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Materials and Methods

M aterial and equipm ent

A u toclave: H V E  -  50 (H irayam a, Japan)

A utom atic p ipettes (G ilson  M edical E lectronic S .A ., France) 

Camera: K 10 00  (Pentax, Japan)

E lectrophoresis apparatus (B io  -  R A D  Laboratories, U S A )

- 2 0  °c Freezer (Son gserm  intercool, Thailand)

-80  °c Freezer (Krungthai L im ited , Thailand)

Incubator: B M  -  60 0  (M em m ert G am bH , G erm any)

M agnetic  stirrer M 21/1 (Franz M orat KG G am bH , G erm any) 

M icrocentrifuge: M icroC en 13D  (H erolab, G erm any) 

M icrocentrifuge ณ be (B io  -  R A D  Laboratories, U S A )  

M icrow ave oven: P ow er B o o st 9 0 0  (H itachi, Japan)

PC R  Therm al C ycle: PC R  Sprint (H ybaid  L im ited, England) 

Pipette tips (A x y g en  H ayw ard, U S A )

Pow er supply: P ow er Pac 30 0  (B io  -  R A D  Laboratories, U S A )  

: M od el 2 0 0 /2 .0

Polaroid camera: D S 3 4  (Polaroid , U S A )
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16. R efrigerated m icrocentrifuge: 3K 18 (S igm a, G erm any)

17. Spectrophotom eter: Spectronic G E N E S Y S  5 (M ilton R oy , U S A )

18. Standard film  cassette: F O M A P A N  D X 1 0 0

: A G F A  A P X 1 0 0

19. u v  transillum inator : U V P  (U S A )

20 . W aterbath: S B S  30  (S T U A R T  S cien tific , U K )

2.2 C hem icals

1. A b so lu te  ethanol (M erck, G erm any)

2. B oric acid  (M erck, G erm any)

3. B o v in e  Serum  A lbum in  A cety lated  (Prom ega, U S A )

4. B rom ophenol blue (M erck, G erm any)

5. C hloroform  (M erck, G erm any)

6 . 100 m M  dA T P, dCTP, dG TP, dTTP, (N ew  England B io la b s, U S A )

7. Ethidium  brom ide (S igm a C hem ical C om pany, U S A )

8 . F ico ll T ype 4 0 0  (S igm a  C hem ical C o ., U S A )

9. 25 m M  M gC l2 (Perkin -  E lm er C etus, U S A )

10. 1 OX PC R  buffer; 100 m M  Tris -  H C l , pH 8.3 , 50 0  m M  KC1 (Perkin -  Elm er 
C etus, U S A )

11. P henol, red istilled  (A ldrich  C hem ical C o., U S A )
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12. Potassium  acetate (M erck, G erm any)

13. Sodium  acetate (M erck, G erm any)

14. Sodium  chloride (M erck, G erm any)

15. Sodium  d od ecyl sulphate: S D S (S igm a C hem ical C o., U S A )

16. Sperm idine trihydrochloride (S igm a C hem ical C o., U S A )

17. Sodium  su lfite, Photographic Grade (S igm a C hem ical C o ., U S A )

18. Tris (hydroxym ethyl) am inom ethane (S igm a C hem ical C o., U S A )

19. Ultrapure agarose (G ibco BR L L ife T ech n ology , Inc., U S A , Seakem  G TG, 
FM C)

: SeaK em  LE A garose  

: M etaPhor A garose

2.3 Enzym es

1. A m p liJh g  D N A  P olym erase (Perkin Elm er C etus, U S A )

2. Proteinase K  (G ibco B R L  L ife T ech n ology , Inc., U S A )

3. R ib on u cléase A  (S igm a C hem ical C o., U S A )

4. R estriction endonuclease: E c o  R  I, B a m  H I, H in d  III, A c s  I, B fr  I, รพ a  I, B g l  

l l ,N d e  I, S sp  I, H a e  III, c ia  I, D ra  I, A lu  I, M b o  I, D d e  I, T aq  I, R sa  I, a n d H in f  

(Prom ega, U S A )

2.4 Prim ers

O ligonucleotides
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B ioserv ice  U nit (B S U ), N ational Center o f  G enetic E ngineering and 
B iotech n o log y  (B IO T E C ), Thailand

