CHAPTER 1V

ear DNA of A. cerana
total DNA was pre-

transported for future
nuclear DNA extraction

extracted DNA was nmneg‘:ﬁm

- f ‘-: -

equal to 1 asequi\ra]@l"" starded DNA and the ratio of

OD260/280 between 1.65.and 1.85 showing the purity of DNA. Usually,

about 3.9 mﬂzuﬂmmmmjm total DNA

MC); 50 b1 PN

and nuclear DNA ranged from 1.70 to 1.95. In addition, agarose gel
electrophoresis of the undigested total and nuclear DNA migrated as the high
molecular weight, larger than the 23.1 kb marker, and sheared fragments
were minimal (Figure 7). Those results demonstrated that total DNA

extraction and nuclear DNA extraction were suitable for subsequent

experiments.
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7 — S |
Figure 7 Agmse gel electrophoretic slaifing pattern of

A. cerana total DNA, and nucler DNA.

Total ‘and ' muclear” DNA™ were ' extracted from
individaal - worker <papde i) (1h& Saf@ Ocolony) @d then
subjected to 0.7% agarose gel electrophoresis at 100 V for 45
minutes;

lanel : A/HindIll DNA standard

lane2-4 : total DNA

lane 5-7 : nuclear DNA
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4.2 Restriction digestion of honey bee DNA

The total DNA extracted from individual worker pupae from the
same colony was then separately digested with and® excess of ten
restriction endonucleases; BamHI, Bgill, Clal, EcoRI, Haelll, HindIIl,

)
Haelll, and Ndel 7

DNA in 20 ul of réaction mixture. cubation times were varied from
1.2, 3.4, 5 d S m ﬂe igested DNAs were
separated by a ' m si X a at 80 V for 3

YO SR Y PRy, e s

patterns! lower than 23.1 kb in size appeared the same in every incubation

ho

; sty o

time. For example, the digestions with EcoRI are shown in Figure 9. The
results demonstrated that honey bee DNA could be completely digested
with restriction endonucleases in 1 hour. Furthermore, this result clearly
showed that the restriction pattern of individual honey bees is similar
within this colony.
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Figure 8 Agarose gel ciéutrophoretic staining pattern of A. cerana
total DNA O flle same colony digested with various

restrictiofl egdghicleases.

Total DNA gxiracted rmii';, single horniey bee was used for
5 numbers of restricion £adonuclease. Electrophoresis was
performed on 0.8% aga;ﬁﬁg at 80 ¥ for 3 hours and stained with
2.5 pg/ml of ethidtum bromide:;

lanel i A/HindilI DNA standard

lane2 :“tetal DNA digested with BamHI
lane 3™ "+ total DNA digested with BgIll

lane 4 total: DN A cdigested with (Clal

lane5 : total DNA digested with EcoRI
lane6 : total DNA digested with Haelll
lane7 : total DNA digested with HindIIl
lane8 : total DNA digested with Sau3Al
lane9 : total DNA digested with Scal
lane 10 : total DNA digested with Smal

lane 11 : total DNA digested with Ndel
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Figure 9 Agarose gal clectréphoretic ‘Slaipiug pattern of A. cerana total

s -},l':‘ia_

e

DNA digested witlt EcoRT and incubated on varying time.

Total DNA was exiracted from individual worker pupae in the
N — ,»77?:";'
same colony. 800 ng DNA digested with 5 U &4 EcoRI. Electrophoresis

was performed on-1.0% agarose at 80 V for 3 hours and stained with 2.5
pug/ml of ethidiam bromide; 7

lane 1 : A/HindIll DNA standapd

lane2': “otal DNACdigested with EcoRl ford' hear

lane3 : total DNA digested with EcoRlI for 2 hours
lane4 : total DNA digested with EcoRI for 3 hours
lane5 : total DNA digested with EcoRI for 4 hours
lane6 : total DNA digested with EcoRI for 5 hours
lane7 : total DNA digested with EcoRI for 6 hours

lane8 : total DNA digested with EcoRI for 24 hours
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Because of the results from restriction endonucleases BglIL,Clal,
EcoRIl, Haelll and Ndel were selected to digest honey bee DNA for
restriction pattern analysis, so each concentration of restriction
endonuclease which a gave complete digestion was tested. Usually 800 ng
of bee DNA was digested with!3.,10 and 15 U of each restriction

endonucleases for 2 hours: The digésttd”DNA fragments of each series
'..J

for five restriction W we patterns (Figure10).

Therefore, 800 ng of ¢ / hee, DNA ould, usually be digested with

5 U of each restrig / » DSeguent restriction pattern

analysis.

