
CH APTER I

In tro d u c tio n

1.1 B io lo g y  o f  B ee  M ites

All bee mites are large obligate external parasites fed and reproduced in the 

honey bee brood, principally during late larval and pupal stages of the hosts inside 

the sealed brood cells. Newly developed adults, along with the maternal mites, 
leave the cells with the emerging bees. Although the hosts survive, they are 
weaker leading to their shorter life span (De Jong, 1990).

Several honey bee associated mite species are found in Asia. These are 

composed of members of Varroidae including Varroa jacobsoni, V. ใ(ทderwoodi, 
Euvarroa sinhai and E. wongsirii, and Laelapidae including Tropilaelaps 
clareae and T. koenigerum. At present, these parasites associate with six Apis 
taxa (Table 1.1). Although horizontal infection of these mites can occurred in the 

European honey bee (A. mellifera), more host/parasite specific infection was 
observed in the native honey bee species (A. dorsata, A. cerana, A. koshevnikovi, 
A. mellifera, A.florea, A. andreniformis and A. laboriosa) (Wongsiri et al., 1995).

Among all bee mites, V. jacobsoni and T. clareae are possibly the most 

important parasitic taxa as they are more destructive than others. The values loss 
from these parasitic species are significant to beekeepers, as they severely attack
A. mellifera brood.
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Table 1.1 Honey bee mites and host associations.

Mite Species Host Species Host Ecology & Behavior
Varroidae

V. jacobsoni Apis cerana Construct multi-comb nests inside
A. koschevnikovi cavities in trees or caves.
A. mellifera A. cerana can be kept in man-

V. underwoodi A. cerana
made hives; colonies are smaller in 
size; has distinct shorter drone

E. sinhai A. florea

production seasons

Build single-comb nests attached
E. wongsirii A. andreniformis to small tree branches or twigs in

Laelapidae

dense vegetation; small colonies; 
f re q u e n tly  s h o r t  d i s t a n c e  
vegetation and migration; high 
swarming rates; drone cells larger 
than workers.

T. clareae A. dorsata Build single-comb nests in the
A. laboriosa open; combs suspended under
(A. me!lifer a) large branches of tall trees, roofs

T. koenigerum A. dorsata
of buildings, or rock overhangs, 
large colonies, obligatory seasonal

A. labor iosa migration over long distance.

(Delfmado-Baker and Peng, 1995)
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Tropilaelaps is an old world tropical genus of the family Laelapidae. It is 
proposed that T. clareae and T. koenigerum, have evolved from their presumbly 

ancestor within the Hypoaspidinae and become parasites of the honey bee brood 

(Eickwork, 1988). Previously, biology of T. clareae was not well understood. 

After A. mellifera was introduced to Asia for commercial honey production 
purposes, it was found that T. clareae could also infect this honey bee species. 
Unfortunately, A. mellifera is highly susceptible to T. clareae resulting in a 

significant loss of the honey production (De Jong, 1990).

Therefore, T. clareae is one of the most serious pest of cultured honey bee 
in Asia (Burgett, Akratanakul and Morse, 1983; Delfmado-Baker, Underwood and 

Baker, 1985). This parasite was firstly described in the Phillipines by Delfmado 

and Baker (1961). It firmly attached to dead larvae, pupae and adults of 

A. 1nellijera (Bhardwaj, 1968; Krantz and Kitprasert, 1990). Subsequently, it was 
also found to be a parasite on A. dorsata (Bharadwaj, 1968) and found in 
A. mellifera only in the geographic areas where A. dorsata is overlapping 

distributed to. Based on the basic information that T. clareae distributes in 
tropical and subtropical areas, A. dorsata rather than A. mellifera should be a 
native host for this parasite (Burgett, Akratanakul and Morse, 1983; Kumar, 
Kumar and Bhala, 1993). Interestingly, T. clareae is more harmful to the exotic 

species like A. mellifera than the native host, A. dorsata (Eickwork, 1988).
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Tropilaelaps spp., can be morphologically classified as follows, (Krantz,

Phylum Arthropoda 

Class Arachnida 

Subclass Acari

Order Parasitiformes 

Suborder Gamasida 

Family Laelapidae

Genus Tropilaelaps 

species clareae

koenigerum
Scientific name : Tropilaelaps clareae Delfmado and Baker, 1961

Tropilaelaps koenigerum Delfinado-Baker and Baker, 1982

Morphologically, the external features of the respiratory system or more 

specifically, the peritremes and stigmata, have been taxonomically used for 
classification and systematics in the subclass Acari (Krantz, 1978). Thus, the 
middle position of the stigmata, which dorsolaterally open near coxae III or IV 
(Fig 1.1), is called gamasid which is the morphologically specific markers for 
members of suborder Gamasida. In most gamasid mites, each stigma has an 
elongated peritreme formed by sclerotized groove usually extends forward along

