
CHAPTER IV

RESULTS

4.1 Species diversity from field work study

T he plants w ere id en tified  to genus and sp ec ies based  on  flow er, fruit (acorn), 
le a f  and other veg eta tive  characteristics (see  k ey  to  gen u s in  appendices). D u e  to  the  
large variation in  the plant p h en o logy , sp ecim en s for taxon om ic  id en tification  had to  
b e co llec ted  during several v is its , usually  in  the c o o l and dry season  (D ecem b er - 
February) to get flow ers and som e m onths later for acorns. S om e sp ec ies, esp ec ia lly  
Lithocarpus, flow er  in  the sum m er (M ay - A u gust). A bout h a lf  o f  the plants w ere  
id en tified  to  sp ec ies  u sin g  lea ves and acorns, but the other h a lf  w a s id en tified  based  
on acorns on ly , or lea v es  and/or flow ers. T he sam ple o f  F agaceae tree, flow ers, and  
acorns are sh ow n  in figure 4 .1 .

T he Fagaceae genera under study can b e recogn ized  in  the fie ld  (Gardner et 
al., 2 0 0 0 ) for hav in g  the fo llo w in g  com m o n  features: evergreen  or d ecid u ou s trees 
w ith out la tex  or colou r sap, o ften  w ith  thick , deep ly  cracked bark; lea v es  sim p le , 
spirally arranged, p innately nerved, m argin entire or serrate; stip u les caducous; 
flow ers tiny, usu ally  cream y-yellow , in  slender clusters at end  o f  tw ig s  and upper le a f  
a x ils , m ales and fem ales in  separate flow ers sam e o f  separate in florescen ces but on  
the sam e tree (m o n oeciou s); m ale  flow ers w ith  6  (4 -7 ) spreading sep als, w ithout 
p eta lร, 6 -1 8  free stam ens, fem ale  flow ers sim ilar but sepals c lo se ly  pressed  together  
around 3 sty les; fruit a  nut (acorn), partly or com p lete ly  en c lo sed  b y  cupule. The  
three genera can o ften  be differentiated in  the field . Castanopsis: m ostly  evergreen; 
lea v es  serrate or entire; inner bark sm ooth; in florescen ce  erect (flo w er  clusters  
upright); m any stam en; fruits usu ally  covered  by sp iny cupules. Lithocarpus\ m ostly  
evergreen; lea v es  usu ally  entire; inner bark w ith  narrowed ridges; in florescen ce  erect; 
6  stam en; fruits m ostly  or partly covered  by cupules, not spiny. Quercus: often
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deciduous; leaves usually  serrate; inner bark w ith  narrowed ridge; m ale catkins 
pendulous; 6  stam ens; fruits partly covered  by cu p u les, not spiny.

S p ec ies  d iversity  o f  F agaceae at Khun M ae K uong  Forest is  sh ow n  in  Table
4 .1 . From  all o f  146 trees exam in ed  in  th is study, 30  d ifferent sp ec ies  w ere identified . 
T he num ber o f  sp ec ies  in  C astanopsis  and Quercus w as sim ilar, i.e . 12 and 11 
sp ec ies, resp ectively , but Lithocarpus  had on ly  7 sp ecies . H igh  sp ec ies  d iversity  
w ith in  a forest w as a lso  v is ib le , esp ec ia lly  in  H ill evergreen  forests, w hereby 11-12  
sp ec ies  w ere id en tified  from  2 3 -2 4  trees in  each  o f  the four sites  investigated . Several 
sp ec ies  w ere represented by on ly  on e  individual, and w ith in  a d istance o f  5 0 -1 0 0  m  
there w ere o ften  m ore than on e sp ec ies. N ev erth eless , certain sp ec ies  w ere m ore  
prevalent than the others, for exam p le c. acum inatissim a  w a s clearly the m ost  
com m on  sp ec ies  in  H ill evergreen  forests and at on e site (K N K ) h a lf  o f  the trees (12  
out o f  2 4 ) b elo n g ed  to this sp ec ies  alone. In the dry d ecid u ou s forests, Q. kerrii w as  
found to  b e  com m o n  (1 8  out o f  50  trees) and tended to  form  large stands.

A m o n g  th ese  three genera, C astanopsis  w as found m ost frequently in  the H ill 
evergreen  forests, Quercus w as m ost com m on  in  d ecid u ou s forests at lo w  altitudes, 
w hereas Lithocarpus  w as found scattering in  a w id e  variety o f  forest typ es. The 
genera C astanopsis  and Quercus m ostly  occu p ied  separate location s and habitats. In 
the Quercus-rich d ecid u ou s forests, none o f  the F agaceae trees exam in ed  w as  
id en tified  to  Castanopsis. In the H ill evergreen  forests there w a s n o  Quercus tree 
am ong the sam p les, excep t at the h ill s ites w ith  p ine. E vergreen sp ec ies o f  
Lithocarpus, such  as L. elegans and L. harm andianus, w ere id en tified  in  the  
E vergreen  forests, but som e sp ec ies lik e  L. ceriferus and L. sootepensis  w ere found in  
d ecid u ou s and p ine-evergreen  forests together w ith  several sp ec ies  o f  Quercus.
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Figure 4.1: F agaceae trees (a  - c ) , f lo w ers  (c  - d) and acorns (e  - g ). T ypica l acorns o f  
(e ) C astanopsis ,  ( f)  Lithocarpus  an d  (g )  Quercus.



