NNIANHIBYNINITIUIBY Hoya siamica THaTdaululszmelne

ﬂ‘lJEJ’JVIEM‘iWEJ’mi
ﬂﬁﬁa‘ﬂﬂimm&ﬂﬂﬂﬁﬁﬂ

fmﬂﬁuwuﬁul,ﬂu@iqwuwmmsﬁm:mmwanmmﬁmmmmmmamwmmmm
AN1ITINNBANERT NIATTINGNBAERNT
ANEANEIANART  ANIAINTRINUNANENAE
Unnsfnmn 2553

AUANDTVBIANIAINTUNUNINENGE



TAXONOMIC STUDY OF THE Hoya siamica COMPLEX IN THAILAND

ﬂ‘LlEJ’JVIEtﬂ‘iWEJ’]ﬂi

eS|s Submitted in P‘artlal Fulfillm tof the Reqwreﬂpnts
Department of Botany
Faculty of Science
Chulalongkorn University
Academic Year 2010

Copyright of Chulalongkorn University



Thesis Title TAXONOMIC STUDY OF THE Hoya siamica COMPLEX IN

THAILAND.
By Miss Duangjai Tungmunnithum
Field of Study Botany
Thesis Advisor Assistant Professor Manit Kidyoo, Ph.D.
Thesis Ce-advisor Assistant Professor Chumpol Khunwasi, Ph.D.

Accepted by the F , Chulalengkorn University in Partial

Fulfillment of the Requiremémtssecthe Master sBearee

oy
o SauDean of the Faculty of Science

THESIS COMMITTEE

Chairman

(ProfeSsonq

hesis Advisor

\ V J
.................................................. “Thesis Co-adviser

f ﬁﬂﬁ"ﬁfﬂﬂ"ﬁ"ﬂ‘m
A9 @sﬁmumfmm‘ﬁ’ ]

js'j“'{/f‘t- External Examiner

(Semran Suddee, Ph.D.)



aale aniulusssu: MIANUIBYNTUIBIUYDI Hova siamica ¥iawrouTu
Uszme Iny. (TAXONOMIC STUDY OF THE Hoya siamica COMPLEX IN
THAILAND) . f3nuninniinuiwdn: we. as. iniia Aneg, 0. fifsnmn
IoiNuEI 0 6. A3, YuNa AuNE, 79 wih.

TusRAanIMEN1OYNTUTISIUYBI Hoya  siamica ¥TimFadouds hivaiou

-& = LY . - o - =y Jc."
waanndaulsAuveanumsn Hﬁ 141N 'lﬂ(jﬂ'.i:ﬂ'd AV IMMOTUNUEY

s - » L |
ﬁl MIATIVADVANVUEN TN NUNDZUDY DY "I".'IT umnavel

- Ll J L

H. siamica wiai¥agouly 1eYNsUAB N YA A
nannawveazlinalu ¢ szllspunazAe iagay
Whanmsidian Tunisudl -V deyadugiuing

¥ "
Fagunmiinaaaliiiiu ava Taoiidunvualun
o Y ¢ o w
wiu hidanunaznod gl i luiusaunaziiu
i o - - _" ’_ o L
seanazaeinagduzihing e idinz i ou i ndunazyudmuenihy
uAnuYy IV uaz Vinzuasell; s AAUAE A T UenuUYaY  Taouuy -V 1
31]51¢1ummnmqﬁu uenuIndenuaF s inedwan i Hova siamica ¥iin
wwuu'luﬂiumﬂ‘lﬂummmmu e uaang) nquusmlsznaudlo wuu I uas
nqunna:d's:nﬂumu_t-ﬁuéw. anndoanUanuuE mEdnnvawsuluina1d 2 ngu

aguisn (1) sy

iayniou luvaizinguitaea

(nuy -V ﬂliﬂ'll.l'l'iﬂl.llﬂ A U] ﬂtﬂaﬂﬂﬂTiﬂﬂlﬂﬁﬂitaﬁlﬂﬂﬂﬂ

ﬁ‘l'l’u!li‘ntﬂuu"mmﬁuﬂ‘I‘ER-R.FLF ‘I"l'.IJ'H HAMNUANANNY  AAUIUY | 1Bd

e e CRPBLT I WA e,

ﬂﬂﬂlt"’ﬁ'lﬂﬂﬁl!%"lﬂlﬂ ITUATI’IU]I.IEI ﬂl'll.l".lﬂ'lﬂ‘l"l'lh 'lﬁ;ﬂ‘l-lﬂ'l!ﬁﬂhﬂﬂi mqqmﬂ

L AT LI P AR

Eﬂll'l.l'l.lﬂ‘:l sauninavumolusiaRoInues H  siamica HAMIANUININUA
L3

WU A siamica yiinwadouludszmelng Ussnoudao B siamica Craib wag

variety
Sy
oy i -
AN L NNNRNTAT . muﬂaﬂuin,,.,@ﬂ,,,wﬁ?ﬁf",., g
- & 1 - - ~
AN L WNUMERT. ... awilede 8. MBmninniiniinan. 27707 0y

- - i - = -
Umsfinu .....2553. ... ;wiie¥e o au 1 Inmiinussau F"“"“}“”«‘I



# # 5272309423: MAJOR BOTANY

KEYWORDS : Hoya siamica COMPLEX / PCR-RFLP / ANATOMY / MORPHOLOGY
DUANGJAI TUNGMUNNITHUM : TAXONOMIC STUDY OF THE Heya siamica
COMPLEX IN THAILAND. ADVISOR: ASST. PROF. MANIT KIDYQO, Ph.D.,
CO-ADVISOR: ASST. PROF. CHUMPOL KHUNWASI, Ph.D., 79 pp.

Previously, laxonomic status of Hoya siamica complex was still dubious due to

extremely variable in morphoelogical he aim of this thesis is to investigale
merphological, anatomical, palyriol o biclogical characters of the H
siamica complex in Thailang ﬁiatus The variation in shape

of leaf, characters of late e -7 provide impertant criteria
for dividing the studied plantgghic . ese qualitative morphological
data showed thal ferm #5 olWia _'_'_, S by obscure lateral veins
and broadly ovale corpug€ulum. Fo| C ous lateral veins, grooved on
upper surface and arrow hfadd€afpusqll ' JForm il @nd [l have obovate corana with
ebluse euter angle but forrgh V& a T _.'- llipticebevatle corona with acute ouler
angle. From II-V are different i Shapes. - anlifative characters showed that H.
siamica complex in Thailand can o groups, the first group composed

of form | and the secofithg mposed of i 5 the anatomical studies

shewed that this comigk
mesephyll which can hu@wiuus ly dividee
(ferm 1I-IV} cannet be divided, The PCR-RFLE stechnique was subsequently used lo

aeec avrsv ) SN DY BRI VES I BV v oot no

difference. Therefﬂa. Form | of the H. siamica cnmﬂ.‘ex is reated ay3 variety, due to

v o A ERBEN AT 1 B B =

present in‘this study. In additional, forms 11-V of the H. siamica complex as presented in

|-““-3 irst group (form 1) have

WO ayers@hereas the second group

this study indicate that they are variable form of a single species of H. siamica. In all, it

is propesed here that H. siamica complex in Thailand composed of H. siamica Craib

and a variety.
Department: Botany. . Student's Signature_ SRF. d'«r.....
Fieldof Study: Belany ... ... .. Advisor's Signalure *"‘"%7 Rsotutetir AR

Academic Year: 2010 Co-advisor's Signalure ’ﬁw‘;wﬁ



Vi
ACKNOWLEDGEMENTS

| would like to express my deepest thanks to my thesis advisors, Assist. Prof. Dr.
Manit Kidyoo and Assist. Prof. Dr. Chumpol Khunwasi for their encouragement and

invaluable advice, which are full of the great benefit for my life and my own thesis.

| wish to express my sincere thanks to the thesis committees, Prof. Dr.
Thaweesakdi Boonkerd, Dr. Sroynapa Yannawat.and Dr. Somran Suddee for their

valuable suggestions. -

| would like to expess.my heartfh;lt thanks to Associate Professor Dr. Obchant
Thaithong for her encouragement and valuable advice that greatly benefited this work,

Assist. Prof. Dr. Tosak‘Seelanan for his su.;pport, encouragement and valuable advice,
SR
especially in molecular sector, Prof. Br. Thaweesakdi Boonkerd for his encouragement

Lad ¢

and valuable advice, especially in ‘discri':jr}-i.‘nant analysis. | am very grateful to the

lecturers and members of the Planis:of Thaileih_'diﬁesearch Unit for good help.

o)
gy g

- o ol

Special appré‘_g;iation goes to my family and_’imy close friend for their

encouragement, invaldable support and many more throughout my life.

Last buti noty leasty~thispthesis, pwas: supported, by, Ghulalongkorn University
through the Plants of "Thailand Research "Unit, "the Development and Promotion of
Science.and.Technology Talent Project (DPST),. by.the . Thai, government budget 2010,
under the Research"Program“on’ Conservation ‘and Ultilization® of ‘Biediversity, by the
Center of Excellence in Biodiversity, Faculty of Science, Chulalongkorn University, CEB_
M_53_2010, and the Graduate student school of Faculty of Science, Chulalongkorn

University.



CONTENTS

ADSIraCE 1N TN@I. o
ADSIraCt IN ENGLISN ...t
ACKNOWIEAGEMENTS.....ie e e eee e

0N NS e e e e,

List of Tables.........ccccceeiiiiiinnn. Al ... vt e et eeete et reaerarr et

Results............o .. A T OTROTIRPION
DiSCUSSION.......cveen. T TR et
Chapter IV PCR-RFLR TN B e eneneenees
Introduct I

Materials anﬂ\ﬂe NOCISH— il

RO SUIES. .o et e

D'SCﬁSuEJ’JVIEJ‘ﬂﬁW B

Chapter V GENETAI CONCIUSION. et eeeeeeoeeeeeeeeeeeeeeoeeeeeeee e

Refere@%mﬂ\“m‘im URAINARE

AADDENTIR. ..ottt ettt
BIOGIAPNY e

~

»

~



LIST OF TABLES

Table

1.

L it KL RTb b 1Y

The 45 quantitative characters of both vegetative and reproductive

characters of the H. siamica COMPIEX.........ccoiviiiiiiiiiiiiie .

Comparison of the morphological cl r of the five Forms of the

H. siamica complex found i

Canonical discriminant
—

on 45 vegetative an O aACHC S ™™ e ...

