ted  so 

on ly  โ. clareae w as  initially u sed  d u rin g  sc reen in g  fo r th e  su itab le  R A P D  prim ers. 

I t  w a s  fo u n d  th a t on ly  O P A 0 8  did n o t y ield  th e  successfu l am plifica tion  resu lts  

(F ig. 3 .1 0 ). T h ree  p rim ers (O P A 0 7 , O P A 1 1 and  O P A 1 2 ) w e re  se lec ted  fo r  fu rth e r 

s tu d ies  o n  g en e tic  v a ria tio n  o f  T. clareae and  T. koenigerum o n  th e  basis  o f  

co n sis ten t, re p ea tab le  and  easily  sco rab le  re su lts  o f  th e se  prim ers.

T h e  m o st o p tim al M g C l2 c o n c e n tra tio n  fo r  each  ran d o m  p rim er w as 

carefu lly  ex am in ed  as d e sc r ib e d  p re v io u s ly . T h e  m o s t o p tim a l M g C l2 

co n cen tra tio n  fo r all se lec ted  p rim ers w a s  2 .0  m M  (F ig. 3 .11 ). T h is co n cen tra tio n  

re su lted  in c o n s is te n t and  re p ea tab le  re su lts  a c ro ss  in v estig a ted  individual.

A nalysis o f  s ix teen  an d  tw o  co lo n ies  (p rinc ipa lly  8 ind iv iduals p e r  co lony ) 

o f  โ. clareae and  โ. koenigerum u sin g  O P A 0 7 , O P A 1 1 and  O P A 1 2  in d ica ted  b o th  

in te r- and  in tra sp ec ific  p o lym orph ism s. E x am p les  o f  R A P D  b an d in g  p a tte rn s  

g e n e ra te d  by  O P A 0 7 , O P A 11 and  O P A 1 2  a re  sh o w n  in F ig . 3 .1 2 -3 .1 7 . A  to ta l  o f  

86 frag m en t w e re  u n am b ig u o u sly  sc o re d  (2 6 5 -2 2 0 0  b p  in size). O f  th ese , fifty- 

o n e  (3 6  p o ly m o rp h ic  b an d s) and  tw e n ty - tw o  frag m en ts  (3 p o ly m o rp h ic  bands)
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M  ผ  1 2  3  4  5  6  7  8  9  1 0  11 1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0

F ig  3 .1 0  T e n  m icro lite rs  o f  each  R A P D  re a c tio n  w a s  e le c tro p h o re tica lly  sep a ra ted  

th ro u g h  a  1 .8%  M e ta p h o r  a g a ro se  gel. 

lane M  =  A  100 bp  D N A  la d d e r 

lane N  -  N e g a tiv e  co n tro l

lanes 1-20 =  B an d in g  p a tte rn s  o f  T. clareae re su lte d  fro m  R A P D -P C R  

using  p rim er O P A 0 1 -O P A 2 0 , resp ec tiv e ly .
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M  1 2 3 4  5 6 7 8 9
bp

1500-

700-

300-

F ig  3 .11 O p tim iza tio n  o f  M g C l2 c o n c e n tra tio n  fo r  R A P D -P C R  assay  u sin g  th e  

p rim er O P A 0 7  (a t 0 .4  |J.M p rim e r co n cen tra tio n ). 

la n e M  =  A  100 bp  D N A  la d d e r

lane  1-9 =  A m plifica tion  p a tte rn s  re su lted  fro m  inc lud ing  o f  0, 0 .5 , 1.0,

1.5, 2 .0 , 2 .5 , 3 .0 , 3 .5  an d  4 .0  m M  M g C l2 in th e  R A P D

reac tio n , resp ec tiv e ly
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were found in โ. clareae and โ. konigerum, respectively. Only thirteen fragments 

were shared by both species (Table 3.1 and 3.2).

The RAPD patterns o f all investigated individuals are shown in Appendix A. 

Only reproducible bands were scored for presence (1) or absence (0). RAPD 

fragments having band intensity more than 2-fold difference did not score and 

omitted from the subsequent analysis. One hundred fifty-two RAPD genotypes 

were observed from OPA07, OPA11 and OPA12, respectively.

RAPD analysis using QPA07 primer

In the present study, a polymorphic band was classified to be polymorphic 

if  it is possessed by less than 95% o f overall investigated specimens. The 

percentage o f  monomorphic and polymorphic bands in โ. clareae were found 8.8% 

and 50%, respectively.Eigth monomorphic bands were found in โ. koenigerum 
(Table 3.2). As can be seen from Fig. 3.12 and 3.13, inter and intraspecific 

polymorphic were clearly observed. In this study, a band carried by individuals o f 

all colony in a given species but disappeared from the other was regarded as a 

species-specific band. For โ. clareae, 4 fragments (1980, 1210, 850 and 640 bp) 
were species-specific while a total o f 8 species-specific fragments were observed in 

โ. koenigerum (2040, 2000, 1550, 1375, 1195, 1110, 610 and 430 bp). The 950 

bp, 880 bp and 760 bp fragments were found in both taxa and may be useful as 

genus specific RAPD markers. A 1360 bp fragment was only observed in the C1D 

sample. The percentage o f RAPD bands observed in each sample (colony) o f  

โ. clareae and โ. koenigerum can be illustrated by Table 3.3 (A).
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A total o f 60 detected RAPD genotypes was observed when โ. careae 
and T. koenigerum individuals were amplified using OPA07. Genotypes 

distribution frequencies resulted from RAPD banding patterns are shown in Table

3.4 (A). Interestingly, no shared genotypes were observed at interspecific level.

RAPD analysis using OPA11 primer

Five species-specific bands (1650 bp, 1140 bp, 920 bp,540 bp and 430 bp 

fragments) were found in โ. clareae whereas four specific RAPD fragments (1490, 
1440, 1300 and 810 bp) were observed in โ. koenigerum (Fig. 3.14 and 3.15). The 

RAPD fragment found in all groups was not observed. The 910 bp and 640 bp 

fragments were found in โ. koenigerum but observed in relatively low 

frequencies in โ. clareae (0.8 % and 19.2 % o f investigated individuals). The 

percentage o f RAPD bands observed in each sample (colony) o f  โ. clareae and 

โ. koenigerum can be illustrated by Table 3.3 (B). Fifty-eight genotypes were 

observed from 141 specimens investigated (Table3.4B). The interspecifically 

shared genotype was not observed between these taxa. Interestingly, a 1210 bp 

appeared in almost all โ  clareae samples in A. mellifera host (83.9% o f all 
individuals) but it was found in 25.4% o f โ. clareae sample in A. dorsata host 
(Table 3.3B).

RAPD analysis using OPA12 primer

The results from this primer clearly indicated interspecific differences 

between โ  clareae and โ. koenigerum (Fig. 3.16 and 3.17). A total o f seven 

fragment (1490 bp, 1360 bp, 1250 bp, 900 bp, 720 bp 595 bp and 545 bp) was 

specific to the former. Four o f these (900 bp, 720 bp, 595 bp and 545 bp)
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were fixed and found in all investigated T. clareae individuals (Table 3.4C). 
Eight T. koenigerum-specific fragments were completely fixed. Therefore these 

and four RAPD fragments from T. clareae can be used for unambiguous 

dissociation o f these two species easily. A 1250 bp RAPD fragment was fixed in 

T. koenigerum and found in almost all o f  the T. clareae mite. Therefore, it may be 

served with relatively high confidence as a genus-specific RAPD marker.

Genotype distribution frequencies o f RAPD patterns using OPA12 are 

shown in Table 3.4C. The lowest number o f genotype (35) was found from this 

primer compared to 60 and 58 patterns resulted from OPA07 and OPA11, 

respectively.
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b p

1500-

500-

Fig. 3.12 RAPD patterns o f T. clareae generated from OPA07. Ten microliters 

o f the PCR products was electrophoretically separated through a 1.8% 

Metaphor agarose gel. 
lane M = A 100 bp DN A ladder 

lane N = Negative control
lanes 1-8 = RAPD banding patterns o f T. clareae individuals from the

same colony.
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Fig 3.13 Interspecifically different RAPD banding patterns between T. clareae 
and T. koenigerum were observed. Ten microliters o f RAPD-amplified 

products using OPA07 was loaded into a 1.8% Metaphor agarose gel 
and electrophoretically analyzed, 

lane M = A 100 bp DNA ladder
lanes 1-4 = RAPD banding patterns o f four T. clareae individuals
lanes 5-7 = RAPD banding patterns o f three T. koenigeum individuals. 