4.3 aris egtriction_pattern between total DNA anc

NA from the same colony

was digested v r-f‘} as previously

presented. The resulli g res'l:ncun pal:tems are shown in Figure 11 (some

of 20 smnphﬁ:um %%@%ﬂo’]}ﬂ:@ DNA and nuclear

DNA extractioft give the same patterns for_each restrictign endonuclease;
Bglll, aﬁa@ mmumlgom ﬂm IEJA was used
for restri?:tion pattern. Since total DNA extraction method was convenient
to pre-extracted DNA at the field and gave higher DNA than nuclear DNA

extraction method, the total DNA extraction was selected for future study.
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Figure 11  Agarose gelﬂg_iemrnphg?;,-ﬁ!gVsl;ajning pattern of A. cerana total

DNA__and _nuclear DNA —dipeifedwith four restriction

enddnucleases.

Each. of " honey, bee DNAs, from the same colony was

extracted from a single bee. 800 ng of DNA digested with 5 U of BgIll

(A)L EceRY(Bj, \HacHI {Cy andNdel (DY Electropharesis was performed

on 0.8% agarose at 80 V for 3 hours and stained with 2.5 pg/ml of

ethidium bromide.

lane 1
lane 2-5
lane 6-10 (A,B)

lane6-11 (C.D)

: nuclear DNA

- nuclear DNA

: AMHindIll DNA standard

: total DNA ' |
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In order to test whether restriction pattern give the same result, the

total DNA of various species of honey bees; A. florea, A. mellifera and

A. cerana from individuals . olony were completely digested

with restriction end
distinctly (Figure 12jethdf the HcoRI digesidd ‘total DNA of A. florea
having discrete bands g -~ 46 -.:I 3.5 kb, A. mellifera has
discrete bands at 14.54" 10.3 ] ,'}f : 7' | ~\. D, whereas the A. cerana

bands were at 6.0, 4.04°

DNA -w bees from the-safe colony was isolated
Y S A }r ;
and purified. Thqjm' DN re then d@sted with each of five

restriction endonucledases as previously described in section 4.2. The

e ), AL HISHEIAT) 3o i e e

et v dy o
samples) for each restriction endonuclease. erefore, for subsequent

experiments on restriction pattern and Southern hybridization analysis, less

than 20 samples from each colony were used.
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Figure 12 Agarose gel eléﬁphﬂrﬁfﬁairﬂng pattern of
et RN

varion$ species of Apis total DNA 8ifested with EcoRL
S0 ' f
Total IEI:NA was extracted from individual worker pupae in
the same colony, 800 4ig of total DNA digested with 5 U of EcoRL
Electrophoresig, was performed-on 1.0% agarose at 80 V for 3 hours
and staipegicwvith 2,5 (ug/mi-of ethidinop bromdes
lane 1 : A/HindIll DNA standard

lane2-4 : A. florea
lane 5-7 : A. mellifera

lane8-10 : A. cerana
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Figure 18 Agarose gel electrophoretic staining pattern of A. cerana of

mvm3Mm=r~ WillL 2.5 pg/m
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Each DNA sample was collected from a worker pupae of

A. cerana, colony and about 20 colonies of each location were then

endonuclease which was selected

ompared within and among

The results 1 ‘ \ DNA samples from all
{ s = {5 14} based on the positions

of discrete bands pregéniéd/at 10.3) h 6 and 3.9 kb and at 10.3,
a'id..-..

| ‘~"e"n=.~ 31 and B2 respectively. The
;ﬁ.l_;‘ { : ‘

Samui Island DNA pat W pted as two groups; Bl and B2

(Figure 14 (E) with 45.5 @5

| ,__.‘,;—_,J while the other locations

The Clal gm: otal DNA @nples from all locations
were mwdeﬁqﬁ!ﬁbm ﬁi‘r W 2sented at 15.6, 9.1,
6.0, 4.1, 3.6 and referre andﬁ 89160 4.3 and
25 S § TR TP ) i
had group C1 but only the DNA samples derived from the Southern region
had group C2. In the Southern region, the percentages of C1 and C2 were
47.4 and 52.6 respectively (Figure 15 (D)). The results are summarized in
Table 4.

The restriction pattern obtained from EcoRI which digested total

DNA is shown in Figure 16. The DNA smples from all location could be
divided into five groups, El, E2, E3, E4 and ES5, based on the discrete



ropha 'l mirﬂngpaﬂcman.ma
NA digested with BglIL

Electrophoresis w 480 V for 3 hours

total DNA of A, cerana from the Samui Island
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Table3 Summary of Restriction pattern of BgIlIl digested total DNA of A. cerana from five locations of Thailand.

