
CHAPTER III

MATERIALS AND METHODS

3.1 Field work

T he area o f  in vestigation  covers about 55 0  km 2  (3 4 3 ,5 0 0  rai) in  D o i Saket 
district, C hiang M ai p rov in ce, ca lled  Khun M ae Kuong  Forest, w h ich  is  part o f  the  
state con servation  program  H uai H ong K hrai R oyal D ev elo p m en t Study Centre 
estab lish ed  in  1982 . Three d ifferent typ es o f  forest w ere se lected , tw o  sites  each: H ill 
evergreen  forest (K P A  & K N K , F igure 3 .1a) and H ill evergreen  forest w ith  p ine  
(K B A  &  K R D , F igure 3 .1b ) at rela tively  h igh  e levation  (1 0 0 0 -1 8 0 0  m ) and Dry  
d ecid u ou s forest at low er altitudes b e lo w  80 0  m  (K PS &  K H H , Figure 3 .1c), som e 50  
km  from  the h ill s ites  (F igure 3 .2 ). T he fie ld  w ork w a s organ ized  w ith  the h elp  o f  
loca l s ta ff  o f  the H uai H ong K hrai centre. A t each  site, 2 0  - 25  trees in  the fam ily  
F agaceae (C astanopsis, Lithocarpus and Quercus, T able 3 .1 ), w h ich  w ere 5 - 30  m  
tall and 30  - 100 m  apart, w ere se lected  for th is in vestigation . Tracking routes into the  
forests fo llo w e d  th o se  o cca sio n a lly  u sed  by the lo ca ls  w h o  co llec ted  herbs and ed ib le  
nuts, but starting usually  from  the h igh est point o f  a  forest. T he first F agaceae tree 
encountered  after about 50  m  d istance a lon g  the route d ow n h ill w o u ld  be se lected  and  
so  on  w ith  the n ext trees. T he trees w ere m arked and num bered, lo ca l nam es recorded  
together w ith  their relative p osition in g .

T w ig s  w ith  fu lly  grow n lea ves, fruits (acorns) and flow ers w ere co llec ted  for 
taxo n om ic  id en tification  and kept as vou ch er sp ecim en  at B otany Departm ent, 
C h u la longk om  U niversity . T axon om ic id en tification  fo llo w ed  Flora M alesiana  
(Soep ad m o, 1972) and the rev ision  o f  the fam ily  F agaceae for the Flora o f  Thailand  
(C . P hengkla i, unpublished). Y ou n g lea v es  w ere co llec ted  for D N A  iso lation , w h ile  
sh oot buds and root tip s w ere co llec ted  for ch rom osom e iso lation .
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Figure 3.1: Three different types o f  forest: H ill evergreen  forest (a), H ill evergreen  
forest w ith  p in e (b), and D ry d ecid u ou s forest (c).
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Figure 3.2: M ap o f  the study site , Khun M ae K uong  Forest, at D o i Saket district, 
C hiang M ai p rov in ce, w ith  total area o f  about 55 0  km 2  (3 4 3 ,5 0 0  rai). Three different 
typ es o f  forest w ere se lected , tw o  sites each: H ill evergreen  forest (K P A  & K N K ) and  
H ill evergreen  forest w ith  p in e (K B A  &  K R D ) at h ig h  e lev a tio n  (1 0 0 0  - 1800  m ) and  
D ry d ecid u ou s forest at low er altitudes b e lo w  80 0  m  (K P S &  K H H ).



Table 3.1: Plant materials used in this study.

Plant species Number of trees from each species at each study site
Hill evergreen forest Hill evergreen forest with pine Deciduous Dipterocarp forest
KPA KNK KBA KRD KPS KHH