— ►  = showing species specific band o f T. clareae,
= showing species specific band o f T. koenigerum
=  showing genus specific band .
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M l\l 1 2 3 4 5 6  7 8 M

1500-

700-

I
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Fig. 3.14 RAPD patterns o f T. clareae generated from 0PA11. Ten microliters o f  

the resulting product were loaded into a 1.8 % Metaphor agarose gel 
and electrophoretically analyzed. 

laneM  = A 100 bp DNA ladder 

lane N  = Negative control
lanes 1-8 = RAPD banding patterns o f eight individuals o f T. clareae

originating from the same colony.
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b p

1 5 Ü Ô -

700-

M 1 2 3 4  5 6 7 8 M

300-

Fig 3.15 Interspecifically different RAPD banding patterns between T. clareae 
and T. koenigerum were observed. Ten microliters o f RAPD-amplified 

products using OPA11 was loaded into a 1.8% Metaphor agarose gel 
and electrophoretically analyzed, 
lane M = A 100 bp DNA ladder

lanes 1-4 = RAPD banding patterns o f 4 representatives o f T. clareae 
lanes 5-8 = RAPD banding patterns o f 4 representatives o f T. koenigerum 

—*> = showing species specific band o f T. clareae,
=  showing species specific band o f  T .  k o e n i g e r u m
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M ณ ไ 2 3 4 5 6 7 8 m

1500-

500-

1 0 0 -

Fig. 3.16 RAPD banding patterns o f T. clareae generated from 0PA12. Ten 

microliters o f the resulting product were loaded into a 1.8 % Metaphor 

agarose gel and electrophoretically analyzed, 
lane M = A 100 bp DNA ladder 

lane N = Negative control
lanes 1-8 = RAPD banding patterns o f eight individuals o f T. clareae 

originating from the same colony.
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M 1 2 3 4 5 6 7  8 M

Fig 3.17 Interspecifically different RAPD patterns between T. clareae and 

T. koemgerum were observed. Ten microliters o f RAPD-amplified 

products using OPA12 was loaded into a 1.8% Metaphor agarose gel and 

electrophoretically analyzed, 
lane M = A 100 bp DNA ladder

lanes 1-4 = RAPD banding patterns o f 4 representatives o f T. clareae 
lanes 5-8 = RAPD banding patterns o f 4 representatives o f T. koenigeum 

—►  = showing species specific band o f T. clareae,
— -» = showing species specific band o f T. koemgerum

> - »  =  showing genus specific band .



Table 3.1 Number o f  amplified bands in RAPD analysis o f  T r o p i l a e l a p s  c l a r e a e  and T .  k o e n i g e u m

Primer No. No. of 
amplified 

bands
No. of bands 

found in 
T. clareae

No. of bands 
found in

T. koenigerum

No. of bands 
found in both 

species
No. of species - 
specific bands of 
T. clareae

No. of species- 
specific bands of 

T. koenigerum

No. of specific 
bands of both 
species

OPA07 34 20 8 6 4 8 3
OPA11 26 18 5 3 5 4 -
OPA12 26 13 9 4 7 8 1



Table 3.2 Total number o f bands, percentage o f polymorphic and monomorphic bands (in brackets) found in T .  c l a r e a e  and T .  k o e m g e r u m

Primer No. of amplified bands
No. of bands found in T. clareae

No. of bands found in 
T. koenigerum

No. of bands found in both species
No. of monomorphic bands No. of polymorphic bands No. of monomorphic bands No. of polymorphic bands No. of monomorphic bands No. of polymorphic bands

OPA07 34 3 (8.8%) 17 (50%) 8 (23.5%) - 3 (8.8%) 3 (8.8%)
OPA11 26 6 ( 23%) 16 (46.2%) 3 (11.5%) 2 (7.7%) - 3 (11.5%)
OPA12 26 5 (19.2%) 8 (30.8%) 1 (3.8%) 1 (3.8%) 1 (3.8%) 3 (11.5%)



Table 3.3 The percentage o f RAPD fragments (in base pairs) within each colony (ท=8 except C2D, ท=7 and C1M, ท=6) o f T. clareae and T. koenigerum.
A. Primer OPA07C1D C2D C3D E1D E2D N1D SID ร2D N1M N2M NE1M NE2M C1M C2M E1M SIM TKC TKE2040 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 1002020 0 0 0 100 12.5 0 0 0 0 0 0 0 50 0 0 50 0 02000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 1001980 100 100 100 100 100 100 100 100 100 75 100 50 100 100 100 50 0 01710 100 87.5 0 100 12.5 0 100 100 12.5 0 0 0 100 100 100 62.5 0 01550 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 1001530 100 100 0 100 12.5 0 100 100 87.5 0 100 0 100 100 62.5 50 0 01390 100 100 100 100 100 100 100 87.5 100 87.5 100 50 100 0 100 87.5 0 01375 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 1001360 100 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 01210 100 100 100 no 100 100 100 100 25 100 100 100 100 100 100 100 0 01195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 1001180 0 0 25 62.5 87.5 87.5 100 87.5 75 87.5 100 100 100 87.5 0 75 0 01160 0 0 0 12.5 25 12.5 0 0 0 0 0 0 0 12.5 0 25 0 01110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 1001070 100 100 0 100 100 0 100 100 0 0 0 0 100 50 0 25 0 01050 0 0 0 0 12.5 0 0 0 0 0 0 0 0 0 0 0 100 100950 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 62.5 100880 100 100 100 100 100 87.5 100 100 87.5 87.5 100 100 100 100 100 100 100 100850 100 100 100 100 37.5 75 100 100 100 37.5 100 100 100 100 100 100 0 0780 0 0 0 0 0 0 n r ~ 12.5 0 0 0 0 0 0 0 0 0 0760 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100690 100 100 100 100 0 12.5 100 100 100 87.5 100 0 100 100 100 100 0 0640 100 87.5 100 100 100 100 100 75 100 100 100 100 100 100 100 100 0 0620 0 0 0 62.5 0 0 100 62.5 0 0 25 0 83.33 25 0 0 0 0610 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100590 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 12.5 0 0550 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 12.5 100 100510 100 100 100 100 0 0 100 100 0 0 0 0 100 100 100 50 0 0480 0 0 0 87.5 0 0 100 12.5 87.5 25 0 0 16.67 12.5 0 0 0 12.5460 100 100 100 12.5 100 100 50 0 100 100 100 100 83.33 100 100 100 0 0430 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100410 100 0 0 0 0 0 0 25 87.5 0 0 100 100 100 0 87.5 0 0405 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12.5 0 0

ON



Table 3.3 (continue)
B. Primer OPA11

C1D C2D C3D E1D E2D N1D SID ร2D N1M N2M NE1M NE2M C1M C2M E1M SIM TKC TKE
1650 75 100 87.5 100 100 100 100 100 100 87.5 37.5 75 100 100 50 100 0 0
1490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 75 100
1440 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 87.5 100
1300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
1210 0 28.75 12.5 87.5 75 0 0 0 87.5 62.5 100 75 100 100 62.5 87.5 0 0
1140 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0
920 100 100 100 100 100 100 100 100 100 100 100 87.5 100 100 100 100 0 0
910 0 0 0 0 0 0 0 0 0 0 0 12.5 0 0 0 0 100 100
820 100 100 0 100 100 0 100 100 100 100 100 75 100 100 100 100 0 0
810 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
770 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 75 0
740 0 0 0 0 0 0 0 0 100 0 37.5 12.5 100 0 12.5 0 0 0
720 0 0 0 0 0 0 0 0 0 62.5 12.5 12.5 0 0 0 0 0 0
680 100 100 100 100 100 100 100 100 75 100 87.5 87.5 0 100 100 100 0 0
640 12.5 28.57 0 0 0 100 0 37.5 100 0 12 5 12.5 0 0 0 0 100 100
590 87.5 0 0 0 37.5 100 100 100 87.5 100 87.5 87.5 100 100 100 37.5 0 0
580 0 0 25 0 0 0 0 0 12.5 0 12.5 25 0 12.5 0 0 0 0
540 100 100 100 100 100 100 100 100 100 100 87.5 100 100 100 100 100 0 0
480 25 0 0 0 0 n r 0 0 75 62.5 50 37.5 100 100 12.5 0 0 0
450 0 0 0 0 0 0 0 0 0 100 12.5 12.5 0 0 0 0 75 100
430 100 100 100 100 100 100 100 100 100 87.5 100 100 100 87.5 100 87.5 0 0
395 0 0 0 0 0 0 0 0 87.5 0 0 0 0 0 0 0 0 0
370 100 100 0 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0
305 100 100 37.5 87.5 75 87.5 100 50 0 : 0 50 37.5 33.33 75 75 50 0 0
290 87.5 0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0
265 0 0 0 0 0 0 0 0 0 100 0 0 100 100 0 0 0 0

