CHAPTER 2

BACKGROUND

2.1 Cassia

2.1.1 The genus Cassia

—

‘ ly/;é(:ssiinae

—

The genus Cassi Cassiinae are members
of the family Legumino
Orchidaceae and Aste
by Bentham (1865) int

Papillionoideae, Caesal

heads or cylindric spikes and all five petals in each flower &

Among "ﬂ‘uﬁ ﬂﬁswwe’%ﬁwﬂ ﬂ g?us Cassia L. is the

largest genus (All& and Allen, 1981). ‘Thus genus are either trees, shrubs or herbs and

s o QR B b ey B v

touch. Peta?colours are attractively yellow, white, pink or orange. Pods are linear, flat or

e equal.

cylindric (Bentham, 1871 and Irwin & Bameby, 1976 in Allen and Allen, 1980).
The genus Cassia has long been recognised as a heterogenous genus
because of its variations in shapes of pods, habits, or colouring petals. In 1871,

Bentham (in Irwin & Barneby, 1981) divided this large genus into three subgenera:
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Cassia, Senna and Larsiorhegma. A hundred and ten years later, Irwin and Bameby
(1981) split the tribe Cassieae into five subtribes: Coratoniinae, Dialiinae,
Dupaquetiinae, Labicheinea and Cassiinae. With their classification, the subtribe
Cassiinae was further divided into three genera: Cassia L., Senna Miller and
Chamaecrista Moench, using characteristics of filaments and the presence or
absence of bracteoles. Three years later, Lock (1987) investigated African members
of the subtribe Cassiinae using Irwin an
the subtribe into three genera: Bgs\%\ d Chamaecrisfa. Tucker (1996)
studied floral ontogeny of ﬁs\\'eng’ sﬂé,!nna and Chamaecrista and

di@m each other by looking
\ K\

arneby’s classification and re-classified

confirmed that the three
through their floral ontogen

Among these tax:

to subfamily Caesa|p|n|0|deae from Pﬁs

= ".-'

Parkinsonia (P. acu ta) Senaa - , S. italica and S.

surattensis), Cassia auhinia (B. variegata),
Tamarindus (T. indica) andg Caesalpinia (C. pulchemma) They found that those

samples from thﬂ% Eie@aﬂcﬁt}u% ‘.ﬁ; wag '}ﬂ ﬁthe type lll whose

pollen grains are ﬂ‘!)n parasyncopate, (different apo&oplum, recticulate or fossulate-
foveotate 8| réilelfhaur. Théribre el boriiah abdut rshagte potlens of
these Cassia and Senna species are relatively uniform.

Apart from flower and pollen morphological studies of the subtribe Cassiinae,
Whitty et al. (1994) has also performed molecular study for the subtribe and
supported Lock’s separation (1987) with the three-genus system based on RAPD

(Random Amplified Polymorphic DNA) method as a phonetic tool. After that, an even
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more complete molecular phylogenetic analysis of the family Leguminosae was done
by Kéass and Wink in 1996 based on rbcl sequences of the chloroplast genome.
Fourty-nine species included two Cassia species (C. didymobotrya Fresen and C.
senna L.) were studied. The analysis showed that the subfamily Caesalpinioideae is
in fact paraphyletic to the other subfamilies whereas the tribe Cassieae in which the
genus Cassia was put appeared to be a monophyletic group.

In 1997, Doyle ef al. reexamined a molecular phylogeny of Leguminosae

using chloroplast rbcl. gene s uméq}x

species used in this study, three

species belong to the subﬂ‘hssurse / L., Ch. fasciculata (Michx)
Greene and S. alata Ro t \WPQ\ character to the obtained
. Wecﬁsfa was grouped as

d the nodulation character is a

phylogeny, they discovered
a sister clade with the non
parallel gain for these taxa.

Two years later (19
species with mulitiple appro

chromosome numbers and morpbelopzca aracter
..--r_-_, i .f{ f-_ 1'-!

taxa should split mto;lqhb groups. Group_l_mdtm-

C. javanica and C. nods ) and was desig
|

occidentalis, C. sophera, 9 siamea, C. d/dymobotrya C. italica, C. senna and C.

surattensis reprﬁ %d ﬁ Qm &j %h‘%‘\ %B fq(ﬁﬁe subgenus Senna.

Results obtained ?fjom this study reinforced the preyious taxonomig, treatment of the

oenus casbdfle hatbbiidnand bl t0) ) V] B 6 £

q
Most recently, Mondal, Mondal and Mandal (2000) have investigated an

ssia species (C. fistula,

ffubgenus Fistula while C.

interspecific variation among eight species of Cassia L. based on seed proteins and
RFLP (Restriction Fragment Length Polymorphism) of mitochondrial DNA to
understand phylogenetic relationships of these species. They grouped the eight

species into two clusters : cluster | with C. occidentalis, C. sophera, C. mimosoides
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and C. tora and the cluster Il with C. alata, C. siamea, C. fistula and C. renigera. This
grouping was similar to that of Ghareeb ef al. (1999). In year 2001, Bruneau et. al.
has investigated phylogenetic relationships in the Caesalpinioideae from its frnl
intron sequences for 223 Caesalpinioideae, representing 112 genera. These
included 3 genera of Cassiinae and 11 taxa, which are C. grandis, Ch. sp. 1, Ch. sp.

2, S. alata, S. bacillaris, S. bauhinioides, S. crassimamea, S. hirsuta, S.

lindheimeniana, S. occidentalis and S. wislizeni. From this investigation, they found
that genus Chamaecn'sta a i regated from Cassia but they

suggested subtribe Cassiin

ong hyléuﬁe genus Chamaecrista was

h 0SE - of members of subfamily
7 \\\

Mimosoideae, tribe Caesalg l/ / b Cassiinae (tribe Cassieae; Cassia

being a basal of an unrese

and Senna). The comparisofl b e s is in Table 1.

