CHAPTER I

BACKGROUND

2.1 The genus Aeschynanthus

Islands (Fig. 1).

Aeschynanthus are ev: ;;':‘4#- vi-'f limbers, or trailing perennials. They
é | e ._"i!l-;:‘

are usually epiphytes in the wild ﬁ‘;p oe ,i; d branches of forest trees, and a

few species are semi-tgfestr 2d for their splendid flowers.

They are attractive pla(’m W!'[h twiggy, arching or flexuﬂs pendulous stems and

numerous pairs cﬂ uﬂb% % 8 %I@wgg’]‘\ﬂ @stlfollus The leaves
" W“”TEN i E el G A

(Rosser ana Burtt, 1969). in the leaf there is a thick hypodermis, which is characteristic
of the genus, and associated with water storage function in epiphytic plants (Rosser and
Burtt, 1969). The inflorescences are usually axillary and/or pseudo-terminal, though

some variation is found within species. The flower colour is commonly brilliant red, more



rarely orange, yellow or greenish-brownish. The five sepals are either free, partially
connate, or tubular or saucer-shaped with small blunt lobes. The calyx varies from green
to red or purple and probably plays a part in the attraction system of the flower. The
corollas are always tubular, widening upwards, usually curved and zygomorphic. The

four stamens form two pairs, the anthers of each pair cohering at their tips and held

either at the mouth of the corolla, o S '
and bears a long style with S Or Ca plt@ at the top (Christopher, 1996;
———

(Mendum et al., 2001).The clers o

AN
(199 \ \\ re long slender unilocular
\ | s ith its apical end pointing

towards the base of the cap single'ar pen j\. =\ slops from the apical end and

” ovary is stipitate, long and slender

nthus and other Old World

Gesneriaceae were studi

one or more appendages developifrafm the hi d of each ovule. The possession of

these seed appendages ribe Trichosporeae schynanthus, Agalmyla
y‘r , Y J
[Dichrotrichium], LoxoStgma mo the doubtful genus

Micraeschynanthus is not kaown. When the capsules dry, they open loculicidally by two

A oL R S T P—
appenda@s i a cﬁxb&sﬂt@ m Sl F}'}ﬂbﬂﬂe uﬂt the base of

the hilar appendage (most members of section Aeschynanthus). The appendages may

also serve as anchorage devices for seeds landing on trees (Mendum et al., 2001).

Aeschynanthus develops unequal cotyledons soon after seedling germination, a

character of the Old World subfamily Cyrtandroideae (Burtt and Woods, 1958).
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\\\.. oduction of copious nectar,
\ liidae). Although records of

suggest that Aeschynant, ‘ \
actual bird visits are ve 8¢ S supported by low-sucrose-content

nectar, which is common in o yla (Gesneriaceae, also in the

tribe Trichosporeae) has the g ith. Aeschynanthus because of an

-
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adaptation syndrome‘ .;" Chinese species in

1

Aeschynanthus section Xa‘)thanthos may be exoepted and the likelihood of bird

pollination is |esﬂbuﬂﬁhnﬂmiwgﬂ']hfmm (found mainly in

= QYRR T OLHNAR PrEE Ecmome

there is a hlgh degree of endemism at the species level (Mendum et al., 2001).



2.1.2 Taxonomy of Aeschynanthus

The generic name Aeschynanthus was established by Jack in 1823, soon after
Don (1822) had already published the generic name Trichosporum, a reference to the
appendages on the seeds. The name Aeschynanthus was considered to be preferable

to Trichosporum by other influential botanists such as Bentham (1876) and Clarke

(1883). The later name was then. €onse ‘. the older name Trichosporum is
@nanthus is the largest genus.

reflected in the tribal nam sae,in W
Bentham (1876) first pro/ ‘ \ ed almost entirely on seed
appendages, and reco ions _ Diplotrichium, Polytrichium,

and Holocalyx (later chan ‘ section. Microtrichium, was
\u ed by Schlechter (1923), but

was later subsumed under Grofrichi Burtt and Woods (1975). Section
* Xanthanthos, a very sm .._m_;-;;__i;___ , was created by Wang

v, w
(1984) and based notﬁ seed 2 ct%. He also divided section

'"ﬁ“‘ff?iﬁ”ﬁeﬁ [1ph 113010 A

ﬂ HASDIALNRTDYIALL. « oo

Jack, seed with single appendage at hilar end, with a podium of bubble-like cells at the

base; calyx with blunt shallow lobes; Fig. 2



2. Section Haplotrichium Ben'th.: type species A. bracteatus [Wall. ex] DC, seed
with a single long appendage at each end; calyx with acute lobes or deeply divided to
base; Fig. 2 Series Bracteati W.T.Wang; type species as for section

- Series Novograciles W.T.Wang; type species A. novogracilis W.T.Wang (= A.

gracilis [Parish ex] C.B.Clarke)

3. Section Diplotrichium Be ) s A. parasiticus (Roxb.) Wall, seed

with two long appendages at'the r en '@ppendage at the apical end;

Fig. 3

OfNd

caulis [Wall. ex] R'.Br., seed _

with few to many appenda hilar n’.m g \n le appendage at the apical

5. Section Microtrichi B Clarke (i g section Anisocalyx Schltr.): type

species A. microtrich E

., ul
6. Sectioﬁaﬁ%ﬁﬁv%.vgnﬁ Wﬁ;fnd?icuﬁger W.T.Wang,

habit trailing; coroll@iwhite or yellow; stamens not exserted.

ARANTUNRINGIAY

-Based flat appendages at
|r‘
|

either end; Fig. 3



Fig. 2 Examples of flower morphology of Aeschynanthus: from top to bottom; A. siphonanthus
(section Aeschynanthus) - species in this section have a distinctive shallow-lobed calyx, and A.

bracteatus (Haplotrichium). Photos are by courtesy of the Royal Botanic Garden Edinburgh.
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Fig. 3 Examples of flower morphology of Aeschynanthus (continued): from top to bottom; A. lineatus

(section Diplotrichium), A. longicaulis (Polytrichium) and A. buxifolius (Microtrichium).
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The Royal Botanic Garden Edinburgh has an extensive living collection of
Aeschynanthus. Current studies of this genus at the Botanic Garden had been
undertaken by Mary Mendum before she passed away and were concentrating mostly
on the Malaysian, Philippine, and New Guinea species (for instance, Mendum, 1995,

