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The accurate identification and quality control of plant material is, therefore, an
essential prerequisite for ensurmg the qualty, safety, and effi icacy of herbal medicines. The
purpose of this study-was to examune the marK gene sequences of White Kwao Khruea
[(Pueraria candollei Ggaham .ex Benth. var. mirifica (Airy Shaw er Suvatabandhu)
Niyomdham and Pne?arm candollei Grah’@m ex Benth. var. eandollei)] and Red Kwao
Khruea (Butea superba. xb ) and wsed the results for their classification and phylogenetic
studies, as well as loped PCR-RF[ P (Polymerase Chain Reaction-Restriction Fragment
Length Pnlymnrphlsm} method inorder to use as a convenient tool for identification.

The complete matK gene of White g{vao Khruea was 1,521 bp in length, whereas
that in Red Kwao Khruea was found to h-e";,l 527 bp due to a 6-bp indels (insertions or
deletions). Five sites of |1uclcﬂt|dc substitutions were detected in 10 specimens of White
Kwao Khruea. A total of 83 sites of substitutions were observed in 14 specimens of Both
Kwao Khruea. Their ﬂ'lylugenetlc analysis 1fsmg parsimony analysis showed that the
specimens of White Kwao Khruea were: dmded Jﬂ;u two clades and were separated from Red
Kwao Khruea.

e

Based on the dlﬂ{:r{:nms among thm“nces the PCR-RFLP analysis was
performed. The restriction patterns of DNA pjlﬁgd from partial matK gene with two
restriction enzymes, EcoRI and Ddel showed distinct and pul}'mnrphlc fingerprints between

White Kwao Khme-a and Red Kwao Khruea.

These results suggest that the marK gene sequences of Whi!c”'l(wan Khruea and Red
Kwao Khruea can be used to study of phylogenetic relationships. Moreover, PCR-RFLP
genetic markers developed here can be used as a convenient tool for identification of both

types of Kwao Khruea and can be applied to their commercial products.

Y% i
Départment.......... Pharmacognosy..... .. Student’s signature...... /. e d? O N,
Field of study..........Pharmacognosy............Advisor’s signature.. “‘S"‘E-JL A Se

Academic }'ear................EUI‘J?..........,..,,..,Cu~adv15nr s signature



vi

ACKNOWLEDGEMENTS

I would like to express my deepest gratitude and appreciation to Assist. Prof
Dr. Suchada Sukrong, my thesis advisor, for her guidance, valuable suggestions,

encouragement, patience, supports throughout my stud};.l thank her also for

My deepest gratitude and apprec ’/ pressed to Assoc. Prof
Thatree Padungcharoen, my thesis co-advi éﬂh}s guidance, valuable

suggestions, and kindness |

I would like de to Assoc. Prof
Dr. Kittisak Likhitwi amipyuth and Dr

specimens. My special thanks are also-extenc -d * Charan Ditchaiwong for his
‘ g valuable data for my

thesis.

Iamesp‘c’%l__lg.”' ke to Miss Jutl P great helps, advice,
? e BT i ottt

| thank cv% in the Department of Pha cugnu%and other persons

whose names have nnt een mentioned here for helping me get through the difficult

- uaﬁmm’wmfzm

for help, clﬂ‘s, fun, and everything.

ARSRHIFRILIA vt

nly grand-fathers, grand-mothers, my sisters and brother, w
understanding and support me. This thesis and this degree are dedicated to them



CONTENTS

Page
ABSTRACT (Thai)........ccco.iivnniy _ " WO .
ABSTRACT (English)......... ‘ ! ..
ACKNOWLEDGEMENT SRRt P s i Vi
CONTENTS........c... 0 ,,,,,, e 7 |
LIST OF TABLES . ix
LIST OF FIGURES
LIST OF ABBRE’
CHAPTER
|
11

X1

... | BRI |

§ T B TP 18
ra s O
27
2 TR 29

32
.................. 32

2#.:13 ........................................................ 16
1

POLYMERASE CWLIN RE&CTiDIﬂESTRICT ION

q ‘W’] aﬁmmmmma

THEIR APPLICATION FOR IDENTIFICATION ...

)
E:??
93
1os
=
e
ﬁ
Co
'
=
oJI'



vill

Page

CHAPTER
T RO s R R s e B G . O
4 DISCUSSIon. . .. B0
V. CONCLUSION...oo il oiiiciis v sviiiiton acesiss G2
REFERENCES.........c.c.... L R R 63
APPENDICES.........5 72
73
87
99
103

AU INENTNGINS
AR ITUNN NGNS Y



%

LIST OF TABLES

Table Page
[ v and their accession numbers of marK

ens of White

' 45
: ‘ S ; cal origins........ 50
6. PCR amplificagion primers of partial marK gene used in PCR-RFLP
method. .. & & £.. ................. 52

AU INENTNGINS
AN TUUNINGIAE



LIST OF FIGURES

Figure Page
2.1 Pueraria candollei ........ . -y 6
2.2 Pueraria candollei ... 7
2.3 Pueraria candollei 8
2.4 Butea superba.. — , RO |

2.5 Principlco- M .................... 13
2.6 Principle of the siflepy s L Ny R | .
2.8 General mggiSt mgi. geng 8 . =8 . . BRI T, e s S 20
2.9 Approximate taxonamig level of various chloroplast, nuclear,
and mitoch ' N
reconstructiond baséd on angiosper s L WL
2.10 Principle of the po rase ch rea N 24
2.11 Hairpin structures. e, e B i 25

2.12 Dimer structures O 26
3.1 Locations for collecting plant spe B snnessuras e B8
32 Relative positions ¢ é";!- P ficatic fimers and sequencing

primers usec . I o WO 37
33 Lucati imers on

ImK—mm regio ’ Wm .................. 38
34 Agarose gel electrophoretogram of total DNA from Kwao Khruea

and Red Kw# ....................................................... 42
AN~ :
% f :ﬂmm uftrees.. 008 M . 47

4.1 Commercial products of White Kwao Khruea d Red Kwao Khrue 51

1 WIANA UL TINEVRE

44 Agarose gel electrophoretogram of total DNA from tuberous roots
and drug samples of White Kwao Khruea and Red Kwao Khruea. .. 55



Xi
Figure Page

4.5 PCR-RFLP analysis of White Kwao Khruea and Red Kwao Khruea
using the restriction enzyme Ddel on partial marK gene................... 57
: ruea and Red Kwao Khruea

X

dF

AUEINENINYINS
ARANTAUNNINGAE




xii
LIST OF ABBREVIATIONS

18s rDNA 18s ribosomal RNA gene
AFLP Amphf' ied ﬁ*agmcnt length polymorphism

AP-PCR wily prii
AT G C eotides containing the base adenine, thymine,

cm
cpDNA
DAF

DNA <y eic ae
dNTPs asphates (dATP, dTTP, dGTP,

ddNTPs dideoxynucle iphosphates (ddATP, ddTTP,

EDTA Ly diami setic acid

!ﬂ

Internal transcribed spacer -m

ﬁjiﬁ ¢ A BT WEN NS
QRIINTREHIANG QY

ML Maximum likelihood



xiii

ml Milliliter

mM Millimolar

MP Maximum parsimony

mtDNA Mitochondial DNA

ndhF gene ne encoding NADH dehydrogenase F

nDNA o | 1
n i) JW
T; Neig rm;/é

PAA Polyacrylas

PAUP / f( j \\1‘3\ par m'u:my
)\ AN

PCR
tion fragment length

hafic

N

trnk ge

i
UPGM /A I Unweighted pair group metho dwith arithmetic averages
Mmmgram
% Uttra‘qc-lct

’Qﬁ"lﬁﬂﬂ‘imﬂﬁﬂﬂﬁﬂﬁﬂ



g

CHAPTER 1

INTRODUCTION

fu)" is commonly applied to more than ten
& e types of Kwao Khruea are
: niovin), Red Kwao Khruea

romotion of human physical

The name “Kwao Khruea (n

appearance such as'k easts enhar ing, regro: g hair on the bald and turning the hair

i p—
White Kwao Khruea ar

3 ehiT ¢ ‘ ei Graham ex Benth. belongs to the
e | - 4 =

tribe asepleae (Ridley, 1967.

family Leguminosae, !
Suvatti, 1978). ;_.,_,,,,,,L_h entified by Vatid in 1939 as Burea
superba Roxbbec otnds and Pope, 1960)
There are two varieties of P. eando n Thailand, P. candollei Graham ex

Benth. var, min_‘ﬁm (Airy Shaw er Suvatabandhu) Niyomdham and P. candollei
Grah ‘ .‘v candollei tinand, 2001, Srijuga Ditchaiwong,
Eﬂnsﬁrﬁ@uﬁ Wzﬂm\gﬂr&j;ﬁ ﬁ‘ﬁ“ Benth. var.
candollei was also used as a source of White Kwao Khruea by Thai herbalists.

tative botanical characte i ietie Imost the same, the pods
AN S T R
Khruea khao pu (nfunid]), and Talan Khruea (ainnunfo) (Smitinand, 2001). There are
some differences in chemical components between the two varieties of P. candollei as

indicated by TLC fingerprinting (Prathanturarug er al., 2000). The tuberous roots of
White Kwao Khruea have been analyzed by chromatography technique and found to



bt

produce many chemical substances with estrogenic activities such as miroestrol,
deoxymiroestrol, daidezein, genistein, coumestran, puerarin, kwakhurin, mrificin,
isoflavonoid, erc. (Bounds and Pope, 1960, Cain, 1960; Kashemsanta er al., 1963
Ingham er al., 1986a, 1986b, 1988, 1989, Tahara er al., 1987, Chansakaow et al,
2000a, 2000b).

b. also belongs to the family

.}Miae (Ridley, 1967, Suvatti,

1978). Several lnm LES#MTI vam' Thailand such as Kwao
Khruea (n31n%n), Cha {mnnounns), Thong Khruea
(mouno), Pho-ta-ku( ). The tuber and stem

of plant have b ) pmmme sm‘:ngth and

public. Many products of thﬁhﬂ f 'r-' of cream, capsule, tablet, and solution

e bl
have been developed | rh:ﬁifﬂfutﬁ'émm 0 and exportation, and widely used
ds an agﬁ Gl *f“"". N .- . well "' dINInIics & I'Eaﬂt Cﬂiﬂrgfmﬂnl
creams, skin moistu eve gels (Cherdshewasart,

2005). D

The accurate Aenuﬁcatmn and qu control of the plant material is,

~RUEIRY T N0

addltlun authentication of herbal plants is also an &remcly important ﬁr}rﬂqumtc

AN T TR

che:nuca] analyses, but these characteristics are often affected by environmental
and/or developmental factors during plant growth (Li er al., 1994) Nevertheless, the

use of chromatographic techniques and marker compounds to standardize botanical



preparations has limitations because of the varied sources and chemical complexity of
such preparations. In particular, many extrinsic factors such as methods of
cultivation, harvesting, drying and storing may affect the ultimate chemical profile of
a given herb. Moreover since many associated agents and bonding agents are mixed

with herbal extracts at 90-100°C fo hours, it is difficult to identify the plants

mvolved in the final products (extr: iquids) by TLC (Shim et al., 2005)
On the other hand, medicinal plants are processed for use as crude drugs. Through
these processes, some morphological A‘ _charau:teriscics and some

herbal medicine By wéSing G ase | ':‘ reaction (PCR) technology, nanogram
quantities of DNAare gequireg 1 1 yie " t amounts of template
DNA for molecular génetic analysi (Cai & dlsy 1999), The analysis of DNA has the
: 2l and not being affected by
conditions of culture i high ok ! )02 Furtherm . a number of recent studies
have indicated that uﬁ lucidating the molecular
evolution and phylogeny ell as for identifying crude
herbal materials (Xue er al m al. products whose origins are often

controversial, &

Bupleurum re

unshiv peel,” dngelica decurs tgnotliabark — Polygonarum rhizome,
other herbal mcﬁncs have als DNA rnafﬁ:rs (Shim et al., 2005,
Sukrong er al., -‘JIJS* Eﬂﬂ?]

.nfcﬁmﬂmtmﬂmm:‘::":; .

appllcd or identification of organisms. In plants, chloroplast DNA is ccE.ﬁcred to

IRSR R RI I INEL

gene trnK, encodes a maturase on the large single-copy section adjacent to the
inverted repeat of every plant families, has high rates of substitution compared to

other chloroplast genes and its DNA sequence is one of the least conserved plastud



genes; therefore, has been effectively used in plant evolution and address the
phylogenetic questions in various taxonomic levels (Ito et al, 1999, Fuse and
Tamura, 2000, Ince er af., 2005).

To date, there is no study which determines the marK gene sequences of P.
candollei Graham ex Benth. var, » "ii iea (Airy Shaw et Suvatabandhu) Niyomdham,
P. candollei Graham ex B R 1 candolled Bi superba Roxb. In this study, the
matk gene sequence , ts were ‘ — e results would be used for
their classification and-phylogenetic studies, as well as eharacterization for medical
authentication. -Based on.the differences among the sequences, the PCR-RFLP

estrictio gment Length Polymorphism) analysis

(Polymerase ChainoReacuor n Fra
was performed in_erder op.a. ‘\5\'\\\ nd efficient identification

method. In PCR-RELP analysis, the restriction patterns of PCR product amplified
from partial matK gené with | _.--"- 1 enzymes, EcoRl and Ddel showed

distinct and polymofphi¢  fingerprints between White and Red Kwao Khruea
Therefore, geneti e quality control and
authentication the preSence of White and Red Kwao Khruea DNA in crude drugs or

even capsule preparations s

o
Y )

G
AU INENTNGINS
ARIANTUNRINYINY



CHAPTER I

LITERATURE REVIEW

1. White Kwao Khruea

White Kwao Kk

subfamily Papilionoideac, fribe-Phascolcac (Ridley; 1967, Suvatti, 1978). It was firs

to the family Leguminosae,

discovered and identified by Vaina i as Butea superba Roxb. because of their
superficial resembl d Pape, 19 | in_1952, it was recognized
as a new species by Airy Shaw and Kasin
Suvatabandhu | m reduced this species
to a variety of Pu eidentified as Pueraria
candollei Gr bandhu) Niyomdham

Prathanturarug et al. (20( fou ialidolldi Graham ex Benth. var. candollei
was also used as a source of - Kwao Khriiea by Thai herbalists.  Vegetative
- :

= =7 ' $
botanical chaﬁcmqf- bot eti - almo: : bug'pods were different.

1, Khruea khao pu (i

wif), and Tala he .pam is a long-living

twinning wood ~The leaves are pinnately trifoliate stipulates terminal leaflet. The

tuberous roots are ¥aried in sizes and shapesydepending on the environment in which
they occurs during
late J@ru ﬁ"amﬂtﬂ cﬁ mﬁ ’Iﬁrjam flowers is
approximately 20-150 ecm. The flgwer contains fi »Ecpals and the pf:td_;are one

QR MYy A e

matun: and dry which turn into brown color (Smutasiri and Wungjai, 1986,

Prathanturarug et al., 2000, Srijugawan and Ditchaiwong, 2005).



Figure 2.1

Pueraria candollei var, mirvifica (A) and P. candollei var, candollei (B)

(1) Leaves (2) Flowers




L

i

Figure2.2.. Pucrania eandallei var, mirifica-lA}and B, candolleivarecandollei (B)

(1) Pods «2) Dricd pods (3) Sceds



Figure 2.3 Tuberous roots ol Puwearia candollei




2. Red Kwao Khruea

Red Kwao Khruea (niimnfeuns) or Butea superba Roxb. belongs to the
family Leguminosae, subfamily Papilionoideae, tribe Phaseoleae (Ridley, 1967,
Suvatti, 1978). The local names are different in various parts of Thailand such as
Kwao Khruea (n1nfo), Chan 1

fan Chom Thong (ausemns), Thong
Khruea mounfn). Pho-ta-ku (1 in) (Smitinand, 2001). B. superba

th red sap released once cut.
g leafstalk. The flowers

is a large size climben. 1
The leaves are pi
are large with yellowish o petals times longer than the
calyx. The pods aef-44inghes Jong, Joblong shapet With silvery silky short hair

(Kruz, 1877, Brandis,

AU INENTNGINS
ARIAIN TN INAE



Figure 2.4 Butea superba Roxb.,

(L) Leaves, (2).Flower. (3) Tuberous reots (4) Pod
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3. Molecular Markers

Molecular markers have proved their utility in plant science such as
taxonomy, physiology, forensic botany, and genetics. As the science of plant genetic

vlore these molecular techniques for thewr

progressed, researchers have tried tg
ra ch as food crops, horticultural plants
and recently in pha
The DNA-based mol
ef al., 2004).

‘Hybridizatio

cterization of herbal medicine.

' 03 major techniques (Joshi

I g2 n Fragment Length
Polymorphisms (RF it } g 5f DN A fr: nts obtained by cutting
genomic DNA with restriction-enzy ific sites  On an agarose gel, RFLP
: plementary DNA  sequences.
Polymorphisms are analyz_g_d".»}@_-bi;y;: 1 by observing present or absent bands.
There is no Pﬁ fqr!ﬁk - of DN | A routine southern
blot experiment-is-used instead: Normally, RFLP s us {ﬂ the origins of a

particular plant species, setting | he - '_'* tion. There are some
problems with wstly, the results do not

specifically mdmaleiﬂﬁ:hance of a match ween two organisms.  Secondly, the

ﬂﬁﬂ'ﬂ;ﬂﬂdﬂ 'ﬁ'wﬂ’"ﬂ T s,

Eﬂrﬂ?}

9 RIS UMTINYIA Y

PCR-based methods are the amplification of DNA fragments in vitre using
thermostable DNA polymerase and either random or specific primers.  For example,
Random Amplified Polymorphic DNA (RAPD), Arbitrarily Primed PCR (AP-PCR),



DNA  Amplification  Fingerprinting (DAF), Amplified Fragment Length
Polymorphism (AFLP), and Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP) are well known methods.

(1) Random Ampl Polymorphic DNA (RAFPD)

It is a type of PC R reaction’using oligoprimers (8-12 nucleotides).

The prior knowledge of the DNA « ' ed gene is not required. The

primers bind somewhere i the se random amplification.  The polymorphic
bands are performed b ' \PD technique was used as the
species-specific 05) used this technique to
distinguish five 0 01) were successful to
classify the thyme . Tropical and Isla by
RAPD analysis dll‘&, the chemical content
and genomics of | = results of ltalian garlic
revealed the co terials (Brandolimi er al
2005). | :1

arker i wic y researchers, because the
method is rapid and mexpuéﬁg,‘;i_‘ quire much genetic information

However, the d:sadvantaggof&g wrker is reproducibility.  The specimens should

be rephcateilﬁthe same and suitable mn&ﬁma t

(Atienzar Em{FljE
B] Polymerase

Polymorphism {F%R &FLF}

A 1 VAR TH AR o

ngthﬁulymnrphlsm} is one of the molecular markers. Another acronym of this

O} RGN iV I T

* amplified using a sequence-specific primer pair.  This may already result in

reproducible pattern

aci'ion-ﬂestrimn Fragment Length

differently sized and hence informative PCR fragments. In the second step, the PCR
product is digested with a restriction enzyme (Weising er al, 2005) The distance

between the locations digested by restriction enzymes (the restriction sites) varies



Ll

between individuals so  the length of the fragments varies, and the digested
amplification products may reveal polymorphisms after separation on agarose gel
(Figure 2.3). This can be used to genetically tell individuals apart. It can also show
the genetie relationship between individuals. 1t 1s also used to determine relationships

among and between species.

A restriction enzyme (or sestricion endonuclease) is an enzyme that
cuts double-stranded BNA._ The enzyvme makes bweomcisions, one through each of
the sugar-phosphate backbones of the double helix without damaging the nitrogenous
bases. The chemical bonds that the enzymes cleave can be reformed by other
enzymes knowneas ligases. so thal restriction fragments carved from different genes
can be spliced together, provided their ends are complementary. For example, LcoR]
(named after the bagterium Es¢herichia coli from which it was isolated) acts like
precise scalpel that cutg double-stranded DN A wherever the non-methylated sequence
5'-GAATTC-3 occuirs. el Nisolated fram £ coli strain that carries the Ddel gene
from Desulfovibrio deésulfricans) cuts double-stranded DNA  wherever the non-
methylated sequence 5'-CTNAG-3 oceurs. | Several hundred such enzymes, most
with different recogniion seguences. have been 1solated and characterized from

various bacterial strains and are commercially available (Avise, 2004).