Sampling No. of colony | % Classification b H \“‘U/ screat bands (kb)

location of total DNA

\ ,,'? 3.9,3.4

the Northern

the North-Eastern
the Central part
the Southern

8 8 8 8 8

the Samui Island

Bl 7, 122 13, In4, I6. Io7
1b; 14, 13, Lo, 12-113r1£ I19. I20. I21. In5

(p #ﬂﬁ colony andabout

Eﬂculmfntalmaum.ThaBgﬂliUQgctedDHﬂaboglﬁﬂﬂng Electrophoresis, yas performed

on 10% agarose a1 80V for 3 iAW | DN blgeadd Vi il s s standar

molecular weight marker. Thereaﬁtswm:epeatedahnutztndmneshyumugdﬂemmpupae
from the same colony.

139



oretic staining pattemn of A. cerana

cted -:giﬂ!_léll dual wmrpupae
d with 5 U of Clal.

t-80 V for 3 hours

afmmﬂ:heNonh-Eastem
\‘ lheCentralpmt
ﬁamﬂieSouthem

Aotal DNA of A. cerana from the Samui Island

ﬂUEJVJVlEJ‘V]iWEJ\’lﬂ‘E
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Table 4 Summary of restriction pattern of Clal digested total DNA of A. cerana from five locations of Thailand.

Sampling | No. of colony | % Classification basél o sizk
location of total DNA | -
15.6, 9.1 ’

the Northern 20 /.
the North-Eastern 20
the Central part 20
the Southern 19
the Samui Island | 20 &

# 1 Number of colony from the Sou! |.a;=(':-__f4—_'_—_r‘i~

lb; =

Total DNA of A. mawummw wiork
20 colonies for a location. The Clal 5 U N ahm}
mlﬂ%wuﬂ?fw3hﬂlﬁﬂ;ﬂﬂm ‘.14 ¢

molecular weight marker. Theres}hswerempeatedahmultu4ﬂmesbjgfngdiﬂ‘ereutpnpae
from the same colony.

cs
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bands at various positions.. Two locations in Thailand, the North-Eastern
and the Central part, only had group Ei (Figure 16 (B) and (C)). In
addition, two groups E1 and E4 were presented in DNA samples from the
Southern at 80.0 and 20.0%, restpectively. DNA samples from the

Northern had three groups, El, E3, (Figure 16(A)) at 90.0, 5.0 and

ui Island were also divided
ﬁes and 16.7% respectively

5.0%, respectively. DNA" sample
into three groups, El

(Figure 16 (E)). The ‘-u ed 8. able 5.
The restrie // #uf otal _J. \ ested with Haelll were
divided into three _-‘_, 7 \\ DNA samples from the

Northern, the North Southern (Figure 14 (A), (B) and (C)
respectively) were classified _' & 11 ULTi'.": 3, and H2, with percentages
of 277 and 723, respecively ¢ the Northem; 263 and 73.7%,
l ﬁ 6%, respectively, for
)

1d-had two groups, H1 and

H3 with each at 50%‘@@:& 17 (E))U The Central part had only group

H3, mwﬁ%&&%‘iﬂ&ﬂ@?ﬂﬂ?ﬂﬁ

AR
group31 e position of d:scmle ban 5.6, 4.1 and

3.3 kb refered to N1 and 13.3, 8.1 and 4.1 kb referred to group N2. The
DNA samples derived from the Northern, the North-Eastern and the
Central part had only group N1 (Figure 18; (A), (B) and (C)), whereas the
Southern and Samui Island had both groups, with the percentages of 35.3
and 64.7, respectively, for the Southern; and 50% each for Samui Island
(Figure 18; (D), (E)). More details are shown in Table 7.



Figure 16 Agarose gel electrophoretic staining pattern of A. cerana
from different locations, total DNA digested with EcoRL

AULINENTNEINS
RINNIUUNININY



57



Table 5 Summary of restriction pattern of EcoRI digested total DNA of A. cerana from five locations of Thailand.

location of total DNA By Ey Es
8.0,5.6,3.7,3.5,2.2<22 8.0,7.0,5.6,3.5,2.822,<2.2 | 8.0,6.03.7,3.5

the Northern 2 90.0la 2 =

the North-Eastern 20 100.0 -

the Central part - 20 100.0 - -

the Southern 20 80.028 20.02b -

the Samui Island 24 70,838 - 16.73¢

# 1 Number of colony from the Northern 12 Ny, Na, Na,
& 2 Number of colony from the Southern 2 Sy, S-
# 3 Number of colony from the Samui Island 3 & 15:5; 1g: 55, 113,

. - .
€10 Nipo Np3 Nig, Ny Npo Nig, Nig Mo Bp 1 Ng 1 Ny
“Pls S16: 518, S19- 320 2; S10. 312- 813, 317
57
g 12 3ily by gz lis 3elgg dpg b bgs Iy