1999; Mendum and Madulid, 1995; Mendum and Woods, 1997). Her most recent

/e morphology identified two major

‘ |gﬂl\ seed has spiral testa cell

orientation, papillae form c -\. th appendages. Type B is

recognised by the strai t Oined with the presence of

e {i \
papillae formed form the fds, of - ’\l\\ cells on the long hair-like
m.d-i d

studies (Mendum et al., 2001) on

groups (type A and B) wi

(with A. bracteatus, .._--.,-"_..-.-.-._--.-__-.-.-.' ------------------- ' iype B seeds comprise

arﬁspeeies previously placed

in section Hap/otﬁﬂﬂ ﬁﬁﬁ gyin Wﬁ}fﬁﬁped% are currently

placed in the sea'on X, which cannet yet be cn‘cumscnbed unt:l ore material of
sion ISV AR A 22980 @&L i sector

Xanthanthos, but not as that section is currently described. Section Haplotrichium sens.

sections Polytrichium, Diﬁ)tric um

str. is a very small section of about eight known members, confined to mainland South

and East Asia.
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Fig. 4 Comparison of papillae of type A seed with single-celled papillae (left, of A. parvifolius) and

type B seed with two-celled papillae (right, of A. albidus ), after Mendum et al., 2001.

Based on these findings«a. revisec i s ctions (Mendum et al., 2001) is

as follows (see also Tabl

Revised key to the secti
1a. Seed with a single appeglage at hilaf ene B e, 2

1b. Seed with more than 1 ! AN b e 6

2a. Appendage short, not f:{‘:‘:::-'* ”' ................................................. 3

2b. Appendage.long, slender, | |
\Z
3a. Testa cell onentatloth loc

0 j cences rarely
1

pedunculate; braﬁ ﬂagﬁeﬁtﬂ ﬂ %ﬂ‘w . E] ,] . ﬂ . ‘i .......................... 4

3b. Testa cell oriefifation clockwise; mflorescences long pedunculate; bracts large,

usually Da atr] a ﬂ ﬂ ‘j m u w f] q nﬂq/ﬁﬂ Sens.Str.
4a. Appendages not slender to base; calyx without abscission layer at base,

usually deeply divided, rarely tubular or spathaceous .................. Sect. Microtrichium
4b. Appendages slender to base, bubble cells often present; calyx with

abscission layer at base, tubular or cup-shaped, lobes rounded, rarely pointed
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............................................................................... Sect Aeschynanthus
5a. Corolla white or yellow, stamens not exserted ............cccoceiiiicnnnnn Sect. Xanthanthos
5b. Corolla orange, red or green, stamens usually exserted ... Sect. X

Ba. Sead With 2 APDERAAGES 5w « rosses comesusvarsion suus sessssmvemmens Sect. Diplotrichium

Sect. Polytrichium

AULINENINYINS
RN TUNMING AL
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Fig. 6 Aesc“ynanthus seeds: A. & B. section Microtrichium (A. garrettii and A. musaensis

respectively), C. section Aeschynanthus (A. curtisi), D. section Haplotrichium sens. str. (A.
bracteatus), E. section X (A. longiflorus), F. section Diplotrichium (A. sikkimensis), G. section

Polytrichium (A. arfakensis). Scale bars = 2mm. (After Mendum et al., 2001)
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The sectional clascification of Aeschynanthus based on seed morphology
presents some problems of species placement, especially when the seeds are
unavailable and then their assignment to sections is only tentative. Other taxonomic
characters are not always reliable and have resulted in some inaccurate placements in

the past. For example, A. arfakensis, A. leptocladus, and A. philippinensis were placed

by Clarke (1883) in section ‘ are now known to be in section

Polytrichium (A. arfakenSI otrie /uw (Mendum et al., 2001).

2.1.3 Cytological stud
Cytological investi

Rogers (1954). The basic e genus were found by Ratter

Q\- Iso been carried out, firstly by
(1975) to be x = 16 and x = 15. ) found one species, A. gracilis, with
X = 14. The chromo A.-" : 4.5, lUm in mitotic metaphase
(Kiehn and Weber, 1999 PO

sens. str. Cytolo&:al variants within % species have also been foud for instance, A.
/ong/catﬂ ﬂ"{] a ﬂ Et] ﬁ meumf]zg:m ﬂ\rllﬁ Ec'umber for the

genus; not in the pattern of x =16 or 15) while Rogers (1954) and Ratter and Prentice

2 eemrecorded from almost every

(1964) found 2n = 30 for the same species. Differentiation in ploidy numbers is also
known in several species. Thrge different ploidy levels have been reported in A.

ellipticus (Milne, 1975; Ratter, 1963; Ratter and Prentice, 1964).
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Ratter (1975) suggested that‘the basic number x = 16 is ancestral and x = 15
derived through dysploid reduction; Rashid et al. (2001) supported this. Agalmyla and
Lysionotus, two other genera in the tribe Trichosporeae, also have x = 16 (Fussell, 1958;
Ratter, 1975: Kiehn and Weber, 1997) supporting the suggestion that x = 16 is the

ancestral state.

Some species of t wwe plants in Thailand. They

have become importa"/ ‘ | \ \. because of their brightly
o ’ ‘\\\\ 4\ a characteristic part of the

SCh \

\»\ erbarium specimens of the

Bangkok Foresty Department (Bl in "\ ailand are partly shade places in

slightly disturbed, along the strean’s areas in degraded. The ranging of

T e e

their growing attitudeSrarebetween SO0 - 1800 my ctres from ! ‘ > sea. Most of them grow

on tree trunks in prin‘gy evergreen/seasons ardwocm forests which on granite

pedocks ﬂUEﬂ’J‘VlEI‘V]‘iWEI"]ﬂ‘E

Accordmg to the herbarium collection of BKFaupto 27 samples.of Aeschynanthus
have beerqcollecteﬁ nd presejxgu }EI Mb’a]ulg X]wg/lelr.]only g species were
identified (Table 2) while the rests have not been named yet. There are still no
researchers currently working seriously on Thai Aechynanthus. Only a few studies
(Denduangboripant and Cronk, 2000 and 2001; Denduangboripant et al., 2001) refer to

some species of Aeschynanthus in Thailand. In 2001, BL. Burtt published a recent
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checklist of Thai Aeschynanthus in Thai Forest Bulletin and in his report there are 14
species of Aeschynanthus found in Thailand, distributing in different areas of the country
(Fig. 6). Burtt noted that more herbarium materials could be useful, especially from the
eastern borders, where there are already indications that some species in neighboring

countries were found on Thai territory. Their seed samples are also welcome for

seedling study and possible works' on aracteristics. Unfortunately, his Thai

Aeschynanthus list has ngt Compl ﬁ some synonymous species

caused by uncompleted
andersonii should be t ane forAghildebrandli, A. hosseusianus, A. humilis,
and A. persimilis because d spegimens ex: *‘nxo previous taxonomists. The

final revision of Aeschynani a 'f;._ bee \» aring by taxonomists of Royal

AULINENINYINg
PRIAATUAMINYAE
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Table 2 Aeschynanthus herbariums collected in BKF.