[x-

.m-l
)a
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Table 1 comparison between generic classification systems of

Year Author No. of Generic name No. of studied taxa No. of taxa also used in

proposed (Cassia, Senna or this thesis
genus - Chamaecrista)
1871  Bentham 1 Cassia holegical chi S ~ 600 17 Cassia
1981 Irwin & 3 Cassia, Senna 1023 17
Barneby Chamaecn‘st E 224 Senna (4 Cassia, 11 Senna and 2
m a@ 577 Chamaecrista) Chamaecrista)
1087 Lock 3 Cassia, Senna, ¢ filaments; absence or 13

Chamaecﬂ‘ u Eﬂ ’rJ mmi u Ej‘aaﬁa 36 Senna and (3 Cassia and 10 Senna)




Table 1 continued

Year Author No. of Generic name No. of studied taxa No. of taxa also used in

proposed (Cassia, Senna or this thesis
genus Chamaecrista)
1996 Kéass & Wink 3 Cassia, 2 "
. Senna, (Cassia didymobotrya &
Chamaecrista Cassia senna )
1996 Tucker 3 Cassia, V_E—?——— ;_‘ 18 5
Senna, E 1 F assia, 15 Senna and 2 (1 Cassia and 4 Senna)
Chamaecrista Chamaecrista)
o G B Casspmm angmw NS - ;
Senna o (C. fistula, €h. fasciculata (C. fistula and S. alata)

&ﬂ&lﬁi\ﬂﬂ‘iﬁu UNNIREAR Y




Table 1 continued

Year Author
proposed
genus
1998 Perveen & 1 Cassia or
Qaiser Senna
1009  Ghareeb et al. 1 Cassia
with 2
groups

characters

No of studied taxa
(Cassia, Senna or

 Chamaecrista)

No. of taxa also used in

this thesis

F ( _alaxandria, S.
, holosernicia, S. italica, C.

occidentalis, S. tora, C.

pumila and S. surattensis)

me 10 :.‘ | C. fistula, C.

nica and C. nodusa

b

-group Il C. occidentalis, C.

ﬂUEl"JVlEJﬂ?WEWﬂ?S’WC

dldymobot:ya C. italica, C.

AW AN T AT HrbbAG e

4 (C. occidentalis, S.
tora, C. pumila and S.

surattensis)

5 ~group | C. fistula and C.
Javanica

-group Il C. occidentalis,
C. sophera, C. siamea and

C. surattensis




Table 1 continued

Year Authors No. of Generic name

genera . / \\\ or Chamaecrista) this experiment

2000 Mondal et al. 1 Cassia

oup | C. occidentalis, 5 -group | C. occidentalis,
with 2 C.'sophera, C. mimosoides C. sophera and C. tora
§oips d C. tora -group |l C. alata and
-group Il C. alata, C. C. fistula
siamea, C. fistula and C.
2001 Bruneau et al. 3 Cass:a. Senna, tﬂL intron seque 11 4

Chamaeﬁsu El ’J Vl EJ ﬂ 5 w Ej(ma 8 Senna and 2 (C. grandis, S. alata, S.
o Chamaecns@ hirsuta and S. occidentalis)

el
| -

ol
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2.1.2 Cassia in Thailand and its taxonomy

In Thailand, habits of members of the genus Cassia are various from trees,
shrubs and herbs. Their leaves are paripinnate, often with folia glands. Flowers are
simple racemes or panicles, bisexual, yellow or pink to red. Receptacles are very
short while sepals are imbricate in buds. Petals are five with 10 stamens. Pods are
varying in shape from flat to cylindric, ﬂ?\/indehiscent or dehiscent. Twenty-two

species with four subspecies were@ »r Thailand.
,

In 1984, Larsen et al. d u_\,me ailand vol. 4 part | to place

all of these members of (‘ . ssj_i\ \ﬁ'm Thailand into the genus

other Cassia species hﬁ also renamed Us -€hamaecrista, i.e. Cassia

(Chamaecrista) absus, g (Ch.) pumila, C (Ch.) mimosoides and C.(Ch)

leschenaultiana. ﬂ uﬂé}g‘ﬁsﬂa% @ssﬂ%}’]oﬂﬁne a subspecies of

C. javanica as C - javanica is in fact' a very polymorphous spegies with a wide
aswouicapange. | 61\ 11 I EUHWVIVIE TR 2

Rec?antly, the genus Cassia in Thailand have been particularly investigated by
Kidyue (2002) and Pechsri (2003). They collected samples of Cassia from all over
the country following previous reports of the Flora of Thailand. Only 17 of 22 species
could be collected because of changing environments. Some species rarely present,

for instance, C. absus only found in Khao Tao at Hua Hin. Specimens of C.
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obtusifolia, a new. recorded species for Thailand was also found during sample
collections.