1978).
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Fig. 1.1 General morphology ofgamasid mites (ventral view) after Kantz, 1978
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the lateral margin and occasionally reaches to or slightly beyond coxae I. The 
peritremes are long, more or less straight and associated with peritrematic shields 

that are useful for species identification. The peritremes of T ro p ila e la p s  spp., are 

long and extended forward to coxae I, and are typical characteristic features of 

gamasid mites. These features are not considerate adaptations to live in their hosts, 
such as the giant honey bee A. d o rsa ta  and A. la b o r io sa  (Bruce, Delfinado-Baker 

and Vincent, 1997).

T. c la re a e  is fairly large (adult female is 976-1083 pm in length and 528- 

581 pm in width while adult male is 940-1054 pm long and 501-552 pm wide), 

elongated and light-reddish brown. (Delfinado-Baker and Baker, 1982; De Jong, 

1990). Under low magnification of light microscope, an anal plate appears as a 
horseshoe shape in female which is different from that in male ( Delfinado - Baker 
and Baker, 1982). Basically, T. k oem geru m  is smaller than T. c la rea e . Female 

adults are about 684-713 pm in length and 433-436 pm in width which is more 

oval in shape than T. c la rea e . The color of this species are lighter than that of the 

other. Unlike T. c la rea e , females are bigger than males (about 570 pm in length 

and 364 pm in width). The ventral plate and a pear-shaped anal plate of 

T. k oem geru m  are similar in both sexes. The female epigynial plate has declivus 

sides and a bluntly pointed apex, while the male movable chela-spermatodactyl has 
a pigtail like loop figured towards the apex (Figure 1.2) (Delfinado-Baker and 
Baker, 1982).

The data concerning life cycle of T. c la rea e  is only available on 
A. m e llife ra  host and are unfortunately incomplete. Although no data for
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Fig 1.2 T. koenigerum :(1) female venter, (2) male venter, (5) male gnathosoma
and close-up of movable chela-spermatodactyl ; T. c/areae : (3) female 

venter, (4) male venter, (6) male gnathosoma showing movable chela- 

spermatodactyl (Delfinado-Baker and Baker, 1982).
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developmental biology of male T . c l a r e a e  has been reported, the female mites of 

this species exhibit a typical life cycle of this group of parasites. After hatching, it 

is developed to larval, protonymph, deutonymph and adult stages. A summary of 
T .  c l a r e a e  life cycle is shown by Fig. 1.3. The female T . c l a r e a e  adults enter the 
brood cells shortly before capping and start laying eggs at 40-48 hours afterwards. 
Each female individual give an average of 4 eggs. All of which develop to the 

adult stage within 6 days (Delfinado-Baker and Peng, 1995). The first offspring is 

usually female, while the second onwards is male (Rath et al., 1991; Ritter and 

Ritter, 1988; Wei, 1992 all cited in Delfinado-Baker and Peng, 1995). T . c l a r e a e  

mates by podospermy and can be occurred inside or outside the brood cells. 
Multiple mating is observed in males whereas such a circumstance was not found in 

female (Rath et al., 1990 cited in Delfinado-Baker and Peng, 1995).

Male and female T . c l a r e a e  leave their natal cells with the newly hatching 
honey bees, and are dispersed within a short period, usually 2-3 days (Definado- 

Baker and Peng, 1995); however, there have been no reports on the reproductive 

period and mortality rate of juvenile based on different sexes. The infection of 

T . c l a r e a e  to A .  d o r s a t a  and A .  l a b o r i o s a  are presumably for dispersion. 

Nevertheless, both reproduction and dispersion are happened when A .  m e l l i f e r a  is 
infected with T . c l a r e a e  resulting in outbreaks of this parasite over vast geographic 

areas (Wongsiri et al., 1995; Delfinado-Baker, Rath and Boecking, 1992). In 
T . k o e n i g e r u m  theic have been no reports on the life cycle of this taxon.
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Fig 1.3 Life cycle of T. clareae (Wongsiri, 1989).
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Distribution of T. c la rea e  is associated with that of its natural host, 

A. d o rsa ta . Historically, repeated introductions of A. m e llife ra  to Asia have 

allowed consistently contact between these bee species. In 1961, it was reported 
that A. m e llife ra  in the Philippines were seriously infested by T. c lareae . 