Name Location
A. acuminatus Loei (Phu Kradueng)
A. andersonii Chiangmai (Doi Pui)
A. garrettii Chiangmai (Doi Inthanon)

A. hosseusii

| ‘t”l * i (Doi Sutep)

A. hildebrandii

w Sutep), Lumpang

A. lineatus ///[ék ‘li - Sutep)

A. longicualis \ Kao Phra Bat), Yala (Batong),

A. longiflorus

\ RN
5N

A. macranthus

s SSIE s

(Mae Sod), Kamphaeng Phet

X

A. parvifolius Narathiwat s'u Doun, Tak Bai)

A. radicans

o o/ ,
1J8]1Y ’ SondkiigBoripatfals). Naknon Si
U
RIANNIUUTIN Y R

A. superbzﬂ Chiangmai (Doi Inthanon)
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Fig. 6 The distribution areas of Aesghynagiffits in mai s of Thailand

B.L, Burt Clist on Ae ) Jhailand
(77 J

-
In\‘

. i "
1. Aeschynanthus acumi ' us [Wall. e 1)

e FUBARURTHEIAT
e ARARSRER NN Y

Collecting locality: North; Chiangmai (Doi Inthanon national park, Doi Sutep);

Lumpang*

3. Aeschynanthus breviflorus Ridl.
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Collecting locality: unlocated

4. Aeschynanthus fecundus P. Wood.

Collecting locality: the type of this species is Ridley 13599 (K) from Pahang. The

two collections from Thailand cited by Woods were both from cultivated material and

Note This and A. mé is e ) egr. May belong on the same species.

Collecting ."f'j' o nal park), Prachinburi
.'I I!u'
i ll“ |

(Khoa-Yai national park), N?korn Nayok (top area of Khoa-Yai national park), Nakorn

— 8o, Mll NINYINT
7 nosoPh FABNDIB UM INYIAY

Coilecting locality: unlocated
8. Aeschynanthus hildebrandii Hemsl.

Collecting locality: North; Chiangmai (Doi Inthanon national park, Doi Sutep)
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9. Aeschynanthus hosseusii Pellergr.

Collecting locality: North; Chiangmai (Doi sutep, Doi Inthanon national park),

Lumpang (Jae Sewn national park)

10. Aeschynanthus hosseusianus Kr.

Collecting locality " (Do | ional park, Doi Sutep)

12. Aeschynanthus parviflogls $

Collecting locality: unlog ed
13. Aeschynanthus persSimii :

17

b |
Collecting localityalinlocated

cnreeBUEINHNIT NN
AFHINIAUUBIINLUIN L.

Identifying a scientific name of each Aeschynanthus species is not simple for
Thai taxonomists because no key to species for the genus in Thailand is available.

However, recently Mary Mendum, an expert in Aeschynanthus of the Royal Botanic
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Garden of Edinburgh, UK, kindly gave a key to species especially for Thai
Aeschynanthus. This key is based on morphological characters described in literatures

and from large living collection of the garden. The key made by Mary Mendum is shown

below.
The key to species of Thai Aeschynanthus
1a. Robust plant with conspic {Biaets infloresecence several-flowered
pedunculate; calyx 3 ¢ \\: 5 cm, red, paler inside with
dark mottling on the spreg@MO0FSEE. =3 RN N .. ................ A. superbus
1b.Bracts not conspicuous 2
2a.Calyx tubular or camipanuiad , lobes notacute ............... 3
2b.Calyxe partly - divided to b sughly acute ...........cc...... 7
_‘ .‘.E' o
3a.Creeping plant, rooti from nodes; leavesto 4 x 2 ¢ ”_ , ovate-elliptic, rounded to
¢ o o/
cordate at basﬂﬁ ﬁTﬂﬂﬂﬁwmﬂ?Iar ca. 2 cm, hairy;
corolla Ca. 5 om 1, DAY weswm swmmsvms famssamas sommsmimgmas s & i s sl s e o7 A. radicans

’QW]NT]‘?EUNWTJWEHMI

3b. Plant not creeping; leaves > 6 cm, not rounded at base, glabrous; calyx

campanulate or narrowly campunulate, glabrous .............coovviiiiii e 4
42.C0r0M8 < 4.5 CM oo 5

AD. Corola 4. 5CM .o 6
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5a.Calyx 2 cm, lobes small, bluntly triangular, spreading; corolla 4 cm, bright crimson

with darlc lines, yellow at base and in throgt ...w. s s seves s sssssssessmasssmns smsssmnmsns A. flugen

5b.Calyx 1.3 cm, lobes rounded oblong, not spreading; corolla 3 cm, scarlet to orange-

scarlet Corolla < 4.5cmtwithdark liN€S ......coovvvii e, A. hookeri

6a.Calyx campanulate, to 1.6 cmj € a red, to 6.5 cm, very narrow in lower half

then abruptly flaring.anc ing; ‘ M A. stenosiphonius

6b.Calyx narro ot very narrow at base, light

scarlet with dark stri ersto6 mm. ..o,
...................... r. R 25 Lk Ao macranthus

7a.Corolla>5cmlong ... ... oot ikl N 8

7b.Corolla < 5 cm IoMEP e 10
v L)

II |
d

8a.Calyx 4.5 cm, ttépular toca. 3cm then with slender pointed lobes; corolla to 7

om, redﬂhuﬁJ.fJ ’V]EJW]?WEI’]ﬂ‘i A, hosseussh

A Gl QUBIINYIE ...