Table 4.1 ะ The species diversity study, number o f  trees examined and samples used in the DNA analysis.
Plant species Number of trees from each species at each study site No. of samples

Hill evergreen forest Hill evergreen forest with pine Deciduous Dipterocarp forest rDNA-
RFLP 1SSR

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 - - 9 11c. a r g e n te a  (Blume) A.DC. Cap 1 1 - 1 - - 1 2

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 - - - - 2 3c. c e r a b r in a  (Hickel & A. Camus) Barnett Cce 1 1 - 1 - - - 1
c. c r a s s i f o l ia  Hickel & A. Camus Ccr 1 1 - - - - - 1
c. d iv e r s i f o l ia  (Kurz) King & Hook.f. Cd 4 2 - - - - 2 3
c. e c h in o c a r p a  A.DC. Ce - - 1 1 - - - -
c. fe r o x  (Roxb.) Spach Cfe 4 1 - 1 - - 2 2c. f is s a  (Champ) Rehder & Wilson Cfi 2 - - - - - 1 1c. in d ic a  (Roxb.) A.DC. Ci 6 - - - - - - 2c. t r ib u lo id e s  (Sm.) A.DC. Ct - - - 8 - - 1 7

L ith o c a r p u s L. c e r ife r u s  (Hickel & A. Camus) A. Camus Lc - - 1 1 4 - 1 1
L. e le g a n s  (Blume) Hams ex Soepadmo Le - 1 1 1 - - 4 4
L. h a r m a n d ia n u s  (Hickel & A. Camus) A. Camus Lh 1 1 3 - - - 4 5
L. p o lv s ta c h y u s  (A. DC.) Rehder Le__ - - 1 2 - - 2 2
L. r e c u r v a tu s  Barnett Lr - - 1 - - - 1 1
L. s o o te p e n s is  (Craib) A. Camus Ls - - 2 2 2 - 4 3
L. v e s t i tu s  (Hickel & A. Camus) A. Camus) Lv 1 1 - - - - - 1

O u e rc u s 0 . b r a n d is ia n u s  Kurz 9b - - 3 2 4 - 2 4
0 . f le u r y i Hickel & A.Camus Qf - - - - - 1 1 1
0 . h e lfe r ia m is  A.DC. Qh - - - - 2 - - -
0 .  k e r r i i Craib Qk - - 4 - 9 9 6 7
0 . k in g ia n u s  Craib Qki - - 2 - - 2 2 4
0 .  le n t ic e l la tu s  Barnett Q1 - - - 1 - 1 - -
0 . l in e a tu s  Blume Qli - - - - - 3 1 2
0 . m e s p il ifo l iu s  Wall, ex DC. Qm - - - - 4 2 3 30. m y rs in a e fo iu s  Blume Qmy - - 1 - - - 1
0 . Q u a n g tr ie n s is  Hickel & A. Camus Qq - - - - - 5 2 20. r e x  Hemsl. Qr - - - - - 2 1 1Total number of trees (146) 25 24 23 24 25 25 52 76
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The present study supports that northern Thailand, as represented by Khun 
M ae K uong  Forest in  C hiang M ai p rov in ce, still m aintains h igh  sp ec ies d iversity  
w h ich  is  part o f  d iversity centre o f  th is group o f  Fagaceae. S oep adm o (1 9 7 2 )  
em p h asized  that Southeast A sia , Indochina in  particular, m aintained the greatest 
assem b lage and m ost prim itive form s o f  C astanopsis, L ithocarpus  as w e ll as Q uercus: 
subg. C yclobalanopsis. M any o f  th ese  sp ec ies , esp ec ia lly  in  the gen u s Castanopsis, 
form  part o f  the m ontane forest distribution east o f  H im alaya in clud in g  eastern N ep al, 
north-eastern India, northern M yanm ar, northern Thailand, southern C hina and  
w estern  part o f  Indochina. A m o n g  the C astanopsis  spp., c. acum inatissim a  is  
con sidered  to  be the m ost w id e  spread in  Southeast A sia  (Barnett, 1944). Other 
sp ec ies o f  C astanopsis  id en tified  in  th is study are not as com m on . The genera  
Quercus and Lithocarpus  are a lso  k n ow n  to  b e h ig h ly  d iversified  in  Southeast A sia  
and occur in  the sam e range o f  d istribution as C astanopsis, but Quercus reaches m uch  
further north and east into K orea and Japan and Lithocarpus  exten d s far south  into  
Indonesia  and coastal East A sia  (Barnett, 1944; S oepadm o, 1972). A  num ber o f  
F agaceae sp ec ies  are en d em ic to  Thailand, and they are from  all three genera  
(P hengklai, 2 0 0 4 ) includ ing L. sootepensis  and Q. lenticellatus  found in  th is study.

4.2 Genetic diversity

4.2.1 Molecular diversity inferred from rDNA-RFLP

T he RFLP variation in  the m ajor (1 8 S -2 5 S ) ribosom al g en es  am ong F agaceae  
sp ec ies understudy w as obtained  from  hybrid ising the w h o le  9 kb ribosom al gene  
from  w heat (pT a71) w ith  E coR l, BamWl and /7/m /III-digested g en o m ic  D N A  o f  52  
sam p les from  21 F agaceae sp ec ies (T able 4 .2 ). A  repeat unit representing w h o le  
ribosom al gen e in  th ese  three F agaceae genera appeared to  be about 10-12  kb in  size:
10.5 and 11 k b -£coR I; 9 .4  and 10 kb-BamWl', 10, 11 and 12 kb-H indl\l fragm ents 
(see  exa m p les in  F igure 4 .2 ). O ther s iz e  c la sses  w ere m ost lik e ly  products o f  
m utations that change restriction sites. C onserved  fragm ents in  all three genera w ere  
4 kb-E coR I, 2  kb- and 1 kb-BamW l fragm ents, ind icating com m o n  ancestry. A  sin gle  
tree p o ssessed  on e or tw o  sets o f  this m ajor ribosom al gene fam ily . M ost o f  these