Tmmﬁammnmmmﬂmm ol each ndmyﬂlhﬂiﬂﬂhﬂ;fwamm&oﬂiiuw
DNA about 800 ng. Electrophoresis was performed gn 1.0% at 80 V folld h. Thuﬁ%mwmmnummm
The results were repeated about 2 to 4 imes by using di mmnmﬂq
U

RIAINTUNMINEN Y

33



Figure 17 Agarose gel electrophoretic staining pattern of A. cerana
from different locations, total DNA digested with Haelll

' AN\
Total DNA sas extractedfrlavindividual worker pupae

ifferent colonies. 8004 of PNA figested with 5 U of Haelll

oresis was. el

» --.u the Samui Island
AUEINYNINYINT
RINNINANINIAY
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Table 6 Summary of restriction pattern of Haelll digested total DNA of A. cerana from five locations of Thailand.

Sampling No. of colony % Classification based ¢ \}:,l-. ’/ t bands (kb) .
—— e m—_
location of total DNA H1 S “Hy
114, 9.0, 5.6, 4.1 Va9 D65 ,410 @ 3.6, 3.0

the Northern 19 27718 1)
the North-Bastern 19 265328
the Central part 19 4
the Southern 19 68.43a
the Samui Island 24 50.0%8 : . .

# 1 Number of colony from the Northem

#2 Number of colony from the North-Eastem

#3 Number of colony from the Southem
#4Numb¢rcfmhuyfmmﬁu$ammlslmd ml,plg Ig,lu. 12 13.1'15,119. y In1s 125, Ing

VN e Nt migR)

TutaIDHﬁn[’A.nm:namerhmadﬂﬁmmﬂndnﬂum&umdeﬂmlmymdﬂ:aﬂ?ﬂmlmfwam The Haelll

50 e o 0 B ) QTR AN P s st i ot

was used as stendard molecular weight mirker

0 1b; N, Ng Ng Ng, Nyg. Ny, Nig, Ny3, Nyg. Nyg Nyg Nag, Moo
“7.%12, Eq5 , _;_t, By, By, Bs, By, B, Eyg. Eyy, Erg, Big By, Egg, By
"‘ b14, S15. 517, S19.S20 363 S1, 53, 53 S, 55, 516 13

Themnlumrcpuuddnnzw4hmbyusmgmffum1pupsﬁumﬂwsmmbmy
2



Figure 18 Agarose gel electrophoretic staining pattern of A. cerana
from different locationsy total DNA digested with Ndel.

- - i l" > ol

vas exiracled Toin’ i u worker pupa:
in different colonies. 800#ng of DNA digesied with 5 U of Ndel.
Electrophoresis was-periofuéd on 1 0% agarose-at 80 V for 3 hours
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Table 7 Summary of restriction pattern of Ndel digested total DNA of A. cerana from five locations of Thailand.

Sampling No. of colony | % Classification be ”, #lie discreat bands (kb)
location of total DNA
8.1, 5.6
the Northern 20
the North-Eastern 20
the Central part 20
the Southern 17 | |
the Samui Island 2 == 50.02b ' ]
=T =
#1 Number of colony from the Southern V_E’—_:m“—-J

STl 13:@14,515151&517,513.519-51n

RN
Total DNA of A. cerana waﬂxw@ao@w WW% colony and about 20

colonies for a location. I&Nﬁc[il’d:gcmdﬂﬂﬁabomﬂﬂﬂng.mmmpmfmmadml.ﬂﬁ agarose
at 80 V for 3 h. The A phage DNA digested with Haelll was used as standard molecular weight marker. The results
were repeated about 2 to 4 times by using different pupae from the same colony.

(&
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In order to test wheather A. mellifera probes; # 24 and # 47

which had been used to differentiate between Africanized bees and

European bees, The A. piellifer bes were dot hybridized with
A. cerana total DNA. _Dot hyl

A. mellifera probes i ‘ sérana total DNA from five
locations There wa§ cyifl ol the # 24 probe shown in
Figure 19 (A) that the : ‘ sult was shown like probe
# 47 (Figure 19 (B)). Fhgrefore -= ‘ oridizations were obtained by

?"
dCIl 20

individual total DN/

0 ation completely digested
with restriction endonuglease
# 47. After cﬂlonmew%_ W

hybridization with= probe_# 47 weme shows g
y V ’ \*

background (Figummﬂ B)). 1 vith @bﬂ # 24 were shown in
Figure 20 (A) that afiysbands were mot appeared. Therefore the future