9a.Upper leaves in whorls of 3-8; inflorescences several-flowered; corolla greenish-

yellow at base, shading to flame-red apical ..................cccooiiiiieiiiinn.. A. speciosus

9b.Leaves opposite; corolla crimson shading to purple at the base ........ A. longiflorus
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10a.Leaves with conspicuous whitish marbling above, purple-mottled below;

calyx divided to base, lobes to 2 cm; corolla to 3.5 cm, greenish with crimson

MArks ON IODES .....oevvniiieiei i e . A. longicaulis

10b.Leaves not marbled; corolla not as above ... 11

11a.Creeping, flexuous plants; leaves Smie P 12

11b.Twiggy plants, stem not 1. % . — 13
12a.Leaves to 2‘ c Kand fleshy; corolla 2.5 cm

........................... & 4 AN ... A gracilis

12b.Leaves to 1.5 cotalla < Z e SO—— A. monetarius

. o I
13a.Small twiggy plants; leavesto-5-cin, nar hulate; calyx to 5 mm, not divided

to base; corolla to 'VL"- A 14
- .
I

13b.Plants not twiggy, leavgs S5 M) s v s st R S35 TS B St g 17

AUIINYNINYINT

14a.Calyx3divided almost to ba‘se corolla qunte broad towards base & internally

Ope ANDIUNBIADENA Ly e

14b. Calyx divided to about halfway; corolla > 2 cm, quite narrow towards base

& internally with few coarse hairs near base, lower lobe not strongly reflexed
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15a.Calyx <3 mm; corolla <2 cm, scaret ...........coeeviieiiiiiieie, A. andersonii

15b.Calyx ¢.5 mm, corolla 2.5 cm, orange-red with dark margins to lobes

.................................................................................................... A. hildebrandii

16a.Calyx 3.5 mm; corolla to 2.1 cm, internally with line of upward-pointing

16b.Calyx 6 mm; intemnalhywith few hairs ............ A. persimilis

17a.Stem transversely , devided to basc; corolla

scarlet, to 3.5¢cm ...... r.4. 8L (5 A A. garrettii
17b.Stem not wrinkled or wartys..... 20 R N . 18

18a.Calyx to 1.1 cm, dividk e ery slender, glabrous; corolla to 1.3

cm, hardly aganing ol dull dark red epically

i

................................................................................. ownssanmsressosmsans B TOOUNTUS
9N INYINT
18b. Calymoymm corolla >1. 3 cm, opening normally ............coeeevvvveeieennnn .. 19
=3 4

IUNNTINEA

19a. Inﬂoreq;cence pendunc ﬂate bracts persistent; calyx to 4 mm, divided almost to
base, lobes ovate-elliptic, blunt; corolla 1.7 cm, green (reported elsewhere to be red)

................................................................................................ A. acuminatus
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20a.Calyx to 6 mm, divided to base; corolla 2.5 cm, orange-red with dark lines
................................................................................................ A. lineatus

20b.Calyx to 15 mm, tubular in lower; corolla 2.5-3 cm, orange shading to red

apically with dark lines on Iobes .............ccooviviiiiiiiiniiieiicc e A. parviflorus

2.2 Plant molecular ph

2.2.1 Principle of molec

In 1950 a Germ j a book named Grundz ge
einer Theorie der Phylogenglisghe. 0 Syste \ ' s book contained five basic

ideas which began a major r

1. The relationship ling to the'c¢ ivinggand extinct organisms are

\7 kY |
) U
2. Such relations}\ig exist for ir@yiduals within populations, between

e ATV TN
QAARIATFRIURAFI AR 8 s

correlated wnth genealogical descent and thus are best understood within the context of

genealogical (“blood”

genealogical descent with modification (quite literally ‘evolution’).
4. The genealogical relationships among populations and species may be

recovered (discovered) by searching for particular characters which document these
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relationships.

5. The best general classification of organisms is one that exactly reflects the
genealogical relationships among these organisms.

Wide discussion of phylogenetic methods came after the publication of Hennig's
revised book (1966) in English-language. In fact, Hennig proposed many ideas other

'k») these ideas are still used (e.g.

monophyly) while others these five basic ideas with

some modifications cm/ | 3 ’ ~\\ etical concepts for ‘phylogenetic

than the five basic points lis

systematics’.

Phylogenetic syst: . ll 0ge jetics’ is the approach that
accomplishes those tasks - et r neti >m can give baseline data for
beginning investigations of otf e—ws--::, /& biology disciplines. Phylogenetic
systematic approach c_,.“:‘..,:‘—-—::-:—;....;:;.;w:fu nealogical) relationship

X

among groups of orgaBms and produces ¢la |Cati% that exactly reflect those

genealogical reﬂoﬂiﬁ ﬁtﬂw%’wvﬂm‘ﬂeﬁomd be an alternative

of phylogenetic systematics because it comprises tm theory and prigice of describing
a diversa ﬁr@n@sﬂﬁogemt;gm;vatyﬂd%asﬂ that conveys
information conceming the kind of relationship between organisms (Wiley, 1981).

The meaning of phylogenetics has been extended by Kitching et al. (1998) that
phylogenetics is a method of classification that utilises the hypothesis of character

transformation to hierarchically group taxa into nested sets, and then interprets these
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relationships as a phylogenetic tree? (i.e. an hypothesis of genealogical relationships
among a group of taxa with specific ancestry and implied time axis).

There are several types of characters can be used for phylogenetic analyses.
First, we can utilise morphological characters which are structural attributes of an

organism. Morphological characters are the primary source of characters in most

groups of organisms. To be a us ,ky/ers they must vary between taxa but
not depend on their environ hg g| rs may be observed easily by

sight or with simple optica

They may be simple or complex

ovels, from phyla to species.

AN

and have proven useful

External characters are mo acte -‘-\ internal characters because

they are relatively easy to ose the \o = quantified as a reference such

b (i o \
as colour patterns, which may be fiieast ed B elength.
EEL R
-One of reliab haracters is molecular characters BNA is the genetic material
N A
that a living descendan%as

from molecular ﬁrﬁgﬁoﬁ ﬁﬁ?ﬁﬁ gTeﬂ rﬁust confidence. Most

phylogeneticists Rave been mterested in finding new genes or non- codmg regions to
study a@;tﬁ rlﬂalpﬂ ﬂ Emuﬂm @Ng ﬂ 'EJ rlﬁf owledge and

approach is known as molecular phylogenetics.

the lineage. Data retrieved

The task of molecular phylogenetics is to convert information in DNA and/or
protein sequences into an evolutionary tree. There are two different major methods to

build such phylogenetic trees based on how the data are treated. First is a ‘distance
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method’, which converts aligned sequences into a pairwise distance matrix, then input
that matrix into a tree building method, whereas, a ‘discrete method' considers each
nucleotide site directly. If the original data are in the form of genetic distances, such as
those obtained from DNA hybridisation studies, the distance method then should be

used. However, if we have the nucleotide or protein sequences, we should analyse them

/‘1 that occurs when sequences are
me o@nt from the distance methods

S en‘ved from the sequences

with a discrete method to avoi

converted into distances.