In his study, Kidyue (2002) investigated the comparative anatomy of stems,
leaves and flowers of 17 Cassia sensu lato grew in Thailand. He finally suggested to
divide the genus Cassia into 4 groups: Cassia, Senna-1 (tree), Senna-2 (shrubs) and
Chamaecrista. A numerical taxonomy of Cassia sensu lato in Thailand has also been

investigated by Pechsri in his 2003 wo H separated Cassia sensu lato into three

groups as same as the classifi

overall canonical discﬁminaﬁs 'I;Be f

group and Chamaecrista

ier by Irwin and Bameby using
>s are Cassia group, Senna

ssrr' cation (Cassia group

bakeriana, C. biflora, C. fistula, C andis, C. siamea, C. sophera and
-"".-F i g

C. spectabilis) have the-
of C. surattensis is 56. This cyto 2 yposed that the basic number

of the genus should be ssven (x=7) and these nine Cassia species are actually

allotetraploid “ﬂﬁi‘%’%ﬁm éwog;ﬁcﬂ ‘j
9 W ﬂ\ﬂﬂim URIANYIAY
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2.1.3 Descriptions and collecting localities of Cassia species found

in Thailand (Pechsri, 2003 and Larsen et al., 1984) (Fig.1 - Fig. 12, Table 2)

1. Cassia fistula L. Sp. P\. : 377. 1753; Craib in FI. Siam. En. 1: 509. 1928: K.
& S.8. Larsen and Vidal in FI. C.L.V. 18: 79. 1980; K. & S.S. Larsen and Vidal in FI.
Thailand 4(1): 103. 1984.

Tree, glabrous. Leaves large: un :Ined; stipules small, caducous, deltoid;

# pinnate ovate-oblong, glabrous,

aﬁgﬂt bract caducous Flower

pinnate 4-6 pairs, petioles glabronk\’\

apex acute, base cmeaste‘%'e

—

zygomorphic, pedicel glam_"—-i

clawed; stamens 10, 3 lon 3g I(\ ize with minute anthers; ovary

S Q(m

tals yellow, ovate, short-

,p"f ,r il

o m;gaib in F1. Siam. En. 2:

2. Cassia garrg_(yana Craib, Kew(
1980; K. & S.S. Larsen

510. 1928: K. & S.S*Arsen and Vi

and Vidal in Fl. Thailand ;31) 112. 1984.

Tree. LeaﬁSﬂ ,Eraj WIW E)Jme pairs, petioles 2-3

cm,; pinnae lanceoldte to ovate, glabrous apex a\.umlnate base rounded Racemes

o0 G Y S A I

sepals elllpt?c petals yellow, ovate, short-clawed; stamens 10, filament fattened in the
two largest, 5 shorter; 3 reduced in size with minute anthers; ovary and style

glabrous. Pods flat, glabrous, black in colour

% 3 @ o w
Vernacular: Samae san (ita@4a13); Khi lek khan chang (%maﬂﬂuim)

Specimen Examined: S. Pechsri 59



e W J'
Fig. 1 flower characteristi tulat!ph_égg{raﬁhed by K. Srisawat)

P =
P "";'j" 4

Fig. 2 flower characteristics of C. garrettiana (photographed by K. Srisawat)
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3. Cassia bakeriana Craib., Kew Bull. 1911: 45; Craib in Fl. Siam. En. 1:
508. 1928; K. & S.S. Larsen and Vidal in Fl. Thailand 4(1): 105. 1984.

Tree, densely hairy on all young parts. Leaves unipinnate; stipules
lanceolate, attached in the middle; pinnae 7-11 pairs, petioles pubescent, rachis
pubescent; pinnae oblong-oblanceolate, hairy, apex round with a small sharp point
and base rounded. Racemes lateral; bracts lanceolate, apex long-pointed, hairy.
Flower zygomorphic, pedicels pubescent; sepals ovate-lanceolate, pubescent,

petals pinkish, ovate-lanceolate, @‘% ens 10, filaments swollen in the
g céq

middle in the three largest, 4%4 rgslu pubescent, style short. Pods
| —

terete, pubescent. 7 _

Vernacular: Chaiy

Specimen Exami

4. Cassia alata L., Sp.

Fo

|- 3TBA1TE
P ey
& S.S. Larsen and Vidal in Fl. C.EV. 48 8

Thailand 4(1): 108. 19&1

Shrub, hairy. Ledves unipini 8, persistent, deltoid; pinnae

7-13 pairs, petioles 2-3 Dn pinnae eiipti-oblong, glabroﬂ, apex and base rounded.

Racemes axillaﬁ @ﬂﬁ ﬁm Wuﬁ" ﬁvg qlmhic; sepals oblong,

petals bright yelléow, -ovate orbicular to spathulate, short-clawed; stamens 10,

e QAT PO ST YT e <o

ovary and Qtyle glabrous. Pods winged, thick, glabrous, black in colour

Vernacular: Chum het thet (sntiams); Khi khak (¥a1n)

Specimen Examined: S. Pechsn 55



Y ~

Fig. 4 flower characteristics of C. alafa

(http:/Ayucca.standardout.compics/pdb_OlgaN_2003-04-01_1049224322574 jpg)
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$. Cassia grandis L. f. suppl.: 230. 1718; K. & S.S. Larsen and Vidal in FI.

C.L.V. 18: 80. 1980; K. & S.S. Larsen and Vidal in Fl. Thailand 4(1): 105. 1984.
Deciduous tree trunk with buttress. Leaves unipinnate stipules minute;
glabrous, apex and base rounded. Racemes lateral; bracts caducous. Flower
zygomorphic; sepals obovate-rounded, pubescent, reflexed, petals first red later pink,
finally orange, obovate, short-clawed; stamen 10, filaments recurved in the three

largest, 5 shorter; 2 reduced in size with e anthers; ovary silky tomentose, style

short. Pods cylindric, woody, rugose,

"ﬁ.._h
Vernacular: Kalaphannﬂ)_l

Specimen Examine(

1: 508, 509, 511. 1928; K:

S.S. Larsen and Vidal in Fl.

Flower zygomorphic; se

later dark red, finﬂ ﬂ,ﬁ;\g Wﬁﬁ%lﬁrqfﬂ?w recurved with a

spherical enlargemént near the middle J" the three Iargest 4 shorter 3 reduced in

e AT PP 1A AR e e

colour.