C a s ta n o p s is c .  a c u m in a tis s im a  (Blume) A.DC. Ca - 12 3 3 - -
c. a r g e n te a  (Blume) A.DC. Cag 1 1 - 1 - -
c. a r m a ta  (Roxb.) spach Car 1 1 1 - - -
c .  c a la th ifo r m is  (Skan.) Rehder & Wilson Cc 3 2 - - - -
c .  c e r a b r in a  (Hickel & A. Camus) Barnett Cce 1 1 - 1 - -
c. c r a s s i fo l ia  Hickel & A. Camus Ccr 1 1 - - - -
c. d iv e r s i fo l ia  (Kurz) King & Hook.f. Cd 4 2 - - - -
c. e c h in o c a r p a  A.DC. Ce - - 1 1 - -
c. fe ro x  (Roxb.) Spach Cfe 4 1 - 1 - -
c. f is s a  (Champ) Rehder & Wilson Cfi 2 - - - - -
c. in d ic a  (Roxb.) A.DC. Ci 6 - - - - -
c. tr ib u lo id e s  (Sm.) A.DC. Ct - - - 8 -

L ith o c a rp u s L. c e r ife r u s  (Hickel & A. Camus) A. Camus -.c, - - 1 1 4 -
L. e le g a n s  (Blume) Hams ex Soepadmo Le - 1 1 1 - -
L. h a r m a n d ia n u s  (Hickel & A. Camus) A. Camus Lh 1 1 3 - - -
L. p o ly s ta c h y u s  (A. DC.) Rehder Lp - 1 2 - -
L. r e c u r v a tu s  Barnett Lr - 1 - - '
L. s o o te p e n s is  (Craib) A. Camus Ls - 2 2 2 -
L. v e s t i tu s  (Hickel & A. Camus) A. Camus) Lv 1 Î - - - -

O u e rc u s 0 ,  b r a n d is ia n u s  Kurz Qb - 3 2 4 -
0 .  f le u r y i Hickel & A.Camus Qf - - - - 1
0 .  h e lfe r ia n u s  A.DC. Qh - - - 2 -
0 .  k e r r i i Craib Qk - 4 - 9 9
0 .  k in g ia n u s  Craib Oki - 2 - - 2
0 .  le n t ic e l la tu s  Barnett Q1 - - 1 - 1
0 .  l in e a tu s  Blume Qli - - - - 3
0 .  m e sp il ifo l iu s  Wall, ex DC. Qm - - - 4 2
0 .  m y rs in a e fo iu s  Blume Qmy - 1 - -
0 .  q u a n g tr ie n s is  Hickel & A. Camus 9q - - - - 5
0■  re x  Hemsl. Qr - - - - - 2
Total number of trees (146) 25 24 23 24 25 25 ©
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3.2 Molecular genetics

3.2.1 DNA isolation

T otal gen o m ic  D N A  w as extracted u sin g  m ethod  m od ified  from  A nam thaw at- 
Jôn sson  and H eslo p -H a m so n  (1 9 9 5 ). D ried  lea v es  w ere ground to pow der in  a 
mortar in  liqu id  nitrogen. The pow der w as transferred to 7 m l o f  pre-w arm ed (65°C) 
iso la tio n  buffer in  a 15 m l p olyp rop ylen e centrifuge tube, m ix ed  thoroughly, and  
incubated at 65°c for 2 h  w ith  occa sio n a l m ix in g  by inversion . T he iso la tion  buffer  
contained  2%  (w /v ) C T A B  (hexadecyl-trim ethylam m onium  brom ide), 2%  (w /v ) P V P  
(P olyvin ylp yrrolid one), 1.4 M  N a C l, 2 0  m M  E D T A , 100 m M  T ris-H C l pH  8 .0 , and  
2%  (v /v ) 2-m ercaptoethanol. T he le a f  lysate w a s extracted w ith  7 m l ch loroform -  
isoam yl a lcoh ol (2 4 :1 ) by continuous m ix in g  for 5 m in  and centrifugation  at 3 0 0 0  
rpm for 10 m in . T he aqueous phase w a s transferred to  a n ew  tube u sin g  a w id e-b ore  
pipette, and the D N A  w as precipitated w ith  tw o-third v o lu m es o f  co ld  ethanol for 30  
m in. T he D N A  p ellet w a s w ash ed  w ith  5 m l 70%  ethanol, precipitated again  at 3 0 0 0  
rpm for 5 m in , air dried, and resuspended in  1 m l TE  buffer (10  m M  T ris-H C l pH  8.0 , 
1 m M  E D T A ). R N A  w as rem oved  b y  d ig estio n  w ith  R N a se-A  (2 0  Jig/m l) at 37°c for  
1 h, after w h ich  the sam ple w as diluted  to 3 m l w ith  TE buffer, the D N A  w as  
precipitated b y  adding 0 .3  m l o f  3 M  sod iu m  acetate and 7 m l o f  co ld  absolute ethanol 
and recovered  by centrifugation  for 10 m in. A ir-dried D N A  p e lle t w as resuspended in  
TE  buffer, quantified  b y  g e l e lectrop h oresis u sin g  0.7%  agarose. T he D N A  w as  
stored at -20°c.