as they operate directlyw/ \
IgNEL o.m

seeks the tree whose sugf offb@rcl 1um, while the major discrete

rather than pairwise distanc S ~.{: ar distance method which

method is maximum parsimo 2 (or trees) that require fewest

evolutionary changes (Page and

Y
2.2.2 Molecular techniq@ for phylog : D antsm

AUYININTNYINT

2.2.2.1 PCR ampﬂcat/on on gene tar%et

Da| wr]aﬁpﬂlﬂimmfl llmﬂ ’] axzjs opening to
error because of our lack of understanding of the mode and tempo of the evolution of
these characters. Molecular data is, however, more often used as it allows the derivation
of phylogenies (or measures of' relatedness or differences) which are based on

quantifiable data and derive from the genetic core which underlies organismal fitness.
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For phylogenetic studies in plants there are many steps to be done. First of all, choosing
a gene target is a very important step because different genes have different mutation
rates, making them suitable to different prospects of study. Analysis of non-coding
regions permits assessment of phylogenetic relationships at lower taxonomic levels

because they evolve more rapidly than coding regions which owe to accumulation of

,ﬁ} nucleotide substitions (Clegg and
h"‘hﬂclear ribosomal DNA (nrDNA)

data provide valuable i Ohyio »\ -"1\\"!::{\-, Internal transcribed
spacer (ITS) regions of th Have
£z

evidence to resolve phyloge

indels (insertions/deletions) at a

Zurawzki, 1992 : Wolfe and

be a valuable source of
 taxonomic levels, in particular

1z ‘
at an intraspecific level becatis Ia'ﬂ‘ﬁ(.J pid, ary rates of the ITS fragments.

\
Another example of gene {a logenetic analysis is choroplast DNA

=
R

which is popular and+has proved to be well suited for evelutionary and phylogenetic
S Y

)
ac

studies. Chloroplast ge@ne has b

systematic reser\ﬂ tuaﬂrd? Wgwaﬁowegwrﬂnﬁm in plants usually

conserve in terms genome sizes, stryctures, gene Entents and lm%orders of genes
snorg o QR LRSI A RN VAL ATLEL D £ o

change in structure and content of chloroplast genome may have significant

a focus of pla@ molecular evolution and

phylogenetic implications and therefore be useful for the study of phylogenetic
relationships (Clegg and Zurawzki, 1992). The chloroplast genome evolves at a slower

rate than the nuclear genome (Wolfe and Sharp, 1987). However, some regions change
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either more rapidly or more slowly than the average (Plamer, 1987). Nucleotide
substitution rates vary among plant lineages (Wolfe and Sharp,1987), therefore, coDNA
is useful for relationship studies, particularly at the inter-generic as well as the inter and
intra-specific level.

After already chosen a suitable gene for phylogenetic study, specific primers will

| %)ﬁm.w the gene target. PCR uses a

r and over again. Mixtures of

be used for polymerase chain
synthetic process to copy
oligonucleotides, usuall ) ‘ x’-- reaction to initial DNA synthesis

\\\\" - to anneal close to the one

another (within several th : s) { rent strands. These primers

at specific place on the

anneal in conserved flanki th-sides of the target gene. The more conserved

e : |

these regions flanking are, the hx Jherthe there is that the primers will work over

a wider taxonomic range (Taberlet et al., 1 1991). The basic f rotacal of PCR is simple ; (1)
Vi

double strand DNA is d%ture e

short ongonucleﬁjwﬁﬁiwglﬁgﬁig@Tﬁqﬁe to the single strand

complementary tﬂnplates (3) the temperature is_raised for syn‘bems of targeting
sequen% w:l\a ﬂe@ j myemr] Illlﬂ r])lﬁ ud DNA target

sequence are denatured at high temperature, and the cycle is repeated. The amplified

0 forﬂsingle strand (template); (2)

target DNA can be increased exponentially as every cycle has the potential to double
the amount of target DNA from the previous cycle if there is sufficient amount of

polymerase, primers, and nucleotides in the solution. PCR is the powerful technique in
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plant molecular systematics because sometime source of DNAs were from herbarium
specimens ranged quality from normal to several degraded (Doyle et al. 1995).
Savolainen et al. (1995) found that amplification of DNA from some herbarium samples
may be difficult because oxidised material coprecipitates with the DNA, but the addition

of certain additives can overcome the inhibiting activities of some herbarium extracts.

2.2.2.2 DNA sequencing § é

1

Recently, the num d DI J\Q\

has grown rapidly. In ant molecular phylogenetic studies relied on

ed for phylogeny estimation

rbcl sequence but in now are nrDNA internal transcribed

spacer (ITS), coDNA  tm- e adventages frequently cited

" ; ol 4
for the use of DNA sequence ‘f‘_ nylogeny reconstruction is that character

2= Fpt.r’

guence evolution may be
)

evolution models e__r"

incorporated into the aﬁysn :

evolutionary diveﬁeﬁ ﬁ ﬁ éﬁg% %’wtﬁx;fﬁﬁes that produce the

variation (Clegg afd Zurawski, 1992). °yVIthm the context of parsmo&)‘/’ analysis, it has
been assawmlﬂ aﬂ :t]uj mfumflq mgﬂ/rl(a Eol:tlon can be

inferred from estimation of substitution rate for different sites, with the most slowly

thod fﬂ recovering the pattern of

evolving sites being the most reliable.
Sequencing technology has developed rapidly over the past two decades.

Although nucleic acid sequencing is a comparatively new approach for systematicss,
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the power of the technique has ensured that DNA sequencing has become one of the
most utilised molecular approaches for inferring phylogenetic history. The primary
attractions of nucleic acid sequencing inciude the facts that (1) nucleotides are the
basic units of information encoded in organism; (2) it is relatively easy to extract and

incorporate information about molecular evolutionary processes into analysis; (3)

Random amplified i RAPEC '\ technique that produces

arbitrary fragment length p A echnique utilises single, arbitrary,

i :
_decamer DNA oligonucleotide prin mpIfYy regions of the genome using PCR
(Welsh and McClellard:41990: Williams ef al., 1990; Hadn jshetial., 1992; Newbury and
Y. AX )

Ford-Lloyd, 1993; Wiuiaﬁ ora

distributed throuﬁ»ﬁ ﬁﬁtﬂdﬂwlgwiﬂiﬁrﬁe?mmg regions results

in differing ampliﬂation products. Tge methodolog is simple andqpas been wildely
used foahﬂ:slﬁﬂeﬂtﬂ ?em u/Mt;] genzelnr])ay&'disation and

introgression events, examining species relationships and investigating population

es % thought to be randomly

structures and processes.
A maximally informative, RAPD marker would be expect to show (1) variation at a

suitable taxonomic range; (2) no environmental or developmental influence; (3) simple
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codominant inheritance; (4) independence of other markers; (5) reliability and
reproducibility; (6) a random scattering across the genome; and (7) a state of similarlity
attributable to common ancestry. Thus an ideal marker allows the possibility of
unambiguously characterising taxa.