Vernacular: Kalapaphruk (failwgns); Chaiyaphruk (Fowgn)

Specimen Examined: S. Pechsri 54



Fig. 6 flower characteristics of C. javanica (http:/Amww.hear.org/starr/hiplants/images/

hires/ starr_030702_0027_cassia_javanica.jpg)
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7. Cassia hirsuta L., Sp. Pl.: 378 1753: K. & S.S. Larsen and Vidal in FI.
C.L.V. 18:92 1980; K. & S.S. Larsen and Vidal in F1. Thailand 4(1): 113. 1984.

Herb or undershrub hirsute. Leaves unipinnate stipules caducous, hairy;
pinnae 3-5 pairs, the upper pairs largest, petioles fong villous, sessile; pinnate
lanceolate, hirsute, apex acute, base rounded. Racemes short, axillary; bracts
hirsute. Flower zygomorphic, pedicels pubescent; sepals pubescent, petals yellow
obovate, glabrous, short-clawed; stamens 10, filaments flat in the two largest, 4

shorter; 4 reduced in size with mi

grayish wooly, style glabrous.

\

Pod falcate, hirsuta. ;
——

Vernacular: Rang jl(

‘H

ng (Trurs); Dap phit (AL #Y)

erminal; bracts ovate,

caducous. Flower zygomgmlc pedicels valentinous; sepaﬂ unequal, oblong, petals

yellow, ovate toﬁﬂﬁ%mm Wﬂmrﬂ te, short-clawed;

stamens 10, 7 large, 4 shorter; 3 reduoed in size wuth reuniform mmute anthers;

AR e e ‘ﬁ“El""f'ﬁ t

Vemacular Suwanaphruk (miimﬂqn"ﬂ) Khi lek American (‘umanﬂminu)

Specimen Examined: S. Pechsri 66
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O G hil

Al

Fig. 7 flower characteristi

et i
(http:/fireflyforest.com/flowers/ye oWs1xe!Iové}8.ﬁ"hnl AN

R

P
.
.

Fig. 8 flower characteristics of C. spectabilis

(http:/Awww.nparks.gov.sg/nursery/uploadfiles/sennaspectabilis02flofruit.jpg)
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9. Cassia sophera L., Sp. Pl.: 379. 1753; Craib in Fl. Siam. En. 1: 513.1928;
K. & S.S. Larsen and Vidal in FI. C.L.V. 18: 94. 1980; K. & S.S. Larsen and Vidal in
FI. Thailand 4(1): 115. 1984.

Shrub, glabrous. Leaves unipinnate; stipules ovate, caducous; pinnae 7-13
pairs, petioles with gland above the petiole joint; pinnae lanceolate, the upper
largest, glabrous, apex acute, base rounded. Racemes axillary; bracts ovate,
caducous. Flower zygomorphic; se W
clawed; stamens 10, 2 longer, @

pubescent, style glabrous.

nded, petals yellow obovate, short-

snze with minute anthers; ovary

Vernacular: Pha

glauca Lamk. Craib in FI. Sla ! K. & S.S. Larsen and Vidal in FI

CLLV. 18 102. 1980, K. & S.S. Lame’eeang fidalin | Thailand 4(1): 120. 1984.
Shrub, puberu“_ bpersistent; pinnae 7-

9 pairs, petioles 1.5-3 c@ rachis with , n the - 3 lower pairs of leaflets,

pinnae ovate-oblong, glabreus, apex and basesrounded. Racemes axillary, densed;

bracts ovate-acuﬂ %yw}mns wg aﬁ ﬁlow obovate, short
narrow clawiiqftamens 10, fi lameﬁsihil] ﬁ ﬁﬁ% g ﬁﬁﬂtﬁf{rzrved style
glabrous.% at,

Vernacular:  Song badan (n3411a19)

Specimen Examined: S. Pechsri 79



‘f_tel; (;%'otggraphed by K. Srisawat)
e i

FY -'di.l_

ig. 10 flower characteristics and of C. suraftensis (photographed by K. Srisawat)
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11. Cassia occidentalis L. Sp. Pl.: 378 1753; Craib in Fl. Siam. En. 2:
512.1928; K. & S.S. Larsen and Vidal in FI. C.L.V. 18: 93. 1980; K. & S.S. Larsen
and Vidal in FI. Thailand 4(1): 113. 1984

Undershrub, glabrous. Leaves unipinnate; linear to acute; pinnae 4-5 pairs,
petioles with large gland above the petiole joint; pinnae unequal-side, ovate to
oblong; apex acuminate, base rounded. Racemes axillary, densed; bracts
! / s ovate, petals yellow with violet
7 'o&gorter; 4 reduced with minute

linearacute, caducous. Flower zygom

veins, ovate, short-clawed; sta

anthers; ovary tomentose, s s, brown in colour.

Vernacular: Phak Khe n)

Specimen Examin

12. Cassia tora L., Sp. Al.- 376, 1752 “raib in Fl Siam. En. 1: 514. 1928: K.
& S.S. Larsen and Vidal in FI/C.L{:18: 96. 1880} K. & S.S. Larsen and Vidal in FI.
Thailand 4(1): 117. 1984.

5

Undershrub, V_

3 pairs, petioles 1-4 cm; rachis witl : the@ lower pairs of leaflets,

pinnae obovate;wEiex rounded, base cuneate. Racemes axillary densed; bracts

AT WEINT e o
G RTTIY A R

terete.

linear-acute. Flo

Vemacular: Chumhet Thai (3utiia Tng); Chumhet na (ufiaun)

Specimen Examined: S. Pechsri 77



(http://botany.cs.tamu.edu/FLORA erdeck/af ].ﬁ.jpg)

Fig. 12 flower characteristics of C. fora

(http://www._tcp-ip.or.jp/~jswc3242/000/ebisugusa.jpg)
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13. Cassia timoriensis DC., Prod. 2: 499. 1825; Craib in Fl. Siam. En. 1:
514.1928; K. & S.S. Larsen and Vidal in FI. C.L.V. 18: 88.1980; Larsen and Vidal in
Fl. Thailand 4(1): 111. 1984.