3.2.2 rDNA-RFLP

T otal gen o m ic  D N A  from  indiv idual plants w as d igested  w ith  restriction  
en zym es E co R l, B am lll, and H indlll. T he d igests w ere s iz e  fractionated b y  ge l 
electrop h oresis u sin g  0 .6  - 0 .65%  agarose, together w ith  a H indiII d igest o f  X D N A  as 
a s ize  marker. T he D N A  in  g e l w a s depurinated w ith  0 .25  M  HC1 for 2 0  m in before  
Southern transfer to H yb on d N + n ylon  m em brane (A m ersh am -B io sc ien ces) u sin g  0 .4

หอสบุดกลาง สำนักงานวิทยทรัพยากร 
จุฬาลงกรณ์มหาวิทยาลัย
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M  N aO H  as a transfer and dénaturation buffer. T he b lot w as then  hybridised w ith  
lab elled  rD N A  probe from  the p lasm id  c lo n e  pTa71 (9-k b  EcoiRl fragm ent o f  w heat 
1 8 S -2 5S  ribosom al gen es (G erlach and B edbrook, 1979). The lab elling , hybridization  
and d etection  w as perform ed u sin g  EC L ch em illu m in escen t system  (A m ersham - 
B io sc ien ces) fo llo w in g  the m anufacturer’s protocol. T he stringency o f  hybridization  
w a s 78%  (0 .5  M  N a C l) and the exp osure tim e o n  film  w as 5 - 6 0  m in.

3.2.3 ISSR

T he in ter-sim ple seq u ence repeat (IS S R , or anchored S S R ) m arkers, w h ich  
am p lify  variable m icrosatellites or flank ing region s, w ere perform ed u sin g  m ethod  
m od ified  from  Z ietk iew icz  et al. (1994). A fter an in itia l screen ing u sin g  32 IS S R  
m arkers provided  in  prim er set #9 from  the U n iversity  B ritish  C olum bia  
B io tech n o lo g y  Laboratory (U B C , V ancouver, Canada), 10 U B C -prim ers w ere  
se lected  (T able 3.2). The am p lification s w ere perform ed in a final vo lu m e o f  30 pi 
con tain in g 10-20 n g  total D N A , 200 p M  o f  each  d N T P s, 0.25 p M  o f  each  prim er, 3.0 
m M  o f  M g C b , lx P C R  buffer and 1 unit Taq D N A  polym erase (Ferm entas). The  
am p lification s w ere generated in  a T ech n e G en iu s T herm ocycler under the fo llo w in g  
conditions: an in itia l dénaturation step at 94°c for 3 m in, 45 cy c les  o f  94°c for 45 sec, 
52°c for 45 sec  and 72°c for 90 sec , and the last ex ten sion  step  at 72°c for 10 m in . 
D N A  am p lification  fragm ents w ere separated in  a 1.7%  agarose g e l and the s ize  o f  
am p lified  bands w a s estim ated  u sin g  D N A  s iz e  marker (G eneR uler 100 bp D N A  
Ladder P lus, Ferm entas).
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Table 3.2: IS S R  prim er seq u ences. *Y  stands for pyrim idine.

Prim er from  U B C  set 9
C ode Sequence*

810 (G A )8T
825 (A C )8T
834 (A G )8Y T
835 (A G )gYC
840 (G A )8Y T
857 (A C )8Y G
8 6 8 (G A A ) 6

873 (G A C A ) 4

876 (G A T A )2 (G A C A ) 2

881 (GG G TG )a

3.2.4 Genetic distant analysis

T he rD N A -R F L P  fragm ents and the IS S R  am p lification  products w ere scored  
from  each  plant sam ple as present (1 ) and absent (0 ). T h ese scores w ere u sed  to  
generate d istance m atrix and to  construct an U P G M A  (un w eigh ted  pair group m ethod  
w ith  arithm etic average) phenogram , u sin g  the N T S Y S -P C  version  2.1 (R oh lf, 1998).