B iosyn th esis , Inc., U S A

V etrogen , Inc., Canada

2.5 Sam pling

T w o hundred and thirty-three individuals o f  p .m o n o d o n  w ere w ild -ca u gh t  

alive  from  Phangnga (N  -  39 ), Satun (N  = 50 ), Trang (N  = 5 4 ) in the Andam an Sea  

and from  Chum phon (N=  55 ) and Trat (N =  35 ) in the G u lf  o f  Thailand during January 

to D ecem b er 1997 (A ppendix  A ). O ne hundred fifty-four ind iv iduals w ere included  

for m tD N A -R F L P  analysis. P leopod s o f  each P. m o n o d o n  ind ividual w ere d issected  

out, p laced  on dry ice and transferred to a -80 °c freezer for long storage.

2.6 D N A  extraction

Total D N A  w as prepared from  each shrim p u sin g a m od ification  o f  the 

m ethod o f  K linbunga et al. (1 9 9 6 ). U n less sp ecified , the extraction process w as  

carried out at room  tem perature. A  p leopod  w as d issected  out from  individual p .  

m o n o d o n , h om ogen ised  w ith  a m icrop estle  in a prechilled  1.5 ml m icrocentrifuge  

tube containing 4 0 0  ml o f  T E N  buffer (2 0 0  m M  T ris-H C l, 100 m M  N a 2E D T A  and 

2 5 0  m M  NaCI; pH  8.0). The ce lls  w ere ly sed  by an addition o f  4 0  m l o f  10% sodium  

d od ecyl sulfate (S D S ). R N A  w as rem oved  by adding 5 pi o f  an R N aseA  solution  (10  

m g/m l) to a final concentration o f  100 p g /p l and incubated at 37°c for 30  min. A  

proteinase K solution  (10  m g/m l) w as added to a final concentration o f  2 0 0  m g/m l
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Figure 2.1 M ap o f  Thailand illustrating five  sam ple co llection  sites (Satun, Trang, 

Phangnga, Chum phon and Trat) o f  P. m o n o d o n  used  in this study.
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and further incubated at 55 °c for 3-4  hours. A t the end o f  incubation period, an equal 

vo lu m e o f  buffer equilibrated phenol w as added and gen tly  m ixed  for 15 min.

The sam ple w as centrifuged at 10 ,000  rpm for 10 m in. The aqueous phase w as 

carefu lly  rem oved  to a n ew  sterile m icrocentrifuge tube using a w id e bore pipette tip. 

A n equal vo lu m e o f  ph enol/ch loroform /isoam yl a lcoh ol m ixture (25:24 :1 , v /v ) w as 

added and m ixed  gen tly  for 5 m in and spun at 10 ,000  rpm for 10 min. The aqueous 

phase w as transferred to a sterile m icrocentrifuge tube fo llo w ed  by the addition o f  an 

equal vo lu m e o f  ch loroform / isoam yl a lcoh ol (24: 1 v /v ). The sam ple w as m ixed  

gen tly  for 5 m in and spun at 10 ,000  rpm for 5 m in. T w o hundred m icrolitres o f  the 

upper layer w as then transferred to a n ew  sterilled  tube. A n equal vo lu m e o f  TE 

buffer (10  m M  Tris-H C l, pH 8 .0  and 0.1 m M  E D T A  pH 8 .0 ) w as added. O ne-tenth  

vo lu m e o f  3 M  sodium  acetate, pH 5 .2 , w as added fo llow ed  by 2 vo lu m es o f  cold  

absolute ethanol and m ixed  gently . The m ixture w as kept overnight in a -20  °c 
freezer. D N A  w as recovered  by centrifugation at 12 ,000  rpm for 15 m inutes and 

w ash ed  tw ice  w ith  70 % ethanol, for 30  m inutes each , air dried and resuspended in an 

appropriate am ount o f  a TE solution . The D N A  solution  w as incubated at 37 °c for 1- 

2 hours and stored at 4 °c until further needed.