Currently, infestion of T. c la rea e  to A. d o rsa ta  is reported from many countries 

including those in Asia and Europe corresponding with the natural geographic 

range of the host (Fig. 1.4) (Matheson, 1993).

1.2 C la ss ica l m eth o d s  for  g en e tic  v a r ia tio n  stu d ies

Classification, variation and evolution of various species have been 

investigated by several different biological methods such as morphology, life 
history, behavior and ecology. For example, morphometric studies of P so ro p te s  

spp. mites from bighorn sheep, deer, cattle and rabbits utilized 9 morphological 

characters for unambiguously discrimination (Boyce et al., 1990). However, this 

method has several limitations. Systematic studies based on morphometric analysis 
require a large number of samples and experienced scientists to decide whether 
investigated characters are informative (Rinderer, 1986). More importantly, some 

morphometric characters are often environmentally influenced therefore 

populations of a particular species may be misclassified due to ecological variants. 
Accordingly, the classical method has been increasingly confirmed by molecular 

techniques, based on protein or DNA polymorphisms (Weising et al., 1995).
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J N o  i n f o r m a t i o n

b

F ig . 1.4 W o r ld w id e  d is tr ib u t io n  o f  Tropilaelaps (M a theson , 1993).
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1.3 Molecular techniques for genetic variation studies

1.3.1 Allozyme technique

M o le cu la r m arkers based on p ro te in  po lym o rph ism s gene ra lly  developed  

th ro ug h  a llo zym e analysis. T h is  can be ca rried  o u t by  e le c tro pho re tic  separa tion o f  

p ro te in s  (u sua lly  enzymes) fo llo w e d  by  spec ific  s ta in ing  o f  the  e lec trophoresed  

p roduc ts . A lth o u g h  some studies use seed p ro te in  pa tte rns as the  m arkers in  

p lants , the  m a jo r ity  o f  p ro te in  m arkers are represented b y  a llozym es. A llo z ym e  

e lec tropho res is  has been successfu lly app lied  to  m any o rgan ism s fro m  bac te ria  to  

animals and p lan ts since the  1960s (M ay , 1992). T h is  approach is re la tive ly  

s tra ig h tfo rw a rd  and easy to  ca rry  ou t. A  tissue e x tra c t is p repared and 

e lec tropho resed  on  the  suppo rtin g  m edia  (u sua lly  starch o r p o lyac ry lam ide  gels) 

acco rd ing  to  the  net charges and sizes. The  p ro te in  bands can then be v isua lized  by  

spec ific  h is tochem ica l stains o f  investiga ted  enzymes. O nce the  e lec trophoresed  

ge l are stained, the  status o f  h om o - o r  he te ro zygos ity  a t such a lo cus  can be 

exam ined. The  num ber o f  band is re flec ted  fro m  co n fig u ra tio n  o f  the  enzyme  

m o lecu le  (m ono , d i o r  te tram ers coup lin g  w ith  hom o  o r hé té ro zygo tie  states). The  

pos itio ns  o f  p o lym o rp h ic  bands are gene tica lly  in fo rm a tiv e  (W e is in g  e t a l., 1995).

A na lys is  o f  p ro te in  po lym o rph ism s in  m ites have been m a in ly  re po rte d  in  

stud ies o f  in te r-  and in tra spec ific  levels. F o r example, gene tic  d ive rgence  be tween  

the  green and red fo rm s o f  the  tw o -sp o tte d  sp ider m ite  w as exam ined us ing  malate  

dehyd rogenase  (MDH* )  and fu r th e r  a n a ly z ed  b y  p o ly a c ry la m in d e  ge l 

e lec trophores is . The  MDH*  spec ific  a lle le  fo r  each fo rm s  o f  the  m ites was  

id en tif ie d  (G o ka  et ฟ., 1996). T heo re tica lly , the  a llo zym e approach is a
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reasonab ly p o w e rfu l techn ique  as a la rge  num ber o f  in d iv id ua ls  can be de te rm ined  

in  a lim ite d  p e rio d  o f  tim e . H ow e ve r, i t  has some lim ita tio n s . F o r instance, 

synonym ous m u ta tio n  is n o t able to  be detected. L ikew ise , nu c leo tid e  subs titu tions  

chang ing  one n o n -p o la r am ino ac id  to  ano the r do n o t a lte r the  e le c tropho re tic  

m o b ility  o f  the  p ro te in . L a cks  o f  a llo zym e v a r ia b ility  (17  gene lo c i, fro m  14 

a llo zym e  systems) am ong popu la tio ns  o f  V. jacobsoni com pos ing  o f  12 apiaries  

fro m  E u ropean  coun tr ie s  and one fro m  Ch ina  w e re  repo rted  (B ia s io lo , 1992). A s  

described p re v io u s ly , a llozym es unde restim a te  leve ls o f  gene tic  v a r ia t io n  due to  its  

lo w  a b ility  to  de tec t p o lym o rp h ic  lo c i. The re fo re , a llo zym e analysis m ay n o t be an 

app rop ria te  techn ique  fo r  eva lua tion  o f  gene tic  v a r ia b ility  in  T. clareae and 