Didel

A L T S .
" TNAG
Ddel 1

B o =50hp = e = = = ~150bp= = = - +fa- - ~100bp- - -
(' TNAG " TNAG

Gel analysis

DHA
ruarker A B

Figure 2.5 Principle of PCR-RFLP
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Several studies used PCR-RFLP analysis for investigation of many
plants. For instance, Parducci and Szmidt (1999) used PCR-RFLP analysis of the
chloroplast DNA of the genus Abies (family Pinaceae), to detect inter-specific
variation in this genus. Xu er al. (2001) used PCR-RFLP for identification of wild
2004) developed PCR-RFLP analysis for
heum species. Wang et al. (2007)

and cultivated soybeans. Yang ef .

itillariae cirrhosae from other
Liu et al. (2007) developed
accurately identify hybrids of
anisms, PCR-RFLP analysis was
d PCR-RFLP method to

onomic, epidemiological

used. For instan

distinguish the

g) Ampliﬂe_d Fragment Length Fnlymurpum (AFLP)

ﬂ LLE:I 1130 10 1114 1 R

and rcp sents an Ingenious cu!gblnallun of RFE. analysis and ]"'I'C‘&.‘T AFLP

IR A TN EL TR,

pnpuleu and powerful appmachcs to detect DNA polymorphisms. The AFLP reaction

comprises two principal steps (Figure 1.4) In the first step, genomic DNA is digested
with two different restriction enzymes producing sticky ends, and double-stranded

synthetic adapters of a defined sequence are ligated to both ends of all restriction
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fragments. Adapter and restriction site sequences then provide universal primer
binding sites for subsequent PCR reactions that comprise the second step (Debener
and Mattiesch, 1999).

are made compl fary to- (lie adapters, Whereas"the 3'-ends extend by a few,
arbitrarily chosen nucleolides (so-  selec i or selective nucleotides) into
the restriction fragmex : ' i ie 3-ends of a primer is
essential for amplificauon. Therefore, only those restriction fragments are amplified
in which the 3'.pi g the restriction sites.
Statistically, each s reduces the complexity
of banding patterns i

amplified if there isione sel base on e ch side (+ 1s), 1/256 in case of two

il set of fragments are
(+2 primers), and 1/4096 ‘ ouchdown PCR program is
used to maximize specifi€ity. In‘the sta larc procedure described by Vos et al
(1995), one of the selective primers is act labeled, the amplification
products are separated on highly resolving ncing gels, and banding patterns are
visualized by autoradiography- (Wersing et a

v

L

!B g
ﬂ‘lJEl’J‘l’lﬂ‘Vl‘ﬁWﬂ’]ﬂ‘i
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Figure 2.6 Prirlh.Jple of the AFLP strategy. Genomic DN'“#J is digested with two
rcslrid'iwnzymcs (here EcoRlrand Msel) and specific adapters are

ﬂ w&j Q«ﬁfﬁjf rﬁuwﬁjnﬁl ﬂlﬁumsiw PCRs
q] re¢ then performed Using specific primer pairs, of which the 5'-portions

are complementary 10 the adapters andsthe restriction site, @nd the 3'-
Q W’] ﬁnﬁ : ﬁyw::- a e ﬂ@b% \Hlﬁ:] i@iﬂ the
q restriction fragment. Isually one of the prnimers 1s label Yy a
radioisotope or a fuorochrome (indicate by a star).  Amplification
products obtained by the second. selective PCR are separated on

sequencing gels. (Redrew from Weising ef al. 2005)
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3.3 Sequencing-Based Markers

The nucleotide sequencing is one of the most techniques to utilize the
phylogenetic history. DNA sequence data are the power of informative tool for

molecular systematics, and comparative analysis of DNA sequences is becoming

ere are two major reasons why

lematics ol ‘ . First, the nucleotides are the
lsg&ﬂ, the potential sizes of data

vides. h h |'y' robust, reproducible, and

increasingly important in plant sys
nucleotide sequencing is usel

basic units of info

e negative side, DNA
sequencing can be'prohibitively tedicus and ive hen very large numbers of
individuals have to_be assayed d _populati ‘Eﬁntms phylogeography, and

B 2 .'-_MGGS} Furthermore,

different genes or parts of the nome might evolve at different rates. The selection
4 RS 1 X 1

J.rJ'-r

genomes (cpDNA) in addlﬁéé tht T (nD A] and mitochondrial (mtDNA)

ular markers of plants due to its
species. The nDNA

systematics and

- The nD? epetitive properties. On the
other hand, thnﬂﬂﬂh is well suitable for evolutmnary % phylogenetic studies
because cpDNA, B- is a relative abundanumpnncnt of total DNA, 2) contains

mlﬂ;'ﬂ akpR 1hAK () |23 p

rlbosn gene, etc. The most cgmmon genes n nDNA is nuclear nbc-snmal gene

Qpomsy VTSI IVEIE Y

seuond internal transcribed spacer (1TS-2), and finally the 26s rDNA.  Each repeat 1s

separated from the next repeat by an intergenic spacer (1GS) (Soltis et al., 1995).
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For instance, Zhao er al. (2003) and Xia er al. (2005) studied the
sequences of S5s-rRNA spacer domain and assessed the chemicals of traditional
Chinese medicine, Angelica (Danggui) and Curcuma, respectively. The ndhF gene
and ITS sequences were used in durian identification for the investigation of

phylogeny of core Durineae and related family (Nyffeler and Baum, 2000, Nyffeler

I et Reading Frame K), is
emerging as o gene with potential centributions to plant molecular
| ; 995, Hilu and Liang, 1997)
The matK gene is logated in A -‘"’f 'ge Sing 1 (LSC) of the chloroplast

) in length and encodes a

maturase involved in spliging “-"l': ns from RNA transcripts (Neuhaus and
Link, 1987, Wolfe er als, | n all photosynthetie land plants so far examined,
marK is located within‘an ir ‘r“‘ﬁ' APPrOX 2,600 bp positioned between the §'

nK (Soltis et al., 1995),

ﬂﬂﬂ’J‘l’lﬂﬂ‘ﬁWﬂ’]ﬂ‘i
Q‘Wﬂﬂﬂﬂiﬁu UAIINYIAY



|9

Citrus sinensis

160,129 bp

s st

Franeys e prolen

G v o lalind

ATP symiase

HADH detyrrgenasn

Filwiy rial ANA

Plasdighafscoded FMA pobyrho s
Ol

Wi unehan (yelf

Trangiadr FAINA

Figure 2.7, Gene. map., of. €invusy sinensis. (ks ) o chloroplast ~geneme,  illustrating
location ofimany of the chloroplast regions. | Genes located on the inside
of the map are transcribed counterclockwise, and genes on the outside are
transeribed clegkwise, The ner gircleshows, wheee the Small.Single-
Copy region (SSC) Large Single-Copy region’ (LSC), and Inverted
Repeats (IR) are located. The thick lines on the actual map are the IRs.

{Available from http://www . biomedeentral.com/1471-2229/6/21)
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The gene marK, as well as the noncoding regions that flank it, is casily
amplified using the highly conserved flanking coding regions that include the rnkK
exons and the gene rpsl6 and psbA (Figure 2.6). The rate of evolution of mark

makes this gene appropriate for resolving intergeneric or interspecific relationships in

seed plants. Based on data for Sa i‘ ragageae (Johnson and Soeltis, 1995), Cornaceae
(Xiang et al., 1998) and Taxodi: " jceace (Johnson and Soltis, 1995), the
average numbers of nucleots “:f / pairwise comparisons for mark
are 3.2, 2.4, and 3.4 tim -"‘-r"-':u_, respe w: rhel. In Polemoniaceae, the
number of nucleotide diffcrenees is on average 1.9 times greater for matK than ITS.
Sequences of matk ma i th
(Johnson and Seltis Il/ ; 3\“\‘*\\\
Saxifragaceae and Corg _ Ac, \'
essentially identical; ¥ s hiase

1995: Xiang er al. 1

neric and species levels
igure 2.7, In Polemoniaceae,
nsitions and transversions are

itions (Johnson and Soltis.

ol o II'\..'I b B “

Figure 2.8 General map o ;;;; .-F.' ] J as represent coding regions and
" L

rawit from Johnson and

Pl
o PP AT A
BLRIEESN, T

s

E g
ﬂ‘lJEl’J‘l’lﬂ‘Vl‘ﬁWEl’]ﬂ‘i

’Q‘lmﬂﬂﬂ‘iﬁu UAIINYIA
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Figure 2.9 Approximate taxonomic IEV;'II of utility of various chloroplast, nuclear,
and z}gﬂﬂchﬂnqﬂal genes .mdf’ ]_]NA regions used in phylogenetic
reconstruetion based on angiosperms. Question mark (?) refers to genes
that have been rarely used; dashes (- - - -) designate the approximate
upper or lower limits of applicgiaiii};ﬁ.!{ i.e., the region may work at this
level in some groups). {Mt}&lﬁedjhﬁm Johnson and Soltis, 1995)

Indels (insertions or ﬂe]clions] arf: -Iiia::ly to be present in a martK data
matrix of any taxenomic-breadih.—All-of the indels-in-the families noted are small,
either 3, 6, uF 9 bp. Hence, alignment of matK sequences is easily accomplished by
eyes. Although for any DNA region, the homology of indels may be difficult to
ascertain, a posterior mapping of marK indels onto trees based on nucleotide
substitutions reveals that these indels are-often parsimony-informative, providing
additional support for monaphyletic groups identified by base substitutions (Johnson
and Soltis, 1995).

Well-resolved generic and specific-level phylogenies have been obtained
using marK sequences in many plant families such as Polemoniaceae (Johnson and
Soltis, 1995; Johnson ef al., 1996), Saxifragaceae (Johnson and Soltis, 1995; Johnson
et al., 1996), Orchidaceae (Jarrell and Clegg, 1995), Poaceae (Liang and Hilu, 1996),
Apiales (Plunkett ef al., 1997a, 1997b), Cornaceae (Xiang ef al., 1998), Leguminosae
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(Hu er af., 2000), Zingiberaceae (Zhu er al, 2003), efc. In several angiosperm
families, rbel and marK data have been combined, providing enhanced resolution and
internal support compared to either gene alone (e g., Soltis ef al., 1996, Plunkett et al ,
1997b; Xiang er al.,, 1998, Tamura ef al., 2004),

5.
Polymerase Chw
PCR ion of DNA  Since the
introduction of th e DNA ises in 1988 tﬂ et al., 1998), the use of
PCR in research mical’ laboi a ,_ increased endously, and tens of

ient the success of the
ett and Sterling, 2003).

e discerned. which are

thousands of pu
technique (e.g.,
a typical PCR assay

repeated in a series 0F2°

. 1]-’1: TR
..; o t ~
I. A buffer, usually coritaining g Tris-HCI, KQI, and MgCl,

2. A thermostable DNA=poly adds nucleotides to the 3'-end of a

dCTP,dGTP.ATTP

T PR < § W0 L= 1 1 e B 0 1y
At Irnnosnnares s rrs sl |

N

y
SR SIS

{:nmpl tarity to template scqucn{:es flanking the targeted region. To allow for

q R EA )RV I b o

brmdmg sites are not further apart than approximately 4 kb. However, amplification

5. Template DNA

products of more than 10 kb can be obtained under optimal conditions (Cardle er al ,
2000),
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The principle of the cycling reaction is outlined in Figure 2.8. In the first
step of the first cycle, the original template DNA is made single-stranded by raising
the temperature to about 94°C (denaturing step). In the second step, lowering the
temperature to about 35 to 65°C (depending on primer sequence and experimental

strategy) results in primers annealing ta their target sequences on the template DNA

(annealing step). The primers will preferably hybridize to binding sites that are
identical or highly homol '

mismatches (especially
chosen at which the activi
to 72°C (elongation

ide sequence, although some
: ; third step, a temperature is
is optimal; i.e, usually 65
¢ extends the 3'-ends of the DNA-
primer hybrids tows Be a se this happens at both

primer-annealing agment is completely

replicated (cycle 1) — \ \
econd cyele, the fwo ng double-stranded DNAs are again

In the .
denatured, and both tl trand now act as a template.
Repeating these sults in the exponential
is of the two primer binding
per fragments are also generated, but

in_the final product is negligible

amplification of the ta
sites (short products in Figui
these are only linearl

(Weising er al., 20

ﬂﬂﬂ’)‘l’lﬂﬂ‘ﬁWﬂ’]ﬂ‘ﬁ
Q‘Wﬂﬂ\‘lﬂim UAIINYIAY
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lDeuahuntiun
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Figure 2.10 anclplc of the polymerase chain reaction. A target DNA sequence is

f AL bal 1y I €l

cach consisting of a dcnaturatmn. a primer annealing, and an e[nngaunn

RS AL LN et n

shortest possible fragments are amplified exponentially, and therefore

predominate the final product almost exclusively.
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Primer Design

The selection of primers for given PCR can determine the efticiency and
specificity of the PCR.  Several variables must be taken into consideration when
designing PCR primers.  Ideally, sp
contain 40 to 60% GC, anneal 1o -‘

primers should be 15 to 25 bases long,
uplate at about 55°C, slightly below the

melting temperature (Ty,). : hosen such that there is no

polyG or polyC that can pron " PolyA and polyT stretches

are also to be avoided these will breath and open-up "héh‘-l of the primer template
complex. This can low e efficiency of an Hon. n polypyrimidine (T, C)

if _- . Mareover, a primer should
\\\ fimer-dimer  formation

not contain sequenees Lia f yrmation and_pri
(Weising et al., 2005 : \

ELU,]E in which a portion

‘l-.
ion within the same DNA

! ure 2.9A). When a PCR primer
forms a hairpin, it adverse *.‘E-‘ : ility to bind and extend at the
a base

target site.  In the worst cas pair of the 3'-end and an

overhang of the 5-end (Figu gf _

are allows the extension by DNA

polymerase a ot Il res 11l of @ primer that will not
be com -u o the template and will gl hybridized (Figure
p ,. | .MJ ¥ (Fig
2.9C) (Bartlett a ;
.-’L : C m

ﬂuﬂﬁwﬂﬂjwaﬂﬂﬁ
awwmnim umffmmaa

Figure 2.11 Hairpin structures (Modified from Bartlett and Sterling, 2003)
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A primer-dimer is the hybridization of two primers together (Figure 2.10A).
There are two possibilities for these, homodimers and heterodimers. Homodimers are
formed from the hybridization of the same species of primer together. Heterodimers
are the duplex of two different primer sequences hybridizing together. The result of
either of these is that the primers will not be as efficient in hybridizing to the target.
As with hairpins, the worst case is that mwhich the 3"-end of one of the primers is
base paired and there is a 5' overhang {thurc?]{)B} In this case, the primer will
extend, using the other primer as a template, rendering the extended primer unable to
prime the desire template (Figure 2.10C). Even worse than with hairpins, this
situation leads to amplification of the primer dimers and rapid depletion of usable

primers (Bartlett and Sterling, 2003). IJ.

4 4 17 5-GETTAGCTITGCATG ¥ A
5 TAGETITACTTCGAATCGA -5
L 4

5~ TTGEATGGCTTAGCT -3 B
3- TCGAATCGATAGCTTTACT -5
S TIGCATGGCTTAGETATC —s 3 C
 3-TCGAATCGATAGCTITACT -3
: g f

o il
—
—_—

Figure 2.12 Dimer structures (Redrawn i'rnnﬁBauleu and Sterling, 2003)

It s Well established that the 3" terminal position in PCR primers is essential
for the control of mis-priming. A G or C residue at the 3’ endis ‘GC clamp ', helps to
ensure correct binding at the 3’ end due to the stronger hydrogen bonding of G/C
residue. It also helps'to improve the efficacy of the reaction by minimizing any
breathing that might occur. Al present, various -mm;}uter programs are available that
assist in primer design (e.g., Fast PCR, Primers3, Oligo, and Primo Pro 3.4). These
programs can calculate many parameters as mentionéd above so primer design is so

casily.



6. DNA Sequencing and Sequence Alignment

DNA Sequencing

Two basic strategies of D

The so-called chemical degradation axam and Gilbert (1997) employs
chemicals that cleave behind specific / Jabeled DNA molecule. This
treatment generates [ournesied se | clear roducts, each terminating at
a specific base. Afier separanio) olving, denaturing polyacrylamide gels,

uencing were devised in the mid-1970s.

5'- to 3'-strandsextension @ctivity of a DNA palymeras in the presence of a base-
specific chain te ion is set up to contain
g primer, the DNA

system.  Reactions are

ining, a specific 2'-3'-dideoxynucleotide

aliquoted into four mier llbgﬁ% -
q Jl_}"’: _;lf'

(ddATP, ddTTP, ddCTP, ddGTP) T}

de analogs are properly recognized

by the polymerase and aﬁaﬁ_@ﬂ growing chain.  However, because
ddNTPs lmkh'ﬂﬂmwmw chain is terminated at the

precise position where the ddNTP is added g fatios of dNTPs and

ddNTPs need tul. carefully bala ositior teﬂu

DNA chain are répresented in the set of reaction products. “Labeling is achieved by

ation points along the

incorporating eithef'labeled primers or labeled ddNTPs in the reaction. As in the case

::n;ﬂzt%aﬂﬁ*lllﬁgm% BTG =
RN dNa Rt fedl

engineered form of phage T7 DNA polymerase is routinely used in the standard
protocol, the so-called cycle sequencing variant (Murray, 1989) employs a

thermostable Tag DNA polymerase and a thermal profile to generate single-stranded
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sequence template by asymmetric PCR. Cycle sequencing works equally well with
double-stranded and single-stranded templates, and requires less template DNA than

the standard methodology.

Although based on the san
differ slightly from each other, depending he type and conformation of the
/ stranded DNA), type of label

employed (radioisotopes uarescen abeling reaction (primers vs.

e principle, currently used sequencing protocols

terminators), and the : le vs. thermosensitive)

sequences are written in

columns. l‘!,}b . 0 d

m or 1o pre rtics of the individual
sequence elements, in DNA and RNA sequences, this e:m:
nucleotide its own ﬁlﬁ Sequence ai:gnmeuan be stored in a wide variety of text-

- 0 v R A e 2w g e

of input and output formats, suchias FASTA furm and GenBank anwli‘nrpet

’Q’ﬁ"lﬂﬂﬂimmﬂ’l’mﬂ’lﬂﬂ

es to assigning each
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7. Phylogenetic Analysis

Phylogenetic analysis of DNA sequences has become an important tool for
studying the evolutionary history of organisms. Since the rate of sequence evolution

nt, one can study the evolutionary

varies extensively with gene or D

relationships of virtually all | ification of organisms (e.g. kingdom, phyla,

families, genera, species, and intraspecific’ populations) by using different genes or
DNA segments. . analysis ép ortant for clarifying the
gme as — fying

evolutionary pattern of mulngenc families as understanding the process of

adaptive evolution at the

Theregs
phylogenetic trees fyom
three major groups:

methods (Nei and

7.1 Dists

ethods, evolutionary distances are

jetic tree is constructed by considering
any different methods of

) ed to be useful for
sis 1e. Unweig : mg Arithmetic Averages

(UPGMA), Le ‘ t' Squares (LS) Method, Minimum Evnluﬁ

Neighbor Joining (NJ) I&v;nh«n:u:l (Nei and K 1(](}[]]

A uﬂ.@nﬂmm d ’1 ﬂ p)
q W’l&"ﬁﬁﬁ

“ and the topology that gives the hlghcst maximum likelihood is chusan as the ﬁl’ldi

computed for all pairs ufwﬁ- ylogeneti
the rclatmnsp:a among these distance values.

tree. The parameters to be considered are not the topologies but the branch lengths
for each topology, and the likelihood is maximized to estimate branch lengths (Nei
and Kumar, 2000).
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7.3 Maximum Parsimony Methods

In these maximum parsimony (MP) methods, four or more aligned
nucleotide sequences are considered, and the nucleotide of ancestral taxa are inferred

ology under the assumption that mutational
; / cleotides. The smallest number of
& 1 ﬁ process for the topology is
ﬁﬂ“y correct topologies, and

: tutions 15 chosen to be the best

separately at each site for a given |

nucleotide substitutions

then computed. This

‘of Ockham’s philosophical idea

sis, and only variable sites
g an MP tree topology.
tree, there must be at a

! d at least two times. These
tes contribute to finding MP trees, it
reliable MP trees. However,

ions) 1s high, MP trees

would not Tarn alive Siteés avimiable. For this reason,

the cunmstenc;:;jex s }laad to measure f asy. This index for a
single nucleoti : te is given ¢; = my/s;, where m; is the mmm possible number of

substitutions at thr:dsilﬂur any cnnccivabl:ﬁulngy and s; is the minimum number

zz;ﬂ:fiz:rfzmﬁﬁﬁw 12V

the rete ntion index is used for qu@uy The retcmﬁmdcx is given by Y (gi- s}/

WAL TN ELTAEL.