-t sﬁu@u&mmmmm gt s
‘“””Wﬁ#ﬁ“ﬁﬁ‘umwmaﬂ

4.8

ybridized to probes # 24 and

as performed, the results of

lear bands with high

Bglll which digested A. cerana total DNA was separated by 0.8%
low melting agarose gel electrophoresis. The DNA fragment range from 5
to 7 kb and 2 to 4 kb (Figure 21), labeled as the first and second groups,

were individual cut, purified and then ligated into the BamHI site of the



Figure 19 Dot hj ud' o ﬂ A mellifera probes and total
DNA of Afcefira

=L
To:a}ﬁ)miﬁ S worker pupae
in the same coloriy/. 500 ng I # 24 probe (A)
and # 47 probe (@ (abuut 10 ngfml) hybridization was

e “ﬁ‘ﬁ‘ﬂ‘?ﬂ‘ﬂ'ﬂ’ﬁﬂ G e g

detection for 8thours.

o Vo &l NGk pRk aadnsnag.

dot 2 : total DNA of A. cerana from the North-Eastern
dot 3 : total DNA of A. cerana from the Central part
dot 4 : total DNA of A. cerana from the Southern
dot 5 : total DNA of A. cerana from the Samui Island



23.1 =
9.4 —
6.6 —
4.4 =
2.3 —»
2-“ _"

Figure 20 Southein !
total DNA
ndividual worker pupae

gested With, 10,

Total DNA »

in the same colony. of EcoRI and

2/ (B) (about 10
ng/ml). The hyhndlmuon was perforined at 65-3 OC for 12 hours

i bﬁﬁﬁﬁ%ﬁﬂ%‘ﬂﬁﬁm

: A/HindIIl DNA standard,

q mammmm B Ak

: total DNA of A. cerana from the North-Eastern
lane4 :

lane 5 : total DNA of A. cerana from the Southern
lane 6 :

total DNA of A. cerana from the Central part

total DNA of A. cerana from the Samui Island
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Figure 21

______V§
J

A £
Tcu‘hl DNA was extracted frotn individual worker

was pe 0 ow melting agamse at V for hours

*‘@‘W’ﬂﬂ*&ﬂﬁfﬂ B4 ) o] G e

lane : MHindIIl DNA standard

group 2 : total DNA of A. cerana digested with Bglll
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dephosphorylated plasmid pBR322. The recombinant plasmids were
transformed into competent E. coli treated with CaCly and grown on
ampicillin-LB plate. According to the insertion inactivation (ApTTeS), the
numbers of recombinant plasmid clones from the first and second groups
were 62 and 135 respectively. recombinant plasmid groups were
then extracted by the R ini od and digested with PstI and

analysed by 0.7% gl M& The size of recombinant

plasmids which is lagge ‘-I kb, directly confirmed recombination.

Then, 7 and 6 clones _f- ) espectively, were randomly dot
hybridized with the. ¢bring chromosomal DNA labeled probe in order to

=

9.8, 7.0, 7.0, T%nd m kb res > 23). Therefore, these

clones would be & t experiments. In order

to be used as DNA-probes, the recombinant pla

pBR322, mﬂﬁé@m H%‘é‘l’wgfm not hybridized with

A. cerana total DNA.

o AN R YA s 4 e

total DNA of vector pBR322, the DNA of individual samples from

id DNAs carrying vector

different locations of Thailand, except from the Samu Island, were then
digested with EcoRI and bounded on nylon membrane, and hybridized
with pBR322 probe. The result as shown in Figure 24 (A) indicated that
only positive controls which were pBR322 and recombinant plasmid
# 3035. The intense bands were appeared as both DNA samples and



WE)6 7 8 9 10 1112

1
2
Figure 22 Do £ W ‘_~-'- A na genomic DNA probes
and @COoj ’ ! i'.‘""-'.ui'r‘l'-. Jy'Fa
and QP TAT "l=l DNA from

nd hybridized with genomic
DNA of A. cerana prote fabout #0'ng/ml). The hybridization was
performed  aty, 65 BOC 1 ours- and detected by

chemiluminescence for 20 minutes; )

mw}',nnlu: # 5001, # 5004, # 5005 # 5007,

ﬂuﬂ’J ﬂﬂWﬂﬁﬂﬁsoﬁ # 5037, # 5039,
Q A @uﬂ f]]n‘j% umsq#nﬂqﬁﬂ# 5059, # 5060,

# 5062, # 3001, # 3018, # 3027, # 3035,
# 3037, # 3111 , respectively



kb 1 2 3 4 5 6 7 8

&Iertr’,;hbm’uc staining pattern of recombinant
&l idd

ﬁff'ﬁ tﬁ'ﬂ]{iip?ﬂ
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Five hundi'e;l_nan
digested with .j U of Pst. Elﬁctmphmmsfwas performed on 0.7%