T. koenigerum.

1.3.2 DNA-based techniques

Ana lys is  o f  po lym o rph ism s at the  D N A  leve l is the  d ire c t approach to  

s tudy gene tic  va r ia t io n  at b o th  in te r-  and in tra spe c if ic  levels. T heo re tic a lly , va rious  

D N A -b a se d  techn iques, hav ing  d iffe re n t se n s itiv ity  o f  de tec tion  are ava ilab le  bu t 

the  m os t im po rta n t fa c to r is to  select th e  m os t app rop ria te  techn ique  (e.g. 

reasonable sens itiv ity , cos t-e ffe c tive , less t im e  consum ing ) to  answer a p a rtic u la r  

p rob lem .

N u c le a r D N A , m ito ch o nd r ia l D N A , and nuc lea r ribosom a l D N A  have been  

com m on ly  em p loyed  in  gene tic  va r ia t io n  studies. The  fo llo w in g  d iscussion  

describes some o f  the  a ttr ib u te s  o f  m ito ch o nd r ia l and nuc lea r r ib o som a l D N A .
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A. Mitochondrial DNA

G ene tic  po lym o rph ism s us ing analysis o f  m ito ch o nd r ia l D N A  (m tD N A )  

have been em ployed . S ince 1979 in  m ost cases, i t  is m o re  p o w e r fu l than  th a t o f  

a llozym es f o r  d e te rm in a t io n  o f  p o p u la t io n  s tru c tu re , b io g e o g ro p h y  and  

phy logene tic  re la tionsh ips (A v is e  et al., 1987). D ue  m a in ly  to  its  sm all genome  

size, rap id  ra te  o f  e vo lu tio n a ry  changes and m aterna l inhe ritance , m tD N A  is also  

su itab le  fo r  exam in ing  h is to ry  and e vo lu tio n  am ong c lose ly  re la ted  taxa  (G ray, 

1989; Lansm an et ฟ ., 1981; S im on et a l., 1991 a ll c ited  in  H o y , 1994). S tud ies o f  

m tD N A  po lym o rph ism s have been repo rted  us ing  R F LP  and /o r D N A  sequencing  

(N ava jas e t al, 1996). The  fo rm e r can be ca rried  o u t fro m  the  en tire  m tD N A  o r  

a lte rna tive ly , f ro m  P C R -am p lif ie d  m tD N A  segments fo llo w e d  by re s tr ic tio n  

analysis o f  such am p lif ic a tio n  band . The  la tte r is su itab le  fo r  sm all fragm en ts  

w h ich  can be am p lifie d  by  D N A  c lo n ing  o r by P C R  fo llo w e d  by D N A  sequencing  

(S a tta  and Tukaha ra  1996; Pashley and K e  1992 a ll c ited  in  H o y , 1994).

m tD N A  has a num ber o f  p o s itive  p rope rtie s  w h ic h  is su itab le  fo r  

e vo lu tio n a ry  and sys tem atic studies. These are (1 ) m aterna l inhe ritance , (2 )  

genera l conse rva tion  o f  gene o rde r and com pos it io n  w ith in  the  same phy lum , (3 ) a 

rap id  ra te  o f  sequence d ivergence , and (4 ) small size and abundance re su ltin g  in its  

easy iso la tio n  (H o y , 1994). A na lys is  o f  m tD N A  in  va rious  ta xa  causes b e tte r  

unde rs tand ing  o f  th is  ex trach rom osom a l D N A . I t  was subsequently fo u n d  th a t the  

un ive rsa l gene tic  code system  is n o t va lid  fo r  some gene tic  codes. N ava jas et al. 

(1 9 9 6 ) inves tiga ted  gene tic  v a r ia tio n  o f  phy tophagous m ites us ing  sequence 

analysis o f  cy to ch rom e  ox idase subun it I  (C O  I, 340 bp ) in  tw e n ty  phy tophagous



15

m ite  species. H ig h  gene tic  v a r ia tio n  leve ls o f  th is  A + T  r ich  reg ion  w e re  observed  

w h ich  o ccu rred  th ro u g h  synonym ous trans itio ns . M o reo ve r, i t  was also found  tha t 

the  gene tic  codes in  phytophagous m ites w e re  apparen tly  s im ila r to  those in  insects.