RAPD has a considerable appeal for surveys of genomic variation and the

identification of DNA-base charac ince they are relatively inexpensive,
randomly sample a potentia ' | nd sequence information is not
necessary for primer desi ‘ .| 1002, . T etal, 1993; Wiliums et al., 1993;
Weising et al., 1995), t simnplic .,‘, RAPD procédure has obscured

\

the difficulties of understan ! ¢ a ‘ ! Wthh have led to criticism of

2.2.3 Plant nuclear rib ospm

2.2.3.1 Plant nuclear rrboscshal.DNA

beosom@u fuw.:n ﬂn ? “qﬂ :e]s that Code for the synthesis
of nbosoQ Mﬂmﬂlrﬂ ;ﬁm M\% }'ﬂnﬂé}c&]fﬂﬁ(r&[}m ) exists in

large arrays of tandem repeats of the transcription unit and nontranscribed spacer,
ranging variously from 200 repeats (in Linum usitatissimum) to 2200 (in Vicia faba)
(Rogers and Bendich, 1987). The long tandem arrays form a nucleolar organising region

(NOR) at one or a few chromosomal loci (Long and Dawid, 1980). Although there is



38

variability among copies of rDNA within individuals, the rDNA repeat units are highly
homogenous as a result of concerted evolution (Amheim et al., 1980). The gene arrays
evolve together rapidly through processes such as gene conversion (Fogel and
Mortimer, 1969; Ohta, 1984; Walsh, 1986; Hillis et al., 1991), unequal crossing over

(Smith, 1973), and repeat amplification. These processes have been described as

molecular drive (Dover, 1982 and fix mutations that spread through a

multigene family in a relativ 8 @verall sequence homogeneity
of the rDNA repeats. Thi | | akes | e attractive for phylogeny
reconstructioh than other -_u,-\_.' ( :\

The structure of hig -ﬁr _l~| S \\ at of other eukaryotes (Long

aschibed as several types of ribosomal RNA.
There are three distinct rRNA typ€s-cha T sedimentation velocity units (S, for
Svedburg): 1) large sub .J:.._--.-.__..-..-.-_.." ...................... #4.000 nucleotides) in plant

T o Y
nuclear genomes; 2) 5.@ rRNA,

leotides; 3) small subunit

e o A BT Ry

member of the rDﬂA array but found ?Isewhere in the genome, is a 53 rRNA {around

BB AT UNUNI VIR v e

transcribed spacers (ITS1 and ITS2) separate the 18S, 5.8S, and 28S genes, and an

o0 n

external transcribed spacer (ETS) is located upstream of the 18S gene. An arrangement

of rDNA gene is shown in Fig. 7.
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JL pra—
e
588

mssp 1P mrs3p T30
18s | mst | sss | msz | 26s
g == -
ITS2G ITS4  rsgp
Sequenced area

satuon of the intemal transcribed

The whole rDNA re is transcribe | gle large precursor rDNA

Fig. 7 Repeat units of the nuc
space (ITS) region (moduﬁe te orientation and approximate

position of primer sites.

| i (I8 o
which is processed subsequ y clea .u‘: 0 \ nd ITS2, resulting in the mature

A%

ribosomal RNAs (Brown and Shé ;ardgm T NAsS then combine with ribosomal

proteins to form two maj ' of fribosomes, the universal

) 23

M‘: =
organelles that direct prﬁin m The transcribed spacers

contain signals ﬁ ﬁesﬁathe rRNA trarﬂdnptaon Adjacent copies of the rDNA

NeYle

repeat unit are searated by a nontranscnbed spacer (NTS; also called an intergenic
spacer, &)wahagen iem wqg‘e t&llc%a E}Jmost plants
(Jorgensen and Cluster, 1988). This IGS region contains subrepeating elements which
vary interspecifically in length (Appels and Dvorak, 1982) and this length variation might
have a role in evolution of the rDNA gene family (Federoff, 1979). The subrepeats in the

IGS have been postulated as enhancers of rDNA transcription (Reeder, 1984). In



40

contrast to the IGS, the ITS region in angiosperms is relatively short and evolutionarily

conserved in length (Baldwin et al., 1995)

2.2.3.2 Phylogenetic implications from nuclear ribosomal DNA

Because protein synthesis is a prerequisite for life, rDNAs are present in every

. ”@ to be a powerful phylogenetic tool

organism (Hillis and Dixon, 1991)

(Hamby and Zimmer, 199 t e en@ed iDNA is the small subunit
gene (Hillis and Dixon, 1 ; n &\Q st evolving sequences, found in
all living organisms, -»1 E _\'\ useful for investigating ancient

0 reconstructing more recent
ﬂ«ly:; : .

" insion segments (Hassouna et
e

evolutionary events. The | dhi ,@ ’u\\s
s

al., 1984), and so the size of the gene v derably among phyla (Gutell and Fox,
1988). The 5.8S rDNA 6f eukaryotes is s imilar in vari abiiity’ ,o the small subunit gene,
s ]

ph@:genetic usefulness across

great time scalﬁ(ﬂsﬁﬁiﬂ, ﬁqv] %ﬁngiﬁdﬂwﬁontranscibed spacer

regions of rDNA al'ays have frequentlwbeen used f%r.-inferring phylo%gpy among closely
related aaﬂ:lla .ﬂragcmﬁm’slg IlrEJs;] adgﬂlify species or

strains, to study hybridisation, and as markers in population genetic studies (Saghai-

although the shortnessEf the se

Maroof et al., 1984; Rogers et al., 1986; Sites and Davis, 1989). Among the spacers,
IGS evolves most rapidly (Hoshikawa et al., 1983) and the transcribed spacers are more

conserved (Appels and Dvorak, 1982).
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2.2.3.3 The use of ITS regions in plant phylogenetics studies

While the large and small subunit rDNA regions have been used to address
phylogenetic questions at the family level or higher taxonomic levels in plants (Zimmer et
al., 1989), the ITS sequences appear to be useful for assessing relationships at lower

taxonomic levels. ITS regions have rates of sequence substitution useful for evaluating

Malvaceae, Poaceae, mole

Saxifragaceae, ﬁ ﬁﬁﬁaﬁ ﬁwﬁw g;ﬁqﬁ 3 Viscaceae,  and

Winteraceae (Baldmn et al., 1995).

e} 18 bl 3o ANANENA e e

because it can be amplified easily by a polymerase chain reaction (PCR) for DNA

ula ea%ﬂ Rosaceae, Salicaceae,

sequencing with universal primers from conserved flanking regions in the 18S, 5.88S, and
28S genes. Moreover, the length conservation of ITS sequences among closely related

species helps their sequence alignment and phylogenetic analysis (Baldwin et al.,
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1992). By ¢ombining the ITS sequgnce data with morphological data, ITS data have
been playing a useful role in modern plant systematics and evolution research. To date,
uses of many ITS sequences were reported from various agricultural crops, such as
wheat (Chatterton et al, 1992a and 1992b), rye (Chatterton et al., 1992c), oats

(Chatterton et al., 1992d), barley (Chatterton et al., 1992¢), rice (Takaiwa et al., 1985),

Phylogenetic analysi§ offDNA SeGuencedata begins with an alignment of two or
more sequences that are hypofthesi: ologous. An alignment involves

sgquence are derived from

-

£ "1"

common ancestral posiio y r‘,,- gaps to increase or
!