—
agarose at EU-J»’ for 3 hours and stained vatH 2.5 pg/ml of ethidium

|

bromide; i -

Figure 23

of recombinant plasmid DNA

lahel * WHindIIl DNA Standard

lane2 : pBR322
lane3!: | #55008
lane4 : # 5043
lane5 : # 3018
lane6 : # 3035
lane7 : # 3047

lane8 : # 3111

09
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a.l =

9.4 =
E.§

L4 -
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B

Figure 24 Southern
# 3035 (B) 4

3R322 probe (A) and
erana digested with EcoRL
Two mi
4
with 10 U of EcoRt7500nig of pBR322 0:
Psﬂandhybndlzadnﬂlp]! 2 labeled Plﬂhe(m) and # 3035 probe (B)

T e

umimescence for 20 mmﬂms’

q mamwwmw HIR

* PBR322 digested with PStI
lane3 : # 3035 digested with Pstl

lane4 : total DNA of A. cerana from the Northern
lane5 : total DNA of A. cerana from the North-Eastern
laneo6 : total DNA of A. cerana from the Central part
lane7 : total DNA of A. cerana from the Southern
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positive controls when vector pBR322 probe had beeen removed and
rehybridized with probe # 3035 (Figure24 (B)).

Approximately one microgram of recombinant plasmid DNAs;
# 5008, # 5043, # 3047, # 3035, # 3111 and # 3018 were then labeled

with the Genius nonradioactive, labeling system: random primed DNA

labeling with DIG-dUTP. abeled DNA concentrations were

obtained at 1, 10, 1 and &ﬁvely (Figure 25).
Sincelhea/' robes weresprepared using 5 to 7 and

2 to 4 kb of total
Bglll. Therefore
selected as DNA

mui Island digested with
econd group was randomly
tal DNA of A. cerana from
Samui Island. The WaBSho 1 figure 26 as the approximately 3
kb and 20 kb of intense band and confirmly indicated that

this probe was the !‘-"::,';_.;_ t erc " 4.4 kb of A. cerrana total
DNA.

11 . R s e o B B
R RINIALUBL TV U o v

previously determinded by using some of restiction endonucleases; Bglll,
Haelll and EcoRI being digested with the DNA. After being Southern
transfered, A. cerana total DNA was hybridized with the recombinant
plasmid probe in order to select the suitable of restriction endonucleases

and DNA probes for future analysis.
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1 9 g 5 e 7T

One mimﬁue' dilution of digoxigenated DNA
d the' signal intensities were

. :"' the kit. The labeled
control DNA was starts from 4,1, lxlﬂ'l dituon to the 1x10°0 pg/ul.

wwﬁ%wﬁmwmm
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row 3 : # 5043
row 4 : # 3047
row 5 : # 3035
row 6 : # 3111
row7 : # 3018
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kb 1 2 3. 4. 5 6 7 & 9 10 11

<« 20 kb

&~ 3 kb

Total [ﬂ”" ‘was extractes mc@iduu worker pupae in

the different coloniesy .2 pg DNA digested with 10 U of Bglll and

hybridized wlﬁim '}u‘i%m M&M§ was performed at
- %*ﬁ T T s

: AMHindIll DNA standard
lane2-11 : total DNA of A. cerana from the Samui Island
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From Figure 27, the results of hybridization with probe # 3018
showed that the total DNA of A. cerana digested with Haelll gave non
simple intense bands. As a result, the analysis could not be determined.
Whereas, the total DNA digested with EcoRI gave the clear and simple
bands which could be useful 17 the Southern hybridization of the

/

consequent experiments. @

total DNA of A. cerana
5043, # 3018, # 3035,

The Southe

# 3047 and # 31
considered from

good experiment was
From experiments of

various probes, # te bands (Figure 28).

o Q/
LR LA ——

the same colofly of A. cerana from two lncatinns of 'Ihﬂaud' the North-

Eascropfie] G4 VRN Bl hbviouat e

DNA were digested with 10 U of restriction endonuclease EcoRI. After

having electrophoresed DNA was then bounded onto nylon membrane
and hybridized with # 3035 probe (10 ng/ml). The results showed that
they were all similar pattern if they are from the same colony (see Figure
29 A. and 30 A.). The results from # 3018 was also a specific pattern

which was similar to the patterns of the same colony.
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Figure 27 Southern I

B pest
endonucleasesf 22 <+

) [ g:

Totak DNA was extract tvitlual worker pupae in

different colonies. 3 pg DNA dlgested with IOQI of Haelll and EcoRI,

R ‘ﬂ‘iﬂ 301 ) | e ritiion o

performed at 65-68 OC for 12 hours and detected by chemiluminescence
o 20QRE AN I N TINETR E

lane 1 : MHindIll DNA standard
lane2-6  : total DNA of A. cerana digested with Haelll

lane 7 : total DNA of A/HindIll DNA standard
lan 8-12 : total DNA of A. cerana digested with EcoRI
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il