2.7 Q uantitative analysis o f  D N A  concentration

2.7.1 Spectrophotom etry

The am ount o f  D N A  w as spectrophotom etrically  m easured at 2 6 0  nm. The 

O D  va lu e at 2 6 0  nm a llow s calcu lation  o f  total n u cle ic  acid w h ile  the value reading at



30

2 8 0  nm  determ ines the am ount o f  proteins in the D N A  so lu tion . A n  O D  at 2 6 0  nm  

corresponds to approxim ately 50  m g/m l for double stranded D N A  (M aniatis et al., 

1982). T he ratio betw een  O D  2 6 0 /2 8 0  provides a rough estim ate for the purity o f  

extracted D N A . A  pure preparation o f  D N A  has a 2 6 0 /2 8 0  ratio o f  1.8 - 2 .0  (K irby, 

1992). The D N A  concentration is estim ated  in m g/m l by the fo llo w in g  equation.

[D N A ] =  O Ü 26 0X D ilu tion  factors X 50

2 .7 .2  M ini - gel m ethod

Total D N A  concentration can also  estim ated by com paring the am ount o f  

flu orescen ce o f  the D N A  w ith  varying am ount o f  undigested  lam bda D N A  (25 , 50, 

100, 150, 2 0 0  ng) and À-Hind III for PCR am p lified  fragm ents. D N A  w as  

electrophoresed  through 0.8 % agarose g e ls  in the presence o f  0.5  p g/m l EtBr at 5 -

7 .5  v /c m  for approxim ately 60  m in.

2.8 Screening o f  prim ers for poputation genetic study o f  P . m o n o d o n

Thirteen prim ers (COI-COI1, 16S rD N A , 12s rD N A , A T P ase6-A T P ase8 , 

N D 1 , N D 2  (first primer set), N D 4 , N D 5 , N D 2  (secon d  prim er set), sR N A  gene, 

IrRNA gen e, H em ocyan in , 18S rD N A ) w ere screened  for the am p lification  su ccess in 

o f  p . m o n o d o n  D N A  (T able 2 .1).

2.9 PC R  am plification

T w o different regions o f  p . m o n o d o n  m itochondrial gen o m e (an intergenic  

COI - c o n  and the 16S rD N A ) w ere in v itro  am plified  by PCR. The am plification
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T able 2.1 PC R  prim ers and seq u en ces in itia lly  screened  for the am plification  su ccess  

in P. m o n o d o n

Primer Sequence Reference
COI-COII COI ะ 5 ’TTG ATT TTT TGG TCA TCC AG A AGT 3 ’ 

c o n  : 5 ’GGA CAA ATT TCT GAA CAT TGA CC3’
Sihanunthavong et 

al. (1999)
16S rDNA F : 5 ’CGC CTG TTT AAC AA A  AAC AT 3 ’

R : 5 ’ CCG GTC TGA ACT CAG ATC ATG T 3 ’
Palumbi et al. (1991)

12S rDNA F : 5 ’ A A A CTA GGA TTA TAT ACC CTA TTA 3 ’ 
R : 5 ’ AAG AGG GAC GGG CGA TTT GT 3 ’

Palumbi et al. (1991)

ATPase6- ATPaseô : 5 ’ TTT AAT TCC TCA AAT AAT AAT AC 3 ’ Crozier and Crozier
ATPase8 ATPase8 : 5 ’ TTA ATT TGA TTC AGA GAA AT 3 ’ (1993)

ND1 F : 5 ’ ACC CCG CCT GTT TAC CAA AA A  CAT 3 ’ 
R : 5 ’GGT ATG AGC CCG ATA GCT TA 3 ’

P. notolis

N D 2 (first 
primer set)

F : 5 ’ AGA GCG TTG CAT TGA A G 3’ 
R : 5 ’ AGG AGC ATT AGA GTG AT 3 ’

P. notolis

ND 4 F : 5 ’ TTA AAG CAG CCT CTG AGG AGT AC 3 ’ 
R : 5 ’AGA CGC ATT GAT TTC GAC AAC G 3 ’

P. notolis

ND5 F : 5 ’ ATA GAG CGT TGC ATT GAA GC 3 ’ 
R : 5 T C A  AGG AGC ATT AGA GTG AG 3 ’

P. notolis

N D 2 (second 
primer set)

F : 5 ’ CTA TTC AGG CAC CAA ACC AA 3 ’ 
R : 5 ’ AAC GAG AGC GAC GGG CGA TG 3 ’