a s00



Table 3.3 (continue)
C.OPA12 Primer

C1D C2D C3D E1D E2D N1D SID ร2D N1M N2M NE1M NE2M C1M C2M E1M SIM TKC TKE
1670 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
1490 100 100 75 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0
1420 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
1360 100 100 75 100 100 100 87.5 100 100 50 100 100 66.67 100 75 100 0 0
1250 100 100 75 103 100 100 87 5 100 100 75 100 100 100 100 75 100 100 100
1140 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
1120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 100 100
1050 100 0 100 12.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
970 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
900 ICO 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0
895 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
760 0 12.5 0 0 0 0 0 0 25 0 0 0 16.67 25 0 0 100 100
740 100 87.5 0 100 37.5 75 0 0 62.5 62.5 100 75 100 100 0 100 0 0
720 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0
680 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0
660 0 100 0 100 100 0 0 0 62.5 0 75 50 0 100 0 100 0 0
595 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0
545 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0
510 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
505 0 87.5 25 62.5 87.5 100 0 0 100 100 100 50 100 100 100 100 0 0
480 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
420 0 0 0 0 0 0 0 0 ' 0 50 0 0 33.33 62.5 100 0 100 100
410 0 100 100 100 100 100 100 100 100 75 100 100 100 100 100 100 0 0
390 100 0 100 0 0 0 0 0 100' 75 0 0 100 100 25 100 0 0
385 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 100
310 0 0 100 0 0 0 0 0 100 62.5 0 0 0 0 100 75 0 0

G>



Table 3.4 Genotype distribution frequencies o f RAPD patterns o f T . c l a r e a e  and T .  k o e n i g e r u m .

A. Primer OPA07
sample

A B c ว E F G H I J K L
Genotype 

M  N 0 P Q R ร T บ V พ X Y Z A A A B AC A D AE AF AG AH AI

C1D 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C2D 0 5 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C3D 0 0 0 0 6 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 2 0 0 0 0

C2M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 3 1
E1D 0 0 0 0 0 0 1 1 1 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E2D 0 0 0 0 0 0 0 0 0 0 0 5 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E1M 0 0 0 0 0 ท 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N1D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N2M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NE1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NE2M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SID 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 0 0 0 0 0 0 0 0 0 0 0 0

S2D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 2 1 1 1 0 0 0 0 0 0 0 0

SIM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TKC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TKE 0 0 0 0 0 0 ■ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

©



Table 3.4 (continue)
Primer OP A 07 (continue)

sample
AJ AK AL AM AN AO AP AC? AR AS

Genotype 
A T A U  AV AW A X AY A z B A BB BC B D BE BF B G BH

C1D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 p 0 0

C2D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C3D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C2M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E1D 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E2D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E1M 3 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N1D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N1M 0 0 4 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N2M 0 0 0 0 0 0 0 1 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NE1M 0 0 0 0 0 0 0 0 0 0 0 2 6 0 0 0 0 0 0 0 0 0 0 0 0

NE2M 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 0 0 0 0 0 0 0 0 0

SID 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S2D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 2 0 0 0

TKC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5 0

TKE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 1



Table 3.4 (continue)
B. Primer OPA11

sample
A B c D E F G H I J K L M N 0 P

Genotype  
Q R s T บ V พ X Y Z A A AB AC A D AE AF AG AH AI

C1D 5 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C 2D 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C 3D 0 0 0 0 0 0 0 0 1 3 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C 1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 0 0 0 0 0 0 0 0 0 0 0

C 2M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 4 1 0 0 0 0 0 0 0

E 1D 0 0 0 0 0 0 ว 0 0 0 0 0 0 1 1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E 2D 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E 1M 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0

N 1D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N 1 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 1

N 2 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N E 1 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N E 2 M 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S ID 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ร 2D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0

S IM 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 1 ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

T K C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

T K E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Table 3.4 (continue)
B. Primer OPA11 (continue)
sample

AJ AK AL AMAN AO AP AQ AR AS
Genotype 
AT AU AV AWAX AY AX BA BB BC BD BE BF

C1D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C2D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C3D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C2M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E1D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E2D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N1D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N1M 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N2M 0 0 0 1 1 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NE1M 0 0 0 0 0 0 0 0 0 2 2 2 1 0 0 0 0 0 0 0 0 0 0
NE2M 0 0 0 0 0 0 0 0 0 0 1 0 0 1 2 1 1 0 0 0 0 0 0
SID 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ร2D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SIM 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0
TKC 0 0 0 0 0 0 0 0 0 0 o' 0 0 0 0 0 0 0 2 2 2 1 1
TKE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0

.รC-J



Table 3.4 (continue)
c. Primer OPA12

sample Genotype
A B c D E F G H I J K L M N 0 P Q R ร T บ V พ X Y Z AA AB AC AD AE AF AG AH AI

C1D 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C2D 0 6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C3D 0 0 0 5 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C2M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0
E1D 0 4 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E2D 0 3 0 0 0 0 0 0 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 2 0 0 0 0 0 0 0 0 0 0
N1D 0 0 0 0 0 0 0 0 0 0 2 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N1M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 2 1 0 0 0 0 0 0 0
N2M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 1 2 1 1 0 0 0
NE1M 0 6 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NE2M 0 2 1 0 0 0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
SID 0 0 0 0 0 0 0 0 0 0 0 0 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S2D 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SIM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0

TKC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0

TKE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8
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Estimation o f genetic relatedness within and between Tropilaelaps species 

was carried out. Presumably, individuals from the same colony was regarded as 

the same group, therefore, one hundred and twenty-five investigated individuals 

were grouped to 16 samples o f โ. clareae and 2 samples o f โ. koemgerum. For 

โ. clareae, the similarity index within each group was between 0.8055-1.000 

(OPA07), 0.8359 - 1.000 (OPA11) and 0.8251 - 1.000 (OPA12) (Table 3.5). The 

average similarity within each group was 0.8717-0.9823. Individuals from SID  

possessed the highest genetic similarity within group whereas those from N2M  

showed the lowest within-group similarity. Apparently, the mean similarity index 

o f โ. clareae in the A. dorsata host was higher than that from the A. mellifera 
host (0.9567 in the former compared to 0.9241 in the latter). Genetic 

polymorphisms were not observed in โ. koemgerum when OPA12 was employed. 
Nevertheless, lower similarity indices were observed with other primers. The mean 

similarity within each group was 0.9559 and 0.9969 for TKC and TKE, 
respectively.

Similarity index between group o f โ. clareae from OPA07 was 0.5829- 
0.9870 whereas that between a pair o f TKC and TKE was 0.9600. Interspecific 

similarity ranged from 0.1749-0.2875. These values were dramatically lower than 

between group similarity o f eacn species.

The similarity index both within and between species resulted from RAPD 

analysis using OPA11 is shown by Table 3.6B. The interspecific similarity between 

a pair o f representative groups o f โ. clareae and โ. koemgerum was 0.0000 to 

0.1113. Within each species, the similarity between pairs o f samples was
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0.5835-0.9582 in T. clareae while that between TKC and TKE was 0.9023. 
Regarding the host species, T. clareae from A. dorsata showed higher similarity 

index (0.9582-0.9870) than did T. clareae ffornÆ mellifera (0.7747-0.9018).