33

F agaceae sp ec ies have tw o  pairs o f  m ajor lo c i in  the nuclear gen om e (unpublished  
resu lts), and p o ssib ly  additional m inor lo c i. European sp ec ies  o f  Quercus w ere  
reported to  h ave on e pair m ajor and on e pair m inor lo c i (Z o ld os et ah, 1999). M ajor 
ch rom osom al lo c i are th ose  co in cid in g  w ith  the nucleolar organizer reg ion s (N O R ) 
w here the ribosom al gen es are transcribed and n u cleo lu s is  form ed.

m

Figure 4.2: L um inographs o f  ribosom al RFLP after Southern hybridisation w ith  
Bam H\ (a), E coR l (b) and H indlll (c ) restricted gen o m ic  D N A .

A m o n g  the three genera, Quercus seem ed  to b e the least variable in  the rD N A -  
R FL Ps. B es id es  the con served  fragm ents com m o n  to  all sp ec ies , Quercus had on ly  4 -  
5 fragm ents by each  restriction en zym e, w hereas C astanopsis  w as the m ost variable  
and h av in g  all the R FL Ps in  th is study. A  com p lete  lack  o f  fragm ent c la sses  5 -6  kb- 
E coR l and 5 -7  kb-B am R l in  Quercus m ay indicate a sign ifican t evolutionary d istance  
b etw een  Quercus and the other tw o  genera. B etw een  C astanopsis  and Lithocarpus 
sp ec ies in  th is รณdy, C astanopsis  w as m ore polym orphic and appeared to have  
fragm ents that occurred on ly  in  th is gen u s su ch  as the 3.3 kb-E coR I fragm ent. Such  
R FL Ps cou ld  be u sefu l in  tracing gen etic  relationships or gen e f lo w  that m ay occur  
v ia  hybridisation.
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T he gen etic  d istance study based  on  rD N A -R F L P s (Figure 4 .3 ) w as obtained  
from  25  B am lil, H indiII and jEcoRI restricted fragm ents in  the 1 8 S -2 5S  ribosom al 
gen es d escribed  ab ove. The dendrogram  revealed  rela tively  go od  separation o f  the 
three genera and grouping o f  the sam p les w ith in  sp ec ies , supporting broad taxon om ic  
id entification . T he C astanopsis  group (I) contained  nearly all sam p les o f  the m ost  
com m o n  sp ec ies  c. acum inatissim a  regardless o f  lo cation  or forest type. The  
Quercus group (II) contained  nearly all sam p les o f  the m ost com m o n  sp ec ies Q. kerrii 
and other sp ec ies  o f  Quercus e sp ec ia lly  th ose  from  the K H H  forest. Lithocarpus, on  
the other hand form ed tw o  sm all groups (III and IV ), both  o f  w h ich  had the sam e  
sp ec ies  m em bers.

C onsiderable d iversion  from  this m ain  grouping w as sh ow n  by the variation in  
the ribosom al repeats. A  num ber o f  sp ec ies , although represented b y  on ly  on e  or tw o  
sam p les, w ere not p laced  w ith  sp ec ies  o f  the sam e gen u s and so m e w ere not in  any  
groups. Several C astanopsis  sam p les fe ll ou tsid e C astanopsis  group, and som e o f  
them  w ere in cluded  w ith in  Lithocarpus, e .g . c. fis sa  (P A 1 6 ) and c. diversifolia  
(N K 4). O n the other hand, all four sam p les o f  L. harm andianus go t in clud ed  in  the  
C astanopsis  group. Quercus although m ost h om o gen eou s in  th is respect had certain  
sp ec ies  grouping w ith  Lithocarpus, for exam p le Q. brandisianus  and Q. quangriensis, 
seem ed  to  share the ribosom al gen e R FL Ps w ith  L. harmandianus. T rees o f  Q. kerrii 
and Q. kingianus that w ere found ou tsid e the K H H  forest, i.e . P S  13 and B A 8 , w ere  
grouped w ith  Lithocarpus  a lso . The exp lanation  for these d iversion s cou ld  on ly  be  
gen e f lo w  or gen e introgression  w ith in  forests. Introgressive hybrid isation , recent or 
ancient, m ust h ave occurred b etw een  C astanopsis  and Lithocarpus, and b etw een  
Lithocarpus  and Quercus. In the present study C astanopsis  and Quercus w ere  
rela tively  separate, geograp hically  or eco lo g ica lly , i.e . no C astanopsis  w as d iscovered  
from  d ecid u ou s forests and n o  Quercus w a s found in  the H ill evergreen  forests.



Table 4.2: RFLP fragments (in kb) generated by Southern hybridization using 18S-5.8S-25S ribosomal clone pTa71.