Tree with golden hairy throughout. Leaves unipinnate; stipules large,
auriculate; pinnae 16-22 pairs, petioles 2-3 cm; rachis pubescent; pinnae oblong;

apex subacute to mucronate, base rounded; golden pubescent. Racemes axillary;

pedicels pubescent, bracts ovat s. Flower zygomorphic, sepals

oblongovate with rounded apex, \ , petals yellow, ovate, short-
— mm—
clawed; stamens 10, 2 Iar??rteﬂ% r%ze with minute anthers;

ovary and style glabrous. P,

Vemacular: Khi |

14. Cassia siamea ; 1785; Craib in FI. Siam. En. 1:

8: 887. 1980: K. & S.S. Larsen

i Ag
e

Tree, pubescentBu urﬁinnate; stipules minute,

caducous; pinnae 7-11 pairs Retioles 2-3 mnae ovate-oblong, glabrous, apex

and base roundeﬂ% s terthinal) .meﬁ, rdts obovate wih long acute apex.

Flower zygomorphlc pedicels valentinolis; sepals thick, oblong, petals.yellow, broadly
ovate, sha H’J @.ﬂ,ﬂ; m.ll 1&1;1’3 MDEJ fl;a, E-L shorter; 3

reduced in size with minute anthers; ovary pubescent, style glabrous. Pods flat,

glabrescent, longitudinally waved with raised sutures

Vemacular: Khi lek ban (¥m#niiu); Khi lek (Uwdn)

Specimen Examined: S. Pechsri 78



15. Cassia obtusifolia L. Sp. Pl.: 378. 1753.

Herb or undershrub, thinly pubescent. Leaves unipinnate; stipules caducous;
pinnae 3 pairs, petioles 1-4 cm; rachis with 2 subulate gland between the lowermost
pair of leaflets; pinnae obovate, glabrous, apex rounded, base acuminate. Racemes
axillary, bracts linear. Flower zygomorphic;, sepals ovate, petals orange-yellow,

obovate, short-clawed; stamens 7, 3 longer 4 shorter; 4 staminode; ovary pubescent;

stipules linear, persistent; pinnae:@; D .'.}_‘.i detioles with discoid gland below the

lowest pair of leafle ’5 nnae_falcifom —"="":""r‘=¢:i ous, apex and base
rounded rachis pubes | , canacula _ ,_axillary bracts caducous.

Flower zygornorphic, pedlcglgubescent sep&; oblong, yellow, shortly; stamens 9-

10, filaments veﬂuq‘gﬂ apt] Sl Bde A hegscent
W’ﬁ“ﬁ“ﬁ%’m TRIINYIAY

Spemmen Examined: S. Pechsni 50
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17. Cassia pumila Lamk. Enc. 1: 651. 1785; Craib in FI. Siam. En. 1: 513.
1928; K. & S.S. Larsen and Vidal in FI. C.L.V. 18: 104. 1980; K. & S.S. Larsen and
Vidal in Fl. Thailand 4(1): 120. 1984.

Small shrub, pubescent. Leaves unipinnate; stipules linear acute, persistent;
rachis grooved in side; pinnate 13-17 pairs; petioles pubescent with a long stipitate

gland below the lowest pair of leaflets; pinnae narrow elliptic, sessile, hairy along the

midrib, upper glabrous, lower pubescent, apé y ase rounded. Racemes axillary;
bracts as the stipule but shorte . dicels pubescent; sepals
ﬁ

lanceolate; petals bright ye Iong-obovate, s . awed, stamens 5-6 ovary
/ t?
\ mmua)

\\

tomentose, style glabrous.+#

Vernacular: Makham diff (u€ufu@is); M

Specimen ExaminedyS. Pe

ﬂ‘lJEJ’J‘VIEJﬂﬁWEJ’]ﬂi
QW?&Nﬂ‘iﬂJ UAIINYAY
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Table 2 collecting localities of Cassia in Thailand.

Taxa Collecting localities
C. alata Mae Hong Son, Chiang Mai, Song Khia, Ranong, Surat Thani,
Yala
C. bakeriana Chiang Mai, Saraburi, Chiang Rai, Nakhon Ratchasima

C. fistula anchanaburi,Phitsanulok, Lampang, Mae Hohg

C. garrettiana haiyaphum, Chon Buri,

uri, Phetchabun,

C. grandis j N Rai : sima, Phetchaburi, Bangkok
C. hirsuta Chiang Mai, Chumphon
C. javanica i, Chumphon, Loei,
C. obtusifolia

C. occidentalis Rai, Chai Nat, Nakhon

i, Nakhon Ratchasima,

C. siamea Prachyap, Khiri Kan, Surat Thani, Trat, Nakhon Sawan,

ﬂ wg %uﬁaﬂ 65' % Eﬂ ’WfﬂﬁNayok Phrae,

9) Songkhla, Tak, Kalasm Suphan Buri

c e W ST e S .