Like OPA07 and OP A l l ,  large similarity values resulted from the primer 

OPA12 were observed intraspecifically (0.6543-0.9820 for T. clareae and 0.9600 

for T. koenigerum) whereas significant lower similarity was found at interspecific 

level (0.0621-0.1515). Considering the host species, the ranges o f similarity o f 

T. clareae were not largely different (0.6943-0.9821 and 0.7736-0.9489) for 

A. dorsata and A. mellifera host species, respectively.

The mean similarity index between pairs o f samples across all primers was 

illustrated by Table 3.6D. Higher intraspecific similarity levels were typically 

observed than interspecific similarity level. Genetic distance was converted from 

similarity values and showed the same trend (Dij = 1-Sij).

In T. clareae, the mean genetic distance between pairs o f samples across all 
investigated primer ranged from 0.0181 to 0.2013 while that between TKC and 

TKE was 0.0289. Considering the host species, genetic distance o f T. clareae 

within A. mellifera was 0.0538-0.1446.



Tabic 3.5 Within colony similarity of sixteen and two of T. c /a r e a e  and T. k o e n ig e m m

Samples OPA07 OPA11 OPA12 average all primers
C1D 1 .0000 0.9231 1 .0000 0.9744
C2D 0.9787 0.9516 0.9625 0.9643
C3D 0.9814 0.9054 0.9140 0.9336
C1M 0.9538 0.9802 0.9382 0.9574
C2M 0.9423 0.9661 0.9626 0.9570
E1D 0.9367 0.9760 0.9636 0.9588
E2D 0.9061 0.9355 0.9614 0.9343
E1M 0.9786 0.9081 0.9340 0.9402
N1D 0.9255 0.9881 0.9774 0.9637
N1M 0.9249 0.9273 0.9392 0.9305
N2M 0.8740 0.9159 0.8251 0.8717
NE1M 0.9829 0.8359 0.9796 0.9328
NE2M 0.9429 0.8359 0.9182 0 8990
SID 0.9827 1 .0000 0.9643 0.9823
ร2D 0.9175 0.9080 1 .0000 0.9418
SIM 0.8055 0.9239 ' 0.9829 0.9041
TKC 0.9781 0.8895 1 .0000 0.9559
TKE 0.9907 1.0000 1 .0000 0.9969



Table 3.6 Similarity index with a correction o f within-colony similarity effect (upper diagonal) and genetic distance(below diagonal) for each 
pairwise comparison o f T. clareae and T koenigenim samples.
A. Primer OPA07

C1D7 C2D7 C3D7 C1M7 C2M7 E1D7 E2D7 E1M7 N1D7 N1M7 N2M7 NE1M7 NE2M7 S1D7 S2D7 S1H7 TKC7 TKE7
C1D7 - 0 . 9 2 8 8 0 . 8 0 7 5 0 . 8 9 0 7 0 . 8 7 4 6 0 . 8 1 5 8 0 . 7 1 1 3 0 . 8 8 1 8 0 . 6 7 8 2 0 . 7 1 6 8 0 . 6 7 4 6 0 . 7 7 8 9 0 . 6 9 0 4 0 . 8 3 0 5 0 . 8 4 0 3 0 . 8 0 5 0 0 . 1 8 2 9 0 . 2 0 6 0
C2D7 0 . 0 6 6 5 - 0 . 8 7 0 0 0 . 8 7 3 2 0 . 8 5 4 3 0 . 8 5 0 2 0 . 7 6 4 3 0 . 9 3 6 3 0 . 7 3 1 9 0 . 7 0 2 6 0 . 7 2 7 7 0 . 8 3 6 5 0 . 6 6 0 1 0 . 8 7 4 1 0 . 8 7 2 8 0 . 7 9 1 8 0 . 1 9 8 8 0 . 2 2 3 7
C3D7 0 . 1 8 3 1 0.1100 - 0 . 7 7 6 0 0 . 7 8 2 8 0 . 7 4 1 4 0 . 7 7 3 6 0 . 9 2 2 1 0 . 8 5 2 0 0 . 7 2 0 8 0 . 8 4 6 4 0 . 8 7 2 3 0 . 7 7 3 3 0 . 7 7 4 1 0 . 7 6 0 1 0 . 7 9 8 0 0 . 2 1 9 2 0 . 2 4 6 3
C1M7 0 . 0 8 6 3 0 . 0 9 3 1 0 . 1 9 1 5 - 0 . 9 8 7 0 0 . 8 7 9 7 0 . 7 3 2 6 0 . 8 3 2 2 0 . 6 9 8 1 0 . 7 3 2 3 0 . 6 9 4 6 0 . 8 1 4 6 0 . 7 1 8 6 0 . 9 1 1 1 0 . 8 9 4 0 0 . 8 2 3 5 0 . 1 7 4 9 0 . 1 9 8 4
C2M7 0 . 0 9 6 5 0 . 1 0 6 2 0 . 1 7 9 0 0 . 0 5 1 0 - 0 . 7 9 3 5 0 . 6 8 8 1 0 . 8 4 5 8 0 . 6 9 2 5 0 . 7 2 7 9 0 . 7 0 0 0 0 . 8 0 7 4 0 . 7 5 4 6 0 . 8 4 3 9 0 . 8 4 2 7 0 . 8 1 5 2 0 . 1 9 0 5 0 . 2 1 5 5
E1D7 0 . 1 5 2 6 0 . 1 0 7 5 0 . 2 1 7 6 0 . 0 6 5 6 0 . 1 4 6 0 - 0 . 6 8 4 9 0 . 8 0 7 2 0 . 6 4 1 7 0 . 6 7 1 9 0 . 6 5 2 5 0 . 7 5 6 8 0 . 5 8 2 9 0 . 9 2 0 0 0 . 8 7 8 0 0 . 7 4 2 0 0 . 1 7 9 9 0 . 2 0 9 8
E2D7 0 . 2 4 1 7 0 . 1 7 8 1 0 . 1 7 1 0 0 . 1 9 7 4 0 . 2 3 6 2 0 . 2 3 6 6 - 0 . 7 2 5 0 0 . 8 6 5 8 0 . 6 7 1 9 0 . 8 0 7 0 0 . 8 0 6 7 0 . 7 8 4 7 0 . 6 6 0 3 0 . 7 0 2 1 0 . 7 1 0 2 0 . 2 3 1 5 0 . 2 5 8 7
E1M7 0 . 1 0 7 5 0 . 0 4 2 4 0 . 0 5 7 8 0 . 1 3 4 0 0 . 1 1 4 7 0 . 1 5 0 5 0 . 2 1 7 4 - 0 . 7 8 0 8 0 . 7 1 8 7 0 . 7 7 6 2 0 . 8 5 4 1 0 . 7 5 0 5 0 . 8 3 1 9 0 . 8 2 4 9 0 . 8 1 0 2 0 . 2 0 7 3 0 . 2 3 3 1
N1D7 0 . 2 8 4 6 0.2202 0 . 1 0 1 5 0 . 2 4 1 5 0 . 2 4 2 4 0 . 2 8 9 4 0 . 0 5 0 1 0 . 1 7 1 3 - 0 . 7 0 0 5 0 . 8 6 7 8 0 . 8 7 3 8 0 . 8 5 6 7 0 . 6 9 3 5 0 . 6 6 5 7 0 . 7 4 0 1 0.2220 0 . 2 5 0 9
N1M7 0 . 2 4 5 6 0 . 2 4 9 2 0 . 2 3 ? 4 0 . 2 0 7 1 0 . 2 0 5 7 0 . 2 5 9 0 0 . 2 5 9 0 0 . 2 3 3 1 0 . 2 2 4 8 - 0 . 7 1 2 6 0 . 7 9 9 4 0 . 7 0 7 2 0 . 7 2 0 4 0 . 6 6 3 3 0 . 7 3 6 8 0 . 2 5 7 0 0 . 2 8 7 5
N2H7 0 . 2 6 2 4 0 . 1 9 8 6 0 . 0 8 1 3 0 . 2 1 7 4 0 . 2 0 8 1 0 . 2 5 2 8 0 . 0 8 3 0 0 . 1 5 0 1 0 . 0 3 2 0 0 . 1 8 6 8 - 0 . 8 6 7 0 0 . 7 9 3 3 0 . 7 0 7 2 0 . 6 6 4 7 0 . 7 4 5 1 0 . 2 2 0 6 0 . 2 5 1 9
NE1M7 0 . 2 1 2 5 0 . 1 4 4 3 0 . 1 0 9 9 0 . 1 5 3 8 0 . 1 5 5 2 0.2012 0 . 1 3 7 8 0 . 1 2 6 6 0 . 0 8 0 4 0 . 1 5 4 5 0 . 0 6 1 4 - 0 . 8 0 6 9 0 . 8 1 6 8 0 . 7 9 2 3 0 . 8 0 7 3 0 . 2 1 0 4 0 . 2 3 6 6
NE2M7 0 . 2 8 1 1 0 . 3 0 0 6 0 . 1 8 8 9 0 . 2 2 9 7 0 . 1 8 8 0 0 . 3 5 6 9 0 . 1 3 9 8 0 . 2 5 5 7 0 . 0 7 7 5 0 . 2 2 6 7 0 .1 1 5 1 0 . 1 5 6 0 - 0 . 6 3 9 1 0 . 6 3 1 5 0 . 7 7 6 1 0 . 2 3 1 7 0 . 2 6 0 0
S1D7 0 . 1 6 0 8 0 . 1 0 6 6 0 . 2 0 7 9 0 . 0 5 7 1 0 . 1 1 8 6 0 . 0 3 9 7 0 . 2 1 9 0 0 . 1 4 8 7 0 . 2 6 0 6 0 . 2 3 3 4 0.2211 0 . 1 6 6 0 0 . 3 2 3 7 - 0 . 9 1 5 7 0 . 7 5 0 0 0 . 1 7 9 8 0 . 2 1 0 8
S2D7 0 . 1 1 8 4 0 . 0 7 5 2 0 . 1 8 9 3 0 . 0 4 1 6 0 . 0 8 7 1 0 . 0 4 9 1 0 . 2 1 0 6 0 . 1 2 3 1 0 . 2 5 5 8 0 . 2 5 7 9 0 . 2 3 1 0 0 . 1 5 7 9 0 . 2 9 8 7 0 . 0 3 4 4 - 0 . 7 4 7 3 0 . 1 9 2 1 0 . 2 1 7 4
S1M7 0 . 0 9 7 8 0 . 1 0 0 3 0 . 0 9 5 4 0 . 0 5 6 1 0 . 0 5 8 7 0 . 1 2 9 1 0 . 1 6 2 9 0 . 0 8 1 8 0 . 1 2 5 4 0 . 1 2 8 4 0 . 0 9 4 6 0 . 0 8 6 9 0 . 0 9 8 0 0 . 1 4 4 0 0 . 1 1 4 2 - 0 . 2 0 7 4 0 . 2 3 1 9
TKC7 0 . 8 0 6 4 0 . 7 7 9 9 0 . 7 6 0 7 0 . 7 9 1 3 0 . 7 6 9 9 0 . 7 7 7 8 0 . 7 1 0 9 0 . 7 7 1 2 0 . 7 3 0 0 0 . 6 9 4 8 0 . 7 0 5 7 0 . 7 7 0 3 0 . 7 2 9 0 0 . 8 0 0 8 0 . 7 5 5 9 0 . 6 8 6 4 - 0 . 9 8 0 4
TKE7 0 . 7 8 9 3 0 . 7 6 1 1 0 . 7 3 9 8 0 . 7 7 3 8 0 . 7 5 1 0 0 . 7 5 3 9 0 . 6 8 9 7 0 . 7 5 1 5 0 . 7 0 7 3 0 . 6 7 0 3 0 . 6 8 0 4 0 . 7 5 0 2 0 . 7 0 6 8 0 . 7 7 5 9 0 . 7 3 6 7 0 . 6 6 6 2 0 . 0 0 4 3 -