Ca Cag Cc Cd Cfe Cfi Ct Lc Le Lh Lp Lr Ls Qb Qf Qk Qki Qli Qm Qq Qr
No. trees 9 1 2 2 2 1 1 1 4 4 2 1 4 2 1 6 .2 1 3 2 1

EcoRI
0(12) 12.0 12.0 1
1(10.5) 11.0 11.0 11.0 11.0 11.0 11.0 รุ 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0
2(8.0) 8.0 8.0 8.0 8.0 1 ^,,::: 8.0 8.0 8.0 8.0 8.0 8.0 8.0
3(7.0) 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
4(6.8) 6.8 6.8 6.8 6.8 6.8 6.8 6.8
5(6.0) 6.0 รุ:; •; - รุ;
6(5.0) 5.0 5.0 5.0 \ รุ:: 5.0 5.0 5.0
7(4.0) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
8(3.3) 3.3 3.3 3.3 3.3 3.3

BamHI
1(10.0) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
2(9.4) 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4
3(9.0) 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
4(8.0) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
5(7.0) 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
6(6.6) 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
7(6.0) 6.0
8(5.0) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
9(3.0) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
10(1.0) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Hindlll ■'■•■.รุ' •
1(12.0) 12.0 12.0 12.0 12.0 12.0
2(11.0) 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0
3(10.0) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
4(9.4) 9.4 9.4 9.4 9.4 9.4 9.4
5(8.0) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
6(7.0) 7.0
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B A l - C a
N K 1 3 - C a
N K 7 - C a
N K 9 - C a
R D 8 - C a
N K l l - C a
N K 1 7 - C a
N K 5 - C c * *
B A 2 1 - L h
B A 4 -L h
B A 1  1 -Q b * *
B A 1 7 - Q b * * *
N K 1 2 - C a
P A 2 1 - L h
H H I 9 - Q q * *
H H 2 5 - Q q * *
N K 3 - C c * *
N K 8 - L h
N K 6 - C f e * *
N K 2 1 - C a * *
P A 1 4 - C a g
P A 2 0 - C d * * *
P A I S - C f e * *
R D 2 - L e * *พแ22-0^*
H H 2 - Q l i* *
H U  I 6 - Q k * *
H H 1 0 - Q k * *
H H 2 3 - Q k * *
H H 4 - Q k i* *
H H 6 - Q r
H H 5 - Q k
P S 2 5 - Q m
P S 7 - Q m * *
H H 7 - Q k
H H 1 7 - Q m
P A 1 6 - C f i* *
P S 5 - I .ร**
B A 3 -L S * *
B A 9 - L p *
B A 2 0 - L e * *
pc-รท Ip***

B A 1 3 -L S * *
B A 8 - Q k i*
P S I 3 - Q k
R D 2 3 - C t
N K 4 - C d
B A 1 9 -L C * *
R D 7 - L p
B A I O -L r * *
R D 1 9 -L S * *

0.59 ' 0.70 0.80 0.90 1.00
Similarity coefficient

I

II

III

IV

Figure 4.3: G en etic relationships in  Fagaceae at Khun M ae Kuong  Forest, based  on  
restriction fragm ent length  polym orp h ism  (R FLP) in  the 1 8 S -2 5S  ribosom al gen es  
(rD N A ). T he rD N A -R F L P  phenogram  w as constructed  from  25  A coR I, Bam Hl and  
H indlll fragm ents in  52  trees from  21 sp ec ies  (T able 3). T he sca le  sh o w s sim ilarity  
co effic ien t. The plants w ere id en tified  to sp ec ies  u sin g  lea v es  and acorns, excep t 
w here indicated  w ith  * (aco m s on ly ), * * (lea v es  on ly) and * * * (lea v es  and flow ers).
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4.2.2 Molecular diversity inferred from ISSR

IS S R -P C R  am p lification  w as perform ed to  a ssess the le v e l o f  p olym orphism  
in  76  sam p les from  2 7  sp ecies in  th ese  three F agaceae genera. A fter an in itial 
screen ing u sin g  32  IS S R  prim ers, 10 m ost polym orphic prim ers w ere se lected  (T able
4 .3 ). T ypical banding patterns are presented in  F igure 4 .3 . T h ese 10 IS S R  prim ers 
generated 173 bands ranging in  s iz e  from  4 0 0  to  2 8 0 0  bp, corresponding to  an  
average o f  17 bands per primer. A  num ber o f  am p lified  fragm ents w ere gen u s- or 
sp ec ies  sp ec ific . From  all th ese  173 bands, sim ilarity coe ffic ien ts  w ere calcu lated  and 
a U P G M A  dendrogram  w as generated (Figure 4 .5 ). The three genera w ere clearly  
separated excep t on ly  a fe w  d iversion s. S am p les from  individual sp ec ies  a lso  
grouped together, supporting taxon om ic  classification .

Table 4 .3 : IS S R  prim er seq u en ces, num ber o f  fragm ents scored  and approxim ate s ize  
range (in  b ase pairs) o f  the fragm ents resulted from  each  prim er probing 76  sam ples  
from  2 7  sp ec ies  o f  F agaceae in  northern Thailand.

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

N o . o f  
fragm ents 

scored
Fragm ent s ize  

range (bp)
81 0 (G A )8T 17 4 5 0 -1 5 0 0
825 (A C )8T 19 5 0 0 -1 8 0 0
834 (A G )gY T 16 5 0 0 -1 5 0 0
835 (A G )gY C 1 0 4 5 0 -1 5 0 0
840 (G A )8Y T 1 0 5 0 0 -1 3 0 0
857 (A C )8Y G 23 4 5 0 -2 0 0 0
8 6 8 (G A A ) 6 1 2 5 5 0 -1 8 0 0
873 (G A C A ) 4 26 6 0 0 -2 8 0 0
876 (G A T A )2 (G A C A ) 2 2 1 4 0 0 -1 9 0 0
881 (G G G TG )s 19 4 0 0 -2 0 0 0

*Y  stands for pyrim idine.
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Figure 4.4: A garose g e l electrophoresis sh ow in g  in ter-sim ple seq u ence repeats
(IS S R ) bands generated b y  P C R  reactions u sin g  U S B  prim er no. 857.