1he number of substitutions required for a star topology when the most frequent

nucleotide is placed at the central node. The retention index becomes 0 when the site
is least informative for MP tree construction, that is, g; = s, The ¢, and r; are

considered for one site. In practice, these values are computed for all informative



31

sites, and the ensemble or overall consistency index (Cl) and overall retention index
(RI) for all sites are considered. These indices are defined as Cf = L, Lis;and R =
(Lig - 2is) (Zig - Limy), where i refers to the single nucleotide site. These indices are
often used as measure of accuracy of the topology obtained When there are no
backward and no parallel substitutions

is uniquely determined.

=1 and Rl = 1. In this case, the topology

One of the effectiy ility of an MP tree is to use

the bootstrap test. in-this test, tk t[lt}" ( an ::7 ree is examined. A set of

\"C‘\”“’ﬁ-. |

any. imes (over 100 times),

nucleotide sites isr e original set, and this

random set that hass ~of the original set used
for constructing a @
and the reliability of the inj vee is evaluated by the percentage of times in which
each branching pattern/is fou all the repli }" otstrap trees (Nei and
Kumar, 2000).

ﬂ‘lJEl’J"r’lEWI‘ﬁWEI’]ﬂ‘ﬁ
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CHAPTER 111

SEQUENCE ANALYSIS OF matKk GENE OF
PUERARIA CANDOLLEI AND BUTEA SUPERBA

i,

.—J

1. Materials

Plant materials
All of the collected
samples of Red |
plant materials are 3

5 or plantations in Thailand.

wao Khruea and four
Table 1. Locations of
s have been deposited in

the Museum of Natupa dicines, ¢ Faculty of  Pharmaceutical Sciences,

Chulalongkorn
in Appendix A. The'mc
are shown in Tab

The White

voucher specimens T

1mcr15 were observed and

no. 09-297 (BKF no. 09188: ), the e:_ Ky ea specimens were identified and
compared with the voucher specimens R : 'no. 796 (BKF no. 101288) stored in
the herbarium-of the Office of Forest and P! ion Research National Park,

Wildhfc and .._rl:i':i-um-m_lini CRarinen it Thatand =

* X

!B g
ﬂ‘lJEl’J‘l’lﬂ‘Vl‘ﬁWﬂ’]ﬂ‘i

’Q‘Wﬂﬂ\‘iﬂﬁm UAIINYIA

1 specimens are shown

tified and compared with the
41022) and J. F. Maxwell,



Table 1 Plant specimens used in this study and their accession numbers of markl gene sequences

33

Plant names Species Code no. Laocality of voucher pate Pf Voucher no. Habitus Gen !h"k
_ collection ACCESSION no.
White Kwao Khruea Pueraria candollei W01l “Nonthaburi 2005.5.9 THOS0505 cultivated EU106108
= Graham ex Benth. var. — : Tty 5 = I
PP o il iy stawe T v_BAanghﬂ: | 2005.9.9 WY090905  cultivated EU106106
Suvatabandhu) W03 ‘Banghok ] 2005.9.29 WY290905 cultivated EU106106
Nepamiham wos  _Kadeigdabari L4 | 2005 1228 SS281205  cultivated  EUI06108
or W07 Kagthanaburi | 2005 12.28 WY281205 wild EU106109
P. candollei Grahamex g, o Nkidon Pailiom), | 200611 27 WY270106 Itivated 1106
Benth. var. candollei : . = 4\\ = Cultivate EU106110
W20 fKhon Kaen 7' / 2006.2.15 TH150206 cultivated EU106107
w21 Kanchamaburi — =0, 2005.9.29 CC290905 wild EU106106
w22 Chiang¥ai— . 2007421 WY210407  cultivated EU106108
W23 Prachuap Khiri Khan 2007 4 21 WY210407  cultivated EU106108
Red Kwao Khruea Butea superba Roxb. Ros . Kanchanaburi 111'!6.323 TH230306 wild EUlO6111
(AITHATBIEAY) RO9 Chachoengsao 20061 3 TH130206 wild EUL06111
RI12 Bangkok 2006.7.5 THO50706 cultivated EUI06111
RIS Kalasin 2007841 BRO108BO7 cultivated EUl06111

£E


chula
Typewritten Text
33


Table 2 Morphological characteristics of plant specimens used m this study

34

Plant names Species Code no. Slape Tmmi?‘i_l‘aﬂet A hairs T No hairs Seeds
White Kwao Khruea Pueraria candollei Wol elliptic obtuse acuminate nd nd nd
(AIIATBNTI) E;i]-l;[: F: iﬂg:ﬂ:; woz cliiptic obtuse acuminate nd nd nd
Suvatabandhu) W03 ellipiic |  obtuse acuminate nd nd nd
Niyomdham WOS Eliiptic © * * obtuse acuminate nd nd nd
W7 glliptic, | _acute acuminate nd nd nd
i Wle elliptic ﬁbmsc acuminate nd nd nd

W20 ftiﬁjﬁc | ";:};E.:tuse acuminate nd v striation

et v camdots W2 | tidte sl acuminate o nd

W22 elliptic “obtuse acuminate v nd plain

W23 elliptic " ol acuminate v nd plain
Red Kwao Khreea Butea superba Roxb. ROR nd nd Y nd nd nd nd
(NIATBIAL) RO9 nd nd nd nd nd nd
R12 rhombic gbtuse cuspidate nd nd nd
RIS rhombic obtuse cuspidate nd nd nd

nd means no data

43
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Figure 3.1 Locations for collecting plant specimens of White Kwao Khruea and Red

QAR TN A

Represents Red Kwao Khruea
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2. Methods

Total DNA Extraction

Fresh or dried leaves of eack le were ground under liquid nitrogen to a

NA was extracted using a DNeasy”

Plant Mini Kit (QIAGEN, Germany), ' 1gothe ufacturer’s protacol.  Then
the 50 pl of DNA ' ion was puri dﬂ* Il Kit (QBiogene Inc,
US.A). Total genonug _was per ed on 0.8 % agarose gel electrophoresis

stained by ethidium bromidc.and visualized under UV light to determine quality and
quantity. A NA- st (New England BioLabs Inc., US.A) was
used as standardmolecular size | The extracted DNA was kept at -20°C for further

from (NCBI  GenBank)
(h : cludis e sequences of rnK-marK regions of
Nicotiana tabacum {L.},@; er 200044), Arabidopsis thaliana (L.)

Heynh. [acgﬁ

on - nur i fantana (Lour) Merr
(accession ni ﬁ"

(accession nunﬁ 00 ession-number NC000932) and
Pueraria montas I (accession number AY582972) were compared, then other species
were aligned and mg conserved rcgit)wvere selected. The designed primers

e ...

the primers are shown in Figure 32 The lm:atiﬁ of amplification Wers and

EIRSAIRIAAINNAY
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Table 3 PCR amplification primers and sequencing primers of marK gene used in

this study
Primer name imer sequence (5' to 3') Direction
Pue-FO00 G ACT TGT forward
Pue-F03 e ATC TG forward
Pue-F04 forward

Pue-R02 : CTT reverse
Pue-R05 'i,-yf" A\TG GGA TGA | reverse
matK-BMP-F-20 r;ﬂﬁ‘l’n CA TAT CGC ACT | forward
matK-BMP-R-2 F"_..-g,ﬂr Eg ‘"k‘s..."' reverse

mﬂliﬂ*—l‘-lﬂ
Pﬂm
I-:.. —

Pnarr

mark-BMP-R-21

Ve X

Figure 3.2 Relﬂe positions of the PCR amplification primers and sequencing

fl ﬁ@ﬁﬁd«%m’m T
AN TUUNINGIAE



| ttacacattt ctatgaagea ateggttogh ccataccatt ggtagagett
61 gaclgatcca gaaaqgaatg aalggaaaaa gtagoatglte gtatcgatga
121 aaatatttea ttottatagg atcoggocaa aattittgit Lgtgaattet
181 caaaaaasatt cagttgggtt gaattaataa agggatagag cttggtagot
241 tagggasaca asaaageaacyg agettteatt tattttttat ttgaatgatt
301 attgtacgtt aaaaagaggt taqtgettga tatgggaaas qgottttetgq
i6]l atttattttt grttatgagtc ¥ aaetatttte cattatettt
421 ataaatgtat aaaagaaaga WS ag@agatattl tttccaaaat
481 attaggttga aaaadd -t tg ttatcotaga
541 gatggaaaaa qogalCEgE . acttgttttco
801 tatatacatc lactargtat
661 tccaacgaaf Etaatret
721 Wtatcgagoa SHCeEat
781 ®ttteggagaa ccatttttg
B41 laaagttataag st tacto
901 mcagactcat aatccttrta
961 caatcatttt Jgat catag

L adaat
aactgatal

lﬂ.'Elit{c::r‘ta-: ;
1081ttt tagcgatca
[}

LSRR T T T

tgeetthtt
HA FLhrtintt
Fatgaat
tiPcgegttt
ctgttaagq
gatatcaag
1'aaarantatt
1 atccagataa

[]
114t gagtcagaly
120 nnnnnnnn
12b6litaat tagaat
IEZIhccaaqattr
13Blttttctacgt
IQ41ﬁatLttltLN
1501taccttatea
156ltctggtttea
lﬁ?Lﬂtqqcaatdt

i Pue-F04
IEEILLEQCstCﬂ tLtLBLrLt
lelpcqaathaq atgttaca
IBDIHaTaqtt- a at

nri
El

) _FE h
= 48T O
aagaafil -t c
cat g .

ogactoaatc
gttatgaaaa
qraagattiit

,L-P. e L CER] L BRI L’l.iii L Lﬂh:l_u“-:_l:r_-l:—..u L = - d r—'a
AT a8

t L \-ials
g,, & " # e

qfFgaattat
Lt
-

L]
lBEIqutca
lqzlqttttt-
1981¢trﬂraf
?ﬂdldeddqtaL-l
?lﬂletLdLaqa
216lpaggttata®
2220rcattrataayt aaaataq gffatgatac titragtaaatc
2281

aatlrttnn a aﬁdan aaaaaaaaaauamattrr

AL

240lac ﬁltaq agtotttior Lagggadagta dITvaquTF
?dﬁtccqtqtqcar tgaaaaatgo au'ra4qqrr rqqgga

A1) LB

s [ :
Eduuﬂdth
gaggtogga trtggrattt

toca
ggatattntt

aatgtaaatt
tttagtatic

3

agatgtatgc
Ettbttottg

2341
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ification primers and sequencing primers on (rnk-
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gltadaaccal
agaattctas
tagetoyggaa
Coadattatda
Ccoccateta
tgaatggatt
tggggtagea
Caadagageq
acadaaatta

tagdtatata

catttgataa

acwﬁaﬁtrrf.
taqudaatqt:
gaatqtatca:
ggagttataal
aaattotatt!
cttataataa)
atttaaatca,

nnnnnnnnnni
attactat r:~:
caaaaagtas!
41tdrrrtl+J'1:
tttttgaacy,
stquchni
Qaaaatcaaly
ttaLctattH
accaattocho

tttcagtggt
agottgatac
gtaatgtatl

ttattgaccg
adaaddadad
crogtaagca;
rggaagatht)
tractttaca;
atttcatcaas
Hataaatngn
ftatatctata

tgaatatttg
~BMP-R-21
ataqggaaag

A 2]

matkK region based on Pueraria montana (Lour.) Merr. retrieved from
GenBank (accession number AY582972). The red nucleotides in dash

box represents marK gene.



19

PCR Amplification of marK Region

PCR amplification of matK region was performed using 50 ng to 100 ng of
total DNA as a template in 50 pl of reaction mixture consisting of 10 mM Tris-HCL
(pH 9.0 at 25°C), 50 mM KCl, 0.1% Tl (-100, 1.5 mM MgCl; (Promega, U.S A),
0.2 mM of each dNTPs, 1.5 U Tag DN# erase (Promega, U.S A), and 0.25 mM
of each primer. Two pairs of amplific: a;- used to amplify marK gene
region of Pueraria spp. ind B 1l 0 and Pue-R02 for Pueraria

spp.; matK-BMP-F-20

- Thermocycler, Eppendorf
Mastercycler P JS'A). The PCR cycling

program started - § minutes to ensure the

j epared | se to-30 ml of 1XTAE buffer
(0.04M Tris-acetate, and | mM EDTA pH 8 0). Agamse as solubilized by heating
in a microwave oven ﬂthen allowed to th} 60"C before pouring gel into plastic

= Mﬂﬁ a0 00 P

electmp oresis apparatus filled with IXTAE b“ﬁc.h. Added | pl of ch Acid

IR SR L

Elcctruphurcsed at 90 volts. The gel was stained with ethidium bromide solution for
15 minutes and destained in deionized water for 5 minutes. DNA was visualized

under UV light and photographed using Quantity One 1-D Analysis software, Gel
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Doc™ XR System PC/Mac (Bio-Rad Laboratories, US A)). A 1 kb plus DNA ladder

(Invitrogen Corp., U. S. A)) was used as standard molecular size.

PCR Product Purification

Nucleotide Sequw ing

Nuclen/ :

BioService Unit. J, Mational i e
(BIOTEC), National : and Technology Development Agency (NSTDA),
Thailand. Prime ‘ ie forward direction we

- analyzed using the

The nucleotide
sequence data atK region th . EMBL, GenBank
nucleotide sequge database with the accession numbers shawn in Table 1. Multiple
sequence alignments Jere evaluated witWe freeware program CLUSTAL X

gm_ﬂ PR aban g ) ha Vg e o

Inc., U -A.). Parsimony analysis was performed us& the Heuristic seabnwthud

BN TIVIT IR O

AFMT?UID] belonging to the same family was used as outgroup. Bootstrap (1000

replications) analysis was performed to estimate the confidence of topology of the

consensus tree.
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3. Results

Total DNA and PCR Products

Total genomic DNA was _. 3 -r from leaves of each specimen by using the
DNeasy” Plant Mini Kit (QIAG ] ~and then DNA in solution was
purified by Geneclean® 11 Kit (G 'ﬁf 117/ } %A ) Genomic DNA was examined
on 0.8% agarose gel ele ol . The size 0 otal DNA m each specimen

was varied as shown in the Figure 3. . The purified ;‘ as stored at —20°C until
used. h

Using emplates, ete marK gene were
amplified by PCR ) R02 for Pueraria spp..
marK-BMP-F-20 ar \
The resulting of botl et 1 (Figure 3.5).

ﬂ'lJEl’JﬂEWI‘ﬁWEI’]ﬂ‘i
ammmmummmaﬂ



M 1 2 3 5567 8 9101112 1314

Figure 3.4 Agargsé gel €lectrophoretogram of total DNA from White Kwao Khruea

and Red Kwao Khruea

lkane M: Lambda DNA-Hind 1l Digest (The sizes are 564, 2027,
2322456156557, 9416.and 23130 bp. respectively.)

lane |; White Kwao Khruea (W01, Nonthaburi)

Lane@: White kwaa Khruea (W02, Bangkok)

Lane 3: White Kowao Khruea (W03, Bangkok)

Lane 4: White kwao Khruea (W03, Kanchanaburi)

Lane 5; White Kwao Khruea (W07, Kanchanaburi)

Lane 6: White Kwao Khruea (W16, Naklion Pathom)

bane 7 White Kwao Khruea (W20, Khon Kaen)

lsane &: White Kwao Khruea (W21. Kanchanaburi)

Lane 9: White Kwao Khruea (W22, Chiang Mai)

Lane*] (: White Kwao Khruea (W23, Prachuap Kiri Khan)

Lane 11: Red Kwao Khitiea (RO8, Kanchanabur)

Lane |12 Red-K wao'Khruea (RO9:Chachoengsao)

Lane 13: Red Kwao Khruea (R12. Bangkok)

Laneda; Red Kwad Khried TRIS: Kalasind
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M 1 234 567 891011121314

el M ke B

Figure 3.5 Agaosc gel clectrophoseiogram of PCR products of complete marK gene
Lane M& Kb plus DNA Ladder. (The sizes are 100. 200, 300. 400.
500, 650,850, 1000, 1650, 2000, 3000, 4000, 5000. 6000,
7000, 8000, 9000, 10000, 11000 and 12000 bp. respectively.)
Lane T-10: 5 WhiteeKawao -Khrweas( WO 1. W02, W03, W05, WO07. Wl6.
W20 W21 W22 and W23, respectively), using primers,
Pue-FOU and Pue-RO2.
Lanel 1-14: Red Kwao Khruea (ROS. R0O9, R12 and R135. respectively).
Using primers, i h-BMP-1-20 aad marK-BMP-R-21.
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The marK Gene Sequence

The complete matK gene of P. candollei (White Kwao Khruea) was found to
be 1,521 bp in length whereas that in B. superba (Red Kwao Khruea) was found to be
1,527 bp in length due to a 6-bp indels
Kwao Khruea showed seq N ariation intrg pecies. Five sites of nucleotide
. - Kwau Khruea. A total of 83
i th Kwao Khruea (Table 4).

samples of White Kwao

e nucleotide positions 627-632. White

substitutions were dete
sites of substitutions 1 -
The multiple sequence alignm
Khruea and Red Kwag Wlustrated i Appendix C. At the nucleotide
position 1393, e Kaao Khriea were separated into two groups. The thymine
substitutions were found” at Al positior f first group which are White Kwao

24! | Bangkok), W21 (from
Kanchanaburi), and W20 (from Khon Kaen) W N_\‘ ine substitutions were

\ \; ite Kwao Khruea code

V07 (from Kanchanaburi),

Khruea code no.

found at the same positi
no. WOI (from Nonthal ‘
W16 (from Nakhon' Pathom), W from Chiang Mai), and W23 (from Prachuap
Khiri Khan). L

The nucleotide sequerices of ;" ne of White Kwao Khruea and Red
Kwao Khruea have been d -g* d dBL/GenBank database under the

9, EU106110, and
-

accession n #,

EU106111 (see AP Y]

H g
ﬂﬂﬂ’)‘l’lﬂ‘ﬂ‘ﬁﬂﬂ?ﬂ‘ﬁ

Q‘W']ﬂ\'iﬂimmﬂ’l’}ﬂ&l’lﬂil
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Table 4 Comparison of marK gene sequences among ten specimens of White Kwao Khruea and four specimens of Red Kwao Khruea

-

Vil
4

=
o~
T

S
i
551
50
UL |
2
6l
02
oM
6l]
i
6l
0

-

[
17
20
2
2
a
b
1
a1
il
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i

Plazt mames  Code no. Locality of veucher

791

e
&
]
=
S
]
!
L
4]
(78 B
=

White Kwao Elroes W02  Banghok GC ACCAATC MgA C G AGTCGACT ——— - -—-CGGACCTC G
YT (. wod Bangkok L L e I e L A A R R L R R R e R T T T T T R -
Wil  Kanchansbus I T T T o R e PR
W  Khon Kscn T T T R T S P P
Witl  Sonthabun @ 8 s e e e s ow o s s el e e sl s R e FTELE s« e e e e e L eewoeow o # @ m
WS Kaackanaban L L e L A = L R T e L T - T T T T
W22 Chiang Mai ----..--...-..p‘-so..“]..-.r-.-----.-___u“___...r...
W22 PrchospKhinKham * ® = & @ » = & & » + & «+ 40 e 5% 2008 8 e Wb o« 0 o 0 @« @« _ 4 om owom ok oa w
W07  Kaschinabar --.-...........n-g..g-.i.;J'............__.,'._________.......
WEe  Nekbon Pathom ----..--.__,'--_-qz.-'-r-r‘-"-----.--u--q.--.-__“_______--.r-..
Red Kwao Khrees RU8  Kaachamabar AT 11-;rr_s.*T--e_._i-'Trr.ar-t}r.'ﬁ*rIr*.a-‘ix-.--iusiT-*-‘I‘.[.-!.a_s.a.T
P RO9  Clackocnesan TCTTGCT A TG JITE AC* T ACTRTEH A CTAG*"  GGTTCCTTT AGAAMT
K12  Bangkok ATCTTGCT A TG G Prees ‘:'":-E*'.iiz“.[ B ACTAG*" GGTTCCTTTAGAATOCT
R1S _ Kalasin AT CTTGCT A TGOTNT A <a il TORT™ ACT 46 GGTTCCTITIAGAATCT
:E‘.-'_5';:?-:3:.':E::_Ef.:fff.“_"::ﬁﬂﬁ.ﬁ-;a;;aﬁezzz
Plagi pames  Code no. Locality of vouchery = & & & = o 2 EEEE::::Z-gftﬂﬁ.EZZZZEEL:’_:
White Kwae Bhuea W02 Baagkok CGGTCCACCGAAAAFCHRL D WIRNSG CTTGGC G T
e wod Banskok - o @ ® @& = = = = ® & ® & ® @ ® & = & * 8 B @ R
".'.:ﬁ h’..l.‘h.h-'ln‘j'FEI - - L] - - - - " - [ N e e e e e e e e e s e e e e s - - - - -
W Khon Esen L T e T e L T T T T
Wil Noothaber R ) L L L R R
W05 Kamchasaburi . T T R L
W12 Chiame Mai R BRI i — TR R T R R S