J

decrease the nucleotides#in=each DNA sequence and also to decrease nucleotide

mismatching. Aﬂ\aracﬂtaxonvc] ‘e'lvlnx is estgfz]‘hshed whenever the sequence
siomsol ol 4 ‘@%&J WIINYINY

determining which paositio

2.2.4.2 Maximum parsimony and Neighbour-joining
The next step after establishing the character-taxon data matrix is to calculate

relationships among taxa. There are several methods (either discreat or distance) to
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reconstruct a phylogenetic tree (or trees). One_most popular method among discrete
methods is maximum parsimony which choses the tree (or trees) that requires the fewest
evolutionary changes (Page and Holmes, 1998). Optimal criteria for this method is a
strategy to search the set of possible trees. Such strategy contain exact searching
methods (i.e. exhaustive search and branch-and-bound search) and heuristic searching

methods. The exhaustive search ,w/e to find one or all of the shortest

cladograms. Every possible taxa is examined and their

"""--a.

lengths are calculated. A si etic. tre gorithm to perform an exhaustive

i i ,,*H o form an unrooted, fully
‘ 2 selected and joined to each

search are that first th

resolved cladogram for

¥
’ XOn IS the
w Vvielding \ e possible networks for four

1;-‘

taxa. The fifth taxon is then a decfI --.,.'. h-of-t
Fi” ..L_j.

of the tree branches of th

e branches of the three cladograms.
This procedure is conlin

y}:.
Finally, the lengths of amth e

practical solution f&# problems with a fey number of taxa (approxnmatel 10-12 taxa).

e B AR a ﬂﬂ’l@ J S—

individually is branch-and-bound search method. This method begins with a heuristic

,M.ﬂw been constructed.
)

o ulatﬂ and the shortest tree is

calculation of the first cladogram. The length of this cladogram is retained as a
reference length (or upper bound) for subsequent cladogram construction. The branch-

and-bound method then proceeds in a similar manner to exhaustive search but the
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lengths of the partial networks are calculated at each step and compared with that of the
upper bound. If its length is equal to the upper bound, then this cladogram is retained
as one of the set of optimal topologies and the branch-and-bound process continued.
However, if the Iength is less than the upper bound, then this topology is an

improvement and its length is substituted as the new upper bound. The attachment of

additional taxa can serve only Iength further and the number of

evaluated cladograms |s

been examined, the set of ’ : \\f<\- found. Branch-and-bound

applications employ al \ tation estimate of the upper

kIy 'Once all possible paths have

bound. However, a branch- ! ' consummg to implement and

should not generally be co g fa ts Co \: Sing large numbers of taxa.
e

Approximate or heuristic ) > adopted in the case of having large

members of taxa. Thish bing' techniques which are

X

essentially trial—and—emﬂa d 8 m%all of the minimum-length

cladograms but ﬁn redﬁ?ﬁugiﬁl quﬁﬁrﬁp of hill hikers aiming

to climb to the toflof mountain as fast as possible. In order to do that the ‘hikers’ best
Strategya mﬂﬁ ﬂﬂfﬁmtufmvagq wiﬂ' rlﬁ &Lcent and will
eventually reach the summit. However, if there is more than one peak to the mountain,
then this approach might yield only a locally optimal result, in that the hikers will simply
reach the peak nearest to their starting point. There may be a higher summit elsewhere.

Such isolated peaks are referred to as ‘islands’ if such islands exist then one. This can
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be translated directly into a search for minimum-length cladograms, the global optimum.
The simplest computer algorithms for heuristic search methods make a single pass
through the data and construct one tree topology. The resultant cladogram is likely to be
only locally optimal unless having good fortune. More complex routines begin with that

single topology, then seek to locate the global optimum by rearranging the cladogram in

) M/ If multiple islands of tree topology

various ways such as ‘branch-sw

To use distance f logene! \{rée bt g, one widely used method
is the neighbour-joining. It Shleds cor afl peed with only one resultant
tree given. Neighbour-joinin@ fg % a \ g method rather than optimality

N Ay A w5 18
method, and can not optimise a fiting-criteric een tree and data. However, it is a
JA TN

~

good heuristic methogd.ior estim: ating @ minimum evolutionMrée ) One strategy for finding
lle oﬁjoining tree, then see if any

local rearrangerrﬁ ﬁgﬁng w%lwgyi ﬂ .a(en shorter tree. Note

that this strategy oes not guarantee to find the mlmmum evolutlon tree (Page and

Ho.mesﬂglmﬁﬂﬂ‘iﬁu UANAINYAY

the minimum evolution tﬂ is to

2.2.4.3 Tree rooting and consensus tree analyses
When searching for phylogenetic tree, an unrooted tree is first reconstructed,

then a rooted tree is further reconstructed. A particular node which is nearest to the
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common ancestor of analysing taxa will be assigned to be a rooting point of the
unrooted tree. Evolutionary polarity will then occur to character states of the ingroups
after this process. Briefly, we generally choose one or more taxon to add into the data
set as an outgroup for the analysis. Thereafter, most parsimonious tree will be calculated

and the nodes connected to that outgroup will be used as the most proper rooting-point.

1 ” /“ost parsimonious tree may occur

more than one tree. Con @ally introduced to solve this

problem. They are CO”\M | ':\ﬂ -v,‘?.f:“* agreement and disagreement (or

\

congruence and incon , NO QI I --\ logenetic trees. All methods of

After searching with discrn

on contradictory components
found among the set of cla snerated from the initial analysis. Consensus trees

can be considered to be |nd|rect iethiods for ing character conflicts. They reduce

27375 77

the number of -,gr';l_““*___' yroduced by pai
‘r‘;.—
showing their common ﬁ'ﬁpo

are suited to dﬁrﬂtﬁﬁw ﬁ%ﬁ%ﬁﬁ ﬁgﬁf ﬁe%are three consensus

methods used in tHis M.Sc. investigation.
AR T BRI AN AB e oo

in all fundamental cladograms.

simpny analysis to one tree
=

)

' 8).@ifferent consensus methods

- Semistrict consensus: a semi-strict consensus tree is formed from all

uncontradicted components from a set of fundamental cladograms.
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- 50% majority-rule consensus: a majority-rule consensus tree includes only

those components that occur in more than 50% of the fundamental cladograms.