Poolled within can I \:’5 al-forms

based on 45 veget C ..................
Sampling specimén i » ‘. ﬁx\ts\\‘ ‘in
Thailand................ dh.. 4 4.7 \ .....................
PCR regions of amplifi &S niversal primer
Pairs.....c.cococevevne . e e W
List of restriction enzymes {?a -* pDNA variation of

H. siamica co ; X — - 7_ ..............
PCR conditions SIZ 0 d :_-," of

amplification using 5 cpDNA universal primer pairs in Hoya siamica

of monomorphic patterns recognized by PCR-RFLP analysis.............

complex @Eﬁiﬂﬂﬂiﬂﬂlﬂ@ ........

Page

10

28

76

7

43

44

46

47

51

52

viii



LIST OF FIGURES

Figure Page
1. Geographical distribution of Hoya..........c.coooiiii 1
2. Measurements of leaf and floral parts...............ooooi . 12
3. Habitats of the H. siamica complex from different floristic regions

of Thailand....................... ii ........................... 15
4. Distribution of H. siamica.complex Thailante . oo, 16
5. Habitats of the five forms.ef*H. siamica complexin. Thailand............. 19
6. Leaves of H. siami , ... . 20
7. Variations of flower, 2 » lex. ........... 21

N h A% \

8. Variations of pollinia mlc_a --c B . 22
9. H. siamica Craib dra »

Kerr 724 (holo K)........ . it il 23
10. The ordination plot on t onical- | 2 of the five

morphological forms of the ............................. 29

>
-

11. Boxplots of two most.i jca~-complex... 30

12. The stem anato T e “y 33
13. The stem anatomf forl i eI | 34
14. The stem anatomy of form I11...........ccooqpri 35
15 The stemﬂau@@wgﬂjwmﬂj ........... s
16. The stem aﬂatomy OF FOrM V.o e 37
T RARARINTTERR I NEIRY
18. LocAtion of the 5 regions in this study base on the tobacco cpDNA

GENOIMIE . ettt 45
19. PCR amplified of HK region of cpDNA of “Hoya siamica

oML X e 48

20. PCR amplified of K,K', region of coDNA of “Hoya siamica

COMIP X 48



Figure

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

PCR ampilified of TC region of cpDNA of “Hoya siamica

COM P X e

PCR amplified of VL region of cpDNA of “Hoya siamica

complex” ... Lol b B

PCR ampilified of C,C reqi ' siamica

PCR-RFLP in C,C region @ '{SE"'*"

.__.r -

complex” digested.with Rsal

PCR-RFLP in C Cgio Ko
ﬂ ) &hﬁmmaﬁﬁ """
a;amm ER IV ABVIREL

PCR-RFLP in HK region of cpDNA of “Hoya siamica

complex”digested with MSpl ...,

Page

49

49

50

54

54

55

56

56

57



Figure

32. PCR-RFLP in HK region of cpDNA of “Hoya siamica

complex’digested with Rsal ..o o8
33. PCR-RFLP in HK region of cpDNA of “Hoya siamica

complex” digested With VSPI........oo et ieeieiieee e, 58
34. PCR-RFLP in K,K, region o

complex” digested with'BsuRl..........«..... T il 59
35. PCR-RFLP in KK, r

complex”digested With SCORE FFE .. & RN e ...l 59
36. PCR-RFLP in K\K, re

complex”digestedWith@iVis@l k.. L08R W% ... 60
37. PCR-RFLP in K|K,

complex”digested with Rsal ....idii i, 60
38. PCR-RFLP in KK, region of Cf

complex” digested wi s Y o 61
39. PCR-RFLP in TO\&c

complex” digestem/ith BSURD o 61
40. PCR-RFLP,in TC re "nﬁ %fwgwg

complex”ﬂi& %]h ;ﬁ ............................. ’] ﬂi .......... 62
AWM TN Na Y

complex”digested with MSpI ... 62
42. PCR-RFLP in TC region of cpDNA of “Hoya siamica

Complex’digested With RSal.........ccoiiiiiiiiii 63

43.

PCR-RFLP in TC region of cpDNA of “Hoya siamica

complex”digested With VSpl......c.ooii i 63

Page



Figure Page

44.

45.

46.

47.

48.

PCR-RFLP in VL region of cpDNA of “Hoya siamica
complex” digested with BSURI........cooiiii 64
PCR-RFLP in VL region of cpDNA of “Hoya siamica

complex” digested with ECORI................. 64

PCR-RFLP in VL region of ¢

complex” digested with'Mspl........x.... —— O R 65
PCR-RFLP in VL regi6f GLonDN o] Haye
complex” digested with' Rs . RN 65
PCR-RFLP in VL regigh of

66

complex”digested Wil VSPI& . L b 8

AULINENINYINS
ARIANTAUNNINGIAY

Xii



Xiii

List of Abbreviations

ATC G

nucleotide containing the base Adenine, Thymine,

Cytosine and Guanine, respectively

BCU = Professor Kasin Suvatabhundbu Herbarium,
Department of Botany, Chulalongkorn University

bp

°C

cm

DNA

dNTPs

EDTA

ardens, England

MgCl
2

milliliter

ﬂumﬂmﬂ%’wmm

PCR = polymerase chain reaetion

%W] BNTI Hlsdeila P

tris(hydroxyl methyl) aminomethane

uv = ultraviolet
V[e} = microgram
pl = microlitre
gm = micrometer

V = volt



CHAPTER |

INTRODUCTION

The genus Hoya R. Br., belongs to the family Asclepiadaceae, published
in 1810 by Robert Brown in honor of his friend, Thomas Hoy, the gardener. It mainly

occurs from Asian region to the Pacific Islands and Northern Australia (Mabbery, 1997;

Wanntorp et al., 2006). Like m us plants, Hoya is milky weed with

and Its inflorescence is umbelliform,

9

succulent leaves that vari

positively or negatively
pollinarium between co -/

aae YiNa
e

(Forster et al. 1998; Rintz#1978; Mabbery, 19

flower ped corona, and also have
ose of two groups of pollen
mass called pollinium, .a cop have their own translator.

C p et al., 2006).

¢ ot

: s
NIV S
eographical distribution of Hoya (Wanntorp et al., 2006)

In Thailand, most of the Hoya specimens were collected during the
1920s by Arthur Francis George Kerr (Kerr, 1951). The taxonomic report of the genus
Hoya was in Florae Siamensis Enumeratio 60 years ago (Kerr, 1951). Since then, they

have been



no further intensive research on this genus. Inasmuch as they have the great variation in
their morphological characters, which provide the confusion in both identification and
classification processes. At present, the genus Hoya is being revised for the Flora of
Thailand Project. At least 36 species in Thailand were described (Thaithong, 1995).
Nevertheless, many species in the genus Hoya have confused taxonomic status

because of the great morphological variations. Hoya siamica Craib is one of those

///

H. siamica bllshe

problematic species.

by W. G. Craib. It has been

discovered by A. F. G. vince, Thailand 100 years ago

(Craib, 1911). This sp at about 1,000 m elevation

(Craib, 1911; Thaitho ariable species, with a great

variation in texture, shape, B! ) ati le length, number of flowers
per inflorescence, pedi ers (Craib, 1911; Kerr, 1951;
Ping-tao, et al., 1995). , identification and classification of this species is

”‘\_‘:._ ot )
still uncertain. Previously, anator?‘l"

2RI TN
&

.sjr

"‘.—’

description that covgﬁd variations of th|s plant ailand is not available.
iy i

Aim of the thesi € o
},LJa’tg mo:iwological, anatomical,

palynologic a nd oIe ular data of tﬁe H. siamica=eomplex in Thailahd. These data will
i

be used to er i th o) Mtﬂ fthis'c €ci ﬁﬂiland.

ﬁ
.
=
5=
e
—
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CHAPTER I

LITERATURE REVIEW

The complex species is a group of closely related taxa at and/or just
below the species level (Stage, 1984) has great variation in morphological characters.
Hence, the taxonomic status of the coamplex species is rather difficult to define and give
rise to the question that there exists one .or.more taxa. To clarify this problem,

morphological, anatomical, palynologicaliand molecular biological methods are used.

Morphological and anatoFItical studies were often used for determining
taxonomic status of complex speoiee..in seweral groups of flowering plants. In the study

of complex species indthe genus Mafmea (Annonaceae) 53 morphological characters
‘.

W
were used to determine their taxonomle,status The researcher reported that 238
herbarium specimens could be dl\lldedkttjtto 12 groups. (Chatrou,1997). Likewise,

morphological data, together vvtth anatom@al-‘,data were an effective instrument for
determining the taxonomic status ot WO closely related species, Bouteloua aristidoides

and Bouteloua er/opoda which d|ffer from each other Jln number of branches per

inflorescence, branoh-—le_ngth, number of spikelets per brane’h, and branches deciduous
versus persisten (Columbus, 1999). In the study of Carex-backii complex (Saarela and
Ford, 2001), (Rhyllostachyae: Cyperaceae) the researchers hypothesize that the C.
backii complex is compesed-of three-distinct'species: C. 'backii,'C. saximontana and an
undescribed species (Currently naméd as C. cordifterana). And alsé-they presented the
results of a morphclagical andianatemical studies are leffectively tsed.to determine the

taxonomic status of C. backii complex.



For taxonomic studies of the genus Hoya, Forster and Liddle (1991)
reported that not only vegetative but also reproductive structures were very useful for
describing the taxonomic status of H. australis complex. Both qualitative and
quantitative morphological characters were useful for recognizing five subspecies within
H. australis complex. Furthermore, many reproductive structures, such as corona and
gynostegia were widely used for identification and classification in Asclepiadaceae
(Liede and Kunze, 1993). Similarly, Wanntorp’ s study concluded that the combination
of leaf, inflorescence and pollinium characters were useful for distinguishing Hoya
species rather than corona-merphology-alone (Wanniorp, 2007). Kunze and Wanntorp
(2008) reported that characters«of corona were the best tools for describing the
differences between species ofi'the genulgs Hoya and Dischidia. In addition in 2009, the
research about the genus Clemensiella’ (Asclepiadoideae: Asclepiadaceae) both
vegetative and reproductive Chara_,ctér wére; used to prove the taxonomic status of
Clemensiella mariae Livish. & Meve and Cf/emenS/e//a omlorii Schltr. These researchers
found that the shape of polllnarlum Corolla 1Qbes and corona were efficient instruments
(Meve, et al. 2009). Many resea_rches reported—_:t_hat discriminant analyses was a useful

technique to determine the importance char?étefs,for classification of many plants. The

obvious examples are_the study of H. parasitica _(Asclepi_adaceae) complex in Thailand

(Kidyoo et al, 2005)," Cascabela-Thevetia complex speciés (Alvarado-Cardenas and
Ochoterena, 2007), Cassia sensu lato (Boonkerd, Pechsri and Baum, 2005) and
Bauhinia pottsii<Gy Dony (Beonkerd, s Saengmaneesand, Baum;- 2002). Besides these
studies, the palynological data was widely used as"powerful’instrument for determining
the taxonamic .status of _several..complex .species, .especially .in“the species level
(Erdtman, 1952)! in' addition,” Rintz (1978), who"is' the=expert "in=Asclepiadaceae
suggested that the shape of pollinium can be used to distinguish most of the species in
the genus Hoya. In the same way, Fishbein's research (2001) reported that the
pollinarium was probably the most generally used for taxonomic study in many species
of the family Asclepiadaceae. For instance, many researches confirmed that pollinarium

characters, such as shape and size of pollinium, translator length and shape and size of


http://www.springerlink.com/content/?Author=Sigrid+Liede�
http://www.springerlink.com/content/?Author=Henning+Kunze�

corpusculum were potentially used for classify Hoya species (Rintz, 1978; Kleijn and
van Donkelaar, 2001; Wanntorp, 2007).