B. Nuclear ribosomal DNA.

R ibosom es are a m a jo r com ponen t o f  cells in vo lv in g  in  tra n s la tio n  o f  

messenger R N A s  in to  p ro te ins. R ibosom es cons is t o f  ribosom a l R N A  ( rR N A )  and 

p ro te in s  and can be d issoc ia ted in to  a la rge  and a small subunits. The  ribosom a l 

D N A  is fre q uen tly  used to  exam ine in te rspe c if ic a lly  e vo lu tio n a ry  re la tionsh ips  

am ong va rious  taxa  because they are u n ive rsa lly  present in  a ll o rgan ism s hav ing  the  

p ro te in  syn thes iz ing system. The  rD N A  is ve rsa tile  to  be used fo r  de te c tion  o f  

po lym o rph ism s at d iffe re n t leve ls because th is  m ode ra te ly  re p e tt it iv e  reg ion  

con ta ins b o th  conserved (e.g. 18S and 28S ) and m o re  va riab le  reg ions (e.g. IT S , 

IG S ).

In  eukaryo tes , the nuc lea r ribosom a l genes encod ing  the  18S (sm a ll 

subun it) and 2 8 ร (la rge  subun it) rR N A s  are c luste red as arrays o f  tandem  repeats 

lo ca ted  in  the  nuc leo la r o rgan iz ing  reg ions o f  the  ch rom osom es (F ig . 1.5). There  

are a pp ro x im a te ly  100 to  500 cop ies o f  rD N A  repeated tra n sc r ip tio n  un its  found  

in  m os t an imals (H o y , 1994). The  repeated tra n sc r ip tio n  u n it is com posed o f  pa rt 

o f  the  p rom o te r reg ion , exte rna l transc ribed  spacer (E T S ), an 18S rD N A  cod ing  

reg ion , an in te rna l noncod ing  transcribed  spacer ( IT S ) , a 28S rR N A  cod ing  reg ion , 

and an in te rgen ic  non transcribed  spacer ( IG S ).



16

large pre-rRNA gene large pre-rRNA gene large pre-rRNA gene
r A N r  A N r A A

intergenic intergenic intergenic
a spacer spacer spacer

(ETS) (ITS) (IGS)

Fig. 1.5 Large pre-rRNA genes and their spacer: (a) The pattern of tandemly 
repetitive repeats of the large pre-rRNA genes, (b) the arrangement of 

coding sequences and internal transcribed spacer (Wolfe, 1993).

Different portions of the rDNA repeated unit evolve with significantly 
different rates (Kuperus and Chapco 1994; Navajas et al. 1995; Sappal et al. 1995). 
Thus, evolutionary studies may employ different segments of the unit depending on 

the taxonomic levels of organisms under investigation. In general, a high degree of 
polymorphism has been found in the noncoding segments of the repeat unit (ETS, 
ITS, IGS). Thus, population and species diagnostic markers in sibling species have 
been studied using these segments (McLain et al., 1995; Norris et al., 1996; Porter 

and Collins 1991).
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1 .3 .2 .2  M o lecu la r  tech n iq u es  b a sed  on  D N A  a n a ly sis

A . R e str ic tio n  fra g m en t len g th  p o ly m o rp h ism  a n a ly sis  (R F L P )

Restriction fragment length polymorphisms (RFLP) is one of several 
techniques used to determine DNA variation based on the assumption that digested 
DNA fragments illustrating identical length are similar in sequences and are from 
the same evolutionary origin. Technically, the target DNA digested with 
restriction endonucleases are size-fractionated by agarose gel electrophoresis and 

transferred onto a membrane. The investigated fragment(s) is identified by 

hybridization with the specific radiolabeled probe (Davis, Batteg and Kuehl, 1994). 
An example of RFLPs in mite is the identification of species-diagnostic markers 
between three sibling spec» PS of genus Panonychus (P. mori, p. citri and p. ulmi) 
and Tetranychus urticae through Southern hybridization with rDNA probes 

(Osakabe and Sakagami, 1994).