Table 3.6 (continue)
B. Primer OPA11

C1D11 C2D11 C3D11 C l M i l C2M11 E1D11 E2D11 E1M11 N1D11 N1M11 N2M11 NE1M11 NE2M11 S1D11 S2D11 S1M11 TKC11 TKE11
C1D11 - 0 . 8 6 0 8 0 . 7 4 5 0 0 . 7 4 7 7 0 . 8 4 0 3 0 . 8 7 7 7 0 . 8 9 0 1 0 . 8 9 8 9 0 . 8 7 2  ใ 0 . 7 7 1 2 0 . 8 0 2 3 0 . 8 1 9 0 0 . 8 1 9 7 0 . 9 5 8 2 0 . 9 1 8 3 0 . 8 6 4 5 0 . 0 1 5 5 0 . 0 1 5 6
C2D11 0 . 0 7 6 5 - 0 . 7 3 0 9 0 . 6 6 4 4 0 . 7 6 3 5 0 . 8 9 7 9 0 . 8 7 7 1 0 . 8 1 4 1 0 . 7 9 7 7 0 . 7 0 1 4 0 . 7 1 5 9 0 . 7 4 2 0 0 . 7 4 7 2 0 . 8 7 6 1 0 . 8 3 9 9 0 . 8 5 3 1 0 . 0 3 2 5 0 . 0 3 2 7
C3D11 0 . 1 6 9 3 0 . 1 9 7 6 - 0 . 5 8 3 5 0 . 6 7 1 0 0 . 7 9 4 9 0 . 7 8 3 7 0 . 7 2 4 6 0 . 7 7 8 3 0 . 6 4 8 0 0 . 6 6 5 4 0 . 6 6 1 0 0 . 7 0 1 1 0 . 7 7 7 9 0 . 7 5 9 4 0 . 7 7 1 4 0.0000 0.0000
C l  M i l 0 . 2 0 3 9 0 . 3 0 1 5 0 . 3 5 9 2 - 0 . 8 9 5 3 0 . 7 6 0 7 0 . 7 7 3 5 0 . 7 8 5 9 0 . 6 8 4 6 0 . 8 6 5 4 0 . 8 4 7 6 0 . 8 0 7 2 0 . 7 7 5 3 0 . 7 6 6 7 0 . 7 5 3 9 0 . 7 7 4 7 0.0000 0.0000
C2M11 0 . 1 0 4 3 0 . 1 9 5 3 0 . 2 6 4 7 0 . 0 7 7 8 - 0 . 8 4 0 9 0 . 8 5 6 8 0 . 8 5 8 1 0 . 7 7 3 7 0 . 8 2 4 0 0 . 9 0 1 8 0 . 8 4 1 9 0 . 8 2 6 3 0 . 8 5 8 3 0 . 8 2 8 4 0 . 8 5 1 5 0.0000 0.0000
E1D11 0 . 0 7 1 9 0 . 0 6 5 9 0 . 1 4 5 8 0 . 2 1 7 4 0.1221 - 0 . 9 5 3 6 0 . 8 8 6 1 0 . 8 1 0 4 0 . 7 9 3 3 0 . 7 9 6 6 0 . 8 3 5 8 0 . 8 3 0 0 0 . 9 0 8 0 0 . 8 6 8 0 0 . 9 4 2 4 0.0000 0.0000
E2D11 0 . 0 3 9 1 0 . 0 6 6 4 0 . 1 3 6 7 0 . 1 8 4 4 0 . 0 9 4 0 0.0021 - 0 . 8 9 8 9 0 . 8 2 9 3 0 . 8 0 6 9 0 . 8 1 7 3 0 . 8 4 3 4 0 . 8 4 1 8 0 . 9 2 4 7 0 . 8 9 1 1 0 . 9 3 3 9 0.0000 0.0000
E1M11 0 . 0 1 6 7 0 . 1 1 5 8 0 . 1 8 2 2 0 . 1 5 8 3 0 . 0 7 9 0 0 . 0 5 6 1 0 . 0 2 2 9 - 0 . 8 3 1 9 0 . 8 1 0 8 0 . 8 2 4 3 0 . 8 6 4 3 0 . 8 4 5 5 0 . 9 2 6 3 0 . 8 9 2 9 0 . 8 8 7 3 0.0000 0.0000
N1D11 0 . 0 8 3 2 0 . 1 7 2 2 0 . 1 6 8 4 0 . 2 9 9 5 0 . 2 0 3 4 0 . 1 7 1 6 0 . 1 3 2 5 0 . 1 1 6 2 - 0 . 7 1 2 5 0 . 7 4 6 2 0 . 7 5 4 3 0 . 7 8 9 7 0 . 9 0 2 6 0 . 9 0 7 0 0 . 8 0 1 6 0 .1 1 1 3 0 .1 1 1 9
N1M11 0 . 1 5 3 9 0 . 2 3 8 1 0 . 2 6 8 3 0 . 0 8 8 3 0 . 1 2 2 7 0 . 1 5 8 4 0 . 1 2 4 4 0 . 1 0 6 9 0 . 2 4 2 5 - 0 . 8 0 2 4 0 . 8 2 1 5 0 . 7 9 9 2 0 . 7 9 4 1 0 . 7 9 5 1 0 . 8 1 4 0 0.0000 0.0000
N2M11 0 . 1 1 7 2 0 . 2 1 9 7 0 . 2 4 5 3 0 . 1 0 0 5 0 . 0 3 9 2 0 . 1 4 9 4 0 . 1 0 8 4 0 . 0 8 7 7 0 . 2 0 5 8 0 . 1 1 9 2 - 0 . 8 0 6 4 0 . 8 0 3 5 0 . 8 2 6 9 0 . 8 2 8 0 0 . 8 2 3 3 0.0000 0.0000
NE1M11 0 . 0 6 0 6 0 . 1 5 1 8 0 . 2 0 9 7 0 . 1 0 0 9 0 . 0 5 9 1 0 . 0 7 0 2 0 . 0 4 2 3 0 . 0 0 7 8 0 . 1 5 7 7 0 . 0 6 0 1 0 . 0 6 9 6 - 0 . 8 2 0 6 0 . 8 3 2 6 0 . 8 1 7 1 0 . 8 4 2 0 0 . 0 2 1 7 0 . 0 2 5 0
NE2M11 0 . 0 3 8 0 0 . 1 2 4 8 0 . 1 4 7 8 0.1110 0 . 0 5 2 9 0 . 0 5 4 2 0.0221 0 . 0 0 4 7 0 . 1 0 0 6 0 . 0 6 0 7 0 . 0 5 0 6 0.0000 - 0 . 8 4 4 7 0 . 8 3 4 1 0 . 8 3 9 8 0 . 0 3 6 0 0 . 0 3 9 5
S1D11 0 . 0 0 3 3 0 . 0 9 9 7 0 . 1 7 4 8 0 . 2 2 3 5 0 . 1 2 4 8 0 . 0 8 0 0 0 . 0 4 3 0 0 . 0 2 7 8 0 . 0 9 1 5 0 . 1 6 9 5 0 . 1 3 1 1 0 . 0 8 5 3 0 . 0 5 1 4 - 0 . 9 5 4 5 0 . 8 9 9 8 0.0000 0.0000
S2D11 0 . 0 1 7 2 0 . 1 0 9 9 0 . 1 6 7 3 0.2102 0 . 1 2 8 7 0 . 0 9 4 0 0 . 0 5 0 6 0 . 0 3 5 1 0 . 0 6 1 0 0 . 1 4 2 5 0 . 1 0 4 0 0 . 0 7 4 8 0 . 0 3 6 1 0 . 0 1 9 5 - 0 . 8 7 7 9 0 . 0 5 3 1 0 . 0 5 3 4
S1M11 0 . 0 5 9 0 0 . 0 8 4 7 0 . 1 4 3 3 0 . 1 7 7 4 0 . 0 9 3 5 0 . 0 0 7 6 0.0000 0 . 0 2 8 8 0 . 1 4 9 9 0 .1 1 1 6 0 . 0 9 6 7 0 . 0 3 7 9 0 . 0 1 8 3 0 . 0 6 2 2 0 . 0 5 8 0 - 0.0000 0.0000
TKC11 0 . 8 9 0 6 0 . 8 8 8 0 0 . 8 9 7 4 0 . 9 3 4 9 0 . 9 2 7 8 0 . 9 3 2 7 0 . 9 1 2 5 0 . 8 9 8 8 0 . 8 2 7 5 0 . 9 0 8 4 0 . 9 0 8 4 0 . 8 4 1 0 0 . 8 0 5 0 0 . 9 4 4 7 0 . 8 6 5 7 0 . 9 0 6 7 - 0 . 9 0 2 3