In the era of molecular's blooming, molecular data has become an
important approach for systematic study (Doyle, 1992). Weising and Gardner (1999)
generated a set of 10 consensus primer pairs based on multiple alignment of
mononucleotide repeat-flanking regions in conserved chloroplast DNA (cpDNA) from a
large number of plants both monecet and/dicot. They also suggested that universal
primers targeted to mononucleotide repeais might.serve as general tools for studying
chloroplast variation in angiesperm. In ‘addition,"Wang and Szmidt (1994) studied the
variation of cpDNA of complex.species in the genus Pinus from Asia. The authors
analyzed cpDNA variationgin mulitiple in@iividuals and populations of P. tabulaeformis
Carriere, P. yunnanensis [Franch: /@nd P. massoniana Lamb. They suggested that the
study of variation of cpDNAWwas an‘_,eff’ectii(?é [pethod to examine the taxonomic status of
this complex. Moreover, in ithe studied O;*‘_CpDNA variation in P. parviflora complex
(Watano, Imazu and Shimizu, 1995) the 'Eéééérchers reported that this method was

useful to determine the complexispecies. Fu’-r-tjﬁ_e_’_‘rmore, 10 cpDNA microsatellite primer

pairs, which designed by Weising & Gardneﬁ-'—i_(vy;ei,sing and Gardner, 1999) were tested

in this experiment. They amplified overlapping fragments gbanning the large single copy

(LSC) region from eUldicots. These primer pairs were fested on 20 plant species,
belonging to 13 families. These researchers found that many primer pairs were robust
with all species=They, recommended thakconsenved, cpBNAyprimer pairs were useful in

plant molecular genetics'studies.

Afterwards, thé’ PCR-RFLP" (polymerase ‘ehain reaction — restriction
fragment length polymorphism) method has become one of the common tools for
solving taxonomic problems. Miller and Spooner (1999) used PCR-RFLP method to find
the relationships in the wild potato Solanum brevicaule complex, and also define their
taxonomic status. Likewise, in the study of Wang, Szmidt and Nguyen (2000) the
taxonomic status of Pinus krempfii Lecomte was examined by restriction fragment

length polymorphism method. Their results indicated that P. krempfii Lecomte clearly



belonged to the genus Pinus. As for the study of Hoya, there was a large number of
taxonomic works indicating that the PCR-RFLP was useful for answering many
taxonomic problems. For example, the study of H. parasitica complex (Kidyoo, et al,
2005) and many species in the genus Hoya (Wanntorp, 2007; 2009; Wanntorp, et al.,
2006)

that the morphological, anatomical,

palynological and molecular stus ISE etermining the taxonomic status of

AULINENINYINS
ARIANTAUNIINGIAE



CHAPTER Il

MORPHOLOGICAL, ANATOMICAL AND PALYNOLOGICAL STUDY

Introduction

At present, taxonomic status of the H. siamica complex is still uncertain

due to its great morphological variation. Nevertheless, the original description (Craib,

1911) does not cover many char orS iamica complex in Thailand. Moreover,
anatomical, palynological dat -" : crlptlon that covered variations of
this plant group in Tha@ wlanons make confusion in its
identification and classifi inafi ﬂ\%are observed in this study,

focusing on translator | i ulum and pollinium that can

the pollinarium and/or 0 NE . orted as effective characters
for classification of spe 9,'+_--_ torp, 2007; 2009; Kunze and
Wanntorp, 2008). The obvi e e o5k nsis Kidyoo & Thaithong (Kidyoo
and Thaithong, 2007). : A

The hyiﬁ{h [ /—ﬂs/amica complex in Thailand

may contain a cryptic spec:les or variety. ‘_9 prove this, the investigation of all the

ﬁ@uggg T ILT e T Vo E A - S—

taxonomic status of this species. In addition, the key,and description were constructed.

ARIANNIUARTINE IR Y



Materials and methods

1. Plant materials
1.1 Specimen collection

The living specimens of H. siamica from the previous recorded
location in Thailand during March 2009 - May 2010. Moreover, detailed descriptions of
all specimens collected together with habitatsiwere thoroughly noted and photographs
were taken. The mature stem and leaves, of theliving plants were fixed in FAA solution
(Formaline Acetic acid*Alcohel) for anatomical study. The remainder specimens,
including branches, leavesgand ﬂowerél were preserved in 70% ethanol for further
morphological studies®*Morgover, He_,rbarilurr] specimens were prepared using standard

herbarium techniques (wﬁﬂﬂa umeﬁm-LL@:;ﬂm:, 25630) and kept at the Professor Kasin

Suvatabhundbu Herbarium, Depaﬂment offBotany, Chulalongkorn University (BCU).
’.:.f:
1.2 Specimens determinations =,

Specimens_. were d__eie_rm_ir_]ed using the previous available

taxonomic keys in Flor_é of Indo-China (Constantin, 1912), l:jora of China (Ping-tao et al.,

1995), Kerr 724 (holo k)'and the original description (Craib",'_1911).

2. Morphological.and palynological study.

241 #A totalmofed 7ospecimens swere, qualitatively rexamined from both
vegetative and reproductive organs, such as leaf shape, leaf venation, color and shape
of sepal, corolla and corona, etc. by using a stereo microscope and a compound light

MiCroscope.

2.2 Flowers of each specimen were collected, and preserved in 70%
ethanol for further palynological study. These preserved flowers were treated in 95%

and 100% ethanol respectively at least 1 hour for each step. The solution was drained,



and then the pollinaria were detected from the corona of each flowers under the stereo
microscope and put on a glass slide. Then, pollinaria were mounted in permount. Their
dimension were measured by means of imaging analysis software of Nikon digital sight
DS-L2. The pollinarium characters were observed and describes based on the
corpusculum, translator and pollinium both shape and size. Permanent slides of the

whole samples were deposited at BCU.

2.3 Total of antitative acters of both vegetative and
reproductive characters (Table-1)-of 47 specimens-were studied by taking photographs

and measuring these( i c'_ ) -

ic _measurements tool of Adobe

Photoshop CS4. And the inan al \E wa ed to determine the important
29NN

characters for classi iofl v SE] omple \\' ocedure CLASSIFY in SPSS

AU INENTNEINS
RINNIUUNIININY
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Table1. The 45 quantitative characters of both vegetative and reproductive characters of

the H. siamica complex

Abbreviation Characters

C1 leaf length in cm

C2 leaf width in cm

C3 distance from base to the widest point of leaf in cm

C4 leaf shape (calculated by C3/C1)

C5 petiole length incm

C6 diameter of petiolesin'em

C7 pedicel length inmm

C8 diageten of pedicel in mm

C9 ratio of leaf length' and petiole length
(calculated by 61 /G5)

C10 ratio of_pe‘dunclé‘.l_e'n_'gth and pedicle length
(calculated-by Ci_i/p?)

C11 pedunicle length m_cn‘l

C12 sepaldength in mm_ ,

C13 sepal width in. mm

C14 diameter of corolla in mm

C15 corolla length in mm (calculated by C20+C18+C19)

C16 corallailabe tength'immmi(caleulated:by C18+C19)

C17 diameter of corolla tube in mm

c18 distance from base fo,the widest,paint oficarolla lobe in
mm

C19 corolla lobe apex length in mm

C20 corolla tube length in mm

C21 corolla lobe width in mm

C22 corolla lobe base width in mm

C23 diameter of corona in mm

C24 diameter of coronal receptacle in mm




I

Abbreviation Characters

C25 thickness of corona lobes in mm

C26 distance between corona lobes in mm

C27 corona lobe length in mm

C28 distance from base to the widest point of corona lobe in
mm

C29 corona lebx alculated by C28/C27)

C30 A,

C31 ronﬂdiaﬁoronal receptacle
C32 e \aldie ' ete | corolla tube diameter
C33

C34

C35 alculated by C36+C37)
C36 length in mm

C37 rpu im length in mm

C38 . Gl e '

C39 : '

C40 ratio of pollinium length and pﬂnlum width in mm

ﬂuﬂitrm:m g1 I
Wgﬂﬁfmﬁi RIANLIRY

stoma length in micron

C44 stoma width in micron

C45 guard cell length in micron
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Figure 2 Measurements of leaf and floral parts. A: leaf, B: calyx and pedicel, C: corolla,

D: corona, E: pollinarium, F: stoma and guard cell.
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3. Anatomical study

Anatomical characters of the mature stems and leaves were studied from
cross section through mature lamina and internodes of all specimens of the H. siamica
complex. This cross section techniques were modified from Bradbury (1973), have been
used throughout. Moreover, epidermal characters of both adaxial and abaxial surface of

epidermis were observed by using the technigues modified from Ruzin (1999).

3.1 Anatomy of stem and leaf in €ross section
All'sections.were cut using a rotary microtome (Plant Microtome
Automatic MT-3) at 507-80_um thickness:L without embedding. Then the sections were
stained by safranin “O-fagt’ green . mixture in 2-ethoxy ethanol, then they were
differentiated in 2-ethoxy ethanol. After thTS §_tage the sections were cleared in xylene
and mounted on slides in permouht. All og,FhFe permanent slides of the whole samples

were deposited at BCU.

3.2 Epidermal characters

The preserved mature leaf samples were transferred to

potassium hydroxide 50_% and then were warm in a water—ba‘th for 30 minutes. Next, the
samples were washed-with distilled water. After this step, abaxial and adaxial surfaces
of epidermis were peeled off and stained with safranin_O, destained by 70% ethanol,
dehydrated in 70; 95tand 100% ethanol respectively..Then,labaxial and adaxial surfaces
of epidermis were cleared in xyleneé and mounted. on slides in permount. All of the

permanent slides ofithe'whole samplesiwere deposited at BCU.