B . P o ly m era se  ch a in  rea c tio n  (P C R )

The polymerase chain reaction (PCR) is a new approach applied for 

population genetic and systematic studies. This technique allows short DNA 
fragment (usually smaller than 2 kb) to be amplified in vitro. To amplify a 
particular DNA fragment, two single-stranded complementary primers are designed 
to a specific motif of the DNA template. The activity of a thermostable DNA 
polymerase in the suitable buffer system and thermo-cycling (dénaturation, 
annealing and polymerization steps) results in exponential amplification of a given 
DNA fragment between the primer sites (Weising et al., 1995).
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The ability to amplify interested DNA (RT-PCR for RNAs) through PCR 
opens the new approach for various biological disciplines (e.g. systematics, 
evolution, ecology). For instance, studies of bee mites using RFLP had been 

formerly limited by the amount of required DNA as typical RFLP needs at least 2 

fig of genomic DNA for each analysis. Nevertheless, approximately 10-50 ng of 

genomic DNA is more than sufficient to be used as the template for the 
amplification reaction. This makes several molecular biological studies possible in 

tiny organisms like T. clareae and T. koenigeriim.

c . P C R -R F L P s

This technique has been, and still is, the most common approach used for 
determination of genetic diversity at various taxonomic levels. After the DNA of 

interest is amplified by PCR, an aliquot of the amplification reaction is then simply 
digested with each restriction endonuclease. The resulting DNA fragments are 
electrophoresed through the appropriate gel medium (agarose or polyacrylamide) 
and visualized under the u v  light after ethidium bromide staining. The most 

important advantage of this technique is that hybridization of labeled DNA probes 
to the target restricted DNA is obviated. Furthermore, the technique per se is much 
simpler than conventional RFLP approach.

D . R a n d o m ly  a m p lified  p o ly m o rp h ic  D N A  (R A P D ) P C R .

RAPD-PCR was developed by Williams et al. (1990) who demonstrated 
that genomic DNA from a distantly related group of organisms could be amplified 
using a single short primer (9 or 10 nucleotides long) composed of an arbitrary
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oligonucleotide sequence. The primer can be randomly designed without any prior 

knowledge of the sequence information of organisms under investigation. The only 
limitation is that the primers should have at least 50 % G+C content and should not 
contain palindromic sequences. Different random primers use with the same 

genomic DNA produce different numbers and sizes of DNA fragments (Ellsworth 

et al., 1993; Kemodle et ฝ., 1993). After amplification, the amplified DNA 
patterns can be conveniently determined by agarose gel electrophoresis.

In insect, RAPD-PCR has been increasingly used for several applications. 
These include identification of molecular markers in populations (Tasanakajom et 

al., 1995; Rao, Bhat and Toey 1996), determination of paternity in dragonflies 
(Hardrys et ฝ., 1993), and communally breeding beetles (Scoot et al., 1992; Scoot 
and Williams, 1993), an analysis of population genetic structure and genetic 
variation (Richner et ฝ., 1997; Shankaranarayanan et ฝ., 1997 and Swoboda et 
ฝ., 1997).

Based on various applications described above, RAPD-PCR may be useful 
for determination of genetic differences in T. clareae and T. koenigerum at 

individual, population or species levels because the number of primers used are 
นฝimited and the primers which are suitable for such different taxonomic levels can 

be chosen. RAPD-PCR is particularly useful for species having limited genetic 
information or for organisms which have not been genetically investigated before.

de Guzman et al. (1997) examined genetic variation in V. jacobsoni from 

the United States, Russia, Morocco, Germany, Italy, Spain, Portugal, Japan, Brazil 
and Puerto Rico using RAPD analysis. The results showed that all V. jacobsoni
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collected from the United States had the same RAPD pattern to that of those 
originated from Russia, Morocco, Germany, Italy, Spain, and Portugal (called the 
Russian pattern). Nevertheless, this pattern was different from that found in Japan, 

Brazil, and Puerto Rico (called the Japanese pattern). The OPP-03 and OPP-07 
generated 422 bp and 766 bp fragments which common in samples carrying the 
Russian pattern but were not observed in those of the Japanese pattern. Two 
bands located at 675 bp and 412 bp were found in all individuals from the United 
States and Europe. These results suggested that V. jacobsoni of the United 

State was historically originated from Russia through Europe, while that of Brazil 
and Puerto Rico are probably originated from Japan. The two different patterns 
were widespread over vast geographic areas by introduction of the host species.

Edwards et al. (1997) employed RAPD-PCR to discriminate three 
Typlodromalus spp. (T. limonicus, T. manihoti and T. tenuiscutus). Five of eight 
RAPD-PCR primers could be used to distinguish these three species 

unambiguously. The genetic distances within-species (0.072-0.186) were much 
lower than that of between-species (0.407-0.656) illustrating the effective ability to 
identify cryptic mite species using this approach.