The C astanopsis  group (I) con sisted  o f  all sam p les o f  C astanopsis  excep t on ly  
three sam p les that d id  not b e lo n g  to  any genus-group. T h ese are c. calathiform is 
(N K 3 and N K 5 ) and c. cerabrina  (N K 23 ), both  sp ec ies h ave n on -sp in y  acorns w h ich  
is  an unusual character for Castanopsis. T he m ain  C astanopsis  group cou ld  be  
considered  d iv id in g  further into tw o  subgroups, one con sistin g  o f  all sam p les o f  c .  
acum inatissim a  and several other sp ec ies  o f  C astanopsis  essen tia lly  from  the H ill 
evergreen  forests, w h ile  the other con sistin g  ex c lu s iv e ly  o f  c. tribuloides. T his  
sp ec ies  w a s found  to  b e com m o n  in  H ill evergreen  forest w ith  p in e, a  som ew h at 
patchy or disturbed habitat. N o t  on ly  that c. tribu loides  had clearly been  
differentiated  from  other C astanopsis  sp ec ies , it w a s a lso  g en etica lly  c lo ser  to  L. 
elegans w h ich  w as found in  the sam e type o f  forest. A  few  Lithocarpus sam p les w ere  
included  in  the m ain  C astanopsis  group, e .g . L. sootepensis  w h ich  w a s a lso  from  the  
H ill evergreen  forests w ith  p ine. T h is is  ind icate either (a) gen e f lo w  b etw een  sp ecies  
b elo n g in g  to  d ifferent genera, i.e . b etw een  C astanopsis  and Lithocarpus, or (b) that 
the sp ec ies  in  Lithocarpus, for exam p le L. sootepensis, cou ld  be m ore taxon om ica lly  
and correctly p laced  in  the gen u s Castanopsis.
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T he Quercus group (II) in cluded  nearly all sam p les b elo n g in g  to th is genus. 
T he sp ec ies  d ifferentiation  w a s a lso  in  go od  agreem ent w ith  the taxon om ic  
classifica tion . N ev erth eless , geographical structure regarding forest types cou ld  be 
seen  again, i.e . trees o f  d ifferent sp ec ies  grow in g  in  the sam e forest appeared to  be  
related to  on e another. For exam p le, Q. kerrii sam ple B A 1 4  w as m ore related to Q. 
brandisianus in  the K B A /K R D  forests than to  m ost Q. kerrii trees in  the decid u ou s  
forests K H H /K P S. A s seen  before this w as a clear indication  o f  gen e f lo w  w ith in  
forests. T he Quercus group did  not contain  all sp ec ies  o f  Quercus, for exam p le Q. 
kingianus, Q. m yrsinaefoius and Q. quangtriensis  w ere m ore associated  w ith  
Lithocarpus. T h is cou ld  again  ind icate either (a) gen e f lo w  b etw een  sp ec ies  
b elon g in g  to  d ifferent genera, i.e . b etw een  Lithocarpusand Quercus e sp ec ia lly  in  the 
D ry d ecid u ou s forests, or (b) that certain sp ec ies o f  Quercus cou ld  be m ore correctly  
p laced  in  Lithocarpus.

T he Lithocarpus group (III) b y  it s e lf  contained  m ostly  sp ec ies  from  the H ill 
evergreen  forests in clud in g all sam p les o f  L. harmandianus. Other sp ec ies  h ave either 
grouped w ith  C astanopsis  or w ere related to  Quercus, m aking the gen u s Lithocarpus 
extrem ely  variable.
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Figure 4.5: G enetic relationships in  Fagaceae at Khun M ae Kuong  Forest, based  on  
in ter-sim ple seq u en ce repeats (IS S R ). T he IS S R  phenogram  w as constructed  from  
173 p olym orphic bands generated b y  10 prim ers (T able 4 .2 )  in  76  sam p les from  27  
sp ecies. T he sca le  sh ow s sim ilarity co effic ien t. The plants w ere id en tified  to  sp ecies  
u sin g  lea v es  and acorns, excep t w here indicated  w ith  * (acorns on ly ), ** (lea v es  on ly) 
and * * * ( 1  eav es and flow ers).
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4.3 Genomic diversity

4.3.1 Chromosome number and karyotype analysis

C h rom osom es w ere m ostly  iso lated  from  leaves u sin g  protoplast dropping  
technique. C h rom osom e cou n ts w ere su ccessfu lly  m ade from  2 4  out o f  30  
taxo n om ica lly  id en tified  sp ec ies b elo n g in g  to all three genera, i.e . C astanopsis, 
Lithocarpus and Quercus (T able 4 .4 ; F igure 4 .6 ) . K aryotypes w ere constructed  from  
19 species: n ine from  C astanopsis, f ive  from  Lithocarpus  and f iv e  from  Quercus 
(F igures 4 .7  -  4 .9 ) . M o st o f  the sp ec ies  had d ip lo id  (2n  =  2 4 )  ch rom osom e num ber, 
w ith  the b asic  num ber b ein g  12. M eio tic  ch rom osom es from  flow er buds w ere  
exam in ed  in  tw o  sp ec ies o f  C astanopsis  and 12 b iva len ts w ere observed , con firm in g  
the d ip lo id  status 2 n  =  2 x  =  2 4  (Figure 4 .1 0 ). M etaphase ch rom osom es o f  these  
F agaceae sp ec ies  w ere rela tively  sm all, about 2 -5  pm  in  s ize , and all w ere m etacentric  
and sub-m etacentric ch rom osom es. K aryotypes o f  the sp ec ies  exam in ed  w ere very  
sim ilar. There w a s usu ally  on e  pair o f  ch rom osom es w ith  secondary constriction , so  
ca lled  satellite  (S A T -ch rom osom es). A lth ough  it w as generally  d ifficu lt to recogn ize  
the S A T -ch rom osom es, c e lls  o f  certain sp ec ies  sh ow ed  apparent secondary  
con striction s (e .g . F igures 4 .6b , 4 .7d ). A  sign ifican t variation from  the d ip lo id  
num ber o f  2 4  w as d etected  in  on e sp ec ies, i.e . Q. lenticellatus. O ne sam ple o f  th is  
sp ec ies  had 14 ch rom osom es in  m itotic  m etaphases (Figure 4 .1 1 ) or seven  
h o m o lo g o u s ch rom osom e pairs, ind icating a d ip lo id  status 2n  =  2 x  =  14 w ith  the b asic  
num ber apparently b ein g  seven .