4. Taxonomic treatment based on morphological, palynological and anatomical data
Taxonomic treatment of the “H. siamica complex” was carried out based

on morphological, palynological and anatomical data. Full descriptions including

ecological and distribution of each group were prepared. Furthermore, a comprehensive

key to the “H. siamica complex” were constructed.
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Results

1. Habitat and distribution

The H. siamica Complex can be found throughout floristic regions in
Thailand on a specific elevation, -\ 7 about 940-2295 m elevation at Huai Yang
Waterfall National Park (Prachuag ' Phu Luang (Loei Province), Doi

Sutep and Kio Mae Pan (Cl { an Pee Forest Park (Chiang Rai

Province) and Khao Yai .(F , : Figur . These plants are long
climbing epiphytes in hill Jree ‘ mplex from Huai Yang Waterfall
National Park (Southwestefn T d)-usua cks in open areas (Figure 3E
and 3F) at 940-1100 SV con o 2 frm Phu Luang (Northeastern
Thailand) grow on tree’s brz * \-. (Figure 3D) at 1473-1520 m
elevations. H. siamica co ) hstern Thailand) grow on tree’s

branches or stems in shade a r’f_::_i_rﬁ 1 50—1470 m elevations. H. siamica

complex from Doi Sutep, Ch nd Kio Mae Pan (Northern Thailand)

grow on tree’s branShEs-R-shace-areas-triguro-3A-ancka! ;f:- )4t 1463-1500 m, 1100-1200

ﬂ‘lJEJ\’mEJ‘Vl‘ﬁWEJ’]ﬂ‘i
Q‘W’]ﬂ\‘dﬂ‘im UA1AINYAY

m elevations and 2280
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Figure 3. Habitats of the H. siamica complex from difference floristic regions of Thailand
A: Kio Mae Pan (Chiang Mai Province), B: Doi Sutep and Kio Mae Pan (Chiang Mai
Province), C: Khao Yai (Prachinburi Province), D: Phu Luang (Loei Province), E-F: Huai

Yang Waterfall National Park (Prachuapkhirikhan Province).
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Figure 4. Distribution of H. siamica complex in Thailand A: Huai Yang Waterfall National
Park (Prachuapkhirikhan Province), B: Phu Luang (Loei Province), C: Doi Sutep (Chiang

Mai Province), D: Kio Mae Pan (Chiang Mai Province), E: Cha Pan Pee Forest Park (Chiang

Rai Province) and F: Khao Yai (Prachinburi Province).
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2. Morphology and palynology of the H. siamica complex

2.1 Variation of the H. siamica complex

Leaf shape: oblong, elliptic, elliptic-oblong or oblanceolate, leaf apex
acute or acuminate, base cuneate or acute; leaves texture: coriaceous to succulently
coriaceous; midrib grooved on upper surface; lateral veins: conspicuous and grooved
or obscure; petioles: slender.or stout, 9Iabrous. Golor of corolla: light pink on inner
surface and dark violet spots on«pink outer surface; white inner surface and white outer
surface; white inner surfacesandpink spo*fs on white outer surface or pink spots on light
pink outer surface; green ianegsurface and light green euter surface or white pearl inner
surface and pink spots on white ouier surf%oe_: Corona shape; ovate, obovate or elliptic-
obovate; inner angle of cogonat acute or é?é__uminate; outer angle of corona: obtuse or
acute. Color of corona: white, creamy wﬁ%fé_;.light red, pink or light violet. Pollinium

#e 2 4

shape: broadly oblong—obovaté or narrowly oblong-obovate. Corpusculum shape:

o el

broadly ovate or arrow:head.

2.2 Comparative marphology and palynology of the H. siamica complex

Despite the great observed variations (i.e., leaf shape, lateral veins conspicuous
and grogved: or obscure,l corenayshape, outer anglel of corona,spollinium shape and
corpusculum shape). The variations of this complex are tentatively classified into five
morphological forms by a comparison of morphological and palynological characters.
These morphological forms are named as form |-V. A key to forms and descriptions of

each form are presented below.
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Key to forms of the Hoya siamica complex in Thailand

1A. Main lateral veins obscure, broadly ovate corpusculum ...............c.oeee. form |

1B. Main lateral veins conspicuous, grooved, arrow head corpusculum

form Il

form 1l

AU INENTNEINS
MR TUNN NGNS Y
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Figure 5. Habitats of the five forms of H. siamica complex in Thailand A: form |, Huai
Yang Waterfall National Park; B: form Il, Khao Yai; C: form Ill, Phu Luang; D: form IV, Kio
Mae Pan; E: form V, Doi Sutep; F: Cha Pan Pee Forest Park
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Figure 6. Leaves of H. siamica complex in Thailand. A: form |, Huai Yang Waterfall National
Park, D. Tungmunnithum 67; B: form I, Khao Yai, D. Tungmunnithum 3; C: form Ill, Phu
Luang, D. Tungmunnithum 39; D: form IV, Kio Mae Pan, D. Tungmunnithum 48; E: form V,

Kio Mae Pan, D. Tungmunnithum 41. Bar= 1.5 cm
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Figure 7. Variations of flowers'and-flower parts of H. siamica complex. A: form |, Huai
Yang Waterfall National Rark, D.. . Jungmunnithum 67; B: form Il, Khao Yai, D.
Tungmunnithum 2; C: form Il; Phu, Luang: D..Jungmunnithum 11; D: form IV, Kio Mae
Pan, D. Tungmunnithum 46; E: ferm-Hil, Phu Luang, D. Tungmunnithum 19; F: form V, Kio

Mae Pan, D. Tungmunnithum 43-Bar= 5 mm
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D

Figure 8. Variations of th

Waterfall National Park, D , 'hao Yai, D. Tungmunnithum
2; C: form 1, Phu Jang an ) .'orm IV, Kio Mae Pan, D.
Tungmunnithum 46; E: o unnithum 19; F: form V, Kio Mae

Pan, D. Tungmunnithum 48.

R
{
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Figure 9. H. siamica Craib drawn by D. Tungmunnithum from Kerr 724 (holo K)

a. branch; b—d. flower; e. pollinarium
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Descriptions of each form

Form | (Figure 5A, 6A 7A and 8A)

Leaves succulently and thickly coriaceous, glabrous, narrowly elliptic or narrowly
elliptic-oblong, apex narrowly acute, base cuneate, midrib grooved on the upper
surface, lateral veins obscure; slender petiole, 1.44-2.93 cm long. Umbel 4-9-flowered,
peduncle 2.40-3.00 cm long; glabrous pedicel, 18.86-23.5 mm long. Sepal broadly
ovate, 0.97-1.59 mm long, 0.7/7-1.32 mm wide.«Fight pink corolla, 5.19-8.27 mm diam.,

2
inner surface puberulent exeept the angle of corollatiebe, dark violet spots on pink outer
surface, obovate corona, 1.62-2:86.mm ;llong, 1.51-2.48 " mm wide, broadly acute and
white outer angle, acuminate and' violet inLner angle. Broadly oblong-obovate pollinium,
0.63-0.70 mm long, 0:29-0:33 mm_,wide;?ﬁa,pslator stout 0.11-0.15 mm long; broadly

/4
ovate corpusculum, 0.44-0.95 mim long, O.2§:Q.§9 mm wide. Fruit not seen.
.:-j..ft’-,

Ecology and distribution: on rogks in open areas, hill evergreen forest; Southwestern

Thailand at 940-1150 m elevation: -

Specimens examinedf Huai Yang Waterfall National Park; ':Eirachuapkhirikhan Province:
D. Tungmunnithum 66, 67, 68, 69 & 70, Khao Yai, Kanchanaburi Province: C. F. van

Beusekom and.C. Phengkhlai 199 (BKF).

Form Il (Figure 5B, 6B, 7B, 7C, 8B and 8C)

Leaves coriaceous, glabrous, oblong, apex and base acute, midrib grooved on
the upper surface, lateral veins conspicuous; stout petiole, 1.00-2.03 cm long. Umbel 7-
13-flowered; peduncle, 5.00-7.30 cm long; glabrous pedicel, 20.68-22.22 mm long.

Ovate to narrowly ovate sepal 1.43-1.87 mm long, 1.08-1.53 mm wide. White corolla,
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8.28-9.380 mm diam., puberulent inner surface except the angle of corolla lobe,
glabrous with white outer surface, obovate corona, 2.30-3.28 mm long, 1.42-2.46 mm
wide, obtuse and white outer angle, acute and white or light red inner angle. Narrowly
oblong-obovate pollinium, 0.42-0.75 mm long, 0.21-0.23 mm wide; translator 0.09- 0.11
mm long; arrow head corpusculum, 0.31-0.45 mm long, 0.10-0.17 mm wide. Fruit not
seen.
Ecology and distribution: On trees or on roeksin shade areas, hill evergreen forest,
Southeastern Thailand at«4400=1470 m-elevation-and Northeastern Thailand at 1200-
1520 m elevation

‘l‘
Specimens examined:..KhaoYai; RPrachinburi Province: D-fungmunnithum 2, 3 & 7;
B. Hansen, G. Seidentadentand T.‘Sm/t/'n}an?/ 11866 (BKF); Phu Luang, Loei Province:
D. Tungmunnithum 10, 41 & 18, C. Cherm"‘l‘s_ir/."—vathana, 877 (BK) and O. Thaithong 997

(BCU) ¢

Form 1l (Figure 5C, 6C, 7E and 8E)

Leaves coriaceous, glabrous, elliptic,-apex and _base acute, midrib grooved on
the upper surface, lateral veins conspicuous; stout petiole,".00-2.00 cm long. Umbel 7-
11-flowered;zpeduncle 1 3:40-730-cm glong;nglabrousy pedicely, 13:44-24.00 mm long.
ovate sepal, 1.05-2.40 mm long, 0.89-1.57 mm wide. White corolla, 6.08-7.73 mm diam.,
inner surface puberulent except the angle of corolla lobe, glabrous with white, pink
spots on white or pink spots on light pink and outer surface, Corona broadly obovate,
1.86-3.04 mm long, 1.52-2.64 mm wide, obtuse and white outer angle, acute and red

inner angle. Pollinium narrowly oblong-obovate, 0.64-0.75 mm long, 0.20-0.24 mm wide;
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translator 0.65-0.74 mm long; narrowly arrow head corpusculum, 0.31-0.40 mm long,

0.13-0.15 mm wide. Fruit not seen.