& surattens:s Phrae, Bangkok, Chiang Mai, Loei




Table 2 (continue)
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Taxa

Collecting localities

C. tora

C. timoriensis

C. leschenaultiana
C. bicapsularis

C. fruticosa

C. pumila

C. agnes
C. mimosoides

C. absus

Buri Rum, Chiang Mai, Nakhon Nayok, Loei, Khon Khaen,
Phitsanulok, Trat, Yala, Mae Hong Son, Nakhon

DL iyaphum

aburi, Chiang Mai,

Phet, Trang, Chanthaburi
n, Chon Buri, Si Sa Ket, Chiang

a, aiyaphum, Surin

AULINENTNEINS

AN TUNNINGA Y
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2.2 Molecular phylogenetics

2.21 Definition and principle of molecular phylogenetics

In 1950 a German entomologist Willi Hennig published a book named

Grundzige einer Theorie der Phylogenetischen Systematik. Hennig’ s book

contained five basic ideas which be S */}v Jution in systematics:

fie coh iving and extinct organisms

1. The relationships le

are genealogical (“blood”) r ,
2. Such relation '
populations, and between

3. All other types

correlated with genealogi

4. The genealogical relatlon"smga opulatlons and species may be
AT J,; ,ﬂ-
B :

recovered (discovered) Q};searchmg for paﬁhculaﬁsﬁplch document these

relationships. A

I .
5. The best generallassification of organisms is on that exactly reflects the

genealogical relaticﬁ!ﬁ ﬁofa ﬁﬁ’ﬂ"ﬁ‘iw 1N

Hennig’s idéds were first dlsc%ﬁsed in an Amencan Joumal by Kiriakoff
o, A ) B PAHASE P 7| Gt e
came after tRe publication of Hennig’s revised book (1966) and Brundin’s (1966)
work on chironomid midges. Other early applications of Hennig’s methods include
those of Koponen (1968: mosses) and Nelson (1969: fishes). More recent
discussions and applications of Hennig’s methods applied to plants came from works
of Bremer (1967, 1978), Bremer and Wanntorp (1978) and Humpbhries (1979). In fact,

Hennig proposed many ideas other than the five basic points listed above. Some of
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these ideas are still used (e.g. monoplyly) while others have been discarded.
However, these five basic ideas with some modifications continue to provide the
major theoretical concepts for ‘phylogenetic systematics’.

Phylogenetic systematics or simply ‘phylogenetics’ is the systematic approach
that accomplishes those tasks above. The phylogenetic system can give baseline
data from which other comparative biology disciplines can begin their investigations.

Phy1ogenetic systematic approaches e\tﬁw //eEver phylogenetic (genealogical)
<

relationship among groups of ISMS an s classifications that exactl
p among groups of organism produces y
| — L S ——

reflect those genealogical relati ips. By this concept, taxonomy therefore could

be an alternative of phyl :a \beca it'eomprises the theory and

practice of describjng a " nd ordering this diversity into a

wording system that conv éﬂkindof relationship between

organisms (Wiley, 1981).

Bl
F o
)

that phylogenetics is a method of ciassific that utilises the hypothesis of

']

A At

e WA
character transfonn'ation:fo hierarchically 3 sted sets, and then

interprets these relationships as a “ phylogene {l.2. an hypothesis of

-

axa with spe&’hc ancestry and implied

" ax:h.ere are sﬁleg @mgofm%injaﬂ%rlﬂg f:; phylogenetic
e W NI TR WM YT R e

attributes offjan organism. Morphological characters are the primary source of

|
genealogical relationshipsla‘nong a group o

characters in most groups of organisms. To be a useful set of characters, they must
vary between taxa but not depend on their environment. Morphological characters
may be observed easily by sight or with simple optical aids such as a microscope.
They may be simple or complex and have proven useful in distinguishing taxa at

varying levels, from phyla to species. External characters are more predominant
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characters than internal characters because they are relatively easy to observe.
Some of them can be quantified as a reference such as colour pattems, which may
be measured by wavelength.

One of reliable characters is molecular character. DNA is the genetic material
that a living descendant was inherited from their ancestor in the lineage. Data

retrieved from molecular characters like DNA sequencing always give a robust

confidence. This type of characters VQ\W es to phylogenetic study as DNA

sequencing study of primate bx ChICS oyer (1972). After that, most

phylogeneticists have beey‘ fing mgMOr non-coding regions to
study about relationships ‘ : ' aBaxL IS type of knowledge and
approach is known as m

N

ert information in DNA and/or

The task of mole
different major methods to

build such phylogenetic tree oW ata eated. Firstis a ‘distance

method’, which converts aligned ﬁq@n sﬁ pairwise distance matrix, then

= | .-"‘l L5 :."J ’ J
input that matrix into a trﬁe building methocf ME“Z“S

te method’ considers

ly of genetic distances,
such as those obtained froi"n DNA hybndzsatlon studies, t‘a«L distance method then

should be used. Hmeﬂ gﬁmcﬁyﬂfwﬂoﬁ ﬂeﬁenoes we should

analyse them with & discrete method to avond the loss information that occurs when
RN AT 0 T e men
distance methods as they operate directly on the sequences or on functions derived
from the sequences rather than pairwise distances. Neighbour-joining is a popular
distance method which seeks the tree whose sum of branch lengths is minimum,
while the major discrete method is maximum parsimony which choses the tree (or

trees) that require fewest evolutionary changes (Page and Holmes, 1988).