Table 4.4: Chromosome numbers o f Fagaceae species.

S p ec ie s  N a m e
C h ro m o so m e

n u m b e r

N um ber o f  
sam ples/trees  
u sed  in  this 

รณdy
c. acum inatissim a  (B lu m e) A .D C . 2 4 3c. argentea  (B lu m e) A .D C . 24 2
c. arm ata  (R ox b .) sp a ch 2 4 1
c. calathiform is (Skan.) Rehder & W ilso n 2 4 , 28 2c. cerabrina  (H ick el &  A . C am us) Barnett 24 2c. diversifo lia  (K urz) K in g  &  H ook .f. 24 1c. echinocarpa  A .D C . 24 1c. ferox  (R ox b .) Spach 24 2
c. f is sa  (C ham p) R ehder &  W ilso n 2 4 2c. indica  (R ox b .) A .D C . 24 6
c. tribu loides  (S m .) A .D C . 24 2
L. ceriferus  (H ick el &  A . C am us) A . C am us 24 2
L. elegans  (B lu m e) H am s e x  Soepadm o 24 4
L. harm andianus (H ickel &  A . C am us) A . C am us 24 2
L. polystachyu s  (A . D C .) R ehder 24 1
L. recurvatus  Barnett 24 1
L. vestitus  (H ick el &  A . C am us) A . C am us) 24 2
Q. brandisianus Kurz 24 4
Q. kerrii Craib 24 2
Q. kingianus Craib 24 2
Q. lenticellatus Barnett 14, 24 2
Q. m espilifolius W all, ex  D C . 24 3
Q. m yrsinaefoius B lu m e 2 4 1
Q. rex  H em sl. 24 1



43

F ig u r e  4 .6 : M etaphase ch rom osom es o f  (a) c. echinocarpa  A .D C ., (b) c. fero x  
(R ox b .) Spach, (c ) L. polystachyu s  (A . D C .) R ehder, (d) Q. kingianus Craib, (e) Q. 
lenticellatus Barnett (sam p le H H 18), and (f) Q. m yrsinaefoius B lu m e. A rrow  in  (b) 
sh o w  secondary constriction .
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F ig u r e  4 .7 : M itotic  m etaphases and karyotypes o f  (a) c. acum inatissim a  (B lu m e)  
A .D C ., (b) c. argentea  (B lu m e) A .D C ., (c) c. arm ata  (R ox b .) Spach, (d) c. 
calathiform is (Sk an.) R ehder &  W ilso n , (e ) c. cerabrina  (H ick el &  A . C am us) 
Barnett, and (f) c. diversifo lia  (K urz) K ing &  H ook .f. A rrow  in  (d) sh o w  secondary  
constriction .



F ig u r e  4 .8: M itotic  m etaphases and karyotypes o f  (a) c. f is s a  (C ham p) R ehder &  
W ilso n , (b) c. indica  (R ox b .) A .D C ., (c ) c. tribuloides  (S m .) A .D C ., (d) L. ceriferus 
(H ick el &  A . C am us) A . C am us, (e ) L. elegans (B lu m e) H arus e x  S oep adm o, and (f)  
L. harm andianus (H ick el &  A . C am us) A . Cam us.
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Figure 4.9: Mitotic metaphases and karyotypes of (a) L. recurvatus Barnett, (b) L. 
vestitus (Hickel & A. Camus) A. Camus), (c) Q. brandisianus Kurz, (d) Q. kerrii 
Craib, (e) Q. m espilifolius Wall, ex DC., and (f) Q. rex Hemsl.
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Figure 4.10: Meiotic chromosomes of (a) c. indica and (b) c. tribuloides, showing 
12 bivalents.

Figure 4.11: Mitotic metaphase and karyotype of Q. lenticellatus Barnett (Sample 
RDI 7), showing 7 pairs of chromosomes.
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4.3.2 Fluorescence in situ hybridization

Molecular cytogenetic mapping of the highly repetitive 18 ร-25 ร ribosomal 
gene (clone pTa71) on chromosomes by fluorescence in situ  hybridisation (FISH) was 
performed successfully on 16 species: 9 C astanopsis, 4 Lithocarpus and 3 Quercus 
species. In addition, the mapping of 5S ribosomal repeats (clone pTa794) was 
performed successfully on 14 of these species. The numbers of the 18S-25 ร and 5 ร 
ribosomal loci were presented in Table 4.5. Almost all of these species showed four 
sites (two pairs) of 18S-25S rRNA gene and two sites (one pair) of 5S rRNA gene 
(Figures 4.12 -  4.17). Three species, i.e. c. arm ata, c. indica and L. elegant, showed 
two major and two minor sites of 18S-25S rRNA gene (Figures 4.12, 4.14 and 4.16). 
Two species, i.e. c. argentea  and Q. brandisianus, showed two sites (one pair) of 
18S-25S rRNA gene (Figures 4.12 and 4.17). On the other hand, two species, i.e. c. 
calathiform is (two samples) and L. vestitus (one sample), showed odd number of 
(unpaired) rDNA sites, indicating hybrid origin of species or individual trees. The 
two samples of c. calathiform is showed three sites of 18S-25ร rRNA gene and two 
sites (one pair) of the 5S rRNA gene (Figure 4.18). Six sites (five major and one 
minor sites) of the 18S-25S rRNA gene were observed in L. vestitus, together with 
three unpaired sites of the 5S rRNA gene (Figure 4.19). Molecular cytogenetic 
mapping by FISH was also performed successfully with Q. lenticellatus which had 
the chromosome number 2n = 14. The results showed four sites (two pairs) of 18S- 
25S rRNA gene and two sites (one pair) of 5S rRNA gene (Figure 4.20), confirming 
that this is not a haploid plant.