TKE11 0 . 9 4 5 9 0 . 9 4 3 1 0 . 9 5 2 7 0 . 9 9 0 1 0 . 9 8 3 0 0 . 9 8 8 0 0 . 9 6 7 7 0 . 9 5 4 0 0 . 8 8 2 1 0 . 9 6 3 6 0 . 9 5 8 6 0 . 8 9 3 0 0 . 8 5 6 7 1.0000 0 . 9 2 0 6 0 . 9 6 2 0 0 . 0 4 2 4 -



Table 3.6 (continue)
c. Primer OPA12

C1D12 C2D12 C3D12 C l M l 2 C2M12 E1D12 E2D12 E1M12 N1D12 N1M12 N2M12 NE1M12 NE2M12 S1D12 S2D12 S1M12 TKC12 TKE12
C1D12 - 0 . 7 5 4 8 0 . 8 0 0 3 0 . 8 1 9 3 0 . 7 8 7 4 0 . 7 8 3 2 0 . 7 2 7 8 0 . 6 5 4 3 0 . 7 8 4 2 0 . 7 6 6 2 0 . 7 3 3 7 0 . 7 7 1 4 0 . 7 8 5 1 0 . 7 5 8 7 0 . 7 5 8 7 0 . 7 9 1 5 0 . 0 8 7 0 0 . 0 9 0 9
C2D12 0 . 2 2 7 8 - 0 . 6 9 4 3 0 . 8 5 6 4 0 . 9 0 8 2 0 . 9 6 3 7 0 . 9 5 4 7 0 . 7 6 7 9 0 . 9 2 3 6 0 . 8 6 0 8 0 . 7 7 7 2 0 . 9 7 0 5 0 . 9 2 8 4 0 . 8 3 0 9 0 . 8 4 8 0 0 . 9 1 0 2 0 . 0 9 4 2 0 . 0 9 8 3
C3D12 0 . 1 5 6 7 0 . 2 4 5 3 - 0 . 7 5 8 7 0 . 7 2 4 0 0 . 7 0 3 9 0 . 7 1 5 6 0 . 7 8 9 8 0 . 7 3 6 1 0 . 8 2 3 4 0 . 7 5 4 8 0 . 7 0 1 6 0 . 7 2 4 6 0 . 7 6 7 9 0 . 7 7 8 0 0 . 7 9 1 7 0 . 0 6 2 1 0 . 0 6 4 8
C l  M l  2 0 . 1 4 9 8 0 . 0 9 5 3 0 . 1 6 7 4 - 0 . 9 0 8 0 0 . 8 4 7 9 0 . 8 3 2 0 0 . 8 0 9 6 0 . 9 0 0 5 0 . 8 7 3 1 0 . 8 5 6 7 0 . 8 8 3 0 0 . 8 5 1 7 0 . 7 8 8 0 0 . 8 0 0 5 0 . 8 9 2 7 0 . 1 2 2 4 0 . 1 2 7 6
C2M12 0 . 1 9 3 9 0 . 0 5 5 7 0 . 2 1 4 3 0 . 0 4 2 4 - 0 . 8 9 9 7 0 . 8 8 6 2 0 . 7 9 6 8 0 . 8 6 2 1 0 . 8 9 0 8 0 . 8 2 2 1 0 . 9 1 0 3 0 . 8 6 0 4 0 . 7 5 0 8 0 . 7 6 7 1 0 . 9 3 7 4 0 . 1 4 3 9 0 . 1 4 9 7
E1D12 0 . 1 9 8 6 0 . 0 0 0 7 0 . 2 3 4 9 0 . 1 0 3 0 0 . 0 6 3 4 - 0 . 9 4 4 0 0 . 7 4 8 9 0 . 9 1 3 7 0 . 8 4 7 5 0 . 7 6 4 7 0 . 9 6 4 4 0 . 9 3 1 5 0 . 8 3 7 3 0 . 8 5 4 4 0 . 9 0 4 3 0 . 0 8 4 3 0 . 0 8 8 0
E2D12 0 . 2 5 2 9 0 . 0 0 8 6 0.2220 0 . 1 1 7 8 0 . 0 7 5 8 0 . 0 1 8 5 - 0 . 7 9 1 0 0 . 9 1 4 9 0 . 8 5 4 7 0 . 7 7 1 7 0 . 9 5 0 9 0 . 9 2 0 2 0 . 8 6 0 6 0 . 8 7 7 9 0 . 8 9 0 7 0 . 0 8 6 1 0 . 0 9 0 0
E1M12 0 . 3 1 2 7 0 . 1 8 1 7 0 . 1 3 4 2 0 . 1 2 6 5 0 . 1 5 1 5 0 . 1 9 9 9 0 . 1 5 6 7 - 0 . 8 2 2 7 0 . 8 4 2 7 0 . 8 4 9 3 0 . 7 8 4 6 0 . 7 7 3 6 0 . 7 8 2 6 0 . 7 9 2 3 0 . 8 1 1 4 0 . 1 4 5 2 0 .1 5 1 5
N ID I  2 0 . 2 0 4 5 0 . 0 4 7 7 0 . 2 0 9 6 0 . 0 5 7 3 0 . 1 0 8 0 0 . 0 5 6 8 0 . 0 5 4 5 0 . 1 3 3 0 - 0 . 8 5 0 9 0 . 8 2 5 7 0 . 9 5 1 2 0 . 9 2 8 3 0 . 8 8 4 5 0 . 9 0 2 0 0.8666 0 . 0 8 7 9 0 . 0 9 2 0
N1M12 0 . 2 0 3 4 0 . 0 9 1 4 0 . 1 C 3 0 . 0 6 5 6 0 . 0 6 0 1 0 . 1 0 3 9 0 . 0 9 5 9 0 . 0 9 3 8 0 . 1 0 7 4 - 0 . 8 3 6 8 0 . 8 6 6 9 0 . 8 3 2 2 0 . 7 6 5 0 0 . 7 8 1 5 0 . 9 4 8 9 0 . 0 9 8 5 0 . 1 0 2 5