P. notolis

sRNA gene F : 5 ’ AAA AAG CTT CAA ACT GGG ATT AGA TAC c c c
3 ’

R ะ 5 T G A  CTG CAG AGG GTG ACG GGC GGT GTG T 3 ’

Kocher et al. (1989)

IrRNA gene F : 5 ’ CTA TAG GGT CTT ATC GTC c c  3 ’
R : 5 T T T  TGT ACC TTT TGT ATC AGG GTT G 3 ’

Hall and Smith 
(1991)

Hemocyanin F : 5 ’ CAA CAT AC A AGG CAT AGA CA 3 ’ 
R : 5 ’ GAC GGA GAC TTG CTG GCT AC 3 ’

Moore et al. (1998)

18S rDNA F : 5 ’ TGG ATC CGG GCA AGT CTG GTG c c  3 ’ 
R : 5 ’ TGA AGT CAA GGG CAT CAC AGA c c  3 ’

Aoki, T (personal 
communication)
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reaction w as prepared in a 50  ml reaction vo lu m e contain ing 25 ng D N A  tem plate, 

2 0 0  m M  o f  each  dN TP (dA T P , dCTP, dG TP, dTTP), lx  PC R  buffer (10  m M  Tris- 

HC1 pH 8 .3 , 50  m M  KC1), 2 .5  m M  M g C h , 0 .2 0  pM  and 0.5 pM  each  o f  primers for 

COI - co il and 16S rD N A  and 1 unit o f  T aq  D N A  polym erase.

T he am plification  reaction o f  an intergenic CO  I-II w as in itia lly  denatured at 

94 ๐c  for 3 m in fo llow ed  by 10 cy c le s  o f  92  ๐c  for 1 m in, 48  °c for 1 m in and 72°c 
for 1.5 m in and 35 cy c le s  o f  92 °c for 1 m inute, 55 ๐c  for 1.5 m in and 72°c for 1.5 

m in. The final exten sion  w as carried out at 72 °c for 7 min.

T he am plification  reaction o f  16S rD N A  w as in itia lly  denatured at 94  ๐c  for 3 

m in fo llo w ed  by 10 cy c le s  o f  92 ๐c  for 1 m in, 45 °c for 1 m in and at 72 °c for 1.5 

m in and 35 cy c le s  o f  92 °c for 1 m inute, 52 ๐c  for 1.5 m in and 72°c for 1.5 min. The 

final ex ten sion  w as also carried out at 72 °c for 7 min.

F ive m icrolitres o f  the PCR reaction w ere electrophoresed  in 1.0% agarose 

g e ls  to determ ine w hether the reaction w as su ccessfu lly  am plified . Sam ples sh ow in g  

p ositive  results w ere subjected to restriction en zym e analysis.

2.10 A garose gel electrophoresis

D N A  fragm ents w ere separated by agarose g e l e lectrophoresis on the basic o f  

m olecu lar s izes. Suitable am ount o f  agarose (SeaK em  LE or M etaphor agarose, FM C, 

T ab le2 .2 ) w as w eigh ed  out and m ixed  w ith  IX  T B E  buffer (89  m M  Tris-H C l, 8.9  

m M  boric acid  and 2.5 mM  E D T A , pH 8 .0 ) .  The agarose solution  w as heated to 

com p lete  so lub ilisa tion  in a m icrow ave oven . The m elted agarose w as left at room
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tem perature to approxim ately 50 °c before poured into a ge l m ould. T he gel w as left 

at room  tem perature for 4 0 -6 0  m in to com p lete ly  so lid ify .

For M etaphor agarose, the ge l w as prechilled  in a refrigerator for at least 30  

m in to ach ieve s iev in g  ability before b ein g  used. W hen n eed ed , the ge l w as placed in 

the electrophoretic cham ber containing lx  T B E  buffer w h ich  is enough to cover the 

gel for approxim ately 2-3 m m. The com b w as gen tly  rem oved.

O ne-quarter vo lu m e o f  the load ing buffer (0.25%  brom phenol b lue and 25%  

f ico ll)  w as m ixed  w ith  each D N A  sam ple before loaded  into the w e ll. E letrophoresis 

w as carried out at 3 -4  v /c m  until brom phenol b lue m igrated to the bottom  o f  the gel. 