Ecology and distribution: On tree or on rocks in shade areas, hill evergreen forest,
Northeastern Thailand at 1463-1470 m elevation and Northern Thailand at 1500 m

elevation

Specimens examined: Phu Luang, Loei Province: D. Tungmunnithum 12, 16, 17, 19

& 39; Doi Chiengdao, Chiang Mai Province: ALFC. Kerr 5610 (BK)
)

—

Form IV (Figure 5D, 60 /Dé&nd 8D)
‘ /4

Leaves coriaceous, glabrous, narrc’)_\?\{Iy oblanceolate or oblanceolate, apex and
L i F . \
base acute; midrib grooved on theupper.surface, onspicuous lateral veins c; stout

oetiole, 1.10-1.94 cm long. Umbét8-14-flowered. peduncle, 2.00-5.50 cm long; glabrous

pedicel, 16.24-20.46 "'mm long. '-(-)vate sepalj, -1:420—2.12 mm long, 0.66-1.32 mm wide.

Green corolla, 7.18—8.éQ mm diam., inner surfacé puberul—errv;t‘except the angle of corolla
lobe, glabrous with light green outer surface; elliptic-obovate corona ,1.65-2.40 mm
long, 1.32-2.24"mnywide ] acute) and white outerjangle,/acute-acuminate and light violet
inner angle; oblong-obovate pollinium, 0.42-0.75 mm long, 0.21-0.24 mm wide;
translator 0.90-0.11 1 mm lond; narrowly. arrow “head corpusculum0.81-0.45 mm long,

0.10-0.12° mm wide. Fruit not seen.

Ecology and distribution: On trees or on rocks in shade areas, hill evergreen forest,

Northern Thailand at 2283-2295 m elevation

Specimens examined: Kio Mae Pan, Chiang Mai Province: D. Tungmunnithum 46, 47,

48, 52 & 53
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Form V (Figure 5E-F, 6E, 7F and 8F)

Leaves coriaceous, glabrous, elliptic, apex and base acute; midrib grooved on
the upper surface, conspicuous lateral veins; stout petiole, 1.00-1.22 cm long. Umbel 7-
12-flowered, peduncle, 1.20-5.30 cm long; pedicel glabrous, 14.02-25.24 mm long.
Ovate sepal 1.10-2.10 mm long, 0.76-1.57 mm wide. White pearl corolla, 6.29-9.54 mm

angle of corolla lobe, glabrous with pink
_ & 1.08-3.33 mm long, 1.42-2.52 mm

diam., inner surface puberulent ex

spots on white outer surface
wide, acute and white ou
pollinium, 0.24-0.74 mm m wide; nslator, 0.70-0.11 mm long;

narrowly arrow head c | .32:0.44 n 0.14-0.16 mm wide. Fruits, a

follicle, pod-like with br _ :_ Jce, straight glabrous and numerous
seeds.
Ecology and distribution: 5407 /0N 40, 7 shade areas, hill evergreen forest,

HF T

Northern Thailand at 1500-2288 m elev :

Specimens examined:

43, 44, 45, 49, 50, 51
Province: S. Wongpakﬂ s.n.; ang Mai P@ince: Kerr 724 (holo K ),

D. Tungmunnithum 90, 9% 8&92, T. Shimizu and M. Hutoh 10561 (BKF) and J.F. Maxwell

1150 (8P ﬂummmwmm
ammmm UANAINYA Y



Table 2. Comparison of the morphological character of the five .\\\ ”}};ica complex found in Thailand.
-
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Characters Form | Form Il Form I ‘qrm \% Form V Holotype
(Huai Yang) (Khao Yai & Luang Mae Pan) (Cha Pan Pee, Doi (Doi Sutep)
Phu Luang) /// \ Sutep & Kio Mae Pan)
Leaf shape Narrowly elliptic Oblong anceolate Elliptic Elliptic
Leaf base Cuneate Acute 4 = \ Acute Acute
ont avex JUTS— ——# AT AN\ - e
Lateral veins Obscure conspicuougndgl g condbfciai®and % picuous and conspicuous and conspicuous and
grooved ooved grooved grooved
Peduncle length 2.40-3.00 cm 5.00-7.30cm 2.00-5.50cm 1.20-5.30cm 1.90-2.40 cm
Corona scale shape Obovate Obovate Elliptic-obovate Elliptic-obovate Elliptic-obovate
Inner angle of corona  Acuminate Acute Sw———AcH] Acute-acuminate Acute Acute
A e )
Outer angle of corona  Acute Obtuse E ACB Acute Acute

Pollinium shape

R ! W VS WS

Narrowly oblong-

Narrowly oblong-

obovate obovate
Corpusculum shape Broadly ovate Arrow head Nartow arrow head . Narrow arrow W Narrow arrow head Arrow head
Petiole Slender Stout Stout

IR TR

‘Z!I 2R

8¢
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2.3 Discriminant analysis of the H. siamica complex

The ordination plot on the canonical axes 1 and 2 (Figure 10) shows that
the five morphological forms can be separated into 2 groups in canonical axis 1. Group
1 consists of form | of H. siamica complex. Group 2 is the largest group, which consists

of form II-V of H. siamica complex.

The percentage of the ' nce (Table 3) shows that canonical
discriminant function 1 should be us ée the important of the quantitative

characters of the H. siamica co . Canon e 1 was 95.65 % correlated with
the 45 characters and explaifea"88.4% of the fota (Table 3). Accordingly, this

axis was highly associatec With 8) (Table 4 and Figure 11).

5 . kY ) 'ir f}ruup Centroid
: U 3% J
% o ‘o B v 2
| Audningeng
ARRINIUNRINYNNY

Figure 10. The ordination plot on the canonical axes 1 and 2 of the five morphological

forms of the H. siamica complex.
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Figure 11. Boxplots of important quantitative characters of H. siamica complex.
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Stems Anatom!

The st s of H. siamica complex are ﬂmd in cross section (Figure
12A-16A) at ai%ﬁ ens are rather uniform
in cross- sectloa@ﬁgrer |;VEELWC [ Iﬂglﬁ ﬁz bark, epidermal cells
are square_in, shapes. Moreover tr‘@ eriderm ears in_the stB-epidermal layers,
which Q ﬁy éﬁlmvﬁlme ﬁaﬁnﬂnﬁ E&Iﬂyer consists of
all most polyhedral parenchymal cells. Furthermore, a layer of long-polyhedral sclereid
appears between the cortex (Figure 12B and 12D, 13B and 13D, 14B and 14, 15B and
15D, 16B and 16D). Prismatic crystals are also found in the cortex and pith. The

secondary phloem tissue is on outer side of the secondary xylem tissues (Figure 12B-

16B). Its pith cells are homogeneous, composed of polyhedral parenchyma cells (Figure

12B-16B).
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Leaves Anatomy

Anatomical characters of the mature leaf of the H. siamica complex both
abaxial and adaxial, epidermis consist of small epidermal cells, and also the outer walls
are covered with cuticle, which is a thin waterproof layer. Its vascular bundle of midrib is
a simple arc-shape (Figure 12E-F, 13E-F, 14E-F, 15E-F, 16E-F), and is composed of

xylem and phloem tissue. The stomatal type of all specimens of the H. siamica complex

is “Paracyctic” (Figure 12G-16G), the ‘ panied on either side by one or more

subsidiary cells parallel to the long axi e and guard cell. However, each
f d )

specimen was different in @er 0.5 mm”. Its epidermal cells

AUEINENINYINg
RINNIUUNIININY
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Figure 12. The stem and leaves anatomy of form I. A-D: x-section of stem (P = pith, Ep = epidermis,
C = cortex, Ph = phloem, X = xylem, Pe = periderm, S = sclereid) E-F: x-section of leaves, G: abaxial
surface, H: adaxial surface (M = mesophyll, P = phloem, X = xylem, G = guard cell, St = stoma, E =
epidermal cells) Specimen numbers (A-D, F: D. Tungmunnithum 69, E: D. Tungmunnithum 67, G-H:

D. Tungmunnithum 70). Bar (A= 50 ym, G-H, B =100 um, C-D =10 um, E =1 mm)
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Figure 13. The stem and leaves anatomy of form Il. A-D: x-section of stem (P = pith, Ep = epidermis,
C = cortex, Ph = phloem, X = xylem, Pe = periderm, S = sclereid) E-F: x-section of leaves, G: abaxial
surface, H: adaxial surface (M = mesophyll, P = phloem, X = xylem, G = guard cell, St = stoma, E =
epidermal cells) Specimen numbers (A-D, F: D. Tungmunnithum 2, E: D. Tungmunnithum 3, G-H: D.

Tungmunnithum 18). Bar (A= 50 um, G-H, B =100 um, C-D = 10 um, E =1 mm)
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Figure 14£The stem and Ieves anatomy of form Ill. A-D: x-section of stem (P = pith, Ep = epidermis,
C = cortex, Ph = phloem, X = xylem, Pe = periderm, S = sclereid) E-F: x-section of leaves, G: abaxial
surface, H: adaxial surface (M = mesophyll, P = phloem, X = xylem, G = guard cell, St = stoma, E =
epidermal cells) Specimen numbers (A-D, F: D. Tungmunnithum 12, E: D. Tungmunnithum 17, G: D.
Tungmunnithum 19, H: D. Tungmunnithum 12) Bar (A= 50 pm, G-H, B = 100 um, C-D = 10 ym, E =

1 mm)



36

A e SR B E R W

(

/BN

#

-

N

7

. —
§ i .

Figure 15. The stem and leaves anatomy of form IV. A-D: x-section of stem (P = pith, Ep = epidermis,
C = cortex, Ph = phloem, X = xylem, Pe = periderm, S = sclereid) E-F: x-section of leaves, G: abaxial
surface, H: adaxial surface (M = mesophyll, P = phloem, X = xylem, G = guard cell, St = stoma, E =
epidermal cells) Specimen numbers (A-D, F: D. Tungmunnithum 46, E: D. Tungmunnithum 47, G: D.
Tungmunnithum 48, H: D. Tungmunnithum 47 ). Bar (A= 50 ypm, G-H, B = 100 ym, C-D =10 ym, E =

1 mm)
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G H

Figure 16. The stem and leaves anatomy of form V. A-D: x-section of stem (P = pith, Ep = epidermis,
C = cortex, Ph = phloem, X = xylem, Pe = periderm, S = sclereid) E-F: x-section of leaves, G: abaxial
surface, H: adaxial surface (M = mesophyll, P = phloem, X = xylem, G = guard cell, St = stoma, E =
epidermal cells) Specimen number (A-D, F: D. Tungmunnithum 85, E: D. Tungmunnithum 90, G-H: D.