E . D N A  S e q u e n c in g

The most direct method for determination of polymorphisms at the DNA 
level is sequencing of the interested orthologous DNA fragment of related 
organisms. DNA sequencing provides highly informative data and can be used for 
different discriminatory power by choosing appropriate regions of the genome.
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T h eo re tica lly , D N A  seq u en c in g  can  b e  ca rried  o u t u sin g  e ith e r chem ical o r  

en zy m atic  m eth o d s. T h e  en zy m atic  m e th o d  is cu rren tly  m o re  p o p u la r  and  is b ased  

o n  th e  ability  o f  D N A  p o ly m erase  to  ex ten d  th e  p rim er un til a  cha in -te rm ina ting  

n u c leo tid e  (each  o f  d d N T P s) is in c o rp o ra te d  to  th e  new ly  syn thesiz ing  chain. T h e  

seq u en c in g  reac tio n  is p e rfo rm ed  as a  se t o f  fo u r  sep a ra te  reac tio n s , each  o f  w h ich  

co n ta in s  all fo u r  d eo x y rib o n u c leo sid e  tr ip h o sp h a te s  (d N T P s) su p p lem en ted  w ith  a 

lim iting  am o u n t o f  each  d id eo x y rib o n u c leo sid e  tr ip h o sp h a te  (d d N T P ) p e r  reac tion . 

B e c a u se  d d N T P s  lack  th e  3/ O H  g ro u p  n ecessa ry  fo r  chain  e lo n g a tio n , th e  g ro w in g  

o lig o n u c leo tid e  is se lec tive ly  te rm in a ted  a t G, A , T  o r  c, d ep en d in g  on  th e  

re sp ec tiv e  d id eo x y  an a lo g  in th e  reac tio n . T h e  resu ltin g  frag m en ts  a re  sep a ra ted  

acco rd in g  to  s ize  by  h igh  re so lu tio n  d en a tu rin g  po lyacry lam ide  gel e lec tro p h o re s is  

(S a n g e r  e t al., 1977).

M o re  recen tly , th e  seq u en c in g  a p p ro a c h  h as  b een  g rea tly  fac ilita ted  by  

P C R . T h e  in v estig a ted  D N A  seg m en t w as  am plified  u sing  a  p a ir  o f  p rim ers. T h e  

P C R  p ro d u c t can  th e n  b e  seq u en ce  d irec tly  o r  a lte rn a tiv e ly  a fte r  c lon ing  (H o elze l 

and  G reen , 1992). In  v a rio u s  tax a , th e  IT S  o f  nu c lea r rD N A  seq u en ce  a re  usefu l 

fo r  ev o lu tio n a ry  an d  sy stem atic s  s tu d ies  (T a n g  e t al., 1996; P ask ew itz , W esso n  and  

C ollin s 1993; V o g le r  and  D eS a lle  1994; K o llip a ra  e t al., 1997). T h e  rD N A  

p rim ers a re  availab le  in severa l o rg an ism s an d  seem  to  b e  u n iversa l fo r  exam ple  a  

p a ir  o f  p rim ers  o rig inally  d ev e lo p ed  fro m  th e  fungal IT S  also  w o rk e d  w ell in 

in sec ts  (W h ite  e t ฟ ., 1990).

A  p h y lo g en e tic  re la tio n sh ip  am o n g  m em b ers  o f  Ixodes sep ec ies  in th e  

fam ily A cari w as  recen tly  re p o r te d  b a sed  o n  seq u en ce  d iv e rg en ce  o f  th e  IT S

WOZTlJflnm J สถา!,น ๅ îïfjin การ 
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reg io n  o f  rD N A  (W esso n  e t al., 1993). M o rp h o lo g ica lly , Ixodes p u c ificu s and 

I. dam m in e a re  tax o n o m ica lly  co m p lica ted  and  a re  n o t ab le to  unam biguously  

d is tingu ish . A s a  resu lt, d irec t seq u en c in g  o f  P C R -am plified  IT S  seg m en t w as 

ca rried  o u t in th re e  Ix o d es spec ies  inc lud ing  I. p u c ific u s  (fro m  C alifo rn ia  and 

A rizo n a), I. sc a p u la r is (fro m  G e o rg ia  and  N o rth  C aro lin a), and  I. dam m in i (from  

M ary lan d , M a ssach u se tts , N e w  Jersey , N e w  Y o rk  and  W isconsin ). V aria tio n  o f  

n u c leo tid e  seq u en ces  w as o b se rv ed  in th e se  ta x a  a t in tra-ind iv iduals w ith in  a 

p o p u la tio n , in te r-ind iv idua ls  fro m  d iffe ren t g e o g ra p h ic  o rig in  o f  a  spec ies and 

in te rsp ec ific  levels. D N A  p o ly m o rp h ism s re su lted  fro m  sm all d e le tio n s and  

in se rtio n s  w e re  typ ical in th e  IT S  reg ion . H o m o g en iza tio n  o f  rD N A  m ultigene  

a rray s  fo r  seq u en ce  v a rian ts  by  c o n c e rte d  ev o lu tio n  seem ed  to  o c c u r  a t a  re la tively  

rap id  ra te . I t  w a s  also  fo u n d  th a t n u m u  o u s  p o ly m o rp h ic  sites fo u n d  in  I. p a c if ic u s  

and  I. d a m m in e , fac ilita ting  a  p o ss ib le  u se  o f  th e se  seq u en ces  to  assess  re la tionsh ip  

am o n g  sibling species.