3.3 Karyotype analysis and molecular cytogenetics study

3.3.1 Chromosome preparation

C h rom osom es o f  each  sam ple w ere iso lated  usin g a m ethod m od ified  from  
A nam thaw at-Jonsson  (20 0 3 b ). L ea f buds w ere co llec ted  and p laced  in  ice-w ater (4
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°C) for 23 - 27  h. The buds w ere then rem oved  from  ice-w ater and w ere qu ick ly  blot- 
dried e x c e ss  w ater on  filter paper b efore p lacin g  the buds in  fresh co ld  fixa tive  (3:1 
absolute ethanol: g lacia l acetic  acid). T h ese fix ed  buds w ere kept at -20  °c until 
ready to  b eg in  the chrom osom e preparation. R in se  fix ed  buds w ith  d istilled  w ater and 
k eep  in  w ater for 30  m in. Trim  aw ay outer lea ves and u se the sm all bud in  side, 
w h ich  is  about 1-2 m m . P lace 2-3  buds in  100 p i o f  ce llu lo se /p ectin a se  en zym e  
m ixture. Incubate at room  tem perature for at lease  3 h. Break the tissu e  in its en zym e  
m ixture into su spen sion , filtered  the su sp en sion  onto n ylon  m esh , w h ich  is  p la ces over
1.5 m l m icrotube. D iscard  the n ylon  m esh  and ce ll debris. A dd  1.5 m l o f  co ld  75  
m M  KC1 so lu tion  into the m icrotube contain ing protoplast su spen sion . Invert gently  
to m ix  and let stand for 15 m in. Sp in  d ow n  the protoplast su sp en sion  at 7 0 0 0  rpm for 
5 m in , d iscard the supernatant. A d d  1.5 m l o f  fresh and co ld  fixa tive  to  the protoplast 
p ellet, resuspend the protoplasts very gen tly  and let stand at room  tem perature for 5 
m in. Sp in  d ow n  the protoplast at 7 0 0 0  rpm for 5 m in , discard the supernatant. 
R epeat this fixa tive  treatm ent tw ice  m ore, by adding another 1 m l o f  co ld  fixa tive , 
m ix in g  and sp inn ing d ow n  the protoplast pellet. A dd  50  p i o f  fresh and co ld  fixa tive  
to the protoplast p e lle t and gently  m ix  into suspension . D rop the protoplast 
su sp en sion  on to  an ice -co ld  and w et slid e  from  10-20  cm  height. W hen  the drop has 
ju st dried up, d ip  the slid e  b riefly  in  abso lute ethanol, and air-dry the slid e . The slides  
can be stored at 4 °c in  a dry p lace. E xam in e ch rom osom e preparations w ith  phase  
contrast m icroscop e, the preparations shou ld  contain  even ly  distributed n u clei, w e ll-  
spread m etaphases, and there sh ou ld  be n o  c e ll w a ll or cytop lasm . T h ey can  b e  used  
for ch rom osom e count and karyotype analysis after staining w ith  the fluorochrom e  
D A P I (4, 6-d iam id in o-2-ph en ylin d ole).

3.3.2 Karyotype analysis.

C h rom osom es on  a m icroscop ic  slid e  w ere stained w ith  D A P I and exam ined  
by ep iflu orescen t m icroscop e w ith  filters for v isu a liza tion  o f  D A P I. O n ly  w e ll spread 
ch rom osom es w ere captured and u sed  for karyotype analysis. T he karyotypes w ere  
constructed  from  at least f iv e  m etaphases in  each  sam ple. C h rom osom e pairs w ere
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id en tified  and arranged on  the b asis o f  chrom osom e length  and arm ratio fo llo w in g  
V ij et al (1 9 8 2 ).