2.2.2 Gene targets

Characters employed in molecular phylogenetics are usually nucleic acid
sequences. In the past decade, the number of genes and DNA regions used for
phylogeny estimation has grown rapidly (Kitching et al., 1998). Most molecular
phylogenetic studies of plants in the early 1990s relied on rbcl sequences, and to a
much smaller degree on 18S nbosomg\lw A) However, it is now difficult to

review adequately all pOSSIble |da A sequencing studies. The
._g--l—]r

field of plant molecular syste greWptdly that several genes
mentioned recently as ne ’ "

\are mhmy sequenced.

glols ms.dg‘ rged abSiMooo million years ago,

L We&y

organef ‘DNA b ha’nng a much larger and

Since the plant and#@
their patterns of evolution mightha
animals in the organisationfof

structurally more variable mitc
genome (Palmer, 1985 in Mac nty'l"é‘:):‘_beA @\ce of higher plants evolves at
/w" LA 2

different rates, dependln_glon wheatheF they

;mclear chloroplast or

mitochondrial genome. It volves at least five times

more slowly than nuclear éahuences_._Moreover, plant and r’dmealian mitochondrial

genomes also diﬁﬁrﬂ : ﬁ‘ol Ele e‘%{ﬂ ﬁangement and is
much larger and mare varia le in size spite con mmg sumnlar set of genes, the

o P T M TR TYE T

Sharp, 1987)4

Therefore, suitable genes for phylogenetic analysis must has 1.) a suitable
level of nucleotide substitution or mutation which is higher or slower enough to
display relationships of the studied samples, 2.) this gene must occur in all studied
samples, and 3.) it must be easy to be amplified and its sequences are usually clear.
In this M.Sc. thesis investigation, nucleotide sequences from both chloroplast and

nuclear genomes were chosen. The #mL intron of the chloroplast genome and the
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Internal Transcribe Spacers (ITS) of ribosomal DNA (rDNA) and the 5.85 rDNA

subunit of the nuclear genome were the target genes for study. The advantages of
these nucleotide sites are that 1.) rates of base substitution in plant nuclear
ribosomal DNA and chioroplast DNA are close to each other and faster than that of
mitochondrial DNA, especially those of non-coding regions in maize, wheat, soybean,

pea, tobacco and petunia (Wolfe et af., 1987), 2.) they have been known to have

universal markers (Sang, 2002) wh;dtl\\J ;’nﬁ} be PCR amplified, 3.) their PCR
primers are simply available 4) co @es based on nuclear and

<
onomic levels, providing
\ ,_be\az% with only one genome
 these genes suitable to use for tree
i | ,

a few comparisons between

a clearer evolutionary prot:
alone (Soltis and Soltis,

reconstruction at species‘level {

s .
nuclear DNA. In the genus Gentlana:!__:; T TS2 appears to evolve everagely

-.,.fev-l-"':lt

intron, rMﬁueiiy ot al., 1996). The

roplast DNA and ITS

d--r_',.

2.97 and 1.96 times fag_lyr than the tmL i

\i..-v

application of studies

sequences of nuclear A have demonstrated their us Iness in resolving plant

i ﬂﬂﬁ'ﬂ"ﬁﬂ TINYINT
9 Ry e 49126

Chloroplast DNA (cpDNA) sequence variations have been widely used
to investigate interspecific relationships among angiosperms and other plants. A
chloroplast genome is typically circular molecule characterised by two inverted repeat
segments that separate the remainder of the molecule into a large and small single
copy region. The single copy genes in the chloroplast genome evolved in

intermediate rates compared to those of the mitochondrial and nuclear genes (Wolfe
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el al, 1987 and Muse, 2000).

tmL is one single copy gene in the chloroplast genome, coding for
tRNA which can transfer an amino acid leucine to a constructing polypeptide chain in
a translation process. It can be found in all plants, some algae and also eubacteria
and cyanobacteria. The last also has been assumed to be the chioroplast ancestor

(Kuhsel et al., 1990). This fmL gene is separated with an intron that is going to splice

before a translation process (Fig. 1\ \'I,f jal character of fmL intron is its

Aconitum sp., Salix babyl

= h@ﬁcmahs Rosa canina, Robinia
pseudacacia, Bellis psrenms C'éfe!)f ela% War?:

arundinaceae). Initial

comparisons suggested that these coding regic bive from ranging at similar

e for plan phylogeﬁhtnc analyses) to as much
as three times fas ﬂ ﬂ E;]e fﬁ q_jnﬂ«ﬁl group. These tmL
coding regions aﬁ mplifi El rsal primers.

a‘mmmm URANYA Y

2.2 ITS regions of nuclear ribosomal DNA

rates to rbcL (the most M;ely used gen

Nuclear ribosomal RNA gene (nrDNA) codes the RNA component of
ribosomes. In a plant genome, nuclear ribosomal DNA (nrDNA) exists in large arrays of
tandem repeats of the transcription unit and nontranscribed spacer as a multigene
family, ranging variously from 200 repeats in Linum usitatissimum to 2200 in Vicia faba

(Rogers and Bendich, 1987). The long tandem arrays could form a nucleolar
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organising region (NOR) at one or a few chromosome loci (Long and David, 1980).
Each copy composes of three parts coding for different RNA in ribosome: 18S small-
subunit RNA, 5.8S RNA and 28S large-subunit RNA. The 18S small-subunit gene and
5.8S gene are divided with a non-coding region called Intemal Transcribed Spacer
region 1 (ITS1). The Intemal Transcribed Spacer region 2 (ITS2) is placed between
5.8S and 28S large-subunit genes. The ITS regions in nrDNA are shown in Fig.14
Although there are nume s of rDNA in the nuclear genome,
these rDNA repeat units are hngh[&h! ogbnw
evolution (Amheim et al., 1@
many chromosomal procey/ s

unequal crossing over (S

sedly as a result of concerted

@together rapidly through

g

gene conMHillis et al, 1991) and
| N

or ogenigaﬁ@ processes can repair

relatively in short time and can
rﬁ\!A is more attractive for

L n (Arnheim, 1983). While
reuk_’né ha@ used to address phylogenetic

——

5 FE; ?z L .
questions at the family level or‘ﬁigﬁe‘r-taxomw, in
A i [p

the large and small unit rDN

lants (Zimmer et al.,

S ‘g_ relationships at lower

: sequenca substitution useful for
evaluating the generic a evel rela is ixon, 1991). The
regions evolve m ﬂm ﬁﬂnﬂwﬁvﬂ irown etfal, 1972,
e M T T

as single-base substitutions and insertions or deletions (indels) (Venkateswarlu and

—]
taxonomic levels. ITS regions have

Nazar, 1991).