! Prach EkiciEhan ® * = = = » & o Qfjle Jaj ajmg o » R el B De of oA PR (BB B o e e e

“.I_.l- h—..i.l.-\.'l |]'I£|'I - - - - - - - - - - - - - - - - - - - - - - - - .; - - - - - -

wWis “akhoa Patbom L I R - W W - W ow & @ " - @ . " = W w g % @ e & aay =

Rod Kwao Khruea  F08  Raschusaban TATG X4 538 Gl (HTP] T4 RRIRETIT A YERIT T AlY
R e R09  Chachoengsan T AT G a A F 3 GIa¥I G 3 Ay WaNcFiGE cic ' F 61 1 %N
R12 Bazekek TATGAANGAGAGGT GG AANAACGCC AT GATTOGATC

RIF  Kalaan T AT 4G A AGAGAGGT GG A A A ALCGECCATGAT TG ACL

The numbers above sequence are aligned nocleotide positions.  Astensks (*) mdicate the identical nucleotides with those of White Kwao Khruea (W02 ) in the first line
Dashes () denote alignment gaps

sv
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Phylogenetic Analysis

The phylogenetic tree was constructed on the basis of complete marK gene
sequences of 14 specimens of White Kwao Khruea and Red Kwao Khruea
arsimonious trees fully resolved tree with a
000.and a retention index (R1) of 1.000.
As shown in Figure 3.6, stri ded the White Kwao Khruea into
two clades (clade | and elade 11). The four speeimens of Red Kwao Khruea were in
the same clade (clade lllj.and separa m vao Khruea with a high

' ade 1) ‘which are WO (from

bootstrap value (100%j)¢" White Kwao Khrue
Nonthaburi), W05 | / aburi), ! u\» anaburi), W16 (from

| K / ] W\ ;
Nakhon Patho 2 (from Chiang Mai), and W23 (from Prachuap Khiri Khan)

Parsimony analysis showed that si

length of 1,444, a consistency. in

was separated fro,

! ca W02 (from Bangkok),
W03 (from Bangkok) M2 I (from Kanchanaburi), and W Khon Kaen) with a

bootstrap value of 64%.

ﬂ‘lJEl’J"r’lEWI‘ﬁWEI’]ﬂ‘ﬁ
’Q‘W']Mﬂ‘if“ﬂﬁﬂﬂ&ﬂﬁﬂ



A1 bipesoe (AF142700)
- - White Kwao E]ll'l W03 Banghok
| hite Kwao Khruea W21 Kanchanaburi

///flm\ Kwao Khruca W20 Khion Kaen

' hite Kowao Khruea W7 Kanchanabun
|

188
-

— White Kwao Khruea W16 Nakhon Pathom
Vhite Kwao Khruea W0l Nonthabueri

/&% PN
m ﬂ\\“\ | rite Kwao Khraea W03 Kanchanaburi
KF J“‘ hite Kwao I ea W22 Chiang Mai
L .rf«}f"' it ‘

] hite Kwao Iiimiu W23 Prachuap
Red Kwao Elrum ROB Kanchanaburi

I
d Kwan Elrnca RO% Chachoengsan
p—-ay
Hed Kwao ea R12 Bangkok

}r Emjlamﬂm
Fw.ﬁmmmﬁw@%m BN

The six most parsimonious tree constructed on the basis of maximum parsimonious analysis.
Tree length=1.444, C1=1.000, RI=1.006. Numbers ofthe lines indicatesbootstrap values with
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4. Discussion

The present study was designed to determine the identification markers of
White Kwao Khruea and Red Kwao Khruea and to clarify their phylogenetic

relationships.  Complete marK gene sequences of 10 specimens of White Kwao

3 evious research (Srijugawan
ic_variation among White Kwao

Khon Kaen) i clade | ¢
of W22 (from Chiang
hairs (P. candollei var. m@gf}fa.-‘l‘hé-_' it
gene revcaled"_'gal key nucleotide differentiatir
candollei va}i_' nirifica existec

be used for ides WO v

study dose not cr&ough-data of the charactenstic of %it&wan Khruea pods. It

candoflel from P

ding, this position could

ollei— However, the present

is recommended that Mher studies, inciudﬁn& larger sample sizes and investigating

~FIELNEN TN o

and we separated from White Kﬁao Khruea. THCETL‘ 83 different nuc@:dc sites

ARIANITIAE AV TINE WD ™

In this study, the phylogenetic tree was constructed on the basis of complete
matk gene sequences of 10 specimens of White Kwao Khruea and 4 specimens of
Red Kwao Khruea Furthermore, 83 sites nucleotides substitution can be used as

identification markers of White Kwao Khruea and Red Kwao Khruea



CHAPTER IV

POLYMERASE CHAIN REACTION-RESTRICTION
FRAGMENT LENGTH POLYMORPHISM (PCR-RFLP) OF

‘- W22) and Red Kwao

\

investigated.  All o 1 "‘n are listed in Table
1 in Chapter 111. S¢ _ le Kwao Khruea and Red Kwao
Khruea were purchasg ] ; 1 Jocal r . G s‘= ! in the form of dried ground
plant material enclosed in st "" 'jr erbal medicines (Table 4). Both
herbarium specimens and commereial produc ¢ been deposited in the Museum of

Natural Medicines, Faculty of Pharmaceuti
s T A
Thailand.  The pict

& <4 hown in appendix A, and the
pictures of comm |

AUEINENINEYINS
ARIANTUNRINYINY

berous roots of White

code no. R12) were also

Sciences, Chulalongkorn University,



Table 5 Commercial products used in this study and their botans€alOrigins

50

Herbal drug names Botanical origin Code no. Market Date ?f
collection
White Kwao Khruea capsules Pucrafitl caffiollel
p _ ;. o -
(pmalgannnaien) GT_E]_’lam H?mﬂl var WP1 Tha Phra Chan, Bangkok 2006.10.17
. mirifica ( Aify Shaw/er /
Suvatabandhi) :
Nivonidham, - WP2 Tha Chang, Bangkok 2006.102.17
o h 4
P. candollgi Grahamyex WP Tha Maharat, Bangkok 2006.10.17
Benth. var. gandofler —
Red Kwao Khrueea capsules - ‘ -
= Butea superbaBOXD, RPL - Tha Phra Chan, Bangkok  2006.10.17
(rwadyaniuATena)
RP2 Tha Chang, Bangkok 2006.10.17
RP3 Tha Maharat, Bangkok 2006.10.17
RP4 Sai Yok Noi, Kanchanaburi  2005.12 28

0%
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Figure 4.1 Comimercial products of White Kwao Khruea and Red Kwao Khruea
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2. Methods

Total DNA Extraction

Fresh leaves, silica gel dn ves, or tuberous roots of samples were

ground under liquid nitrogen te using a mortar and pestle. Fifty

milligrams of plant tissue or 100 mg ! 1 al from the capsule were used for

total DNA extracti | Kit (QIAGEN, Germany),

following the manufacturer's-prot

bromide and visualized
da DNA-Hind 111 Digest

on 0.8 % aga L
under UV light te dete

Two pairs of prime igned based on eur nucleotide sequence of the
wao Khruea (accession number

L106110, and EUI06111). The

EU106106, EU106107, E.UM
primers werqﬁthﬁﬁdh?ﬂpﬁtﬂﬂﬂ"

€ relative positions of

the primers are bj:ﬁ'hiﬁ igure 4.2. Th plifieation primers on partial
I : - :
matK region baseéd on our sequence of Burea superba b (accession number

EU106111) arcshcgn Figure 4.3

T,.h.ﬂ umm ‘Pl‘ii ?H 2T ﬁm -

960R GAT CGT TCC TGG TTG AGA CC TEVErse
1179F GGT TTG GGC CAA TTIT ATC TG forward
1489R CCA AAT ACC AAA TCC GAC CT TEVErse




Figure 4.2 Reiatwe"_}__ tions.of the P. .' am ation primers used in PCR-RFLP

method. Arrows

1 atggaggaal e T U GA SRt . “*1{‘ Mg cCaccagqga catcttatac
61 cogetttttt  LlFGad tratag: ofcghtt e tagate catttttgta
121 gaaaaaaatbgils ey BT . e LR T O P -L" ghasaacyg titaattact

‘ "l adoda aaatocotttt
R qqfrffqt Lgtegbegta
patttaga aatcaotaaaa
Lcgaaga Laaatttata

181 cgaatgtal
241 tgoggttata
101 gagattctat
i6]l tcttataata

461F
421 éﬁtttaaatc =& C 1 : cocatctgga aatCttqqtr
481 daaatcctitc gaca qat i L 1 ! - @ttbattaag attgobtoht
h41l tattactatt gtaaj -‘ tagre ad@ea aargoartttoc tactbtotttd
601 tcaaaaagga atcdaagdph L@t ataatttata tgtacgggaa
661 tatgaatcta totttottUwEsEs cotctoc agttactatt aaasatattbtt

121 cgegttrrnte ttqaq::g j | gatag aacatattgt agaagtattt
781 actaaggatt ctalet ctiatogth Lo ctttcatcca ttatgttaga
Bd1 tatcaa ‘ t@ataaa taaatggaaa
s —-;-_‘ 960R
901 tactatty #’ aacc aggaacgato
961 catagad &1 - 'ttt aagtattcagn
l0Zlctaaatcet agt o totaat asaaattgth
IHBIatqaaaaagthata'e ] ertotga tMEEttcatt ggotazagod
- 1179F

114laaattttgta atgtgttggg tcatcccatt agtaaqecgg tttgggocaa tttatctlgd'
1201tttgatatta tRqamgaatt tttacgaatafficagaaatt tttotecatta ttacaatgga

1261 e ttqtatadaa

CAUEINENAINEIAT S

1151" t a ttttecaaga
1489R

144]3L ctttta ctttgeagag ql mmr‘! gqth tEtt gotatttgga tuur'r’r-

WA ASHNNNINY1a Y

Flgure 4.3 Locations of PCR amplification primers on matK gene of Butea superba

Roxb. (accession number EUT06111)



54

PCR-RFLP Analysis

PCR amplification of partial marK region was performed using 50 ng to 100
ng of total DNA as a template in 50 ul of reaction mixture consisting of 10 mM Tris-
HCL (pH 9.0 at 25°C), 50 mM KCl, O riton X-100, 1.5 mM MgCl; (Promega,

TPs, Ta ' DNA Polymerase (Promega, U.S.A), and

0.25 mM of each pri N bl primers were used to amplify
partial matkK gene rcghamp ‘3 mdé’ products as follows:
— e —

1) 461F forward p.ri,

1179F forward primer and

_ : I | cycler, Eppendorf
Mastercycler P  { f North America Inc,, US.A ) The PCR cycling

extension step 4 minutes. then held at 4°C. In the case of commercial

products of Red

product was used as a R amplification then the second PCR
product was used as a tcn'ipigé‘ﬁﬁhﬁ h amplification.

were 3 ed u ing primers 461F and 960R, were
digested w:tblzﬁ units of restriction enz I ddel | $pIn€.. U.S.A) at 37°C for

I using primers 1179F
and 1489R, were-digested with 2. nzyme; EcoRl (BioLabs, Inc .
U.S.A.) at 37°C-for 4 hrs.
The PCR product and the resulting restriction digests were detected by a

P 10 A 1 o WA P

System PC/Mac (Bio-Rad Laboratories, USA ). The size of ﬁ'a ts was

9 ISR TN TINGN S
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3. Results

Total DNA

The total DNA isolated from leaves of White Kwao Khruea (code no. W03
and W22) and Red Kwao Khruea (code no. R0Sand R09) were obtained (Figure 3.4
in Chapter I11). and those from tuberous rodis 0FWhite Kwao Khruea (code no. W21 ).

Red Kwao Khruea (codeno. R12). and drug samplés (WP1. WP2. WP3. RP1. RP2.

RP3. and RP4) were obtained (Figure 4.4).

N/ B\t 5o Dwde 8 9

364

Figure 4.4 Agarose gel electrophoretogram of total DNA {rém tuberous roots and
drug samples of White Kwao Khruea and Red Kwao Khruca
lanc M: Lambda DNA-Hind 111 Digest (The sizcs are 564, 2027, 2322,
4361, 6557. 9416. and 23130 bp, respectively.)
Lane’l:__ Tuberous root of White Kwao Khruea (W21, Kanchanaburi)
Lane 26 "Wihife Kwao Khruea capsules (W PT)
Lané 3: UWhite Kwiao Khruea capsules«WP2)
Lane 4:  White Kwao Khruea capsules (WP3)
LdnesS™, Tibefbus fodl of Red KWao Rhrlied) R 2 Bangkok )
Lane6: | Red Kwao Khruea capsules (RP 1)
Lane 7: Red Kwao Khruea capsules (RP2)
Lane 8: Red Kwao Khruea capsules (RP3)

Lane 9: Red Kwao Khruea capsules (RP4)
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Identification of White Kwao Khruea and Red Kwao Khruea by PCR-RFLP
Analysis

Ddel Digest

The PCR products of both Kwao Khruea amplified with a pair of primers,

"'-. 1'.
461F and 960R were %___‘ ""”,, [he restriction enzyme Ddel, which

S

recognizes the sequence ol 'to give diagnostic fragments

among the two species,_The e K gen § te Kwao Khruea had a Ddel restriction
site at the nucleotide position698-702 (Figure csulting restriction digest
showed two fragmentsgof 235 and 264 bp ( \a"“s while in the Red Kwao
Khruea, they haditwo Ddel restuiction Sites BN e NG o5 tion 698-702 and
782-786 (Figure 4 5A). The gesdling sesiriction digest showed three fragments of 84,
178 and 238 bp.if electropliors ; \

Y
J

AU INENTNGINS
ARIAIN TN INAE



(A)
White Kwao Khrue: Didel
- .1“_‘1‘1 —';.1.:?“:—--—--*—————— WIhp = = = = = >
CICAG=—TTAAC ;T
T h0R
Red Kwao Khruea Ddel Ddel
=== 2Ehp = = = = R4 hp - == |TE hp = = =
CTOALG=—( [.J\s\{iT
hi 60K
White kwao Khruea Red Kwao Khruea
{li] ‘;" _,KA\‘__ _‘\L f’_ _'_,/J\-.___ — __.\I

M 1 2 IS5 R S0 L] 12 MUTSSTHESES 6 [75F=10 20 2] 2223 24 25 26
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—
L
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-
[,
-
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Figure 4.5 PCR-RFLP analysis of White Kwao Khruea and Red Kwao Khruea using
the restrictionenzyme Ddel on partial matls gene

(A) Ddel restriction sites wy White Kwao Khruga and Red Kwao Khruea. Red
nucleotide indicates the defined marker nucleatide. at position 782,
(B) Agarose gel electrophoreéfrogram of PCR product gencrated by primers 461 F and
060R (odd-numbered lanes). and then digculcd with Ddel feven-ntunbered lanes):

lane M: 1 Kb plus DNA Ladder

lane 1. 2: leaves of White Kwao Khruea (W03, Bangkok)

lame 3, 4 leaves of White Kwao Khruea (W22, Chiang®dai)

lane 56: tuberous root of White Kwao Khruea (W21, Kanchanaburi)

lawe Ty Speammereialpraduet £V P

lane 9 10 gommercial product {WE2)

lane 11, 12; commercial product (WP3)

fane 13, 14; leaves of Réd Kwao Khruea (ROBskhanchanaburi)

lape | 5,:06; Teaved ol Red Kivao Khraed (RO9, Chachioéngsua)

lang 17, 18: wiberous pdol of Réd Kwiao Khrued (R12. Bangkok )

lane 19, 20: commercial product (RP1)

lane 21, 22: commercial product (RP2)

lane 23, 24: commercial product (RP3)

lane 25, 26 commercial product (RP4)
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EcoRl Digest

The PCR products of both Kwao Khruea amplified with a pair of primers,
1179F and 1489R were 311 bp in length. The restriction enzyme EcoRI, which

recognizes the sequence of 5-GAATTC-3" was found to give diagnostic fragments

among the two species. The matK § < | ! , Kwao Khruea had a EcoRI restriction
site at the nucleotide posit 1393 .fj&_—i i€ 4 6A) The resulting restriction
digest showed two fragments of 96 and 215 bp-(Figure 4 6B), whereas that of White

Kwao Khruea showed agment of 311 bp (Figure 4.6B) because they do not
have the EcoRI rest ] )

AU INENTNGINS
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(A)
White Kwao Khruea

L R e R | D iy ", — " e
b GATTTC t

i FTIT

Red Kwao Khruea EcoR|

-—————— —Ehp= === — =ple= = = vhpp = =
‘ GAATTC T

TR | 4591
White Kwao Khruea Red Kwao Khruea

(B) _———l A =
- D N

80 10 L1 12.M 13 149506 17 18719 20 21 22 23 24 25 26

bp

3
215

YT O G L e |

LN N
2 e e "
a @ - - -
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Figure 4.6 PCR-RFLP analysis of White Kwao Khruea and Red Kwao Khruea using
the restrictionienzyme LeoR1on partial mark genc
(A) EcoRl restriction site in-White kwao Khruga and Red Kwao Khruea. Red
nucleotide indicates the defined farker nucleotide at position 1395,
(B) Agarose gel clectrophoretrogram of PCR product gencrated by primers 1 179F and
1489R (odd-numbered lanes). and then digested with EcoRl (even-pumbered lanes):
lape M: | Kb plus DNA Ladder
lanie |, 2 leaves of White Kwao Khruea (W03, Bangkok)
lane3. 4: leaves of White Kwao Khruea (W22, Chiang Mai)
lane 5.6 tuberous root of White Kwao Khruea (W21, Kanchanaburi)
fane 75 8. commereial product VEL]
laned, 10:; commercialproduct (WE2L)
lane 11, 12; commercial product (WP3)
lane 13, 14: leaves of Red Kwao Khruea (RO8kanchanabur)
lanie 15016 leavesofiRad Kwab Khrbea (RO, Chachoeéngsaa)
lane | 7] 18; wberots rant of Red Kwiao Khruea{R 12 Bangkak )
lane 19, 20: commercial product (RP1)

lane 21, 22

commercial product (RP2)
lane 23, 24: commercial product (RP3)

lane 25, 26 commercial product (RP4)
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4. Discussion

In the present study, on the basis of two marker nucleotides at positions 782
and 1395 of the matK gene sequence of White Kwao Khruea and Red Kwao Khruea
in Chapter 111, PCR-RFLP method usi

established as a convenient aqd\hg nt
drug samples, DNA was deg into_sm : due to the oxidative and
hydrolytic process dﬂﬂhﬂwaﬁ% pcngdg preparation, longer PCR
products were dimcr—" T

WM primer sets, 1) 461F

ign ich produced short fragments,

restriction enzyme Ddel and EcoRl was

for identification. Since in many

to allow diffe

prodructs were

262 bp) were observed in 4@ jﬁ&iél dl stion 0 thc F'CR pruducts, while those
identified as Red Kwao Khl;nca;,aﬂ!ﬂwedf | '5',:"' igments (84 bp, 178 bp, and 238 bp).