3.3.3 Fluorescence i n  s i t u  hybridization.

T he flu orescen ce in situ  hybrid ization  (FISH ) w as perform ed u sin g  a m ethod  
m od ified  from  A nam thaw at-Jonsson  (2 0 0 1 ) and Schw arzacher and H eslop-H arrison  
(2000).

P robe labelling-. T w o  ribosom al D N A  probes w ere u sed  for double-target 
FISH . C lon e pT a71, 9-kb  fragm ent, w h ich  contained  a part o f  18S  and the entire 5 .8S  
and 25  ร cod in g  reg ion  together w ith  non-transcribed spacers o f  w heat (G erlach and  
B edbrook, 1979) w a s u sed  as 1 8 S -2 5S  rD N A  probe. C lon e p T a794 , w h ich  contained  
com p lete  41 0-b p  Bam H l fragm ent o f  the 5 ร rR N A  gen e and spacer region s o f  w heat 
(G erlach and D yer, 1980), w a s u sed  as 5S  rD N A  probe. T he rD N A  probes w ere  
lab elled  by n ick  translation. T he probe lab elling  w ere perform ed in  a final vo lu m e o f  
50  p i con sistin g  1 p g  o f  double strand tem plate D N A , 2  p i o f  lab elled  nucleotid e  
m ixture (see  n ote*) and u n lab elled  dTTP (0 .5  m M  stock )), 5 p i o f  lO x unlabelled  
n u cleotid e m ixture (a  m ixture o f  dA T P , dC T P and dG TP, 0 .5  m M  each , in  100 m M  
T ris-H C l, pH  7 .5 ), 5 p i o f  lO x n ic k  translation buffer (0 .5  M  T ris-H C l, pH  7 .5 , 50  
m M  M gC12 and 0 .5  m g/m l n u clease  free b ov in e  serum  album in  (B S A )), 1 p i o f  100  
m M  D T T  (1 ,4 -d ith ioth reito l, D -9 7 7 9 , S igm a) and d istilled  w ater to  m ake 45 p i 
vo lu m e. A fter m ix in g  ฟ ! ingredients w e ll, add 5 p i o f  the lab elin g  en zym e m ixture (3 
p i o f  D N a se l and 2 p i o f  D N A  p olym erasel) and m ix  w e ll. Incubate the reaction  
m ixture at 16 °c for 2h , av o id  exp osure to  light. S top  the reaction  w ith  3 pi o f  0 .5  M  
E D T A . T he lab elin g  probe w as purified  u sin g  ProbeQ uant G -50  M icro C olum  
(A m ersh am -B io sc ien ces) fo llo w in g  the m anufacturer’s protocol. L abelled  probes can  
b e stored at -2 0  °c. T he lab elled  probe w as exam in ed  for incorporation o f  labeled  
n u cleo tid es b y  d ot-b lo t an alysis. T he flu orescen tly  lab elled  probes fix ed  on  b lo t and 
w ash ed  in  and estim ated  o n  u v  transillum inator abainst reference series o f  pure 
n u cleotid es in  dots o f  2 0 , 1 0 , 4  and 1 nM . L abelled  probes can b e  stored at - 2 0  ๐c .
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N o te*  lab elled  n u cleotid e m ixture
A) R ed  lebel:
1:1 m ixture o f  red-fluorescing rhodam ine-4-dU T P  (R P N 2 1 2 2 , A m ersham -
B io s icen ces , 1 m M  stock) and u n lab elled  dTTP (0 .5  m M  stock); or
1:1 m ixture o f  Spectrum R ed dU T P (V y sis  3 0 -8 0 3 4 0 0 , M olecu lar P robes U S A ,
1 m M  stock ) and u n lab elled  dTTP (0 .5  m M  stock); or
1:1 m ixture o f  C hrom aTide A le x a  F luor 56 8-5-d U T P  (C l 1399 , M olecular
P robes U S A , 1 m M  stock) and u n lab elled  dTTP (0 .5  m M  stock); or
1:1 m ixture o f  C y3-d U T P  (A m ersh am -B io sicen ces, 1 m M  stock) and
u n lab elled  dTTP (0 .5  m M  stock)
B) Green lebel:
2.5:1 m ixture o f  f lu o r e sc e in - ll-d U T P  (R P N 2 12 1 , A m ersh a m -B iosicen ces, 1 
m M  stock) and un labelled  dTTP (0 .5  m M  stock); or
1:1 m ixture o f  C hrom aTide A le x a  F luor 48 8 -5 -d U T P  (C l 1397 , M olecu lar  
P robes U S A , 1 m M  stock) and u n lab elled  dTTP (0 .5  m M  stock); or 
1:1 m ixture o f  F lu orescein -12-d U T P  (E n zo-R och e 1 -3 7 3 -2 4 2 , R o ch e A p p lied  
S cien ce , 1 m M  stock)