T he electrophoresed  gel w as stained w ith  a 0.5 m g/m l ethidium  brom ide solution  for 

15 m in and destained tw ice  in d istilled  w ater for 15 m in each to rem ove unbound  

ethidium  brom ide from  the gel. The D N A  w as v isu a lized  under u v  light. T he gel 

w as photographed through a red filter usin g a typ ical cam era (K 1000; P entax) or a 

Polaroid cam era (Polaroid  film  type G 65).
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T able 2 .2  O ptim al concentration o f  Seakem  LE and M etaphor agarose prepared in

1X T B E  buffer for separation o f  double stranded D N A .

G el p ercentages R ange o f  fragm ent s iz e  to be separated (bp)
Seakem  LE agarose M etaPhor agarose

0 .5 0 1 ,000 -2 3 ,0 00 -
0 .7 0 8 0 0 -1 0 ,0 0 0 -
0 .85 4 0 0 -8 ,0 0 0 -
1 . 0 0 3 0 0 -7 ,0 0 0 -
1.25 2 0 0 -4 ,0 0 0
1.75 10 0-3 ,000 -
2 . 0 0 - 100-600
3 .0 0 - 50-25
4 .0 0 - 2 0 -1 3 0
5 .00 - < 80

R eference: FM C B ioP roducts, Denm ark.

2.11 D igestion  o f am plified C O I - c o n  and 16S rD N A  w ith restriction  

endonucleases

E igh teen  restriction en zym es D ra  I (T T T A A A ), E c o R  I (G A A T T C ), A lu  I 

(A G C T ), M b o  I (G A TC ), D d e  I (C T N A G ), B a m  HI (G G A T C C ), H in d  III 

(A A G C T T ), Taq  I (T C G A ) 1 A c s  I (A /G A A T T T /C ), B fr  I (C T T A A G ), S w a  I 

(A T T T /A A A T ), H in t  I (G A N T C ), B g l  II (A G A T C T ), R sa  I (G T A C ), N d e  I 

(C A T A T G ), S sp  I (A A T A T T ), c ia  I (A T C G A T ) and H a e  III (G G C C ) w ere screened
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against ten P. m o n o d o n  ind ividuals to identify in form ative restriction endonucleases  

(en zy m es sh ow in g  polym orphic cutting sites).

A fter inform ative en zym es w ere se lected , the am p lified  D N A  fragm ents o f  

each  p . m o n o d o n  w as separately d igested  w ith  a battery o f  restriction endonucleases  

{M bo  I for 16S rD N A  ,and A lu  I, M b o  I, D d e  I, H i n f l ,  Taq  I for an intergenic COI- 

COII, resp ectively ). D igestion  w as perform ed in a 15 p i reaction vo lu m e containing,

1.5 pi o f  10X  restriction en zym e buffer, 1.5 pi o f  4 0  m M  sperm id ine, 0 .15  pi o f  100 

m g/m l B S A , 2-5  units o f  each  restriction en d on u clease , 4 0 0  n g  o f  D N A  and 

appropriate am ount o f  sterile d eion ised  water. The reaction m ixture w as incubated at 

37 ° c  for 6 -1 2  hours for all en zym es excep t T aq  I w here the optim al tem perature w as 

at 6 5 ° c .  A t the end o f  d igestion  period one-fifth  vo lu m e o f  a load in g dye w as added  

to the reaction m ixture. The resulting m ixture w as thoroughly m ixed  and 

electrophoretica lly  analysed in 2 .5-3 .5%  M etaphor agarose ge ls.

2.12 D ata analysis

2 .1 2 .1  R es tr ic tio n  p a tte r n  a n a lys is

R estriction patterns generated from  each restriction en d on u clease  w ere g iven  

letter d esignation s according to their frequencies. H aplotype A  refers to the m ost 

com m on  d igestion  pattern in investigated  sp ecim en s. The rem ain ing alphabetical 

profile n am es (B , c ,  etc .) indicate variant d igestion  patterns reflecting their 

frequencies in order. C om p osite haplotypes w ere constructed from  all en zym es used  

and arranged from  patterns o f  am plified  16S rD N A  d igested  w ith  M b o  I fo llow ed  by 

those o f  the intergenic COI -CO II d igested  w ith  A lu  I, M b o  I, Taq  I, D d e  I, and H in
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f l, resp ectively . B inary characters including the presence (1 ) or absence (0) o f  a 

particular band in each com p osite  haplotypes w ere recorded and used  for further 

statistical analysis. A ll subsequent statistical an a lyses w ere carried out using  

R estriction  E nzym e A n a lysis P ackage, R E A P (M cE lroy, 1991).