In the Ecaﬂlkm the; plant spemnm ﬂﬁﬂ ﬁuﬂucts identified as

failed at first, FCMpr ducts of partial mﬂ@gcm’: were not detected, since DNA
isolat medicine was
dlfﬁcﬂﬁuﬂtﬁlgﬁnﬁtmim r'll ﬁ:ﬁ metabolites
that fur%d insoluble complexes w&h nucleic acids d&lng extraction (Cai w! 1996

TR T G AL T AL A

FCR product were used as a template of the third PCR amplification.  From this
method, PCR products were obtained.
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PCR-RFLP method was also applied for combined herbal drugs such as
samples WP3 and RP3 which combined with Piper nigrum Linn. winlw., Cyperus

rotundus Linn. (siatamy, Tinespora crispa (L.) Miers ex Hook . er Thoms. (uniziia),

Elephantopus scaber Linn. (1ahild, and Diospyros rhodocalvy Kuarz. (mzToun. The

o Khruea and Red Kwao Khruea, thus

designed primers were specific to 'r.l ‘ ! f
DNA of the other species wer 11 plif / e not affected the PCR-RFLP
analysis. /r

) Pﬁmd was established as a

e Kwao Khruea from the Red Kwao
n drug samples sold as a
PCR-RFLP method 1s

ctive and accurate

In this stud
convenient tool fo
Khruea. It could
single drug or in g
relatively  simple

identification of bg 7

ﬂ‘lJEl’WIEWI‘ﬁWEI’]ﬂ‘i
Q‘W']Mﬂ‘if”ﬂﬁ']’mmﬁﬂ



CHAPTER YV

CONCLUSION

. The matK gene sequences of ten specimens of Pueraria candollei Graham ex
Benth var. mirifica (Airy Sha ﬁ tabandhu) Niyomdham and P.
candollei Graham ex Benth. var. ere determined.  As a result,

ntraspecie : tutions  were ed  Phylogenetic tree
construct _ ony analysis suggeste that P. candollei can be
divided 1 ‘two varieties of P. candollei.
a superba Roxb. were
ence despite of differences in
N

e:‘ and B. superba were

K gene region.
L positions 782 and 1395,

venient and efficient method for

analysis.
6. PCR-RFLP analysm can be applled to commercial products which are in

ﬂ"ﬂm*ﬁﬁ%wmm

“In conclusion, development of a reliable marker for authentication of herbal

ol BB il vt

“! misidentified plant products can cause serious side-effects or toxicity. Therefore, the

reliable marK gene sequence and PCR-RFLP markers established in this study will
provide an important tool for quality control and standardization of both types of

Kwao Khruea and their products.
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APPENDIX A

WO o~/

NATIANT BN
Province: Nonthaburi

Collector: TH. PIm?Ingn:hnrwn
Date: 9/ May / 2005

Figture A I Pucraria candollei Graham ex Benth, (Worn)



N1AT 0L 1]
Province: Bangkok
Callector: W, Yadpetch
Date: 9/ September / 20035

Pueraria ﬂ'ﬂﬂtﬁ.‘lﬂﬂﬂrﬂfﬂm ex Benth.

Figture A 2 Pueraria candollei Graham ‘ex Benth, (W02)

74



Pueraria candeller Graham ex Benth.
N11AT0UTI
Province: Bangkok
Collector: W. Yodpeich
Dave: 29 / Seprember 42003

Figture A 3 Pueraria candollei Ggaham ex Benth, (W03)



76

Pueraria candollei Graham ex Benth.
NITNATOVTI

Province: Kanchanaburi
Collector: 8. Sukrong
Date28 / D;:Ct:mhr...'_r /2005

FigturéA 4 Pueraria candollei Graham ex Benth. (WO05)



Wo7

Pucraria candollei Graham ex Benth.

ARRRILELARY!
Province: Kanchanaburi
Collector: W. Yodpetch

Date= 28 / December / 2005

Figture A 5 Pueraria candollei Graham ex Benth, (W07)
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W16
Pueraria candollei Graham ex Benth,
NI

Province; Nakhon Pathom
Collector: W. Yodpetch
Date: 27 / January / 2006

Figture A 6 Pueraria candollei Graham ex Benth. (W16)
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W20
Pueraria candolleiT Graham ex Benth:
AN
Province: Khon Kaen
Collector: TH. Phadungeharoen
Date: 15 7 February / 2006

Figture A 7 Pueraria candollei Graham ex Benth, (W20)
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T i

Pods of W20 Seeds of W20
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W21

Prcraria candollei Graham ex Benth.
ARRR I FLLRR

Province: Kanchanaburi
Collector: CH. Chichantipyuth
Duiter 29 / September [ 2005

Figture A 8 Pueraria candollei Graham ex Benth, (W21)



Pueraria candolled Graham ex Benth.
il 'I"uﬂ"'}'n"u 1)
Prowince; Chiang Mai
Callector: W, Yodpeich
Date: 21 { Apnil/ 2007

rI
1

Figture A 9 Pueraria candollei Graham ex Benth, (W22)
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Pueraria candollei Graham ex Benth.
ANNATOUT)

Provinee: Prachuap Khiri Khan
Colléetor: W. Yodpetch
Date: 21 / April/ 2007

Figture A 10 Pueraria candollei Graham ex Benth, (W23)
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Figture A 11 Butea superba Roxb. (ROR)

RO8
Butea superba Roxb.
NANAAT DAY

Province: Kanchanaburi
Collector: TH. Phadungcharoen
Date: 23 / March / 2006
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- v A
Butea superba Roxb.
nAIAs ouAd
Province: Chachoengsao
Collector: TH. Phadungcharoen
Date: 13 / February / 2006

Figtureﬁ 12 Butea superba Roxb, (R09)
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Figture A 13

Butea superba Roxb. (R12)

Butea superba Roxb.
AN UA5 DA

Provinge: Bangkok
Collector: THePhadungcharoen
Date: 5/ July / 2006




R15
Butea superba Roxbr:
i ]iﬂ? LA

Province: Kalasin
Crollector: B. Boonruam
Date: 17 August /2007

Figture A 14 Butea superba Roxb. (R15)
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APPENDIX B

Data of DNA sequences which were submitted to GenBank database

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SQURCE
CRGANISM

REFERENCE
RUTHORS

TITLE

JOURNAL
REFERENCE
AUTHORS
TITLE
JOURNAL

COMMENT

FEATURES

source v

EU106106 1 br M linear 31-AUG-2007
3 ' ' gene, complete cds;

raria candeollei and
n R-RFLP Genetic

'u&n,T.

l ¥. + Chulalongkorn

'*kuk , Thailand

ifzi into Eukaryota;

EmbrYophyta; Tracheecphyta;

$t eudicotyledons; core

eudicutyl&d. E—rraitee= gsids 1; Fabales; Fabaceae;
PHasen Braria.

- .;_ i e i-.l:'! rFASs-FaewE e :_:. -
F B ———— TR ‘ ‘

g
1

/ opldBt "
/mol_type-"genomic DNA® :

Joountry="Thailand"
Innteu“PCR_per re=fwd name: Pue-FO0OD,
v_name

3

AU WINEINS

AR IAN])

/gene="macK"
/codon_@tarts=1

TSRO A 8

I L

Itranalatiann"HEEYRhYLELHRSRHQDTLYFLFFREYIYGLBEGHGSIFvEHNv
GYNNKFSLLIVKRLITRHYQDTHF1IFTHDSNKNPFRGYNNHFYEGIILEGFVGV?EI
LFSLOLFISSLRELEIVESYNNLRSIHSIFPFFEDKLIYLNHESDIRIPYPIHLEILY
QILRYWIKDVSFFHLLRLFFYYYYNWNSLFTPKEWISTFFSKSNPRFFLFLYNLYVRE
YESIFLFLRNKSSQLRLKYFRIFFERIFFYEKIEHLVEVSVKDCSYTLSFFKDTFIHY
VRYOGKSILVSKNTPLLINKWKYYFIYLWOCHFDIWSRPGTIQINOQFSQHSFHFLGYF
LSIRLNLSVLRSOQMLONSFLIKIVMEELDTIVPIIPLIRSLAKAKFCHNVFGHPISKPV



WANLSDFDIIDRFLRICRNFSHYYNGSAKKKSLYQIRYILRLSCIKTLARKHKSTART
FLKRLGEEKLLEYFFTEEEDIFSLIFPRTSFTLQRLYRGRIWYLDILFRNDFVNHL"
BASE COUNT 480 a 232 c 217 g 592 ¢

ORIGIN
1 atggaggaat atcgageata tttagaacte catagatcote gacaccagdsa
6l ccactttttt ttogggaata tatttatgga ctagettatg gteoatgggte
121 gaaaaaaatg taggttataa caataaattt agtttactaa ttgtaaaacg
181 ecgaatgtatec aacagactca tttcatcatt tttactaacg attctaacaa
2441 aggggttata acaatcattt ttatfelo ataatattag aaggttttgt
301 gagattetat trteocctaca,a tbocttaa gggaattaga
361 tcttataata atttgcgat tgcoct ttttcgaaga
421 tatttaaatc atgaghte g egta tccatctaga
481 caaatccttec gacal! te atttattaag
541 tattactatt atadl aatggatttc
601 tcaaaaagta o " 'atatgtacg
661 tctatcttto ic ggttaaaata
721 ttttttgago fgtagaagt
781 gattgttcat cattatgt
841 ggaaaatcas taaatg
901 tttatctatt gaccaggaac
961 aaccaattet ECLraagtat
lo02lecrtroagts E agadaat
l08laagcttgata Fxxattggctaa
ll4ltgtaatgtat g EBEatttatc
l120lattattgag i ctacaa
l26laaaaaaaadga z-=H;ttcttgtat
l321gctocgtaage & 4 gattaggtto
l38lttggaatatty ttttteco
l44ltttacttigce

1501lgatttcocgtea at

i

d

i

AU INENTNGINS
ARIAIN TN INAE

88

caccctatac
catttttgta
gttaattact
aaatcotttt
tggocgtogtg
aatocgtaaaa
taaactgata
aatctbggtt
grtgttotet
Cactttbttee
ggaatatgaa
tctbogeate
atctgttaag
tagatatcaa
gaaatactat
agatoccagata
tcggoctoaat
tgttatgaaa
agcaaaattt
tgattttgat
tggatcogoa
aaaaacttty
agaaaaatta
aagaacttct
tttcagaaac
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2. White Kwao Khruea (code no. W20)

Locus EUl0sl07 1521 bp DNA linear 31-AUG-2007
DEFINITION Pueraria candeollei maturase (matK] gene, complete cds;
plastid.
ACCESSION EUloslo?
VERSION
KEYWORDSE p h
SQURCE chloroplast Pus i le
ORGANISM Pueraria gands \
Unclass ""--. % ) \ /
REFERENCE 1 L__:'f;_: §21) “J
AUTHORS Sukrong, 57 "™ Wedpetchjl. and®PRadingcharcen,T.
TITLE Sequent ETARAIYVEL s ofimatK GERE ST Plleraria candellei and
Butea supE¥bai and the Application PCR-RFLP Genetic
Marker | B Lo
JOURNAL
REFERENCE ; ; :
AUTHORS s ‘ h, K. and Phadungcharoen, T.
TITLE i mAE 51 ¢ Hﬁ
JOURNAL : 4 i ooy y E_y. hulalengkern
Univgfs y ' Lhaiy= Bangkak ] Uy Thailand
COMMENT rig cad ' ' ac SWEukaryota;
aphy¥Ea; Tracheophyta;
yledons; core
Pabales; Fabaceae;
FEATURES
source

randallei”
hloroplast"

fecodon_etart=1
/rransl_table=11
fprotnln 1d='P 1_ EUl0&107"

é:szﬂﬁﬁ&ﬁﬂ%ﬁwﬁmﬁ

FSLQ SLRELEIVKSYNNLRSIHSIFPFFEDKLIYLNHESDIRIPYPIHLEILV
QILRYH VEFFHLLRLFFYYYYNWNSLFTPEEWISTFFSKSNPRFFLFLYNLYVEE
YESIFLFLRNKSSQLRLKYFRIFFERI FPYEKIEHLVEVSVKEESY TLSFFKDTFIHY &

Nl SRR AL B

FLKRLGSEKLLEYFFTEEEDIFSLIFPRTSFTLQRLYRGRIWYLDILFRHDFVNHL“
BhSE COUNT 479 a 233 ¢ 217 g 552 ¢

CRIGIN
1l atggaggaat atcgagcata tttagaactc catagatcoctbc gacaccagga cacococtatac
6l ccactttttt ttocgggaata tatttatgga ctagottatg gtcocatgggte catttttgta
121 gaaaaaaatg taggbtataa caataaattt agtttactaa ttgtaaaacg gttaattact
181 cgaatgtatc aacagactcoa tttcatcatt tttactaacg attctaacaa aaatoocittt




241
301
36l
421
481
541
601
661
721
T8l
B41
201
961

aggggttata
gagattorat
tcttataata
tatttaaatc
caaatceotte
tattactatt
tcaaaaagta
tectatektte
ttttttgagc
gattgttcat
ggaaaatcaa
tttatectate
aaccaattcot

l02lctttcagtgo
l08laagcttgata
ll4lcgtaatgtat
120lattatcgacs
l126laaaaaaaaga

132lgctocgtaaggs
l3Blttggaatat

l44ltctactttge

1501gattceg

1

acaatcattt
tttocetaca
atttgogate
atgagtcaga
gatattggat
ataattggaa
dtccaagatt
ttttctctacg

gaattttttt

atacctta
Etcotga
tatgacaa
CCCAag A
'c.a 1

==

ttattetcaa
attatttate
aattcattcc
tatacgaata
aaaagatgte
tagtoctttet
cttetbkatte

aatcc

]
= (LN -

atta

atasatattag
tettecttaa
attttteooct
ccectatecta
tcttteottte
actccaaaaa
ctatataatt
tctragttac

4 atcgaacato
gatactttca

cECtga

BgEca Gatgttacaa &
(=44
wattagtaag

e

* =

aaggttttgt
gggaattaga
ttttogaaga
tccatctgga
atbttattaag
aatggattte
tatatgtacg
ggttaaaata
ttatagaagt
tocattatgt
taaataaatg
gaccaggaac
ttttaagtat
taataaaaat
attggccaa
craatttate
tattacaa
ttecttatat
agatto

AU INENTNGINS
AN TUUNINGIAE
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tggcgtegtg
aatcgtaaaa
taaactgate
aatcttggtt
gttgttttet
Lactcottttt
ggaatatgaa
ttttocgcatt
atctgttaag
tagatatcaa
gaaatactat
gatccagata
tocggoctbocaat
tgttatgaaa
agcaaaattt
tgattttgat
tggatccaca
aadaactttg
agaaaaatta
aagaacttot
LLLcagaaac



3. White Kwao Khruea (code no. W01, W05, W22, and W23)

91

Locus EUl0s108 1521 bp DHNA linear 31-AUG-2007
DEFINITION Pueraria candollei maturase (matK) gene, complete cds;
plastid.
ACCESSION EUloel08
VERSION
KEYWORDS
SOURCE chlnroplas B
ORGANISM Pueraria . andolle:
REFERENCE e o 1t ,
AUTHORS 3 dpet cHpn . arcen,T.
TITLE e Analys: =4 ©f Pueraria candollei and
LeagelPerbasand th \PEL ECR-RFLP Genetic
JOURNAL she &{hﬁhhhhhh
REFERENCE " bagel” Lot 1521)
AUTHORS an =11 M } adungcharoen, T.
TITLE Lrec ¥ \ \ ik
JOURNAL : ST -s%\:y, hulalongkern
Uni : | = B ) 0 Thailand
COMMENT . AT 611 aa ! =d 1nte Eukaryota;
\ Pl & '5qﬁh‘ i Tracheophyta;
] ledons; core
abales; Fabaceas;
FEATURES
source

randellei”
ITchloroplast”

chs
i fcodu& start=1

/transl table=11
fnfprar.em iﬂﬁ“Pw_l EUldsl08"

;@ LSRN SRS

LFSLO SSLRELEIVESYNMLRSIHSIFPFFEDKLIYLNHESDIRIPYPIHLEILY
QILRYW VSFFHLLRLFFYYYYNWNS TPHKWISTFFEKSNPHFFLFLYNLYVRE
YESIFLFLRENKSSQLRLEKYFRIFFERIFFYEKIEHLVEVSV YTLEFFKDTFIHY ‘L;

Pt At Vb L T B

FLERLGSEKLLEDFFTEEEDIFSLIFPRTSFTLOQRLYRGRIWYLDILFRNDFVNHL"Y
BASE COUNT 480 a 232 c 218 g 591 t
ORIGIN

1 atggaggaat atcgagcata tttagaacto catagatotoc gacaccagga caccotatac
6l ccactttttt ttogggaata tatttatgga ctagottatg gtoatgggte catttttgta
121 gaaaaaaatg taggttataa caataaattt agtttactaa tLtgtaaaacg gttaattact
181 cgaatgtate aacagactea ttteatecatt tttactaacg atbctaacaa aaatcotttt



241
LR
36l
421
481
541
601
661
721
781
841
901
961

aggggttata
gagattctat

tcttataata
tatttaaate
caaatectoe
tattactattc
tcaaaaagta
tctatcttte
ttttttgage
gattgttcat
ggaaaatcaa
tcttatectatt
aaccaattct

l102lctttcagtgce
l0Blaagcttgata
ll4ltgtaatgtat

l20lattattgacd

l26laaaaaaaaga

li21lgctegqtaage
138lttggaagatct

ladlettactttgo

150lgatttcg

I

acaatcattt
tttococtaca
atttgegate
atgagtcaga
gatattggat
ataattggaa
atccaagatt
tttttctacg
gaattttttt
atacctta
ttebgget
tﬂt*;‘*ﬁ“
cc:_-"

ttattctecaa
attatttato
aattcattee
tatacgaata
aaaagatgece
tagtcttttt
ttteottatte
taacaaatcc

5

jf R

ataatattag
tcttecttaa
attttcteooet
cectatoccta
tetttettte
actoccaaaaa
ctatataatt
tctecagttac
atcgaacatoc
itactttea
ttga
gt o

aagattcttgt
gagaattaga
ttttegaaga
teccatctgga
atttattaag
aatggattte
tatatgtacg
ggttaaaata
ttatagaagt
toccattatgt
taaataaatyg
gaccaggaac
ttttaagtat

* taataaaaat

attgactaa

iecaatttate

‘tattacaa
ttottgtat
aggtteo
gatttttoco

jgatattot

ﬂ'L!El’JVIEWI‘ﬁWEI’]ﬂ‘i
Qﬁ']ﬁﬁﬂ‘imﬂ‘iﬂ']’mﬂ'lﬁﬂ

92

tggogtegtg
aatcgtaaaa
taaactgata
aatcttgatt
gttgrotece
tactbttttt
ggaatatgaa
ttbtogoatt
atctgttaag
tagatatcaa
gaaatactat
gatccagata
tcggotocaat
tgttatgaaa
agcaaaattt
tgattttgat
tggatccgcoa
aaaaactttg
agaaaaatta
aagaacttot
tttcagaaac
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4. White Kwao Khruea (code no. W07)

Locus EUloelos 1521 bp

DNA linear 31-AUG-2007

DEFINITION Pueraria candellei maturase (matK) gene, complete cds;

plastid.

ACCESSION EUlos&l09
VERSION
KEYWORDS ;
SOURCE chluruplast
ORGANISM =¥

REFERENCE 1
AUTHORS
TITLE

JOURNAL
REFERENCE
RUTHORS
TITLE
JOURNAL

COMMENT

FEATURES
socurce

cDhs
: /codon_start=1

{transl_tablesll

haroen,T.
*ararla candolleil and
ar] PCR-RFLP Genetic

roen, T.