2.2.4.4 Tree evaluation

The simplest supporting measurement for individual clades in the tree is ‘branch
length’. However, homoplasy (a ’ky}emﬁes a different and overlapping
group of taxa from anothert r o ke o an interpretation of branch
length as support. Othert ‘ «'}“ ""‘M ~ ircumvent the problem by

NS

assessing the number of { ~o De o the clade is lost from the

consensus tree of near-mi ‘ ’\\ re are two tree evaluation
methods used in this investi
, SIS

- Bootstrap supporting trap analysis randomly samples
characters with replac 7.~' —___________MM set of the same dimensions

\7 X
as the original. The effecw to de an(ﬁnly and to reweight others

number of charactérs in the matrix. A ‘arge number of pseudorephcates is generated,

typically ﬂxﬁ :lﬁ ?iﬂ j mnu m r]almﬂ lﬁ rEJudorephcate
are then found and the degree of conflict among them assessed by a 50% majority-rule
consenseus tree in which a particular group is found might be interpreted as a

confidence level associated with that group.
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- Jackknife supporting value: In contrast to the bootstrap, jackknife sampling is
applied without replacement and hence the pseudoreplicate data sets are smaller than
the original. Jackknifing aims to achieve better variance estimates from small samples.
In first-order jackkniff, pseudoreplicates are constructed by randomly removing one

observation (either taxon or character) from the data set. Hence, for a data set of T

observations, T pseudoreplicate }ch comprising T-1 observations from

the original sample. The va the p@tes are then averaged to give

the estimate of the paramety
’ \ a number of other different

asures are consistency index
-J

A
- Consistency index: 3 .t_";:, e of ount of homoplasy in a character

statistics to assess the Guali at ..

diated as the ratio of m, the

relative to a given clad OQ e
<

minimum number of stepﬁ Tany cﬁjogram, to s, the minimum

number of steps ﬁ samqﬂ?%og %n%ﬁwmﬁvj question.

- Retentionfihdex (RI): a measu‘e of the amount of similarity I&i character that
can be m@;ﬁﬂ@ﬂvm ﬁhmumnghmrl @ \H cladogram.
| The retention index is calculated as the ratio of (g-s) to (g-m), where g is the greatest

number of steps that a character can exhibit on any cladogram.
- Rescaled consistency indgx (RC): the product of the consistency index and the

retention index of a character.
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2.3 The use of molecular phylogenetics

2.3.1 Using molecular phylogenetics to study plant systematics and evolution
Molecular phylogenetics is helpful in plant systematics and evolution. The result

of phylogenetic analyses can be used for many distinct (but inter-related ). Molecular

phylogenetics are often most el gregis conflict among the phylogenies
a set. Moreover, molecular

phylogenetic data have hel questi stematrc and evolution. For

example,
1. To understand t ighshipiaifiong extant and extinct plants.
2. To understand the ¢ 1ot fistory. 1ylogeny on development, function,
adaptation, ecology, male n, life cycle, speciation and
| Y]
biogeography. '

1l

o St“"ﬁ“ﬂ“ﬁf‘! TTEFF} TRENS
4, ,a w;ﬁ tm.ﬂ ?ﬂj m ﬁ ﬂd}ﬂnﬁ ﬁé‘lﬁfﬁ informative

DNA region can address some of the controversies on generic and sectional limits and
to evaluate the genetic distance between minor entities with molecular data included
samples ascribed to different genera, sections and intraspecific taxa (Cubas et al.,

2002).
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6. To provide a new tool to build up an accurate picture of the genetic
relationship within complex group. However, a molecular phylogenetic tree is a scientific

hypothesis that should be subjected to attempts of falsification (Nei and Kumar 2000).

7. To address fundamental questions of relationship in a family, including (1) the

conformance of traditional classification
\

to phylogeny (2) the utility of character
traditionally considered taxon family level, and (3) basic pattern

of biogeography within an : > ofithefamily (Plunkett et al., 2004).

2.3.2 Molecular identific
Molecular techni i€ tractive OF. identification of an organism,
especially when morphologic racters a practical for routine identification to

species level. Genetic, charactérs can be ides~unambiguous taxonomic

v,

Y
discrimination. A reliable’ror %’» portant for establishing

their horizontal and vemcal‘r@es Flemmgewd Hulman 1997). Such method would

also enable ab@ uﬂatm ﬂuinalﬂgenwl stages to be
o QAR VERAFYS AR AT T By oo

has prowded useful information. Several recent developments in molecular identification
also provide rapid, sensitive, and accurate methods. The technique has been used

worldwide to identify organisms and genes, for examples :
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(1) To identify bacteria and their catabolic genes in the environment and also to
design an active biological containment system which could prevent spreading of
microorganism (Widoda et al., 2002).

(2) To identify Atlantic Calunus species which the analysis is reliable,

reproductive and relatively simple, inexpensive, and performed on ethanol preserved

samples which make it suitable fo ‘ lanus samples collected at the sea
(Lindegus et al., 1999).
(3) To determine : [ | _ of-Pi us contorta in soils (Colling
and Marka, 2001)
(4) To identify no

vith faster and more accurate

ability in addition to contributin overy of new species (Terene et

al., 2001)
For Aeschynanth ;_ﬂ_;, al classification of the
v - £ ‘

genus rely mostly on tﬁr oV ohology eschynanthus capsule-like

[N

end. The numberﬂnd type of these hl?l’ appendages have been used to subdivide the

gonvs 1% BV [ 8 Whodehed ANHNAL. o o

reproductive parts of the wild plant are unavailable, usually happening most of the time

fruits contain ma

in the year. Moreover, amateur taxonomists and horticulturists could easily misidentify
the plant to be a member of any other epiphytic genus, or vice versa. Using current

molecular biological techniques should help clarify identification problem of



52

Aeschynanthus much quicker than'a classical practice. Internal transcribed spacer 1
and 2 (ITS1 and ITS2) of the nuclear ribosomal DNA (nrDNA) have become important
nuclear regions for molecular systematic studies of flowering plants (reviewed by
Baldwin et al., 1999). These regions have fast rates of substitution which are useful for

evaluating relationship at generic and species levels. Therefore molecular identification

Aeschynanthus.
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