Tungmunnithum 43). Bar (A= 50 ym, G-H, B =100 ym, C-D = 10 um, E = 1 mm)
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Figure 17. Comparative mesophyll of the five forms (M = mesophyll). A: cross-section of leaves in
form 1, B: cross-section of leaves in form II, C: cross-section of leaves in form Ill, D: cross-section of
leaves in form IV, E: cross-section of leaves in form V. Specimen number (A: D. Tungmunnithum 69,
B: D. Tungmunnithum 3, C: D. Tungmunnithum 17, D: D. Tungmunnithum 47 and E: D.

Tungmunnithum 90. Bars (A-E =1 mm)
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Discussion

In this research, samples of H. siamica complex were collected from the
floristic regions throughout Thailand. The results from this study indicate that
morphological characters of H. siamica complex are more diverse than those described
from holotype by Craib (Craib, 1911). These plants are various in leaf shape (Figure 6):
elliptic, elliptic-oblong, oblanceolate, and oblong. Petiole is slender (Figure 6A) or stout
(Figure 6B-E). Lateral veins are obscure (Figure 6A) or conspicuous (Figure 6B-E). The
holotype specimen has elliptic leaves, stout petiole and conspicuous lateral veins
(Figure 9A). H. siamica complex in Thailand.havera variation in shape of corona scale
that can be obovate or elliptic-obovate. Outer angle of corona is acute or obtuse (Figure
7). Corpusculum shape is.daroadly obovate or arrow head (Figure 7). As for holotype
(Figure 9C, 9E), coronagscale .is elliptilc-obovate. Outer angle of corona is acute.
Corpusculum is arrow head shape. Moreé\;ér, ranges of leaf length, leaf width, petiole

—

length, sepal size, corolla size,; pedicel Ienév}th;; peduncle length and pollinium length and

ol

width are wider than holotype.

,-'. |l-
o
The original desgription did n___Q_t;jlr)clude detail of lateral veins, pollinium

and corpusculum shape. However,. these %r@cters can be used to classify these

g

plants into morphological forms. Furthermore, many resedrches report that pollinarium

characters are the important characters for classifying the'geénus Hoya into the species
leval. (Forster and Liddle, 1991; Kleijn and van Donkelaaf,2001; Wanntorp, 2007; 2009;
Kunze and Wanntorp, 2008).

This study found that. H. siamica complex could be divided into five
forms based on qualitative morphological and palynologicalicharacters: leaves shape,
leaves venation, corona shape, pollinium and corpusculum shape (Table 2). Form | is
different from holotype and other forms in both vegetative and reproductive structures. It
has elliptic-narrowly lanceolate leaf with cuneate base, obscure lateral veins, slender
petiole, broadly ovate corpusculum and broardly oblong-obovate pollinium. Holotype
and form II-V have various leaf shapes, such as oblong, oblanceolate, elliptic and

lanceolate, with acute base, conspicuous lateral veins, stout petiole, arrow head
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corpusculum and narrowly oblong-obovate pollinium. Form Il and form Il have obovate
corona shape and obtuse outer angle, but these characters are different when compare
with holotype and other forms. Form Il differs from form Il only in leaf shape. Form Il has
oblong leaf while form Il has elliptic leaf. Form IV is different from holotype and form V in
leaf shape. Form IV has oblanceolate leaf while form V has elliptic leaf. It is clear that
corpusculum and pollinium shape are the important reproductive characters for

classifying the H. siamica complexiin Thailand;

The results.from.discriminant analysis,-which analyzed all specimens of
the H. siamica compleX and 45 quantitative characters of both vegetative and
reproductive structures of gach specimef? indicates that they can be obviously divided
in to 2 groups: group 1 _eonsists ‘of morphological form | and group 2 consists of
morphological form II-V"of A siamica ’comfpqu. Furthermore, the ordination plot (Figure
10) shows that Group ¥ (merphological fc:p){m |) ean be obviously separated from the
others. Group 2 (morphological Jfojrm H—Vi.)h:';srdlbuld pbe classified to the same taxon.

¥
Moreover, it shows that three characiers, i.e. corpusculum width, thickness of leaves

and pollinium width are the effective charaf‘;jt@(s_[or classifying this complex. For this

reason, it is clear now-that the five morphological forms shdu_ld not be the variations of a

single species of H."§iamica complex. “H. siamica compléx” in Thailand comprise at

least two species or varieties.

Moreover, some keys used the number of flowers per inflorescence, leaf
width and pedicel length to classify this plant (Ping-tao, Gilbert and, Stevens, 1995), but
this study indicatesithat leaf length, leaf width, petiole! length; sepal-size, number of
flowers per inflorescence, pedicel length, color of corolla and corona are not effective
characters for classifying this plant species because these characters are highly
variable even within the same population. In addition, the five morphological forms of the
complex occur in different habitats throughout Thailand. Form | occurs in southwestern
Thailand at 940-1150 m elevation, on rock in open areas. Form Il occurs in southeastern

and northeastern Thailand at 1100-1520 m elevation. From Ill occurs in northern and
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northeastern Thailand at 1463-1500 m elevation. Form VI and V occurs in northern
Thailand at 2283-2295 m and 1500-2288 m elevation respectively. Likewise, many
researches indicated that width (Davis, 1983) and thickness (Feild, et al. 2001) of leaves
and color of flower parts (Forster and Liddle, 1991) were not useful characters for
classification, these characters were found to differ under various growth conditions in

various habitats.

The results from anatomical study shows that mesophyll of H. siamica
complex can be classified into 2 groups. Thefitst group composed of specimens from
Huai Yang Waterfall National Park (morphologieal form |) can obviously be divided into
two layers, dense and sparse_parenchyma cells. The second group composed of the
other specimens (morphological form I‘I‘-IV), which cannot be divided. Hence, this
anatomical data support the morpholoéiqal and palynelogical data that form | is
obviously difference fram the others. MorgOver, the leaf thickness of the first group is
higher than the second group. Hdwever, "t,he thickness of leaf should not be used to
classify this complex becatise/it rﬁay be rela’ged to environmental effects such as, light,
humid and elevation. An obvious, eﬁ(_aﬂmple fféj@;gk)e study of acclimation of leaf anatomy
in Amborella trichopoda indicgie_d_that pla_r"]T_é;)_f the same species which growth in

i

different environment, such as sun and shade have different leaf thickness (Feild, et al.

2001) like the study 5f_Dickison (Dickison and Weitzma—n',v:1996), which reported that
plants of the same species, but grow in difference habitat can have different leaf
thickness. Additionally, this*Study suggests that the future study should be carried out
on these plants by eultivating themlin algreen house.and examine their mesophyll. This
will help to determine whether an environment affegts on the character of mesophyll or

not.

To conclude, the results from morphological, anatomical and
palynological data of the H. siamica complex in Thailand indicated that this complex
should be consisted of two species or varieties. The specimen from Huai Yang Waterfall
National Park (morphological form I, Group 1 of ordinary plot in discriminant analysis
and anatomy) is possibly a new species or varieties of the H. siamica complex in

Thailand.



CHAPTER IV

PCR-RFLP STUDY

Introduction

At present, many molecular techniques have been widely used to study
both structure and evolution of genes. Polymerase chain reaction (PCR)- Restriction
Fragment Length Polymorphisms (RFLPs) is.0né of those techniques, which uses a set
of primer pairs to amplify the-regions ofgenome via'polymerase chain reaction and the
PCR-products are digesied by.-the al set of restriction endonucleases to detect
polymorphisms. Size ofithese.fragments alre separated by using gel electrophoresis. The

presence and absence©f fragments resulted from changes in recognition sites are used

\
\ #

to identify species or pgpulations. I\/Ioreov:e‘r, this method is easy and rapid (Gielly and

Taberlet, 1994). ‘ ¢

4

Similarly, the ‘study’ of va'rj'igtj‘ons in chloroplast DNA (cpDNA) has
become a common tool in taxohomic studi@ﬂbyle, 1992). Many researches indicate

that cpDNA is an extremely valuable moIeéﬂ];é-.feF studying phylogenetic relationships

between closely related species (Palmer 1987; Palmer et-ak 1988). Furthermore, PCR-
RFLP analysis of Ch‘lbroplast DNA by using universal pr’-ir’ﬁlers is one of the effective
methods to clearify taxonomic status in several plant taxa. An obvious example is the
studies of Solanum brevicaulé feamplex: (Miller land Spadnef;” 1999), Pinus krempfii
(Wang, Szmidt and Nguyen, 2000), Hoya parasitica complex (Kidyoo et al, 2005) and
many speciestinthe-genus-Haya (Wanntorp, etral. 20065 Wanntorp»2007; 2009)

Due to the highly variation in many characters of “H. siamica complex” in
Thailand, the molecular investigations are needed to clarify their taxonomic status. Aim
of this study is to investigate cpDNA variations by using the PCR-RFLP technique in
order to determine taxonomic status of the H. siamica complex in Thailand. Moreover,
this study may be the first report of molecular data, especially the PCR-RFLP analysis of

this complex.



Materials and methods

1. Plant materials
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Total 17 living specimens collected from various parts of

Thailand, which are cover the population and variation of the H. siamica complex were

used for PCR-RFLP analyses (Table 5).