Chulalongkorn
Thailand
MEukaryota;

YE&; Tracheophyta;
ledons; core

*‘\ Fabales; Fabaceas;
a,

andellei"
~hloroplast”
IR o

,.i"pratain 1d="P}w_1 Eulosloan

;;z;ﬂt%@mﬁﬂ SRANS

LFSLQ SELRELEIVESYNNLRSIHSIFPFFEDKLIYLNHESDIRIPYPIHLEILV
QILRYW VSFFHLLELFFYYYYNWHNS TPKKWIYTFFSKSNPRFFLFLYNLYVRE
YESIFLFLENKSSQLRLKYFRIFFERI EKIEHLVEVSVKBOBYTLSFFKDTFINY

q e et ]

FLKRLGSEKLLEDFFTEEEDIFSLIFPRTSFTLQRLYRGRIHYLDILFRHDF?NHL'

BASE COUNT 481 a 231 ¢ 218 g 591 ¢
QRIGIN
1 atggaggaat atcgagcata tttagaactc
61 ccactttttt ttocgggaata tatttatgga
121 gaaaaaaatg taggttataa caataaattt
181 cgaatgtatc aacagactoa tttocatocatt

catagatctc gacaccagga caccctatac
ctagecttatg gtcatgggtc cattcttgta
agtttactaa ttgtaaaacg gttaattact
tttactaacg attcoctaacaa aaatccocttto



241
301
361
421
481
541
601
661
721
781
841
901
96l

agaggttata
gagattotat

tocttataata
tatttaaatc
caaatcctte
tattactatt
tcaaaaagta
tctatettee
tttettgage
gattgttecat
ggaaaatcaa
tttatctatt
aaccaattct

102lctttcagtge
l08laagcttgata

ll4ltgtaatgtat
l20lattattgac

l26laaaaaaaaga

1321lgctogtaage
138lttggaagatt
l44lcttacttegc
1501gatttegte

H

acaatcattt
tLtoccctaca
attbgogatco
atgagtcaga
gatattggat
ataattggaa
atccaagatt
ttctbtctacg
gaatttttet

ataccttato

ttctggte

ttatteotcaa
attatttate
aattcattece
tatacgaata
aaaagatgtc
tagtcttott
tttettatte
taacaaatcc
o .

ataatattag
tettocttaa
attttteooct
coctatecta
tctttettte
actccaaaaa
ctatataatt
tctcagttac

atcgaacatc

tactttoa
gfctEttga

Ecaatttatc

o

RREtcttgtat

aaggttttgt
gggaattaga
ttttcgaaga
tccatctgga
atttattaag
aatggattta
tatatgtacg
ggttaaaata
ttgtagaaqat
tccattatgt
taaataaatg
gaccaggaac
tcttaagtatc
Laataaaaat
cattggctaa

ttattacaa

aggtteo

? -atLtttcc

ESgarattet

AU INENTNGINS
AN TUUNINGIAE
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tggcgtegty
aatcgtaaaa
taaactgata
aatcttggtt
gttgtErtee
Cactttetret
ggaatataaa
Ltttocgoatt
atctgttaag
tagatatcaa
gaaatactat
gatccagata
tcggctcaat
tgttatgaaa
agcaaaattt
tgattttgat
tggatccgea
aaaaactttyg
agaaaaatta
aagaacttot
CLttocagaaac



5. White Kwao Khruea (code no. W16)

LOCUS EU106110 1521 bp DNA linear

DEFINITICN Pueraria candollei maturase (matK) gene,
plastid.

ACCESSION EUl0&llo

VERSION

KEYWORDS B

SOURCE chleoroplas

ORGANISM Pueraria ﬂ;

Unclassaf
REFERENCE 1

21]

-l-_. g ;5

95

31-AUG-2007
complete cds;

AUTHORS Sukrong, 5. Wedpet ok haroen,T.
TITLE Sequence Analysais d f Pleraria candellei and
Butes @£ PCR-RFLP Genetic
"..
JOURNAL Ung a1
REFERENCE
AUTHORS Sukr jfharcen, T.
TITLE D
JOURNAL ubmi *hulalongkorn
Uni* Thailand
COMMENT Py WwEukaryota;
v a; Tracheophyta;
Sperj it yledons; core
eud bales; Fabaceae;
P
FEATURES
BOUrce

Blleit
hloroplast”
o

gene

m

fccdnn starct=1l
/transl_table=11

fpr&tﬂln id:"P EUlﬂGllﬂ“
Jtra i OR= ‘ ,.'
LFSLQLAIS E RIP HLE
QILR ?SFFHLLRLPFYYYYNWHELFTPKKHISTFFSKSNPRFFLFLYNLY?RE
YESIF RNKSSOLRLEKYFRIFFERIFEYEKIEHLVEVSVKDCSYTLSFFEDTFIHY

VRYQGK.EILVS KNTELLINKWKYYFIYIWQCHFDIWSRPGT InQFSDHEFHFLGYF

RTANTEA R R

BASE COUNT 481 a 233 c 216 g 531 t
ORIGIN
1l atggaggaat
61 ccactttttt
121 gaaaaaaata
181 cgaatgtatce
241 agggattata

catagatcte
ctagettatg
agtttactaa
tttactaacg
ataatattag

gacaccagda
gbeoatgggte
ttataaaaca
attctaacaa
aaggttttot

atcgagcata
ctogagaata
taggttataa
aacagactca
acaatcattt

Ltttagaactc
tatttatgga
caataaattt
tttcatcate
ttattectecaa

caccctatac
catttttgta
gttaattact
aaatccttLttc

tggcgteogtg



TR
361
421
481
541
601
661
721
781
841
201
961

gagattctat
tocttataata
tatttaaatc
caaatccotte
tattactate
tcaaaaagta
tctatettte
ttttttgage
gattgttcat
ggaaaatcaa
tttatctatt
aaccaattect

l02lctttcagtge

108laagcttgata ca

l1l4ltgtaatgtat

l120lattattgace c
l126laaaaaaaaga’g
1321gctogtaage
l38ltcggaagatk
l44ltttactttgc
lS50lgatttogtea

ttccoctaca
atttgcgatc
atgagtcaga
gatattggat
ataattggaa
atccaagatt
tctttetacy
gaattttttt

ataccttatc |
ttetggttte aa

tatgg

PRl

attatttate
aattcatteo
tatacgaata
aaaagatgtc
tagtobEttt
tttettatce
taacaaatce

tctteocttaa
attttteocect
ceoctatoccta
tctttettte
actoccaaaaa
ctatataatt
tetcagttac
atcgaacatoc
gatacttteca
tgttttga

ggtcotc

gggaattaga
ttttocgaaga
toccatctgga
atttattaag
aatggatttoc
tatatgtacg
ggttaaaata
ttatagaagt
tcecattatgt
taaataaatg
gaccaggaac
ECLttaagtat
taataaaaat
cattggctaa
caatttatc

1 C* i I:_tittacaa

L&

ctbgtat

igatcaggtte

e

tttt oo
ggatattct

AU INENTNGINS
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aatcgtaaaa
taaactgata
aatcttggtt
gttgtttttt
tacttbtte
ggaatatgaa
ttttogeatt
atctgttaag
tagatatcaa
gaaatactat
gatccagata
teoggotoaat
tgttatgaaa
agcaaaattt
tgattttgat
tggatocaca
aaaaactttyg
agaaaaatta
aagaactteot
tbttcagaaac

AN TUUNINGIAE
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6. Red Kwao Khruea (code no. RO8, R09, R12, and R15)

Locus
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLE

JOURNAL
REFERENCE
AUTHCRS
TITLE
JOURNAL

COMMENT

FEATURES

Bource

frtra
GYNE
LFSL
Q

REYESI

ORIGIN

FLRNHESQLLLHYFRVFFE
HYVRYQGKSILVSKNTPLLINEKWKYYF

RN

BASE COUNT 482 a 224 ¢ 215 g

EUlo&lll 1527 bp DNA linear 31-AUG-2007
Butea superba maturase [(matK]l gene, complete cds;
plastid.

EUl06111

chloroplas
Butea Bu}\

arcen,T.
leraria candollei1 and
PCR-RFLP Genetic

aroen, T.

chulalengkern
Thailand
oL Eukaryota;
1¥ea; Tracheophyta;

% yvledons; core
W bales; Fabaceas;
o) ;
‘chloroplast®

£ - BMP -

/codon_start=1
ftrans]l table=11

EUl0el11"

AR e

vSFFHLLRLFFYYYCHNNSLFTFKKWISTFFSKRHPRFFLFLFLYNLYV

FFYEKIEHIVEVFAKDFSYTLSFFKDPFI
HQEHFDIHSQPG‘:HRNOLYQHSFHFLG

-

1
61
121
181
241

atggaggaat
cogotttttet
gaaaaaaatg
cgaatgtate
taggggttata

atcgaatata
ttcgggaata
taggttataa
aacagactcoa
ataataattt

tttagaactc
tatttatgaa
CcadaaaalLtt
tttgatcatt
ttattctecaa

catagatbctc
cteogtttatg
agrtcactaa
tttgctaatyg
ataatatteg

gocaccagga
gtcatgggroc
ttgtaaaacq
attotaacaa
aaggttttgt

catcttatac
catttttata
tttaattact
aaatcecttto
tgtogtocatyg



ol
36l
421
481
541
601
661
721
781
841
201
261

gagattctat
tottataata
tatctaaate
caaatcctto
tattactatt
tcaaaaagga
tatgaatcta
cgogbttttt
gctaaggatt
tatcaaggaa
tactatttta
catagaaacc

l02lctaaatottt
l08latgaaaaagc
ll4laaattttgta
1Z20lcttgatatta

l26ltccgaaaaad
132lactttggote g
l38laaattattgg
l44lacttctttta ©
l50lagaaacgatt

I

tctecctaca
atttgcgate
ataagtcaga
gacattggat
gtaattggaa
atccaagatt
tettteotttt
ttgagcgaat
tttectatac
aatcaattct
tetattta

aat ﬁ‘i o

atcatttace
aabttcattco
tatacgaata
aaaagatgtt
tagteotttte
Ettetrgtte
tctacgtaac

-at

cettecttaa
atttttceoct
coctatcoceota
toctttettte
actocaaaaa
ctattecttat
aaatcctote
gaaaaaatag
ttocaaggate

tactocteo
cfgagattt

aggatttaga
ttttcgaaga
tccatotgga
atttattaag
aatggattee
ataatttata
agttactatt
aacatattgt
ctttcateca
ttbtgataaa
ggtctcaacc
gotactcete
catttctaat

. ttagtteatt

ttgggccaa

gasattotttetcatta

gacttte
gaaaagatt
tettat

AU INENTNGINS
AN TUUNINGIAE

98

aatcgtaaaa
taaatttata
aatcttgatt
attgtttotc
tactottott
tgtacgggaa
Aaaatatttt
agaagtattt
ttatgttaga
taaatggaaa
aggaacgate
aagtattogg
aaaaattgtt
gactaaagca
tttatctgat
ttacaatgga
ttgtataaaa
aggttcagaa
ttttococaaga
tattetttte



APPENDIX C

The red and blue nucleotides are high and low consensus sequences, respectively.
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MHI TE=HO7=Hanmgh ok nrmmmwmrmim l‘t AGATC TCGRCACCAGGRCRCCC TRTRCCCACTTTTITT ICGRGAATR
MHITE-MO3-Bangkok A1 EGAGLTATCGRAGCATAT T INGWC T L TEGACACCAGGACACCCTATACCCACTTTTT 1T TCGGGAATH
HHITE-HZ1-Eanchanabu 111 GGRGLATTATCGAGCRATAT T TAGARC T I CAGGRCARCCCTATACCCACTITITTT TCGGGARTA
HHITE ATGGAGHAATATCERGCATAT T TRGHAC | CC AGGACRCCCTATACCCACTTTTIT T ICOGGARTA
MHITE=HO1=Monthabasr] ATGGAGGARTATCGAGCATATT TRGARC TC RCCCTATACCCACTTTTTTTTCGRGAATA
MHITE=HIS=Kanchanabu nlmmun:mmnm.m I[f[!li‘lﬂ!,ﬂ‘l‘!"lt AGGACACCC TATACCORCT I TITTT ICGGGARATA
MHI TE-M2? -Chi angiial GHARTATCRAGERIAT | TRGARC 1 CCRTRAGER] FCLAGGACACCT TATACCCACTTTTTTT ICGREGAATA
HHITE =M 3P achuasp ﬂl“lﬂlmm‘lﬂlnww TCCATAGRTL I ERACACCAGGACACCC TATACCCAC T TTTTTT ICGRGAATA
HHITE=HO7=-Kanchanabu RTGGREGARTATCEAGCATATTT TCCATAGATC T CGERC AL THIRCCCAC T T TTTT T ICGRGAATR
HHITE=H16-HakhonPath ATGERGGEARTATCEAGERATATIT CICCHTA TATACCCACTITITIT ICGRGAATH
RED= R~ e hanabuer | HTEI‘M’MI mmnnmr IIFHTHMIHI’,MMRGHCH!E"HTMEH'Ill'!"l!"'ltnﬁmmﬂ
HED-R08-Chachosngsan COARTALRT T TRGARC TCCA TABATE TCGCCACCRBGACATC T TATACCCGCTTTTTTT ICGHGARATA
FED-R15—Kalanin ‘Mmt FEGAILERTHT T TiGARC TCCATABATC TEGCCACT AGGACATCT TATACCCGC TTTTTTT TCGRGRATR
RED-R12 Emﬂ]lﬂ TTIRGARC ICCATAGATC I CCCCACCAGGRCHTCT TRTACCOBL T TTTTTT ICGHGAR T
13 Ht :g;mnaln 4] m* TCCATAGAT CTEGeCACTRSRACHCL TRTACCCeCTTTTTT T ICGRGRATA
=l

Bl -am iuu iu izn L Lan 150 160

I 1-—
HHLTE =B = amgrhond: TMI ﬁl CHl TCCATE IIIEIHMEIHGI THTARCRATRART T Iﬁﬁl 1ThC |m
HMIE—NM I’II TAGC T TRIGGEIC TCCATTN TG HGRNAORAA TG TREE T TATARCRATRAAT T TAGT T 1A TR
II-IIIE-HE‘I-W TATTIA II'HNH-FEI:H IIITHTMMIETWHIMIMITIHl’-rIlFI:IIH
HHTTE ~H2 =k hanrk ey IHTI TCRTGEGT TTTRTAGHRAARAATE T AGGTTATARCARTARATTTAGTTTAC THA
HHTTE =401 =Hont habur | 1cat TTIGTRGRARENAR T GTRGGT TATAACARTARAT T TAGT T TRC TAA
HHT TE =bir5= archanaba l Tmtrmmmn:m VTG TAGRRARRAA TG TRGET TATAACAATRARTTTAGT T TRC TAA
IIIIIE-I!'!‘-I:hi-ﬂ'I-.i [ TTATGEGICATGLGTOCATTTT TG TAGHRRARMRA TG TRAGGRT TATAACARATARAT T TAGT T TRC THA
HHITE-H23-Pr AIGHIEH P TN UG AGARARRAN TG T AGE | TRTRACHATRBAT T TAGT T TG TRA
HHTTE=Hi7=Kanc TRATGGTCATERGICCATT TTTGTRGARRARAATGTRGGTTATRACKATARATTTAGTTTAL TRA
HHE TE =16 =Mk honl sl TG T O GEGTCC AT ETT TG TAGRRRRNAATGTAGE | TATRACHNTRART T TAGT T TRC THA
IEII-I‘H-IM! ] GRICAT CATTTTTGT AGRRARAAATGTRGE T TATARCARARRAT T TAGT T TR TAA
11 URTGGNERTGGE 1000 TG D AGERARRN | GTAGE T TR TARCRARAAAT | TAGT T TAC TRA
l!ll-ll‘l'.i—l-lluin STRTTT ETIIHIEHE-HT'EEEI T 1T TG TAGHRRARAIINTGTRAGET TATRACARRRAT T TAGT T TAC TRA
RED=R12-Banghkok 1011 BT TAVGGTCATGGETECAT T 1T TG AGRRANRGAT G TAGET 1A TRRCARARAAT T TAGTTTRC TRA
Consensus THTI_}H? chLT qurmrﬂmeLHTmlmmenﬂMMMTTTHETTTH: AR

MHI TE =M1 h~Hakhanf at.h
RED-F8 -Kanchansbur i
RED-R-Chachoengsnn
REO-R15-Kalasin
B [-R 17 -flanghkok

Conssnaus

#00 210 220 230

TCATTTEATCAT 1T 11AC TARCGAT TCTARCARAARTCE T
TCATTTERTEATTTTTACTARCGATTE TARCAARATCLT

——
e
——

TTCATCRTTT T TR TARCGAT T TRRCARRRRTCCTITT
TTCATCATTTTIAC TARCGAT TC TRACAAARATCCIITT
CAITTCATCATTT TTAC TRRCGAT TCTARCARARATCCITTI
CATTTCATCATTTTTAC TARCGAT TCTARCARARATCCTITT

TTGTARFACGET TART FRC uhmmm:m
1IGIARRNCGGT | ARTTRCTLGARTGEAT
TTGTARARCGETTRAAT TACTEGAATRTATCN

TG TARFACGET §AATTRC TEGRATGIATC TTTCATCATTTTTAC TARCGAT TC TRACARAARTCCTTIN
1106 TRAAACAG L IART TRCTCGAAT L AT CRACHT 1T T TR TARCGERT TCTRACARARATCC I 1T
1 IEMB[TIHIMIMMMMMIHWHTH1II’-I:I IGAT TCTRACARAARTCCTITT

IHI' TCTRAC ARAAATCCITTT

ITEI‘MEI TTART TACTCGAATGETATCARCAGAC TCAT T TGATCATTTTTGE |
TARARCGTTTART TAC TCGARTGTATCARCAGAC TCATTTRATCATTTTTRE

TETARCARARATCETTTT

T1CTAACARARATECT 11T

*T]["ﬂ.’“"“[[f‘ 1

ou 250 260 270 290 2 a0 310 %0
 AGGLGTTATARCARTCATTTTTATTCTCAMATANTAT TRGANGETT TG T TGELGTEGTRGNGAT TCTATTTTECCTAC
AGGGGTTATARCARTCATT T TTATTC TCARATAATATTAGARGET 11161 TGEOBTEGTGEAGAT T TATY T TCLCTACA
AGGGETTATARCARTCATTT T TATTCCRAATARTAT TAGABGETTTTETT GIGEAGATTCTATTTTCCE TACA
MGEETTATARCARTCATTTTIATTC TCAMATAATAT TAGARGGT TTTGTT GIGGHAGATTCTATTTTCCE TRCH

GGG T TATARCAATCATTTTTATTCTCRAATARTAT TAGARGET TT 16T TE60GTCGTGGAGAT TCTATTTTCCCTACA
RGGGE T TATABCARTCATTTTTATTCTCRAA TR TAT TRGANGET 1T TGT TGBCGTCGYGEAGAT TCTATYT TCCE TRCA
AGGGETTATARCARTCATTTTTATTC TCMAA TR TAT TRGAAGETTTTRT TRECGTCGTGGAGAT TETATTTTCCCTACA
GGG TTRTARCAATCATTTTTAT T TCARATARTAT TAGARGET TTT6T THECHTCHTGERGAT TCTATY T TCCC TACA
POGGETERTARCARTCATTT 11 ATTCTCRARTARTAT TRGAMBGETTT 161 IEECGTERTREAGATTETATT T TCCE TACA
PGGGET TATARCARTCATT T TATTCTCRAA TR AT TRGRMGETTT TET T G601 CETGRAGATTE TAT I TICCCTACH
TGGGELTATANTAATARTTT TTAT DCTCRAATHATAT TCGARGETTTTRT TRTCGTCG TGGAGAT [ETATT I TCCE TACR
GEGETTATAATAATARTTTTTAT I TCRAATIATAT IEGAMGGTT T TRT TRTCGTCLTGRAGATTE TATTTTCCCTACH
TOGG6 T TATAATAATAATTTT (R T T TR EAT TCRAMGETTTTET TRTCGTCGTGGAGATTCTATIT TCCCTACA
TGGEET TATARTARTARTTTTTATICTCARATAATAT TCRARGETTT 16T THTCRTCRTGERAGAT TCTATTTTCCCTACA
EGGGT TATAREARTAATTTEIATICTCOA TRETAT TobiGE T T TTRT TELCG TG TGGEAGAT TETRTTTTCCCTRCA