Pre-treatm ent o f  chrom osom es on a  m icroscopic slide : T he slid e  w as treated  
w ith  fresh fixa tive  for 10 m in  at room  tem perature then w ash ed  tw ice  w ith  96%  
ethanol, 10 m in  each , and air dry. T he slid e  w a s treated w ith  5 p g /m l o f  R N ase  at 
37°c for 1 h, and w ash ed  tw ice  w ith  2 x S S C  at 37 0 c, 5 m in  each. The slide  w as  
incubated in  protinase K  buffer at 37 °c for 5 m in , treated w ith  4 -1 0  p g /m l protinase  
K  for 10 -20  m in , treated w ith  stop  buffer at room  tem perature for 1 m in, and w ash  
tw ice  w ith  2 x S S C  at 37 0 c, 5 m in  each . T he concentration  and tim e for protinase K  
treatm ent are depended on  the quality o f  ch rom osom e preparation. H igh  
concentration  and/or lo n g  tim e o f  protinase K  w ere u sed  i f  there is  m ore cytop lasm  on  
the ch rom osom e preparation. T he slide  w a s treated w ith  4%  paraform aldehyde at 
room  tem perature for 2 0  m in , and w ash  tw ice  w ith  2 x S S C , 5 m in  each . T he slid e  w as  
dehydrated through an ethanol series (7 0 , 90 , 100% ), 2  m in  each, and air dry. A ir- 
dried slid es  can be kept at 4  ๐c  until ready for in  situ  hybridization.
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Preparation  o f  p ro b e  m ixture: T he probe m ixture w ere perform ed in a final 
vo lu m e o f  2 0  p i contain ing lab elled  probe 50  ng, 50%  form am ide, 20%  dextran  
sulphate, 2 x S S C , 0.5%  S D S , and d istil w ater to m ake 20  p i total vo lu m e, and m ix  
w ell.

D énaturation and hybridization\ The probe m ixture w as b o iled  for 6  m in  and 
k eep s on  ic e  for 5 m in , and then applied  onto the pre-treated slid e  and p lace w ith  
coverslip . T he probe m ixture and ch rom osom es w ere denatured together in  in  situ  
therm ocycle cham ber at 89  °c for 2 0  m in , and then  the tem perature w as dropped to  37  
°c. The slid e w as incubated in  hum id cham ber at 37  °c for overnight.

Washing an d  detectionะ T he cover slip  w a s rem oved  u sin g  w arm  2 x S S C . The  
slid e w a s w ash ed  w ith  0 .1 X  s s c  at 60  °c for 3 tim es, 5 m in  each , treated w ith  2 x S S C  
from  37  °c to  room  tem perature (about 5 -1 0  m in ), and treated w ith  4 X  s s c  T w een  
for 5 m in  at room  tem perature. The 50  p i o f  counterstain, D A P I, w as applied  onto the  
slid e , rinse b riefly  w ith  d istilled  w ater after 1 m in  and air dry for fe w  m in . A  drop o f  
antifade m ountant w as p laced  onto the slid e , and a cover slip  w as p laced. T he slid e  
w a s kept in  a  dark and c o o l p lace  until ready for exam ination . T he ch rom osom es  
w ere exam in ed  w ith  ep iflu orescen ce m icroscop e w ith  lOOOx m agn ification  u sin g  
appropriate filter.

R eprobing : T he slid e  can be hybridised again. T he cover slip  w as rem oved  
u sin g  2 x S S C , and the slid e  w a s dehydrated w ith  96%  ethanol. T he s lid e  w as repeated  
the pre-treatm ent slid e , i f  necessary , and proceed  to the dénaturation and 
hybridization.
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