Total DNA_was extracted ,from mdwldual worker pupae in

different caloa u&ghw ﬂm EJ a tff]goRI and hybridized

) m‘aw APk 1)

: A/HindIll DNA standard
lane2-5 : total DNA of A. cerana from the North-Eastern
lane6-8 : total DNA of A. cerana from the Central part
lane 9 : A/HindIll DNA standard
lane 10-13 : total DNA of A. cerana from the Northern
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. cgfana probe # 3035 (A),

CHTOUHNb (-

Q TIVRORGEHNR B E s i

same colohy, 2 ug DNA digested with 10 U of EcoRI, hybridized with #

3035 and # 3018 probe (10 ng/ml). The hybridization was performed at

05-68 OC for 12 hours and detected by chemiluminescence for 20 rinutes ;
lane 1 : AHindlll DNA standard

lane2-11 : total DNA of A. cerana from the North-Eastern
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Figure 30 Sﬂuthegl hybe (T

probe /{3018

1l DR Y|4 A4 ] worer pope i

the same colony. 2 pg DNA digested with 10 U of EcoRI and hybridized
o + LV SRR NIRRT ) B e
performed at 65-68 OC for 12 hours and detected by chemiluminescence

for 20 minutes:

lane 1 : AHindlll DNA standard
lane2-11 : total DNA of A. cerana from the Southem
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About twenty individual DNA samples from each of 20 colonies

per location were digested with restiction endonuclease EcoRI (2 nug/10 U)
” hndlzed with probe # 3035 as

following with Southern bl

samples from Samui Is

intense bands; :-n a; T 2

T Y
2.2 and 5.5 kb (ﬁguﬂ 5). The , géﬁJps were 72.2, 22.2, and
5.6 respectively. In addition, the minor intense bands could divide DNA

samples into a(w ’}&ﬂ &mmgmgs:unm Island. The

results _de sified “into five groups
) mﬁﬂ;@m T AL mar e
and 585 kb and IV) 3.1, 5.1, 6.2 and 12.8 kb at the percentages of 30.0,
20.0, 30.0, 15.0 and 5.0 respectively. The North-Eastern bees presented
only group I (Figure 32). While the Central part bees were divided into
three groups; I, II and VI; as the intense bands of group VI appeared at
3.1, 3.3 and 5.1 kb, with the percentages of 72.2, 22.2 and 5.6 respectively
(Figure 33). Finally, Figure 34 showned the Southerm which were
classified only as group I. The results were summarized in Table 8.
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9.4 » « 5. F
6.6 7 + 5.1
— {*3

4.4 + 3.6
33

Figure 31 Southein v ddization Between A. -e*j"ana probe # 3035 and
total DNA fof A4 ‘cerana #iém), the. Norther digested with

EcoRl.

ﬂhe hybridization was

R ﬁ‘ﬁ‘ﬁ ﬁ ﬂwﬁwm ik N
’61 maﬁ nmammm a t)

lane2-11 : total DNA of A. cerana from the Northemn;

N, N3, Ny, N5, Ng, N7, Ng, Ng, Njp, Njj, Nj2
lane12  : A/HindIll DNA standard
lane 13-23 : total DNA of A. cerana from the Northern;

Ni3, Nj4, Njs, Ny7, Njg, Njg, Nog, Naj,

N22, N23, Nog
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w1 2 345 6 7 8 9 10 11 12 1314 15 16 17 18 19 30 21 22

'f’

Total IﬂNA was'eitrac{ed from Mnal worker pupae in
2 i 40 U of EcoRI and
hybridized with # 3435 probe (10 ny‘nﬂ) 'Aﬂ: hybridization was

performed at Wﬁg Fﬂlﬂm W@Lﬁemﬂmmnemnce

for 20 minutes: 9

o Whod 1 Nadisi22NeaE

lane2-11 : total DNA of A. cerana from the North-Eastern:
E’l! EZ» E3’ E4! Eﬁ! Eﬁ: E?: Eﬂ, 59, Eiﬂ

lane12  : a/HindIll DNA standard

lane 13-22 : total DNA of A. cerana from the Northern-

eastern; Ey 1, Eq2, Eq3, Eq4, E1s, E17, Eqg,

E19, E20, E21, Eop
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23.1 —»