321 IM EHD 3'5'] ‘.Itl o J80 o

n’ﬁnhrlm!l: e nnﬁiﬂﬂl Im'ﬂr TRAARTET m{mrmmmrm rrlrm'.ﬂnl L
nnnmmn‘um_rtmmumnlg|mrllnm1 ”}“:ﬁ”ﬂ”%ﬁ”
ATTATTTAT 1 TRRGRAR TCE TRRARTE | TITART GG

lmnmnlgg % ﬁnmrmmmﬂmmmwhmmrunmnn
ATTATTVATETE T TCE T TARGEGINT TAGRARTCGTRARATE T TRTARTAAT T TGCGATCART TCATTCCAT T TCCET
ATTATTTATE TCTTCC TTARGGGART TAGAAATCGTARAATCT TATAATRATTTRCGATCAATTCATTCCATTTTTCCLY
ATEATTURTCTE T TEC T TANGHGHN T TAGARATCGTRAATCTTRTARTRATT IGCRATCRATTCATICCATITITCCCT
ATTATTTATE TCTTCC T TAREGART | AGAAATEG TRAAATE T TATARTAATT TGCGATCARTTCATTCCATTIITCCCT
ATTATTTATCTCT TEC 1 T ARGEGRAT | AGARATCETRRARTE T TATARTAAT T 1 GCRATCART TCATTCCATTTITCCC]
ATTATTTATCTE T TCC T TARGGEAAT TAGARATCG TRAAATC TTRTARTRAT T TECRATCART TCATTECATTTITECCT
ATTATTYATCCCT TEC T TAMAGGAT 1 TAGRAATCGTRARATC T TATARTRAT T TECGATCRRT TCATTCCATTTTICCCT
AV EATTTATCCCT TR T TAAAGEAT | TRERAATCGTRAAATE T TATARTIAT T TGCGATCRRT TCATTCCATTTITECC]
ATTATTTATCCCTTCC TTARAGEAT TTAGRAATCGTARAATCT TATAATART T TRCGRTCARTTEATTCCATTTTTCCCT
ATTATTTATCCE T TCC T TARAGEAT T TRGAAATCGTRRARTE T TATARTIAT T TGEGATCARTICATICCATTTITCCCT
ATTRTTTATCGC T TEC T TRRaGGRL T TRGARRATCGTRRARTC T TATARTRAT T TGCGATCART TCATTCCATTTITECCCS
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MHLTE=HOE =B anghk ok
MHTTE =M T=Hanghk ok
HHITE =H21 =K arwhanaba
HHI TE-H20-Khonkaen
MHI TE =Kl =Heonl habwr §
HHI TE -H—K anchanaba
HHLTE=HZ2-Chiangtal
HHITE=H23=Prachuap
HHI TE =07 =K s hanaba
HHITE=H1E=HakchonP at.h

anvchanals
HHITE=MZP=Chi servpflad
MHITE=H23=Fr achump
HHTTE=H07 =K anchanabu
HHI TE=H16~Hakhwonath
RED-RE K anchanabar §
RED-Ri9-L

hachosngasn
RED-R1%Kalawin
R D=1 2 =l angrke ok
Consensus

HHTTE=HO? ~langrk ok

MIH L TE =00 3= avirk e
HHI TE=H21 = mrechuanaba
HHITE -H20—khonkann
HIIE-WI.-MMI
== mrec st
MHLTE=M22=[hianghal
HHT TF =H2 3=Fractwiap
HHI TE=H0 7 =K srechanabu
MHT TE =1 E=H.ak bl at.h
RED =R~k anchanabar ©
RED-RS=Chachoengs ao
FED=-R1S—Kalacin

FE DR 2 —Banghk ok
Consoneus

HHETE=M02 =l sk ok
H L TE=H03—Bangk ok
HHITE-H21—Eanchanabu

HHI TE=H20=khonk amn
HHT TE =H01 =Mond. habaard

m-ﬁ-amp
HHT TE =0 7 e b
HHITE -H1E-HakhonPath.
RED-R{8 K anchanabur L
RED=RirS=C £

hachosngs
RED-R15-Kalasin

RED=R12-Banghkok
Conzensus

II-I!HE-M“E
HHITE=H21-K anchanatnu
HHT TE=H20 —khenk ann
HHT TE =Hir] =Mt hshasr §
HHI TE=HO5=K arschanabu
MHITE-M2?-Chi anghlai
HHITE-H23-Prachuap
HHLTE=HO?=K arechanabu
HH L TE-H1E-Maktwsfath
M-NHMH
a0

"!'ll— S5-Kalasin
REN-R12-Banghkok
Consensus
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TTTICGRAGATARACTGATATATT TARATCATGRGTCAGATA TACGARTACCCTATCCTATCCATC IGGRARTCT 1GGTT
TTICGRAGATARAC TGATATATT TARATCATGAGTCAGATATACGARTACCC TATCCTATCCATC TGGRRRTCT 1GGTT
TITTCGRAGATARACTGATATATTTARATCATGAGTCAGATATACGARTACCCTATCCTATCCATC TRGARATCTTGGTT
TTTTCGAAGATARAC TERTCTATT TARATCATGRGTCAGRTHTACGARTACCC TATCCTATCCATC TGGARRTCT 1GGTT
TTTTCGRAGATARAC TEATATATT TARATCATGAGTCAGATATACGRATACCC TATCCTATCCATE TRGRARTC T TGGTT
TTTTEGAAGATARAC TGATATATTTARRTCATGAGTCAGATA TACGRATACCC TATCCTATCCATE T GGRARRTC T TGGT
TTTTCGARGATARRC TEATATATT TRARTCATGAGTCAGATATACGRATACCCTATCCTATCCRTC TRGRAARTC T TGGTT
TTTICGRAGATARAC TGATATATT TRARTCATGAGTCAGATATACGRATACCCTATCCTATCCATC TRGAARTC TTGGTT
TTTICGRAAGATRARC TEATATATT TRARTCATGAGICAGATATACGAATACCC TATCC TATCORTC TGGLARRTC T TGGTT
TITTCRRRGATARRCTEATATATT TARATCATGAGT CAGATATACGARTACCCTATCCTATCCATC TRGARRTCTTRGTT
TTTTCGRAGRTARNT I TATATATT TRBRTCATARGTCAGATATACGRATACCCTATCCTATCCATC TRGARRTCT 1GGT 1
IIIh:l‘;msnlmﬂlIIHIHIHIHH{.Ermﬁl:nmlﬂlﬂ[rﬂ!ﬁﬁflﬂlt[ TATCCATCTRGAARTC TTGGTT
TTTICGRAAGATARAT T TATATATTTRAA TEATRAG TCAGATATACGRATACCC TATCCTATCCATC TRGAMATC TTGGTT
TITTCGRAGATRRATT TATATAT T TRAATCATRRGICAGATA TACGRARTACCC TRTCCTATCCATC TRGRAARTC T TGETT

TITTCEARGATARKBL TEATATATT THRATLAT AGTLAGRTATACGARTACCC TATCC IRTCCATCTRGAARTC T TGGT T
ail 510 S0 f50 5
i ;

- . I

I'HIE'FFEIT'I:H‘I'III IEEIIHMFI]HIEIEI[II'TI'I ICATTTATTARGGETTGTTTTTTIAT TACTAT TATAAT IGGAR
CANATECT TEGATAT TGRATARARGATGTCTCT TP T TICATTIRTTMAGETTGTTTTTTTATTACTATTATAAT TGGAR
CHERTCCT TCGATAT TEEA T ARARG TCICTTTICTTITCATIIAT IRAGET TGTTTTTTTATTACTAT TATART | GERA
CARATECT TOGATAT TGGA T RAR TCICITTCTITCAT TTATTRAGE I TGYTTTTTIRT TRCTAT TATART TGGAA
CARATCCTTEGATAT TBHIIHPA‘IMHTETI'.'II'ITTB" TCATTTATTARGETTGTTTTTITTATTACTATTATAAT TRGAR
CARAICCTTCGATAT TGEATARAAGATGTCTCITICTTTCATYTRATIRAGGET IGTT TV TTIAT TRCTAT TRTART I GGRA
CARATCCT TCGRTAT TGN T RAAAGATGTCICTTICTTTCAT L IAT TARGETTGT T TETTTAT TACTHT TATRAT TGLAR
CAMATCL TECATRAARGATGICICTITERITCAT T RAT TRRGET TGTYTET T TAT TACTAT TATRAT IGGRA
CARH GATAT TGEATRRARGATGTETCTTTICTTTCAT I TATTAAGRT TGTTTTTTTATTACTATTATART TGEARA
wm 1 TG TRARRGATG TCTCTITCTTICATITAT TARGEI TGITTTTTTATTACTAT TATRAT TGGARA
CARATCET TGEATRARAGATET TTETTICTTRCAT TTAT TRAGATTGRTTTTTTTATTACTAT TGTAAT TGGARA
LA CTTCGACAT THGATRRRAG TTICITTCTITCAT I TATTARAGATTGTTTTTTTATTACTATTGTAAT TGGAR
L CTICERCAT TGER TRARAGATET 1 TCTTTCITTCAT TTAT TARGATTGTTTTTTTATTACTAT TGIAAT I GGRAA
TCC FICEACAT TRGRTRANAGATET 1TCTITICTTTERT VAT TARGATIGEITTT1 TATTAC TAT TGTRAAT TGGHRA
rﬂFﬂlLﬂ'TTTMT TR TRT L H:l TIETITEAT T TAT TAAGaT TRTTETT T TATTRC TRTT g TRAT 1 GG

s30 " 600 10 E20 630 [T

— + i
Timr IE‘.ITWHI"IH"ITEMTMEWT TITTETTRATTCCTAT ===
THGIE. TG!‘..H.H TACTITTTITICAAAMBGTAA TCCARGATTTTICTTATICCIAT——=
TAGE mﬂiﬁﬂ" TACTETTTTT TERAARANGTRATCCARGAT I TTTCTTATICCIAT—=-—
T 'IIM mmrt ACTTTTT T T TEARRARAGTARTCCANGATTTTTETTAT TCCTAT ———e
TRGICTI lrﬂl! CTTTTTTTTCARRRAG TRATCCARGATTTTTCTTATICCTAT——————

-1!0 50 530 5

STCTTNTTAC tmurﬁtm rl CTTTTTT T TC ARG TAATCCARGAT TTTTC T TAT TCE TAT =————e
nmu;‘m GEATTTETRE Y 1171 1T TERAARMGTAATECARGATTTTTCT TATTCE TRY—=——
TAGTCITTTT cl:mmmn TTITTTIERARARGTART CCARGATTTTTETTATTCCTAT————
TRGTETTT TTACTCERARRAMT GEATT TTET T TCARRANGTRATCCARGAT T TTTCTTATTCCTAT ===

TRGICTT 1T ERCTCCARRARARTGEAT TTCTRCTTTTTT T TEARRAAGTARTCCARGATTTTTCT TATTILCTAT———
T TTTTTALTCL ! Ilﬁﬂ]’ﬂmr. TTTTTTTCRAARANGGRAT CCARGATTTTTETTGT TECTATTCTTAT
TAGICTTLITACTCE IGERTTIC TETTTTICAARANGGAR T CCARGATTTTTCTTGTICCTATICTTAT
TAGTCTTRTTRCTCL MGGEATTTC AT TTEAARARGGARTCCARGATITTTCTIGTICCTRATICT IR

IHG'IF'I[.TTIH'ILfMIIIHIII‘E;E '} TCAARARGGRRTCCAAGATTTTTCTIGTTECTATICTTAT

TRGT ET“TTH;IMMIEEHT T TTIT FTTCRARARGAATCCARGATTTTTET T TTCLTATL cLL At
—
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ATART T TR TATGTRCGLGART A TERATC TRTCT TACGTARRCARRTCCTCTCRGT TRCGGT TARARTATITI
ATAATTTATATGTACGGGARTATGARTCTATCTTICTTT ARTCCICTCAGT TRCGGT TARAATATTTT
ATARTTTRATATGTACGEGARTATGARTCTATCTTTCTITTIC TACGTARCARR ICCTCTCAGT TACGET TRAARTATITT
ATAATTTATATGTACGEGARTATGARTCTATCT T TCTTITTCTACGTARCARAT CCICTEAGT TRCGET TARARTATTTE

THICTTT T TACG TARCARATEC TLICHGT TRCGET TARRRTATTTY
" JTHITMHTTMMTHTTH

ATAARTTTATATGTACGGGARTATGAATCTATCTTICTITTICTACG TCTCAGT TRCGGT TREAATATTTY
ATARTTTATATGTACGLGARTATGAATCTATCTT l'l:""“:'l'm EICTCAGT TRCGHTTARRATATTTT
ATAATTTATATGTACGGGRATATGAATCTATCTTTCTTTTTCTACGTARCARATCC TCTCAGT TACGETTARRATATTTT
ATAATTTATATGIACGGGARTATGRATCTATCTTTCTTITTCTACGTARCHARTCCTCTCAGT TRCTAT TRRARTATTTI
ATARTTTATATGTACGRGAATATGARTCTATCTTTCTTT T TC TACGTARCARATCC TCTCAGT TRCTATTARAATATITI

CHTART T TRTATGTACGRGARTATGRAATCTATCTITCTITITC TACGTARCAMATEC TCTCAGTTAC TRTTARARTATTTY

ATARTTTATATGTACGEGARTATGAATCTATCTTICTITIICTACG TARCARRTCCTCTCAGT TRCTAT TARARTATITI
ATART TTATATGTACGEGRAATATGAATCTATCTTTCTITTIC TACGTRACARATCCTCTCAGT TACLAT TARARTATTTT

1 A0 740 750 760 770 780 750 a0
S v i
COOATTT 00 1T EGRGEGNT 111 0L LE D PGERRRARRTCEARCATC | TG TAGAAGTATCTGTTRAOGGRT | GTTCATATRC
COCATTTTTTT TRAGEGARTT TTTTIC TATGARRARATCGRARCATC T TRTAGARGTATCTGTTARGGAT TGTTCATATAC
CGCATTITTTTIGRGEGARTTTTTTTC TATGAMAARATCEARCATC T TGTAGARGTATCTGT IRAGGAT 1 GTTCATATAC
CGEATTTTTTT PGRAGEGATTT 1T TTC TATGARRRRATCEARCATET TG TAGARGTATCTGT TRAGGRT T GTTCATATRAC
CGEATTTTTTTTRAGCRARTTTTTTTCTATGARRARATCEARCATE TTRTAGAAGTATC TRTTARGGATTGTTCATATAC
CGERTTTTTTTTGAGCGARTTETTTTCTATGRARMANTCGRRCATE TG TAGAAGTATCTGT TAAGGATTGTTCATATAC
CRCATTTETTTTRAGCRARTTTTITTE TR TGRARARATCGAACATC T 1GTAGARGTATCTGT TANGGATEGETCATATC
CHEATTTTTTTTGAGCHAATTTT TTTC TATGRARARANTCOARCATET TRTAGANGTATCTGT TARGGATTRTTCATATRC
CGEATET TP IGRGCGRNTT 1L TCTRIGABRARATCGRACATC | IGTAGAAGIATC T GIIANGGATIGT LEATATAC
CGEATTTTTTVIGAGEGARTT T TV TCTATGABARARTCEARCA TCT TG UAGRAGTATE 161 TRAGGA 161 TCATATRC
EGEGTTTTTTTIRAGCGARTT TTTTTCTNTGARARAATAGARCATATTRTAGANGTATT TGE TARGGATTT T TCETATAC
CGEGTTTTTET TGAGEGANT T T 10T VC T GROASANTIGAACH TAT TETAGHAGTATT TGCTANGEATTT T TCCTATAC
CREGTTTTTTTTEAGEGARTT T T T TCTATGRAAIRATAGARCATAT TG TAGRAGTAT | TG TARGGAT 111 TECTATAC
CRCGTTTTTTTTRAGCGARTTTTTTTE TATGARRARATAGARCATATTETAGANGTATTTGC TARGGATTTTTCCTATRE
CGCel TTHTTTTGAGCGARATTTTTTTCTATGRAARARAT »GARCATa T 16 TAGHAGTATL T6c TARGGAT T 1 TCc TATAC




KT TE =k =Bl ok
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HHITE-HOS=Kanchanalw
HHITE=-HZ2=Chianghal
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Consensus
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RED=-Rir3=Chachoongs an
FE =R S=Kalacin

RE D-R 2-Bangkok
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HHITE-HZ2=-Chianghal

HHITE-HZ3-Frachusp
MHT TE 07— s hareabng
HHTTE-H1G-Halchonath

WHT TE =401 ~Hont habard
HHT TE =H05 K bl

HHLTE=M22-Chi anghal
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CTTRICATTETTTAAGEATRCTTTCRTCCAT TATGT TRGATA TR T CRATTCTGET T TCRRRGARTRC TCC T
CTTATCATTCTTTARGGATACTTTCATCCATTATGT TAGATATCARGGRAARATCARTTCTAGT TTCARAGRATACTCE T
CITHTCATTCTTTARGGATACT TTCATCCATTATGT TAGATATCARGGRARATCRATTCTGGT TTCRARGRATACTCCTC
CTTATCATTCTTTARGGATACTT TCATCCHT TATGT TAGATATCANGGRARATCAAT TCTGGT T TCARMGIA TACTCCTT
CTTRTCATICTT TARGGATACTTTCRTOCAT TATGT TAGATA TCAAGGRARATCAATTCTEGT | TORRAGRATAC ICC 1T
CTTATCATTCTTTARGGATACTTTCATCCATTATGT TRGATATCARGGAARATCAATTCTGGT TTCARRGARTACTCCTC
CTTATCATTICTTTAAGGATACTTTCATCCATTATGT TRGATATCAAGGARRATCRATTCTGRT TTCARAGRARTACTCC T
CTTATCATTCTTTAAGGATACT TTCATCCATTATGT TRGI TR CARGGEAARATCAAT TCTGGT TTCARAGRRTAC TCCTE
CTTATCRTTCTTTARGGATACTTTCATCCATTATGT TRGATATCARGGARRATCAATTCTGET TTCARAGARRTACTCCTE
CITRATCATTCTTTAAGGATACT TTCATCCATTATGT TRGATATCARGGAARATCART TCTGGT T TOMIAGRRTACTCC TC
CTTATCRT TETTORMAGGATCCT TTCATCCAT VATGT THRGHTATCRRGGARRATCAATTC VGG T TCRRRGRRTAC T 1T
CTTATCATTCTTCARGGATCCT TTCATECATTATGT TRGATATCARGGAARATCAATTCTGGTTTCAARAGRATACTCCTE
CTTATCATTCT TCARGERAICCTT TCATCCAT THIGT IRGRTATCARGGAARATCART TCTGET T TCARRGARTAC TCCTC
CITATCATTCT TCARGGATEC TTTCATECAT TRTG ETRGATRTCARGGAARATCART TCTGGT T TCAARGAA TAC TCCTC
CITATCATTCT T eMMGGATcC T TTCATECAT IRTGETRGATH T CARGGARRATCHATTCTRETT TCARAGARTAC TOCTE

bal ik ] 0 S1u '52#’ X 240 ‘JE:I

I *
nnrmnmmmrrrmi:‘m'ﬁﬁilﬁ'ﬁmrmnrmnmnrr.t.mmntl:nr.mm‘mw
TTTTGATRRATREATGHERRRTACTRTTTTATCTRAITTATGGERRTGTCRT TTTGRTAT T TGETC T CGRCT AGGRARCERTC
TV TGATAMATARATGGARATACTATTTIATCTATTTATGGCAATGTCATETTGATATT TGETC TCGACT AGGAM GATC
TTTTGATAMATARATGEARATAC TR ATCTA TGATATTTGETC TCGACE AGGARCGATE
I 101G TR T AR GERRATAC TATTT TRTCTAT TTAIGGCARA TGTCAT TTTGATATTTGETC TCGACC AGGARCGATE
111 0 G LARATRRAT (GARTTAC TATTTTATCTATTEATGGCAATEICAT I TTGATATT 166 TC T CGRCT AGHARCGATE
TTTTGATHRA | AT GERRTAC TATTT TATCTAT T TATRGLMATGT
TTTTGAT R T GGRF mnmmr:mrmmmﬁmrmr.ﬂmmrmc‘rr;ﬁnc:mmmmm
(RERTT i VAT DR T DT TRTCTAT T DA TG TGTCRT T T IGATAT T TGETC T CGRCURGGRALGRTC
i H 1 GGEARRTACTATTTTATETAT TTRTGGCARTGTCATTTIGRIAT T TGGTCTCGACCAGGRACGATE
ATGGARMTNCTATTTTATTIATT TATGRCRATGTCAT T TTRATATT TGETE TEARCCRGGRACGATE
I GERAATACTATTTIAT ITRTTTATGGCAATGTCATTT IGATAT T TGETC TCAALCAGGRAC GATC
LGEARN TR FRETETAT TTRT TTATGGCRATGTCATT TTGEATAT T TGETCTCARL CAGGRRCGATE
Lwrmrﬁmlmnm TTTRTTTRT I TRTGRCAATGICAT TTIGATAT T TGRTCTEARCCAGGRARCGATC
mtr.inﬂu‘mcmmmn.mnmrmuamnﬂmnrsmrmmccmr.nmr.mr

50

TATTTHGTE TEGALCAGGRACGATE
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COGCAT FCATT m :| mmm:m TTITTARGTATICGGE TCARTC T TTCAGTGE TRCG

cnm |:|:_ |: CATTCAT rlin:mn TTTTRAGTATTCGGE TCARTCTTTCAGTGE TACG
CHi C nmtmnmn mmhrmmmnl:sﬁclmmnucmm:lm:h
CA| ] CCCNGCATTEATT im1mu:mmnmmmm:ﬁr.nmm1umm.:mn.
tn:rmr.n: rrmr TTETTAGGETATTTE T TARAGTRT TCRGE TCARTETTTCRGIGE TREG

TCCOAGEATT TTTTRGRETATTTTT TARGTAT TCEGE TCRATET TTERGTGL TREG

Ellllll L Eﬂl I.'l Ml‘.ﬂ?ll:ﬂ"lﬁg"ﬂ”ﬁﬂ:mil”nﬂmﬂﬁlII.‘IJI.iFCH'IILI'[ILI'H:TEEIHEE
CREATRARL ALCATTCATTT AGGCTATTTTTTRAG TAT TEGGE TERATC T TTCAGTGETRCG
m '!t!l:l:! TCATT TTITTRGGCTATTTTTTRARGTATTCGGE TCARTC T TTCAGTGLTRCG

CAl ITRTACE TICRTT 'Ii'llIliiﬂ:m'l"”IMIHIIEEEEIMIEITIEHEI’MIHEE

CHIRGRARCORAT TATACE ’ﬂﬂﬁilﬂtﬂ.’. T IGGECTATTITT TRARGTAT TEGGE TRAATCTTTCAGTGLRTRCG

CH TR TTRT n:mm:nr_‘ GLECTATTTT T TRAGTAT TCGGE TRRATC T TTCAG T GGTHED

EHTHmT“!ﬂm i TATTITTITTRRGTAT TCAGC TARATC TTTCAGTRGTRCG

CRLA l.i'hﬂlﬁmﬂill:ﬂtll _l TRTTTITTARGTAT TCGGC TaRATCT T TCRGT G 1RCG

I.IHI mm l.m__ 1070 :lﬂﬁ 1030 1100 1110 1!21.;!