N2M12 0 . 1 7 8 8 0 . 1 1 8 0 0 . 1 1 4 8 0 . 0 2 5 0 0 . 0 7 1 8 0 . 1 2 9 7 0 . 1 2 1 5 0 . 0 3 0 3 0 . 0 7 5 6 0 . 0 4 5 4 - 0 . 8 0 1 2 0 . 7 7 5 0 0 . 7 4 1 4 0 . 7 4 7 4 0 . 8 3 3 7 0 . 1 1 0 5 0 . 1 1 5 2
NE1M12 0 . 2 1 8 4 0 . 0 0 1 9 0 . 2 4 5 2 0 . 0 7 5 9 0 . 0 6 0 8 0 . 0 0 7 3 0 . 0 1 9 6 0 . 1 7 2 2 0 . 0 2 7 3 0 . 0 9 2 5 0.1012 - 0 . 9 3 6 9 0 . 8 3 6 7 0 . 8 5 3 8 0 . 9 1 4 8 0 . 0 8 4 2 0 . 0 8 7 9
NE2M12 0 . 1 7 4 0 0 . 0 1 3 3 0 . 1 9 1 5 0 . 0 7 6 5 0 . 0 8 0 1 0 . 0 0 9 4 0 . 0 1 9 6 0 . 1 5 2 5 0 . 0 1 9 5 0 . 0 9 6 5 0 . 0 9 6 6 0.0120 - 0 . 8 8 6 7 0 . 9 0 4 2 0 . 8 6 4 9 0 . 0 8 8 1 0 . 0 9 2 1
S1D12 0 . 2 2 3 5 0 . 1 3 3 9 0 . 1 7 1 3 0 . 1 6 3 2 0 . 2 1 2 7 0 . 1 2 6 7 0.1022 0 . 1 6 6 6 0 . 0 8 6 3 0 . 1 8 6 7 0 . 1 5 3 4 0 . 1 3 5 2 0 . 0 5 4 5 - 0 . 9 8 2 1 0 . 7 5 5 0 0 . 0 8 3 3 0 . 0 8 7 5
S2D12 0 . 2 2 3 5 0 . 1 3 4 7 0 . 1 7 9 0 0 . 1 6 8 6 0 . 2 1 4 2 0 . 1 2 7 4 0 . 1 0 2 8 0 . 1 7 4 7 0 . 0 8 6 8 0 . 1 8 8 1 0 . 1 6 5 2 0 . 1 3 6 0 0 . 0 5 5 0 0.0000 - 0 . 7 7 1 4 0 . 0 9 5 2 0.1000
S1M12 0 . 1 9 9 9 0 . 0 6 3 8 0 . 1 5 6 7 0 . 0 6 7 8 0 . 0 3 5 4 0 . 0 6 9 0 0 . 0 8 1 4 0 . 1 4 7 0 0 . 1 1 3 6 0.0121 0 . 0 7 0 3 0 . 0 6 6 4 0 . 0 8 5 7 0 . 2 1 8 5 0.2200 - 0 . 0 7 7 7 0 . 0 8 0 8
TKC12 0 . 9 1 3 0 0 . 8 8 8 4 0 . 8 9 4 9 0 . 8 4 6 7 0 . 8 3 7 4 0 . 8 9 7 5 0 . 8 9 6 4 0 . 8 2 1 8 0 . 9 0 0 8 0 . 8 7 1 1 0 . 8 0 2 0 0 . 9 0 5 6 0 . 8 7 1 0 0 . 8 9 8 8 0 . 9 0 4 8 0 . 9 1 3 7 - 0 . 9 6 0 0
TKE12 0 . 9 0 9 1 0 . 8 8 4 3 0 . 8 9 2 2 0 . 8 4 1 5 0 . 8 3 1 6 0 . 8 9 3 8 0 . 8 9 0 7 0 . 8 1 5 5 0 . 8 9 6 7 0 . 8 6 7 0 0 . 7 9 7 4 0 . 9 0 1 9 0 . 8 6 7 0 0 . 8 9 6 4 0 . 9 0 0 0 0 . 9 1 0 6 0 . 0 4 0 0 -



Table3.6 (continue) 
D. overall primer

C1D C2D C3D C1M C2M E1D E2D E1M N1D N1M N2M NE1M NE2M S1D S2D S1M TKC TKE

C1D - 0 . 8 4 8 1 0 . 7 8 4 3 0 . 8 1 9 2 0 . 8 3 4 1 0 . 8 2 5 6 0 . 7 7 6 4 0 . 8 1 1 7 0 . 7 7 8 3 0 . 7 5 1 4 0 . 7 3 6 9 0 . 7 8 9 8 0 . 7 6 5 1 0 . 8 4 9 1 0 . 8 3 9 1 0 . 8 2 0 3 0 . 0 9 5 1 0 . 1 0 4 2

C2D 0 . 1 2 3 6 - 0 . 7 6 5 1 0 . 7 9 8 0 0 . 8 4 2 0 0 . 9 0 3 9 0 . 8 6 5 4 0 . 8 3 9 4 0 . 8 1 7 7 0 . 7 5 4 9 0 . 7 4 0 3 0 . 8 4 9 7 0 . 7 7 8 6 0 . 8 6 0 4 0 . 8 5 3 6 0 . 8 5 1 7 0 . 1 0 8 5 0 . 1 1 8 2

C3D 0 . 1 6 9 7 0 . 1 8 4 3 - 0 . 7 0 6 1 0 . 7 2 5 9 0 . 7 4 6 6 0 . 7 5 7 6 0 . 8 1 2 2 0 . 7 8 8 8 0 . 7 3 0 7 0 . 7 5 5 5 0 . 7 4 5 0 0 . 7 3 3 0 0 . 7 7 3 3 0 . 7 6 5 8 0 . 7 8 7 0 0 . 0 9 3 8 0 . 1 0 3 7

C1M 0 . 1 4 6 7 0 . 1 6 3 3 0 . 2 3 1 4 - 0 . 9 3 0 1 0 . 8 2 9 4 0 . 7 7 9 4 0 . 8 0 9 2 0 . 7 6 1 1 0 . 8 2 3 6 0 . 7 9 9 6 0 . 8 3 4 9 0 . 7 8 1 9 0 . 8 2 1 9 0 . 8 1 6 1 0 . 8 3 0 3 0 . 0 9 9 1 0 . 1 0 8 7