2 .1 2 .1 .1  G en e tic  d is ta n c e

T he gen etic  d istance (percentage o f  seq u ence d ivergen ce b etw een  m tD N A  

h aplotypes) w as estim ated by

๔ = - ( 2 /A) ๒ 9 ,(๑

w here r is the num ber o f  recogn ised  seq u ences at the restriction site  and G =  [F (3-  

2 G i]I/4. T his iterative com putation is repeated until G =  G i.

F  is the sim ilarity betw een  haplotype patterns and is estim ated by

F  = 2 m ^  l ( m x + m y )

w here m x and m y are the num bers o f  restriction fragm ents in the Xth and y th 

haplotypes, resp ectively , and m Xy is the num ber o f  shared fragm ents betw een  tw o  

haplotypes (N ei and Li, 1979).

2 .1 2 .1 .2  H a p lo ty p e  a n d  n u c leo tid e  d iv e rs ity  w ith  g e o g ra p h ic  sa m p le s

G en etic d iversity w ithin  geographic sam ples w as estim ated  from the 

haplotype and nu cleotid e d iversity. The form er is a function o f  the frequency o f  

different haplotypes in the sam e sam ple w hich  can be estim ate by
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h  =  ท7 ( l - i ^ 2) / ( / 7 - l )

w here ท is the num ber o f  ind ividuals investigated  and Xi is the frequency o f  the i111 

haplotype (N ei and Tajim a, 1981).

N u cleo tid e  d iversity w ith in  sam ple (the average num ber o f  nucleotide  

substitutions w ith in  a sam ple) w as calculated by

w here nx is the num ber o f  seq u en ces sam pled and dij is the num ber o f  nucleotide  

substitutions per site b etw een  the ith. and j th haplotype. The Xi and Xj values are the 

sam ple frequencies o f  the ith and jth  haplotypes in geographic sam p le X  (N ei, 1987).

2 .1 2 .1 .3  N u c le o tid e  d iv e rg en c e

N u cleotid e  d iversity b etw een  tw o sam ples (the average num ber o f  nucleotide  

substitutions betw een  D N A  haplotypes from sam p les X  and Y ) w as estim ated  by

dxy -  Y a ij X iY .j° 'ij

w here dij is the nu cleotid e substitutions betw een  the ith and j th haplotype from  

geographic sam ple X  and Y , resp ectively . N u cleo tid e  d ivergen ce b etw een  tw o  

sam p les (the average num ber o f  nu cleotid e substitution per site  w here the effect o f  

w ith in  geographic sam ple polym orphism  has been  substracted) w as then calculated

b y
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à = K  - (๔ ,+  ๔,)/ 2

A ll statistical param eters described ab ove w ere practically calcu lated  u sin g R E A P, 

version  4 .0  (D . M cE lroy, et al., 1991).

2 .1 2 .1 .4  G eo g ra p h ic  h e te ro g e n e ity  a n a lys is

T o determ ine w hether there w as sign ifican t h eterogen eity  in the 

distribution o f  m tD N A  com p osite  hap lotypes am ong geograp h ica lly  iso lated  sam ples, 

a M onte Carlo sim ulations w as carried out 10,000 tim es (R o f f  and B en tzen , 1989) 

u sin g  the M O N T E  routine from  R E A P. R esults are exp ressed  as the probability o f  

h om o gen eity  am ong com pared sam ples or regions.

2 .1 2 .2  P h y lo g e n e tic  re c o n s tru c tio n

A  phenogram  based on gen etic  d istance (d) b etw een  com p o site  haplotypes  

w as constructed  using the unw eighted  pair-group m ethod w ith  arithm etic mean  

(U P G M A ) im plem ented  in P hylip , version  3 .5 6 c  (F elsen stein , 1993).
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