The 5 ร rRNA gene map seems to be conserved -  nearly all species had the 
same number of loci and position. These samples had one pair of paracentromeric 
major sites. The number and position of 18S-25S rRNA gene is much more variable. 
The first major pair is subtelomeric (subterminal) in most species observed, while the 
second pair is intercallary except in Q. kerrii where both pairs are subterminal. When 
examined both sequences together, the ribosomal gene maps were significantly genus- 
specific (Figure 4.21). In most C astanopsis, the 18S-25S and the 5S ribosomal genes 
were localized on different chromosome pairs, but Lithocarpus typically had 18S-25S
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and 5 ร genes localizing next to each other on the same chromosome arms. In 
Quercus, the maps were variable, including both rRNA genes on different 
chromosomes (e.g. Q. brandisianus) and on the same chromosome arms with 
subterminal 18S-25S rDNA loci and paracentromeric 5S rDNA loci (e.g. Q. kerrii). 
Based on these rDNA maps, there is a good indication of introgressive hybridisation 
or gene flow between species belonging to different genera, or that we have genetic 
evidence supporting that certain species could be more correctly placed in another 
genus. For example, c. fis sa  has the typical rDNA map of Lithocarpus, i.e. the two 
ribosomal genes are locating next to each other. Other evidences, molecular and 
morphological, also indicate that c. fis sa  is more closely related to Lithocarpus than 
to other species of Castanopsis. The Q. lenticellatus tree (sample RDI7) that has 
chromosome number 2n = 14 also showed the localization of 5S and 18S-25S rRNA 
genes next to each other, indicating that this sample is more closely related to 
Lithocarpus.

Table 4.5: Number of 18S-25S and 5S rDNA loci on chromosomes of Fagaceae spp.
Species Sample Chro. no. 18S-25S rDNA 5S rDNA Note
Ca BA22 24 4 sites (2 pairs) 2 sites (1 pair)
Cag PA14 24 2 sites (lpair) 2 sites (1 pair) a
Cam PA17 24 4 sites (2 pairs) 2 sites (1 pair) d
Cc NK5 24 3 sites 2 sites (1 pair)
Cc PA25 24, 28 3 sites 2 sites (1 pair) a,b
Cce NK23 24 4 sites (2 pairs) 2 sites (1 pair)
Cd NK1 24 4 sites (2 pairs) 2 sites (1 pair)
Cfi PA9 24 4 sites (2 pairs) 2 sites (1 pair) b
Ci PA18 24 4 sites (2 pairs) 2 sites (1 pair) dct RDI 4 24 4 sites (2 pairs) c
Lc RDI 24 4 sites (2 pairs) c
Le NK24 24 4 sites (2 pairs) 2 sites (1 pair) a, d
hp ___ RD7 24 4 sites (2 pairs) 2 sites (1 pair)
Lv PA11 ~ 24 6 sites 3 sites e
Qb PS9 24 2 sites (lpair) 2 sites (1 pair) b
Qk HH9 24 4 sites (2 pairs) 2 sites (1 pair)
01 RDI 7 14 4 sites (2 pairs) 2 sites (1 pair)