C2M 0 . 1 2 1 6 0 . 1 1 9 1 0 . 2 1 9 3 0 . 0 5 7 1 - 0 . 8 4 4 7 0 . 8 1 0 4 0 . 8 3 3 6 0 . 7 7 6 1 0 . 8 1 4 2 0 . 8 0 8 0 0 . 8 5 3 2 0 . 8 1 3 8 0 . 8 1 7 7 0 . 8 1 2 7 0 . 8 6 8 0 0 .1 1 1 5 0 . 1 2 1 7

B I D 0 . 1 4 1 0 0 . 0 5 8 0 0 . 1 9 9 4 0 . 1 2 8 7 0 . 1 1 0 5 - 0 . 8 6 0 8 0 . 8 1 4 1 0 . 7 8 8 6 0 . 7 7 0 9 0 . 7 3 7 9 0 . 8 5 2 3 0 . 7 8 1 5 0 . 8 8 8 4 0 . 8 6 6 8 0 . 8 6 2 9 0 . 0 8 8 1 0 . 0 9 9 3

E2D - 0 . 1 7 7 9 0 . 0 8 4 0 0.1*763 0 . 1 6 6 5 0 . 1 3 5 3 0 . 0 8 5 7 - 0 . 8 0 5 0 0 . 8 7 0 0 0 . 7 7 7 8 0 . 7 9 8 7 0 . 8 6 7 0 0 . 8 4 8 9 0 . 8 1 5 2 0 . 8 2 3 7 0 . 8 4 4 9 0 . 1 0 5 9 0 . 1 1 6 2

E1M 0 . 1 4 5 6 0 . 1 1 3 3 0 . 1 2 4 7 0 . 1 3 9 6 0 . 1 1 5 1 0 . 1 3 5 5 0 . 1 3 2 3 - 0 . 8 1 1 8 0 . 7 9 0 7 0 . 8 1 6 6 0 . 8 3 4 3 0 . 7 8 9 9 0 . 8 4 6 9 0 . 8 3 6 7 0 . 8 3 6 3 0 . 1 1 7 5 0 . 1 2 8 2

N1D 0 . 1 9 0 8 0 . 1 4 6 7 0 . 1 5 9 8 0 . 1 9 9 4 0 . 1 8 4 3 0 . 1 7 2 6 0 . 0 7 9 0 0 . 1 4 0 2 - 0 . 7 5 4 6 0 . 8 1 3 2 0 . 8 5 9 7 0 . 8 5 7 6 0 . 8 2 6 9 0 . 8 2 4 9 0 . 8 0 2 8 0 . 1 4 1 0 0 . 1 5 1 6

N1M 0 . 2 0 1 0 0 . 1 9 2 9 0 . 2 0 1 3 0 . 1 2 0 3 0 . 1 2 9 5 0 . 1 7 3 9 0 . 1 5 9 8 0 . 1 4 4 6 0 . 1 9 1 6 - 0 . 7 8 3 9 0 . 8 2 9 3 0 . 7 7 9 5 0 . 7 5 9 8 0 . 7 4 6 6 0 . 8 3 3 2 0 . 1 1 8 5 0 . 1 3 0 0

N2M 0 . 1 8 6 1 0 . 1 7 8 8 0 . 1 4 7 1 0 . 1 1 4 3 0 . 1 0 6 4 0 . 1 7 7 3 0 . 1 0 4 3 0 . 0 8 9 4 0 . 1 0 4 5 0 . 1 1 7 1 - 0 . 8 2 4 3 0 . 7 9 0 6 0 . 7 5 8 5 0 . 7 4 6 7 0 . 8 0 0 7 0 . 1 1 0 4 0 . 1 2 2 4

NE1M 0 . 1 6 3 8 0 . 0 9 9 3 0 . 1 8 8 3 0 . 1 1 0 2 0 . 0 9 1 7 0 . 0 9 2 9 0 . 0 6 6 6 0 . 1 0 2 2 0 . 0 8 8 5 0 . 1 0 2 4 0 . 0 7 7 4 - 0 . 8 5 4 8 0 . 8 2 5 7 0 . 8 2 1 1 0 . 8 5 4 7 0 . 1 0 5 4 0 . 1 1 6 5

NE2M 0 . 1 6 4 4 0 . 1 4 6 2 0 . 1 7 6 1 0 . 1 3 9 1 0 . 1 0 7 0 0 . 1 4 0 2 0 . 0 6 0 5 0 . 1 3 7 6 0 . 0 6 5 9 0 . 1 2 8 0 0 . 0 8 7 4 0 . 0 5 3 8 - 0 . 7 9 0 2 0 . 7 8 9 9 0 . 8 2 6 9 0 . 1 1 8 6 0 . 1 3 0 5

S ID 0 . 1 2 9 2 0 . 1 1 3 4 0 . 1 8 4 7 0 . 1 4 7 9 0 . 1 5 2 0 0 . 0 8 2 1 0 . 1 2 1 4 0 . 1 1 4 4 0 . 1 4 6 1 0 . 1 9 6 5 0 . 1 6 8 5 0 . 1 2 8 8 0 . 1 4 3 2 - 0 . 9 5 0 8 0 . 8 0 1 6 0 . 0 8 7 7 0 . 0 9 9 4

ร 2D 0 . 1 1 9 7 0 . 1 0 6 6 0 . 1 7 8 5 0 . 1 4 0 1 0 . 1 4 3 3 0 . 0 9 0 2 0 . 1 2 1 3 0 .1 1 1 0 0 . 1 3 4 5 0 . 1 9 6 2 0 . 1 6 6 7 0 . 1 2 2 9 0 . 1 2 9 9 0 . 0 1 8 1 - 0 . 7 9 8 9 0 . 1 1 3 5 0 . 1 2 3 6

S IM 0 . 1 1 8 9 0 . 0 8 2 9 0 . 1 3 1 8 0 . 1 0 0 4 0 . 0 6 2 5 0 . 0 6 8 6 0 . 0 8 1 4 0 . 0 8 5 9 0 . 1 2 9 0 0 . 0 8 4 0 0 . 0 8 7 0 0 . 0 6 3 7 0 . 0 6 7 3 0 . 1 4 1 6 0 . 1 3 0 7 - 0 . 0 9 5 0 0 . 1 0 4 2

TKC 0 . 8 7 0 0 0 . 8 5 2 1 0 . 8 5 1 0 0 . 8 5 7 6 0 . 8 4 5 0 0 . 8 6 9 3 0 . 8 3 9 9 0 . 8 3 0 6 0 . 8 1 9 4 0 . 8 2 4 8 0 . 8 0 5 2 0 . 8 3 9 0 0 . 8 0 1 7 0 . 8 8 1 4 0 . 8 4 2 1 0 . 8 3 5 6 - 0 . 9 4 7 6

TKE 0 . 8 8 1 4 0 . 8 6 2 8 0 . 8 6 1 3 0 . 8 6 8 5 0 . 8 5 5 2 0 . 8 7 8 6 0 . 8 4 9 4 0 . 8 4 0 3 0 . 8 2 8 7 0 . 8 3 3 6 0 . 8 1 2 1 0 . 8 4 0 4 0 . 8 1 0 2 0 . 8 9 0 8 0 . 8 5 2 4 0 . 8 4 6 3 0 . 0 2 8 9 -
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The mean genetic distance o f all pairwise comparisons was used for 

phylogenetic reconstruction using unweighted pair-group method using an 

arithmetic average (บPGMA). The dendrogram indicate large separation of  

congeneric species like โ. clareae and โ. koenigerum (Fig.3.18). Nevertheless, 

phylogeographic separation was not observed among 16 samples o f  โ. clareae 

(Fig.3.19-3.20). Based on this dendrogram, two lineages o f โ. clareae was 

observed. The first group contained all samples in the A. mellifera host and those 

o f E1D and N1D (from A. dorsata). The other group consisted o f all remaining 

โ. clareae that uses A. dorsata as a host. This indicated closer relationships o f 

such a parasite from the same rather than from different host species.
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Fig 3.18 UPGMA dendrogram showing relationships among 16 groups o f  

T. clareae and 2 groups o f T. koenigerum based on genetic distance 

shown in Table 3.6 D.



E2D

Fig 3.19 UPGMA dendrogram showing the relationships among 8 groups 

T. clareae having A. dorsata host.
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0.0590 0 0286 0

Fig 3.20 UPGMA dendrogram showing the relationships among 8 groups o f
T. clareae having A. mellifera host.
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