Table5. Sampling specimen numbers of the Hi'siamica complex in Thailand.

|

Specimen | Morphological
NO. ocality number form
1 Huai Yang Waterfall National Park; (Prachljf’f.)khirikhan Province) 66 |
2 Huai Yang Waterfall Nagional Park; "(Prachtj‘?pkhirikhan Province) 67 |
3 Huai Yang Waterfall Natiognal Park, (-Prachu;i)_khirikhan Province) 69 |
4 | Khao Yai (Prachinburi Province) "’:"'* J 2 I
5 Khao Yai (Prachinburi Provincef) — 3 Il
6 Phu Luang (Loei Province) ’- d 10 Il
7 Phu Luang (Loei P;ovince) 11 Il
8 | Phu Luang (Loei Province) 12 Il
9 Phu Luang{lio€i ProVince) 17 [
10 | Phu Luang (Loei Province) 19 1]
11 | Kio'Mae Pan(Chiang Mai' Provinee) 46 I\
12 | KioMae Pan (Chiang Mai Province) 47 vV
13 | Kio Mae Pan (Chiang Mai Province) 48 vV
14 | Kio Mae Pan (Chiang Mai Province) 87 Y
15 | Kio Mae Pan (Chiang Mai Province) 89 \Y
16 | Doi Sutep (Chiang Mai Province) 90 \Y,
17 | Doi Sutep (Chiang Mai Province) 91 V
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2. DNA extraction and PCR amplification

The total genomic DNA was extracted from fresh leaf by using the
NucleoSpin Plant Il Kit (MACHEREY-NAGEL). All DNA was kept at -20 °C for the PCR
amplification. And then, five different regions of cpDNA were amplified by using the
universal primers (Table 6, Figure 18). Amplifications were used 50 ul of reaction
mixture containing 250 uM dNTPs (iNtRON Biotechnology), 1.5 mM MgCiI2, 1 uM each
primers,1x Tag DNA polymerase buffer, 2.5 winiteof Tag DNA polymerase (iNtRON
Biotechnology) and 20-50"ng of total genomic DNA as the template. The PCR
amplifications were carriga@outdn a PTC+100 thermal eyeler (MJ Research, Inc.), with a
heated lid, using an initial cycle at;94 IC )‘_or 4 minutes, followed by 40 cycles of 45
second at 94 °C; 45 second at 62 <C t;)‘57.5°C; 3 minutes to 4 minutes at 72 °C
(annealing temperature and extensibn timei_dlépend on the length of the fragment to be
amplified; Table 6), and a final exténéion for]p ?ninutes at 72 °C.
Table 6. PCR regions of amplificationby usingji\ie CpPDNA universal primer pairs

(Grivet et al., 2001). et -

No. Regions Primers

1 C.C rpoC1: 5'-GCACAAATTCCRCTTTTTATRGG-3'

tinC: 5'-CGACACCCRGATITGAACTGG-3'

2 HK trnH: 5EACGGGAATTGAACCCGCGCA-3!

trnK: 8- CEGACTAGTTCCGGGTTCGA-S

3 KK, mK: 5'-GGGTTGCCCGGGACTCGAAC-3'

trnK: 5'-CAACGGTAGAGTACTCGGCTTTTA-3'

4 TC trnT: 5'-GCCCTTTTAACTCAGTGGTA-3'

psbC: 5'-GAGCTTGAGAAGCTTCTGGT-3'

5 VL trnV: 5'- CGAACCGTAGACCTTCTCGG-3'

rbcl: 5'-GCTTTAGTCTCTGTTTGTGG-3'
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Figure 18. Location ofﬂa 5re )ase onme tobacco cpDNA genome
(Grivet et al., 2001). ¢ a o/
. : ) 1
AUYINENINEINT
U
Agarose gel electrophcfesis

RIRIRE N INeIaY

Agarose gel electrophoresis was performed so as to check the results of
DNA extraction and PCR amplification by using 1% in TBE buffer (89 mM Tris-HCI, 8.9
mM boric acid and 2.5 mM EDTA pH 8.0, respectively). Two ul of the loading dye
(0.25% bromphenol blue, 40% ficoll 400 and 0.25% xylene cyanol) was mixed with 5 pl

of each DNA sample, and loaded into each well. The 1 kb DNA ladder (Sib Enzyme)
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was used as the standard molecular size. Electrophoresis was carried out until
bromphenol blue, which is the lowest dye migrated to approximately 3-5 cm from the
bottom of gel. The gel was stained with a 15 pl of ethidium bromide solution about 30
minutes, and then destained by distilled water about 15 minutes. Finally, visualized

under UV light and photographed.

were separated on 2 % aga SQ’M -V for about 4.5-5 hours, stained with ethidium

bromide, visualized under UV ug@ _.

Table 7. List of restrict@ﬂen of c_:- NA variation of H. siamica

complex in Thailand. ¢ a s

cubated Temp. °C

RN TN INENa e

I
spl (Hpall

q2
3 Rsall GT/AC 37
4 Haelll (BsuRl) GG/CC 37

5 Asel (Vspl) AT/TAAT 37
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Results

PCR amplification

The selected regions of chloroplast DNA, which are the five intergenic-

spacers (HK, K, K, C,C, TC, and VL lify by using the PCR technique. The

approximated size of PCR pro nd degree of amplification are

shown in Table 8, and Fi

Table 8. PCR condition and degree of amplification

OHE
: a;f.

— ﬂ\‘\\\\‘{\; om pleX in Thailand.

“ W\

Tempere n.a' ensiol Degree of

(°C)

using 5 cpDNA universalgpri

Abberv. Of

cpDNA primer® amplification b

cC +
HK fi ++
KK, }m57.5 T+

TC 3030 +

- AudAneviswedhy
fﬁi‘lm”ﬁ“iﬁi;lgma NYIRNE
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Figure 19. PCR amplified of HK region of ¢pDNA-of “Hoya siamica complex”. Lane M: 1 kb

ladder, Lane 1-17: PCR_am/pIified products of 17 H. siamica complex individuals (Table 5).

10% 41 42 12 14 15 16 17

Figure 20. PCR amplified of KK, region of coDNA of *FHoya siamica complex”. Lane M: 1 kb

ladder, 1 ane'1-17:*PCR"amplified products of 17 H. siamica complex-individuals (Table 5).
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Figure 22. PCR amplified of VL region of cpDNA of “Hoya siamica complex”. Lane M: 1 kb

ladder, Lane 1-17: PCR amplified products of 17 H. siamica complex individuals (Table 5).
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NV
Figure 23. PCR amplifiediof C,C region of cd’DNA of “Hoya siamica complex”. Lane M: 1 kb

ladder, Lane 1-17: PCR amiplified producis of 17 H. siamiea complex individuals (Table 5).

Py B Y
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PCR-RFLP analysis

Each of the five amplified fragments (HK, K, K ,, C,C, TC, and VL) was
digested by five restriction enzymes (Bsul, EcoRI, Mspl, Rsal and Vspl) generating 25

primer-enzyme combinations (Table 9). All fragment amplified by five primer pairs

Table 9. The results of digesii yffive amplified | regions with five restriction
enzymes
Enzymes TC VL
Bsul 4 5
EcoRlI 4 3
Mspl 4 5
Rsal 6 8
Vspl ¢ = 2 Qs 3 7 4 2

PRIANTUAMINYAE



Table 10. Numbers and appoximated size of restriction fragments & I'q“v f monomorphic patterns recognized by PCR-RFLP analysis.

Regions Restriction enzymes No. of pattern lo. of bands. Approximated fragment size (bp) Specimens

\‘{ \\ all 17 specimens
\ \ -..,\ 0 none visually detected band all 17 specimens

AU, '\ '!.v
\ 4
8 200, 92 i
%t . 0,570 all 17 specimens

C.C Bsul 1

EcoRlI 1

Mspl 1 all 17 specimens

Rsal 1 ) 0 0, none visually detected band all 17 specimens
o

i .
L) - 4 %

-7/
7

Vspl
'sp %
\]
HK Bsul ~1200, 36C all 17 specimens
EcoRl all 17 specimens
Mspl all 17 specimens
Rsal L 4 775310 266:215-J L all 17 specimens
i
Vspl all 17 specimens
KK, Bsul 1 4 1400, 550, 300, 2@ all 17 specimens

- A ¢ 3N ﬁ NINENT

all 17 specimens

Rsal

Q“mﬁﬁﬂ‘ifu Ptk [T -

cs



Regions

Restriction enzymes

No. of pattern

TC

Bsul
EcoRlI
Mspl

Rsal

Vspl

1

1

Specimens

= g};\\ S

e visually detected band

none visually detected band

V0L

Bsul
EcoRI
Mspl

Rsal

Vspl

AUTINTNIWENT

all 17 specimens
all 17 specimens
all 17 specimens
all 17 specimens

all 17 specimens

0, 385, 290, none visually detected band

a IIy ected band

) l
0, 360, 300 ::H 0, 200, none visually detected band

"3 A 2200, 150Uone visually detected band

all 17 specimens
all 17 specimens
all 17 specimens
all 17 specimens

all 17 specimens

PRIAATUAMINYAE
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m1 2 3 4 5 6 ¥ 8 8 10 11 12 13 14 15 16 17 M

Figure 24. PCR-RFLP in C,C region of cpDNA of ‘,f_fjgya Siamica complex” digested with BsuRlI. Lane
M: 1 kb DNA ladder, Lane m: 100, bp: DNA Iaddga_[_,;_!;ane 1-17: Samples of H. siamica complex

individuals (Table5).

9 10 11 12 14314 15 16 17

Figure 25. PCR-RFLP in C,C region of cpDNA of “Hoya siamica complex” digested with EcoRI. Lane

m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex individuals (Table5).
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Figure 26. PCR-RFLP in C,C region of cpBNA of “Hoya siamica complex” digested with Mspl. Lane
M: 1 kb DNA ladder, Lane mi 100 bp _.DNA ladder, Lane 1-17:"Samples of H. siamica complex
. y

individuals (Table5).

'y
T/

34 5067 8 9 101111213 14 15 16 17

Kb

—1.00

—0.20

Figure 27. PCR-RFLP in C,C region of cpDNA of “Hoya siamica complex” digested with Rsal. Lane
M: 1 kb DNA ladder, Lane m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex

individuals (Table5).
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23 45 67 8 9210 11 12 1314 1516 17

o

Figure 28. PCR-RFLP in €/C r ior,}":of chKlA og“/—joya siamica complex” digested with Vspl. Lane

M: 1 kb DNA ladder, Lan

3

OO'-'bp DNA Iaéfj_er, [ane 1-17: Samples of H. siamica complex

i

individuals (Table5). F <)
f d i

i m,

10 1 12 13 14 15 16 17

0.05— &

0.02—

Figure 29. PCR-RFLP in HK region of cpDNA of “Hoya siamica complex” digested with BsuRI. Lane

m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex individuals (Table5).
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Figure 30. PCR-RFLP in HK region‘of cpDNA of_'Sde/a siamica complex” digested with EcoRI. Lane

M: 1 kb DNA ladder, Lane m: 100 bp DNA Iaa_d,gr,,.Lane 1-17. Samples of H. siamica complex

individuals (Tables). Fiovess N

2 345 6

8 910 1112 13 14 15 16 17 M

Kb

|
U o
—0.15
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Figure 31. PCR-RFLP in HK region of cpDNA of “Hoya siamica complex” digested with Mspl. Lane

M: 1 kb DNA ladder, Lane m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex
individuals (Table5).
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m12 345678910 111213 14 1516 17

L
Figure 32. PCR-RFLP in HK region of cpBNA of “H(J)j/_é-s{amica complex” digested with Rsal. Lane
j i #e 2 4

m: 100 bp DNA ladder, Lane 1-17: Sémples of H. s@ic‘a complex individuals (Tableb).