Notes: a: From interphase only.
b: From only one cell.
c: Signal from thick metaphase preparations.
d: One pair major and one pair minor sites of 18S-25S
e: Five major and one minor sites of 18S-25S
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Figure 4.12: Fluorescence in situ  hybridisation of the 18S-25S rDNA (Clone pTa71) 
and the 5S rDNA (clone pTa794) to interphase chromatin (a, b), mitotic metaphase 
chromosomes (c-f) and meiotic chromosomes (g, h) of c. argentea  (Blume) A.DC. (a, 
b), c  acum inatissim a  (Blume) A.DC. (c, d), and c. indica  (Roxb.) A.DC. (e-h), 
counterstained with DAPI. Green-FITC signals represent the 18S-25ร rDNA while 
red fluorescent signals represent the 5 ร rDNA. These three species show two sites 
(one pair) of the 5 ร rDNA loci on mitotic chromosomes and one meiotic bivalent. 
There are four sites (two pairs) of the 18S-25S rDNA in c. acum inatissim a  (d), the 
first pair is at subtelomeric region (arrows) and the second pair is on chromosome arm 
(arrow heads). There are two sites (one pair) of the 18S-25S rDNA in c. argentea  (b). 
c. indica  show two major sites at subtelomeric region (arrows) and two minor sites 
(arrowheads) of the 18S-25S rDNA (f, h).
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Figure 4.13: Fluorescence in situ  hybridisation of the 18S-25S rDNA (Clone pTa71) 
and the 5 ร rDNA (clone pTa794) to mitotic metaphase chromosomes (a-c) and 
interphase chromatin (d-f) of c. cerabrina  (Hickel& A. Camus) Barnett, 
counterstained with DAPI. There are four sites (two pairs) of the 18S-25S rDNA (red 
fluorescent signals in a, green-FITC in c and e), the first pair is at subtelomeric region 
(arrows in a) while the second pair is on chromosome arm. The red fluorescent 
signals in c and f correspond to two sites (one pair) of the 5 ร rDNA.
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Figure 4.14: Fluorescence in situ  hybridisation of the 18S-25S rDNA (Clone pTa71) 
and the 5S rDNA (clone pTa794) to mitotic metaphase chromosomes of c. arm ata  
(Roxb.) Spach (a-c), c. diversifo lia  (Kurz) King & Hook.f. (d-f), and c. fis sa  
(Champ) Rehder& Wilson (g-h), counterstained with DAPI. There are four sites (two 
pairs) of the 18S-25S rDNA (red fluorescentsignals in a, c, d, and f, green-FITC in h 
and i) and two sites (one pairs) of the 5S rDNA (green-FITC in b and e, red 
fluorescent signals in i). The major pair and the first pair of the 18S-25S rDNA in c. 
arm ata  and c. diversifo lia  respectively, are at subtelomeric region (arrows in a and d). 
c. f is sa  show that the 5S rDNA (arrowheads in i) and the 18S-25S rDNA (arrows in i) 
are on the same chromosome.
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Figure 4.15: Fluorescence in situ  hybridisation of the 18S-25S rDNA (Clone pTa71) 
to interphase chromatin (a, c) and mitotic metaphase chromosomes (b, d) of c. 
tribu loides (Sm.) A.DC. (a, b) and L. ceriferus (Hickel& A. Camus) A. Camus (c, d), 
counterstained with DAPI. There are four sites (two pairs) of the 18S-25S rDNA (red 
fluorescent signals), the first pair is at subtelomeric region (arrows).
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Figure 4.16: Fluorescence in situ  hybridisation of the 18S-25S rDNA (Clone pTa71) 
and the 5S rDNA (clone pTa794) to interphase chromatin of L. elegans (Blume) 
Harusex Soepadmo (a-c) and mitotic metaphase chromosomes of L. polystachyus (A. 
DC.) Rehder (d-f), counterstained with DAPI. There are four sites (two pairs) of the 
18S-25S rDNA (green-FITC signals in b and c, red fluorescent signals in d and f) and 
two sites (one pair) of the 5 ร rDNA (red arrowheads; red fluorescent signals in c, 
green-FITC in e and f). L. elegants show two major sites (white arrows in b) and two 
minor sites (white arrowheads in b) of the 18S-25S rDNA. The first pair of the 18S- 
25 ร rDNA in L. polystachyus is at subtelomeric region (white arrows in d), while the 
second pair is next to the 5 ร rDNA on the same chromosome (red and white 
arrowheads in f).
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Figure 4.17: Fluorescence in situ  hybridisation of the 18S-25S rDNA (Clone pTa71) 
and the 5 ร rDNA (clone pTa794) to mitotic metaphase chromosomes of Q. 
brandisianus Kurz (a, b) and Q. kerrii Craib (c, d), counterstained with DAPI. Q. 
brandisianus show two sites (one pair) of both the 18S-25S rDNA (green-FITC 
signals) and the 5 ร rDNA (red fluorescent signals). There are four sites (two pairs) of 
the 18S-25S rDNA (red fluorescent signals) and two sites (one pair) of the 5S rDNA 
(green-FITC signals) in Q. kerrii. All of the 18S-25S rDNA are at subtelomeric 
region, while the 5 ร rDNA is at paracentromeric region of the same chromosome as 
the first pair of the 18S-25S rDNA.
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Figure 4.18: Fluorescence in situ  hybridisation of the 18S-25S rDNA (Clone pTa71) 
and the 5 ร rDNA (clone pTa794) to interphase chromatin (a, g-i) and mitotic 
metaphase chromosomes (b-f) of c. calathiform is (Skan.) Rehder& Wilson, sample 
NK5 (a-f) and sample PA25 (g-i), counterstained with DAPI. There are three sites 
(un-pair) of the 18S-25S rDNA (red fluorescent signals in a-c, green-FITC signals in e 
and h) and two sites (one pair) of the 5 ร rDNA (red fluorescent signals in f  and i). 
One site of the 18S-25S rDNA is at subtelocentric region (arrows in b and c).
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Figure 4.19: Fluorescence in situ  hybridisation of the 18S-25S rDNA (Clone pTa71) 
and the 5S rDNA (clone pTa794) to interphase chromatin (a-c) and mitotic metaphase 
chromosomes (d-f) of L. vestitus (Hickel& A. Camus) A. Camus, counterstained with 
DAPI. There are five major sites of the 18S-25S rDNA (green-FITC signals) and one 
minor site of the 18S-25S rDNA (arrowheads), and 3 sites of the 5S rDNA (red 
arrowheads, red fluorescent signals). The minor site of the 18S-25S is next to one 
site of the 5 ร rDNA.
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Figure 4.20: Fluorescence in situ  hybridisation of the 18S-25S rDNA (Clone pTa71) 
and the 5 ร rDNA (clone pTa794) to mitotic metaphase chromosomes of Q. 
lenticellatus Barnett (sample RDI7), counterstained with DAPI. There are four sites 
(two pairs) of the 18S-25 ร rDNA (red fluorescentsignals) and two sites (one pair) of 
the 5S rDNA (green-FITC signals). One pair of the 18S-25S is next to the 5S rDNA 
(arrows).

C astanopsis Lithocarpus Quercus

Figure 4.21: Idiogram showing localization of 18S-25S (black colour) and 5S 
(hatched) ribosomal genes on chromosomes of C astanopsis (a), Lithocarpus (b) and 
Quercus (c). Each chromosome represents a homologous pair. Vertical scale bar 
represents 5 pm.
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