9.4

6.6 _,

s +~51
«~ 3.3
1-3‘1

2.3 >

2.0+

-

Figure 33 Souther hybrif

and totg . ofi; \ “cerana ‘from the Central part

hybridization was performed at 65-68 OC for 12 hours and detected

by chemﬂumﬂs%&élﬂ Wlasnites.d Y 271717
q W’m\‘i NeafIr TN a2

lane2-11 : total DNA of A. cerana from the Central part;
C11, €12, €13, C14, Cy5, Cy6. C17, Cy 8,
C19. C20

lanel2  : A/HindIll DNA standard

lane 13-20 : total DNA of A. cerana from the Central part;
C1 €, C3,C4, Cs, Cg, C7, Cg
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i 2 3 4 § & 7T 8 9 10011 12 13 14 15 16 (7 18 19 20 21 22

0 ng/ml).l)  The hybridization

= SR -

chemiluminescence for

9 RN TRUAIIRB N 8

lane2-11 : total DNA of A. cerana from the Southern;
S1, 82, 83, S4, S5, S, $7. S8, S9, S10

lane12  : A/Hindlll DNA standard

lane 13-22 : total DNA of A. cerana from the Southemn;

S11- 512, S13, S14, S15. 817, 518, S19,
$20, S21. S22

+3.1
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0 ng/ml). UThe hybridization was

recermed o R Ay YT ey pgimmicsssos

for 20 minutes;

TR Tk A 20 6 8

lane2-12 : total DNA of A. cerana from the Samui Island;

|
hybridized with #.8035 probe (It

I1, Iy, Iy, I14. 122, I24, I1s. L16. 117, I8, Lo
lane13  : A/HindIll DNA standard

lane 14-24 : total DNA of A. cerana from the Samui Island;

1o, 113, 113, 121, 123, 125, 126, 127. 116, 117



‘Auojoo sures o wox svdnd Jusseytp Suisn £q soum p 0) 7 Moqe pajesdes alom synsar oy, “serew ySom Ie[oa[ouT

L
o0
PIBpURIS SB pasn e [IPUTH Wim Paisedip YN 98eyd ¥ oYL, Y ¢ J0j A 08 1 osoxede 9('T uo peutiopied sem sisezoydonosrg ‘81 7 Joqe YN

PSP ] 0T 1¥OOF 2YL 'UONBOO| B I0] $2MUO[0D () INOQE pue LUO[0d Yora JO Io3I0M [EMPIAIPUI WIOL PRIOENXI SBM PURIID “Y JO YN( [210L
hﬂﬁ .Uﬂh ..m,ﬂh ___.nNh ..—ﬂu ._D.ﬂﬂ .ﬂ: ..u_: .h: .1._.— ,..Tu .ﬂ__ .: ‘Bg pUE[s] ﬂ—.—ﬂﬂu wolj hﬂﬂﬁ-ﬂ JO Ieqump € #

€1y og PLpTTp6IpLly e
8lp Lly 91y Slg Wiy 15 Ty 1115 015 65 85 Ly 9 %z yred HU@ woly Auojod Jo saqumN T #

$5 tog byExlnls i qz

Wtor PNCENINtpr Tl Tly 6y By sy Ontop 12y 0Ty 61y By iqq BTy LUy STy Pl €1y Sy my guﬂaﬂ woij Luojos jo Ieqump | #
2(9¢ qelTT | peTTL pue[s] Inweg ay
- - ) \ wayInog 2
: = e e M - wed enua) a1y
" __F mm,,.m/_,__ & 92 - 0001 Walseg-qUON 21
—~— S8 %.M : WAYUON 2
geTTre | Te're 1T | rSee'TEN 1B 'R Mg 3y
X1 mA 1A IA AT uonedo|
() spueq 2SUANUT AP JO IZIS UO PaIseq UOHBIJISSE]D) % Fundureg
"PUETEY], JO SUONEIO]

AL WOYJ BUBI2D "y JO YN T¥101 PASITIP YOO JO UONEIYISSE[d UONeZIPLIGAY waynog jo Areurung g 3jqe,



	Chapter IV Results
	4.1Total DNA and Nuclear DNA Extraction
	4.2 Restriction Digestion of Honey Bee DNA
	4.3 Comparison of Restriction Pattern Between Total DNA and Nuclear DNA
	4.4 Comparison Restriction Pattern Between Total DNA of Asian Honey Bees
	4.5 Comparison Restriction Pattern from Total DNA of A. Cerana in the Same Colony
	4.6 Comparison Restriction Pattern from Total DNA of A. Cerana in Different Locations
	4.7 DNA-Dna Hybridization from Total DNA of A. Cerana by A. Mellifera Probes
	4.8 Preparation of A. Cerana Probes
	4.9 Screening of Suitable Restriction Endonucleases and DNA Probes for Southern Hybridization
	4.10 Southern Hybridization from Total DNA of A. Cerana in the Same Colony by A. Cerana Probe
	4.11 Southern Hybridization from Total DNA of A. Cerana in Different Locations by A. Cerana Probe