12 43 14 15 16 17

Figure 33. PCR-RFLP in HK region of cpDNA of “Hoya siamica complex” digested with Vspl. Lane m:

100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex individuals (Table5).
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Figure 34. PCR-RFLP in KK, reégion of "cp‘DNA of Hoya siamica complex” digested with BsuRI. Lane
- 4 |l
Al
M: 1 kb DNA ladder, Lane m: 400 .bp- DNA Iadd(_ar,;lr?ne 1-17: Samples of H. siamica complex
individuals (Table5). _ P i

12 3 4 566 7 8 9 10 11 12 13 14 16116 17 M

ll Kb

L. —0.20
—0.15

Figure 35. PCR-RFLP in K/K, region of cpDNA of “Hoya siamica complex” digested with EcoRI. Lane
M: 1 kb DNA ladder, Lane m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex

individuals (Table5).
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Figure 36. PCR-RFLP in K K region of c"‘pDNA oiff‘/—foya siamica complex” digested with Mspl. Lane

M: 1 kb DNA ladder, Lane m: 100 bb‘DNA Iad‘d’ér,‘-’Lane 1-17: Samples of H. siamica complex
r --'_‘ " -: J{g

individuals (Table5). J —

F T =g
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Figure 37. PCR-RFLP in K,K, region of copDNA of “Hoya siamica complex” digested with Rsal. Lane
M: 1 kb DNA ladder, Lane m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex

individuals (Table5).
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Figure 38. PCR-RFLP in K K region of coDNA of_‘fHoya siamica complex” digested with Vispl. Lane
M: 1 kb DNA ladder, Lane m: 100 bb DNA Iad;d-'i;er, ‘Lane 1-17: Samples of H. siamica complex

2 L

individuals (Table5).

10 11 12 43 14 15 16 17

Figure 39. PCR-RFLP in TC region of cpDNA of “Hoya siamica complex” digested with BsuRI. Lane

m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex individuals (Table5).
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Figure 41. PCR-RFLP in TC region of cpDNA of “Hoya siamica complex” digested with Mspl. Lane

m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex individuals (Table5).
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Figure 42. PCR-RFLP in TC ?éon‘:éf CpthA of %io;/a siamica complex” digested with Rsal. Lane m:
f

E

100 bp DNA ladder, Lane 1-17:.géampl-,es«¢>le. s/apfica;complex individuals (Table5)
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Figure 43. PCR-RFLP in TC region of cpDNA of “Hoya siamica complex” digested with Vspl. Lane m:

100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex individuals (Table5).
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10 11 12 43 14 15 16

Figure 44. PCR-RFLP in VLiregion of CpDN/—\ of “Hoya siamica complex” digested with BsuRI. Lane

FRAd %
+ a

M: 1 kb DNA ladder, Lane m: 100 bp bNA Iadd-g,r, Lane 1-17: Samples of H. siamica complex
T/

4l il

individuals (Table5). fa 7l

3 45 6 7 8 5 104112 13 14 15 16 1716 M

Figure 45. PCR-RFLP in VL region of cpDNA of “Hoya siamica complex” digested with EcoRI. Lane
M: 1 kb DNA ladder, Lane m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex

individuals (Table5).
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Figure 46. PCR-RFLP in Visregion of coDNA of “Hoya siamica complex” digested with Mspl. Lane
M: 1 kb DNA ladder, Langgm: 100/bp DNA laigder, Lane 1-17: Samples of H. siamica complex

individuals (Table5). )
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Figure 47. PCR-RFLP in VL region of cpDNA of “Hoya siamica complex” digested with Rsal. Lane M:
1 kb DNA ladder, Lane m: 100 bp DNA ladder, Lane 1-17: Samples of H. siamica complex

individuals (Table5).
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Figure 48. PCR-RFLP in VL region.6f epDNA-of ’.‘J—I’c')ya siamica complex” digested with Vspl. Lane M:

- —

1 kb DNA ladder, Lane m: 400 bp DNA lad'?er;; Lane 1-17: Samples of H. siamica complex

individuals (Table5).
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Discussion

In this study, the PCR products from five different chloroplast DNA
regions were digested by five restriction enzymes. The result showed that there were no
different between specimens of H. siamica complex in Thailand. All PCR products-
enzyme combinations showed the monomorphic patterns (Table 10 and Figures 24-48).
Consequently, the five intergenic-spacers (HK, K, K ,, C,C, TC, and VL) of chloroplast

DNA of H. siamica complex haila .r variation, when study by RFLP

technique using five restriction enzymes su@pl, Rsal and Vspl).

Nevertheless, /

primer pairs of cpD

should be carried out by using more
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on endonuclease so as to increase

probability of cleavag other powerful techniques should

be used such as, DN present all sequence of the

specimens, or acrylamid can de ect a small size DNA fragments

o = 9]

(smaller size than 100 bp) and separate the | of fragments better than agarose gel.

—
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GENERAL CONCLUSION

The Hoya siamica complex is highly variable species not only in
vegetative but also reproductive characters (Craib, 1911; Kerr, 1951; Ping-tao, ef al.,
1995) and has never been intensively studied for a long time. Accordingly, the original
description (Craib, 1911) does not covered several characters of the recent H. siamica
complex in Thailand. Hence, the taxonomic statts.ef this complex is still uncertain.

v

This study showssthat H. siamica complex in Thailand is an extremely
variable species, which can be'divided inlllo five morphological forms called form |, 11, 1l
IV and V based on qualitative morphologjic'él and palynological characters, i.e. leaves
shape, conspicuous Or opscure la-te;al \/—éin@, corona shape, outer angle of corona,
pollinium and corpusculumsshape. _Moredi\__‘(gr,‘.the members of the complex occur in
different habitats, form | grow in oﬂp;en areé“;pp' rock or tree, in evergreen forest about
940-1150 m. elevations. From |18V grow in s@?area, on rock or on tree’s branches or
stem in evergreen forest ~abaut 11005295— m. elevations. These qualitative
morphological data-s}riows_tbai_ionm_l_is_abmousjggdiﬂéireht from the others by its
obscure lateral veins and broadly ovate corpusculum sh’a’ble. Furthermore, the results
from the quantitative m'b-rphological, palynological and anatomical characters supports
that H. siamica.compléx|in Thailand!can be' divided inyte-two:groups, the first group
composed of farm | and the second group composed of form [I-V. The important
charactersy whieh sare pused«to sseparatey thewtwo, groups .arespollinium width and
corpusculum width™h. In addition, the anatomical studies support both qualitative and
quantitative morphological and palynological studies that morphological form | differ
from the other forms by their mesophyll can be obviously divided into two layers, dense
and sparse parenchyma cells, whereas morphological form 1I-IV cannot be divided. The
result from PCR-RFLP technique of 5 different chloroplast DNA regions reveals no

difference between this complex species.
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The results of morphological, palynological and anatomical studies
indicate that H. siamica complex in Thailand have high morphological, palynological
and anatomical variations. These variations should not be the results of infraspecific
variations of a single species, H. siamica. Hence, the complex should be segregated
into species, or variety. However, there is no universal definition of the species concept.
Generally, a species should be separated by obvious morphological differences from
the other closely related species and this difference related to adaptation to different
geographical areas or environment and usutally distinct ecological habitats, for the
varieties, they are recognizable by morphologieal variations within species (Davis and
Gilmartin, 1985). In this studlys vegetati“\‘;e and reproductive characters were used to
define a species. Therefore, the five forml of H. siamica complex are best treated as H.
Siamica together with agvariety. Form | o{f the H. siamica complex is ranked in variety
level, due to their great variation'rip r@?phological, palynological and anatomical
characters. In additional the close relatibnéﬁhips among forms II-V of the H. siamica

complex, as presented in this study; indicates that they are a variable form of a single

species of H. siamica. bd s
- e F i
s

In conclusion;, the investigation “of morphological, palynological,

anatomical and molecular data of the H. Siamica complex in Thailand shows that this

complex composed of H. siamica and its variety.

LLast but-not least, this study!shows-the great variations of H. siamica
complex in Thailand. However, this study is the first report of the intensive taxonomic
study, ‘which:coversythe-morphalagical, anatomical, palynological aind'molecular data of
this complex. The results of this research served as a basis knowledge for the further

applied studies.
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Table 3. Canonical discriminant functions of 5 morphological forms based on 45

vegetative and reproductive characters.

Eigenvalues
Functio Canonical
n Eigenvalue | % of Variance | Cumulative % Correlation
1 21.965% 68.4 .978
2 7.501° 91.8 .939
3 99.1 .837
4 100.0 .483

a. First 4 canonie n the analysis.
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Table 4. Poolled within canonical structure of 5 morphological forms based on 45

vegetative and reproductive characters

Structure Matrix

Function
1 2 3 4
SQRTC38 620" -.317 -.054 411
SQRTC35? .380" -.066 182 -177
SQRTC37? 342" - 044 .019 .148
SQRTC27? -.335 .083 -.042 -.088
SQRTC6® 282" 219 .085 201
SQRTC29? 262" .048 212 120
SQRTC11% - 260" -.080 087 .010
SQRTC30? - 55| "1 4 087 o . .020
SQRTC10? S 197 -.077 042 .028
SQRTC22? -179" .099 -.105 -.125
SQRTC32? 160 ..082 .034 -.134
SQRTC17 Ale0 ] - 039 042 .054
SQRTC7? Ayt 'j' 015 .045 -.009
SQRTC1 4449 4,620 423 -.064
SQRTE21 -.332 418 -.331 327
SQRTC4? .018 294" 251 .187
SQRTCE* wrecr oy 187 .109
SQRTC14% 225 -.261" 136 .168
SQRTC39 042 240 163 -.006
SQRTC24? .042 -.213" .082 -.182
SQRTC42? .002 191" -.155 -.T44
SQRTC28 2116 .019 440 1223
SQRTC3? -.099 137 376 .183
SQRTC2? -.246 -.190 246" -.142
SQRTC26 -.035 333 165 593"
SQRTC40? -.030 021 .001 -.433
SQRTC25? -.070 -.070 -117 -.385
SQRTC31? 022 -115 .034 -.362"
SQRTC41 -.075 120 187 -.355]




Function
1 2 4
SQRTC23? .060 -.206 .085 -.347
SQRTC44% -.038 257 .032 331
SQRTC20% -.096 -.025 -.065 325"
SQRTC36* 194 .062 .070 303"
SQRTC5? .092 142 -.004 288"
SQRTC9? .090 -.275
SQRTC43? -.032 274
SQRTC34% 017 259"
SQRTC15° 229
SQRTC33° -.208"
SQRTC19° 190
SQRTE13° -.183"
SQRTC -.164"
SQRTCA45’ -.161"
SQRTC18? -.137
SQRTC16 .043 115"

78

Pooled within“groups correlations!

variables and stagda;ﬁf ont

it #'r—:_."_J !
VaEi hles ordered by absolute

discriminating

discriminant functions

discri nt function

a. This vafiable not used in the analysis.
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