B a se d  on  th e  m ax im um  p ars im o n y  and  tw o  d is tan ce  m e th o d s (u n w eig h ted  

p a ir-g ro u p  w ith  a rith m etic  av e rag es  and  ne ig h b o r-jo in in g ), seq u en ce  v a ria tio n  in 

IT S 1  and  IT S 2  su g g es ted  th a t I. s c a p u la r is  and  7. dam m in i a re  c lose ly  re la ted  

sp ec ies  re flec ted  fro m  h igh  sim ilarly  in IT S  seq u en ces  o f  ind iv iduals from  

g eo g rap h ica lly  iso la ted  lo ca tio n s. E v iden tly , ind iv iduals from  g eo g rap h ica lly  

sep a ra ted  sam ples o f  I. p a c if ic u s  w e re  in traspecifically  less re la ted  and  clearly  

d iffe ren t gene tica lly  to  th o se  o f  7. sca p u la ris!d a m m in i. L ikew ise , M cL a in  e t al. 

(1 9 9 5 ) re p o rte d  p o p u la tio n  g en e tic  s tru c tu re  o f  7. sca p u la ris fro m  easte rn  

seab o ard  o f  th e  U n ited  S ta te s  by  d e te rm in a tio n  o f  th e  IT S  sequence . T w en ty  

seq u en ces  w e re  o b ta in ed  fro m  ind iv iduals o rig in a tin g  fro m  d ifferen t localities; 10
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o f  w h ich  w e re  from  th e  so u th eas t (G e o rg ia  and  F lo rida), seven  w e re  from  th e  

m iddle eas t (N o rth  C aro lin a  and  M ary lan d ) and  th e  rest w e re  from  th e  n o rth ea s t 

(M a ssa c h u se tts , N e w  Je rsey  and N ew  Y ork ). P hy lo g en y  b ased  on  n e ig h b o r

jo in in g  and  th e  m ax im um  p arsim ony  m e th o d s a llo ca ted  m o st o f  th e  S o u th easte rn  

and  th e  m idd le  E a s te rn  ind ividual to g e th e r  b u t fail to  c lu s te r  th o se  from  the  

n o rth east.

F en to n  a t al. (1 9 9 7 ) s tud ied  g en e tic  v a ria tio n  in e riophy id  m ites  by analysis 

o f  D N A  seq u en ces  o f  P C R -am plified  IT S . A  to ta l o f  7 spec ies  co m p o sin g  o f  

C ec id o p h y o p s is  r ib is , c. g ro ssu la r ia e , c. sp ica ta , c. a lp in a , c. au rea , 

c. g ro ssu la r ie a  and  P h y lo c o p te s  g ra c il l is  w ere  investiga ted . It w a s  found  th a t 

9 2 -9 9  %  o f  IT S  1 seq u en ces  from  d ifferen t C e c id o p h yo p s is  spp. w as  sim ilar. In te r

specific  d iffe ren ces b e tw een  C ec id o p h yo p s is  w ere  fo u n d  in sev en teen  sim ple 

seq u en ce  re p e a ts  (S S R s), fo u rteen  po in t m u ta tio n s  and  tw o  dele tions. N o  in tra- 

specific  v a ria tio n  in S S R s w as observed .

1.4 Aims of this thesis

P rio r to  th e  p resen t research , th e re  have  been  no  re p o r ts  on  gene tic  

v aria tio n  s tu d ies  co n ce rn in g  tw o  species o f  T ro p ila e la p s (71 c la rea e  and 

71 koen igeru m ). T hus, th e  o b jec tiv es o f  th is thesis  a re  to  d iscrim inate  th e se  tw o  

spec ies  by seq u en c in g  th e  I T S r  IT S 2 reg ion  and to  d e te rm in e  in traspecific  g en e tic  

v aria tio n  o f  71 c la rea e  from  d ifferen t g eo g rap h ic  lo ca tio n s  w ith in  a  spec ies and 

b e tw een  d ifferen t h o s ts  u sing  R A P D  approach .
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