METEHHIEIIIMIITHIHI rm!mm R TR T TGRTRCRATAGT TOCART TRTTCCTCTRA

ARG T CAGE TG TTEHT TTCTHA TTGATACARTAGT TCCARTTATTCCTCTAR

ARG TCRGA TG TRCHAAAT TCATTTC TRATARAARAT TGT 1ATGARRARAGE T TGATACHATAGT TCCARTTATTCCTCTAA

ARGTCRER TG TRCABART TCAT ll:mmmnmnmmmﬂlhmﬁmcm TATTCCTCTAR
mlmmmnmrltnn T VHATFRFRARLT TG T 1P GARARAGL T TGR TTCCARTTATICCTCT AR
IATTCAT GARARAGET THATAE TTCCRARTTATTCCTET AR
- Km ru:cm:mm:tn::m
mmmmnmt ﬂ:mm:mrmrmmn TTCCARTTATICCTE
ARGTCAGATGTTRCARART TCATTTCTAATARMARTTGTT mmmm:wrtrxmlmnrnnm
ARGTCAGATGTTACARAAT TCATT TCTRATAARAAT TGT TATGARAARGE | 1 GAIACARTAGT ICCART TRTICCTCTAA
ARGTCARMATHTTRCARAAT TCATTTC TAATARMAATTGT TATGAMRAGE T TGATACAATRGT TCCAATTRTICCTCTGA
ARG TCRRN TG T TEC AR TERTTTC TRATARMART TG T TA T GRARARAGE T TGATACAATAGT TCCRRTTATTCC TCT 6N

hachoengs
RED=R15-Kalanin. AAGTCARATGTTRCAARATTCATTTCTRAATAAARATTGT TATGARARAGCT TEATACAATAGTTCCAATTATTCCTCTGRA

¥k (=51 P =Hangk ok
Consensus

HHTTE-H02 -Bangkok
HH L TE=H03-Bangkok
MEE TE -H#1 K e hanas b
HHITE

RED-R15-Kalagin
RED=-R12-Hanghkok
Consensus

PG TR TG T TGERRA T TCT T TC TR TARARATTGTTATGARRRAGE T TGATRCAATAGT TCCART TATTCCTE 16A
PG LA TG T T g RARAT TCAT T TC VARTARARAT TET TATGARARAGE T TGATACARTAGT TCCARTTATICCTC TR
1121 ﬂh u-w 1150 L1160 11?0 uw .'I.I.‘.H 1201.;1
i

nmmmnmmmmnnnmrrmm rtmr,nrmrnmmmusm mm:mn TATCTGAT
TTAGATCA | T GGETRARGARART T 1IG TRATGTATTTHE TERTCECAT TRGTARGECGE] TTEGECCART TTATCTGA]
T TREGET AT TRGET RASGEIRART T ETG IR TGTAT T TRG TERTCCCAT TRGTARGECEGT TTERGCCART T TATE TGAT
TIAGATCAT TRGETANRGEARAAT T TTGTRATGTATTTRE TCATCECAT TAGTARGECGET TTRGRGCCART TTATCTGAT
1 VAGATCA T THGE TRANGCAARART T TTGTAATGTATT TGETCATCCCAT TRGTRAGLCEGT T TGGGECCART TTRTC TGAT
1 TAGATCAT THGE TRARGCARABT T TTGTAATGTATT TGETCATCCCAT TRGTARGCCGGT T TRHECCART T TRTCTGRT
TTAGATCATTGGE TARAGCARRAT T TTGTARTGTATT TRETCATCCCAT TAGTARGECGGT TTRGGCCART T TATC TGAT
T TAGATCAT THGE TARRGCARAAT T TTGTARTGTATTTGETCATCCCAT TAGTAAGCCGGT T TGEECCARTFTRTC TGAT
1 A ATCA | 1RGET ARG ARRA T T TGTANTGTAT T TGRGTCATCECATTAGTAAGECGR T T TRGGCCARE T TRTE TGAT
TTRGATCATTRGE TARAGEAARATTT TRTAATGIAT TTGGTCATCOCAT TAG TRRGECAE TT TERGCLAA TTTATE TGAT
FTFGT TERT TGGE T RRBGEABARAT 11 TGTAATGTGT TEGETCATCCCAT TAGTRAGECEGT T TEGECEARTT TRITTGA1
1 VEWET 1 T TGGE TRATMGCARANTT TTETARTGTGY TGGETCATEECAT TG IRAGECGGT T TEGGOCARTT T TGIT
TIRGTTORTTRGE TARBGEARRAT TT TR TARTGT AT TAGGTCATECCAT TAGTARGECGGT T TRGACCAATT TATETGAT
TTRGTTCAT TGGE TARRGCARART T T TGTARTGIGT TEGETCATCCCAT TAGTARGCCGGT T TGGECCART T TATC TGAT
TTAGLTCAT TGGE TRARGEARART T T TETARTGT g1 i.l’pﬁTlZﬂlEI‘.le TAGTAAGECHGT T TRGRCCART TTRTCTGAT
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HHITE=H02=Bangkok TT TGATAT THTTWCEE"" TGCHEATATGCAGARATTTTTCTCATTAT TIII:HFITEEHTIIHMHMMT LA
HHITE=HOJ=Bangkok TTTGATATTATTGARCCGGTT T TGCGGATATGERGRRATTTTTCTCATTAT TRCAATGGATCCGCAMRARARARAGAGT 1T
HHITE-MZ1-Kanchanaba  TTTGATATTATTGACCGGITTT TGCGGATATGCAGRART TTTTCTCATTAT TRCARTGGATCCGCARARARARAGARGT TT
HHITE=-H20-KhonKaen TTTGATATTATTGACCGRITTTTGCGGATATGCAGRRRTTTTTCTCATTAT TRCARTARGATCCGCARARARRRAGAGTTT
HHITE=MHOl=Honthaburi TTTGATATTATTGACCGGITTTIGCGGATATGCAGRARTTITICTCATTAT TRCARATGGA T CCGCARARARARAGARGT 1T
HHITE-HDS=Kanchanabu  TTTGATATTATTGACCGGITTT TGCGGATATRCAGRART TTTTCTCAT TAT TACARTGGATCCGEARARARABAGAL T I
HHITE-H22-Chianghal TTTGATATTATTGACCGGTTTTIGCGGATATGEAGARATTTTTCTCATTAT TRCARTGGATCCGCARARAMRARAGAGTTT
HHITE=HEI=Prachusp [TTGATATTATTGRCCGGT T TGCGGHTATGCAGRART TTTTCTCAT TAT TRCARTGGA T COGCARARARARAGAGT T T
MHITE=-MO7-Kanchanaba TTTRATATTATIGACCGGITTT TGCGGATRTGCAGRART TTTTCTCATTAT TRCARTGGA T CCGCARBARRBARAGAGT TT
HHITE-H1G-HakhonPath TTTGATATTATTIGRACCGRITITIGCGGATATGRCAGRAATTTTTCTCATTAT TRCARTGGATCCGCARARRARRAGAGTTT
RED-RO8-Kanchanaburd  TTTGATAT TATTGRRCGAT T 1T T GCGERTATGCAGRART 1T TTCTCATTAT TACAARTGGA T CCGRARARARARAACGT 11
RED=R09=Chachosngsso  TTTGATATTATTGARCGAT T TT IGCRGATATGAGRRST TTTTCTCAT TAT TRCARTGGATLCGRARARRRARARABCGTTT
REO-RIS-Kalasin TTTGATAT TATTGARCGATT T T TGCGGRTATGERGAMT TTTTCTCAT TAT TACART GGATCCGRAARAARAARANCETTT
RED-R1Z-Bangkok TTIGATATTATTGRACGATTT T THCHGHTATGERGARAT ITTTCTCAT THT TRCAAT GGA | CCGARARARAARARCET TT
Consensus  TTTGATATTATTGARSCGaTTTT GGG IHIFWTI IETCATTAT TRCARTGGATCCGNRRRRRAGAAcGTTT

1281 man 1300 1310 L 1330 1340 1350 1360

I [

T TE = M2 =Bk ook GTRTCARA TANGATATREAC T 1CGGETTTCTTGTATAARAC T | 1GGETCG TRRGCACARANG TACTECGCGEATTTT
HHITE-HO3-Bangkok GTATCARATARGATATATACT ICGECTT r_nmn:m%m:rcnmmmmmnamcmmmmrn*ﬂ
MHI TE-HE1~Kanchanabu G 1EGRARTRRGRTRTATACT TCGGCETTCT TGRS RARRRC T 1 GEETCETRAGCACARAAG T ACTECGCETACTITT
MHITE-M20-KhonKaen  GTATCHARTARGATATRTACT TCGGECETTCTTGTATARARAC T T TGECTCG T RRGCACARANG TAC TRCGCGECACTTTTT
UHITE-HO1-Honthaburi  GTATCARATRAGATATATACTTCGEETTTCTTGTATARAARCTT TGGL TCG TRAGCACARANG TACTRCGCGCACTTTTT

UHITE-H0S-Kanchanabu Gl AAGHTAPATRET ICGHEC T TCTTGTATARRAAC T T TGECTCETRAGCACARARG TACTGCGCECACTTTTT
HHITE=HP2=Chianghai GTATCRART MIHI'HT.IIFI'&[ TUTETTGTATARFARC | T TGEL TCG TRAGCACARANG TAC TGOGCGECRCTITT
MHITE=H23=-Prachosp  GTATCHRATRAGH TAC I TCGEETTTET TG TR TIFAR 1 7 TGEL T CG T RRGCACARANG | AL TGCGCGLACTITTT
MHITE=HD7 =K anchanabu i TATACT ICGHECTTICTTGTATARARARC [T 1 GGECTCGTRAGCACARARG TAC TGCGCGCACTITTT
MHITE =H16=Habhond at.h I'IIIII TATATAE ITCGEE T TICT TRTATARRARC TTTG6C 1 CHTRAGCRCARANG TACTGORCGERCT T
RED-Rof-Eanchanaburi  LIATC mmt’ﬂl’ﬁﬂttlnﬂll CT TG AT AR T T VGG TCGTAAGCACARANG TRCTRTGCRCACTITTT
RED=ROA-Chachoangsaa N’.HTKTIC GACTTICTTGTATARRAACT T TGHCTEGTAAGCACAARAGTACTRTRCGLACTTTTT
D-R1%kalasin L IRCTIC C T TG AARARC T TGGCTCRTARGCACARARG TACTGTGCGCACTITTT

RED-R1 TCAGATACATACT TCGACTTICT TGl ATRRAARC T T TRECTCG TARGERCARANG TACTGIGCGCACTITTY

P=Ranghkolk |
Cowmmoni i lﬂ'ﬂﬂ" Mﬂtﬂfﬂﬂi’rrﬂtﬁl’tﬂ ATARARACT T TGHRCTCG TRAGCACARARGTACTRURCACACTTTTT

1161 13700 0 1380 13190 Lao0 1410 1420 1430 uau
HHLTE=H02~Hanghkok 'l‘mm‘tm ltmmmr‘rﬂmn anmmmmmr TTTICTITGATITT ILLHHEH

HH L TE=H03—Banghok IT-#TIW;HEMHHT‘I’ W TR 1T T ACAGARGARGRAGATAT TTTTTCTITEATTTT ICCARGR

~K prchusnabas Tl'lr TTAGGTT TTh i H“mfﬂﬂmmﬁﬂ]’ﬂ]’TTTTTETTTEHTTTTTCEMBH

HHI TE-HZ0-khonk.aen I T TCAGARARATTAT ] TATTTCT TTRCAGARGARGRRGATATITTTTCTTTGATTTTICCARGR
HHT TE =Hi0] =Moot hushasr @ TTCAGARARATTATT TTICT T TRCAGARGAAGRRBATATITT TICTTVGEATT T TCC AfGR
MHT TE 0% = s ba IBM'IH CHGRARAT TR TITCT T VACAGARGRAGARGATAT TTTTTCTITRATTT T TCCARGA

MHTTE=MZP=Chiangtial  TGARAAGAT TAGET TCAGARARATTAT TGERAGATT TCT T TACAGARGARGRAGATATTTTTTCTTTRATTTTTCCARGRA
HHITE-HZ3-Prachuap | n TCAGRRANED LT T GERGAT TCT 1T TACAGARGARGARGATATTTTTTCTTTBATTTT1CCARGH
MHITE=H07—K anchanatus 1 GARAI T VCAGRMEART TG TEGRRGATTTCT T TACAGARGRAGRAGATATTTTTTCTTTGAT T TT1CCARGR
HHITE-H1E-MakhonPath Th n TIf.ﬂf-ﬁM!lntTﬁmnmnmmmmmnnncnrmnmtrnnrun
RED-Ri-Kanchanaburi 16 G 1mmmﬁwmﬂmm:ﬂmnm:mlnmlicl.mm
oo TLABARGE TTRGET TCRGRRIAT TH1T T T TACAGARGARGIAGATAT T TTTTCTTTTATTT T TCCARGR

RED-R1S5Kalasln TGAAARGATTAGLT TCAGAARAAT TATTGEARGAATTCT T TACAGRRGAAGAAGATATTTTTTCTTTTATTTTTCCARGA
RED=i12=Bonghok | GARAAGAT GG T TCRGRARAART TRT lm ACAGARBRAGAAGATATTTTTTCTITTATTTT TCCARGA
Consensus  LAFFNGA T TAGETTCAGHABMTIATY TTCTT IRCAGRAGARGARGATATTTTTTCTTTLATTTTTCCAAGA

1441 1450 160 uu - 1480 1490 1500 1510 I.'Ea'il

T TE =402 —Bangh ok ACTTCT nmu.nm:nr.ul“.mmm ng mgmt TIGGATATTCTTT TCAGAAACGATT TCGICAATCH
HHITE=M03=Bangkok  ACTTCTTTTACTTTRCAGRGETIATA ATTTGEATATTCTTTTCAGARACGAT T TLGTCAARTCA
MHITE=HE21-Kanchanal T u:nnmnmmnmnm-mcmr TTGGTATTTGEATATICT ITTCRBRARCGAT 1 TCGTCARTCA
MHITE st FACTTCTTTTACT T TGCAGRGET TATATAGAGG TCGEATTTGETAT T TGEATATIC ITT ICHGAMMEGAT T ICGICARTCH
T TE =401 ~Mont habur ACTTCTITITRACTTTGCAGRGGT TATATAGAGLTCGGAT TTRGTATT TRGATATTL' CRGARACGATTTCGTCAATCA
T TE =05 =K arschianatec 00§ EE 0D P T T TGLAGRGE § R R A0k R EnECTT T TCRERRACGAT T TCGTCARTCA
MHITE-UP?=-Chi A RCTTCTTTTACTTTRERGRGET TATATAGAGE TCGEATTTGETATT TEGATATTCTTT TCRGARACGAT 1 TCGICARTLA
unn‘-um-ﬁ-m;‘ ACTTCTTTTACT T TGCAGAGG T TATATAGAGETC mmu‘% GARRCGATTTCGTCAATCA
MHI TE=H07 =K anchanabu %rn:nmv:nTmrlnlllmmmmnnﬂ TCRAGARACGAT T TCGICAATCA
TICTTVIACTT TGREAGHGET TATATAGAGE TCGEATTTGEIATTTGEATATTET 11 1 CRGARRCGAT [ TCGICARTCA
RED=ROf=Kanchanabur i ACTTCTTTTACTTIRCAGAGGET TATATATAGGTCGEATTTGGTATT TGEATATICTT T TCAGARACGATT TGATCAATCA
RED-RH-C hachoenys o TICTTTTACT T TGCAGRGET TATATATAGGTCGEAT T TGETRT T TGERTATTC I 1 TCAGARRCGAT T TGATCAATCA
RED=R15=kalaghn HCTTCTTTIACTTIGCAGAGGT TATATATAGR TCGGATTTGETATT TGEATATYETT 1 TCAGARACGAT T TEATCAATCA
RED=R12=Banghkok ACTTCNTTTRCTTTGEAGRGGT TRTATATAGETEGGEATTTRGTATT IGGATATTCTTT TCAGARACGAT T TEATCAATCA
Coneanaus  ACTICTTTTACTTTGCAGAGGT TATATACAGETCGEATTTGETRTTTGEATATTCTTTTCAGARACGAT T TeaTCARTCA

1521527

HHITE=H22=Chianghal TTTATRA
HHITE-HZ3-Prachuae _1TTAIRA
HHITE =H07-Kanchanaba  T1TATAR
HHI TE <M1 E-NakchonFath. 11 THTRA
RED-RO6-Kanchanabur L TTCATRA
a0 TICHIARA

RED-R15%-Kalanin TTICATAR
RED-R12-Rangkok TTCATAR
Consensus  [1oATRA



103

VITA

Miss Woraluk Yodpetch was born on August 24. 1981 in Khon Kaen,
Thailand. She graduated Bechelor's Degree of Sciences in Pharmacy in 2004 from

the Faculty of Pharmaceutical Sciences, Chulalongkorn University.
Poster Presentatio // :

Yodpetch, i, N, Sukrong, S, Molecular
Analysis_of Medicinall 25 Based on RAPD and matK Gene
Sequences The ieinal and Aromatic Plants, Chiang
Mai, Thailand, 20

Yodpetch, Wit Phadungcharoen, T.
Gene Sequenceand P _- Jenet
Kwao Khruea. The 23 FAnni

JSPS 1™ Medicinal C
Bangkok, Thailand, 2006

tana, S., Sukrong, S. “marK
{wao Khruea and Red
mmaceutical Sciences &

nce Platform Program,

Yodpetch, W., Suwannaporn, W.. | charoen, T., Sukrong, S. Screening
of Antioxidant Activity from Thai Herba inal Plants, Selected Chili Paste.
i P T

Semor Project P resents . th Phg # eutical Sciences,
Chula]on ,:- .c. eraty. Banckok. 1 ik :ll'
gk ",—:‘ X ‘

y G
AU INENTNGINS
ARIANTUNRINYINY



	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents

	Abbreviations

	Chapter I Introduction

	Chapter II Literature Review

	1. White Kwao Khruea

	2. Rea Kwao Khruea

	3. Molecular Markers

	4. The matK Gene

	5. The PCR Generation

	6. DNA Sequencing and Sepuence Alignment

	7. Phylogenetic Analysis


	Chapter III Sequence Analysis of matK Gene of Pueraria Candollei and Butea Superba

	1. Materials

	2. Methods

	3. Results

	4. Discussion


	Chapter IV Polymerase Chain Reaction-Restriction Fragmint Length Polymorphism (PCR-RFLP) of Pueraria Candollei and Butea Superba and Their Application for Identification

	1. Materials

	2. Methods 
	3. Results 
	4. Discussion 

	Chapter V Conclusion
	References
	Appendix
	Vita