ITS increasingly became an important locus for molecular systematic
studies of a wide diversity of organisms from fungi to flowering plants (White et al.,
1990). The ITS regions is even more attractive for molecular phylogenetic studies
because it can be amplified easily by a polymerase chain reaction (PCR) for DNA

sequencing with universal primers from conserved flanking regions in the 18S, 5.8S
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and 28S genes. Moreover, the length conservation of ITS sequences among closely
related species helps their sequence alignment and phylogenetic analysis (Baldwin
et al., 1992). By combining the ITS sequence data with morphological data, ITS data
have been playing a useful role in modern plant systematics and evolution research.
Recently, Varela et al. (2004) have studied the relationships in the

subtribe Diocleinae of the subfamily Papilionoideae (Leguminosae) using ITS

This result supported previols Works and sugg esied that ITS data could show the

)

G
AULINENINYINg
ARIAATUAMINYAE
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frnkF GAA X 1 | . : trnl GAA

) In chloroplast genome. The

Fig. 13 the location of tmL

tmL intron is placed betweej

ﬂ‘IJEJ’J‘VIEJVlﬁWEJ’lﬂ‘i

o 1 R T R R T4 s o

box) and 5.38 subunit placed between 18S and 28S rRNA genes.
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2.2.3 Phylogenetic tree reconstruction methods
2.2.3.1 DNA Data matrix preparation

Phylogenetic analysis of DNA sequence data begins with an

alignment of two or more sequences that are hypothesised to be homologous. An

alignment involves determining which Q:s‘nv ;iong the DNA or protein sequence

are derived from common ance ment probably insert gaps to
increase or decrease the nt@w—n
nucleotide mismatching. A y/ X0

sequence alignment is co

ces and also to decrease
"-...

a m'\?'vgétablished whenever the
mes, 1998; Doyle and Gaut, 2000).

, = N

2.2.3.2 Maxi imony &-joining

The next step after é&?‘bfishi@ha cter-taxon data matrix is to

calculate relationships aﬂong Wﬁ&emiﬂethﬁds (either discreat or
fogenetic tree (or trees; ost popular method
y" which @bses the tree (or trees)

that requires the fewest evélutiona e Holmes, 1998). Optimal

criteria for this me@u&l’aggﬂ ﬂﬂ ; ﬂ iﬂ ﬁes. Such strategy

contain e eﬂ;ﬁ m iavr Elwd]bi nd-bound
»{ rch me ZT

search) and heuristic searchlng methods. he ‘exhaustive search m guarantee

-

distance) to reconstmci'

among discrete methods is maxnm I

to find one or all of the shortest cladograms. Every possible cladograms for all
included taxa is examined and their lengths are calculated. A simple (phylogenetic
trees) algorithm to perform an exhaustive search are that first three taxa are chosen
and connected to form an unrooted, fully resolved cladogram for these taxa. The
fourth taxon is then selected and joined to each of the tree branches of the first

cladogram, yielding three possible networks for four taxa. The fifth taxon is then
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added to each of the five branches of the three cladograms. This procedure is
continued until all possible cladograms have been constructed. Finally, the lengths of
all these cladograms are calculated and the shortest tree is chosen as the most
parsimonious phylogenetic trees. This method is however a practical solution for
problems with a few number of taxa (approximately 10-12 taxa).

Another exact method but does not require every tree topology to be
examined individually is ‘branch-and—bg method’. This method begins with
a heuristic calculation of the fi rst@gram of this cladogram is retained
as a reference length (or W for ub x dogram construction. The
branch-and-bound method s i Ner to exhaustive search

but the lengths of the parti

that of the upper bound. If i bound, then this cladogram

is retained as one of the se ; ﬁ}anch—and-bound process

continued. However, if the le

an improvement and its length & mm@s '

attachment of Aaddltuonal:iaxa caﬁ*sérﬁé-only%e ength further and the

number of evaluated -',',i ' Juickly red . Once all possible

und, then this topology is

e new upper bound. The

adograrp} will have been found.
Branch-and-bound ijv lo c devices that reduce computation
estimate of the u@ ﬁﬁg ﬁ ?ﬂﬂ-&lﬂ galysns is still time
T A ST YT e

comprising large numbers of

|
paths have been examingil, the set of o

Approximate or ‘heuristic methods’ should be adopted in the case of
having large members of taxa. This strategy generally uses ‘hill climbing” techniques
which are essentially trial-and-error and do not guarantee to find all of the minimum-
length cladograms but can reduced computational time. Imagine a group of hill hikers
aiming to climb to the top of mountain as fast as possible. In order to do that, rhe

‘hikers’ best strategy would be to walk up the mountain following the line of steestt



41

ascent 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 ére referred to as ‘islands’ If such
islands exist then one. This can be translated directly into a search for minimum-

length cladograms, the global optimum. The simplest computer algorithms for

heuristic search methods make a sing| e data and construct one tree
topology. The resultant cladogr@y t& locally optimal unless having
good fortune. More complex single topology, then seek to
locate the global optimuy i the ﬁ various ways such as

ch -
‘branch-swapping’ algorithufi: If i islar ree top

LY
Y
-

Y
l from topologically distinct

y also do exist, then we
can run several analy

cladograms.

::;::;.,.:;itmﬁmm:z e:z::::‘;:::;::
R W TS mﬁ"tﬂ”rﬂfff"fﬂﬂ““ o

the minimumi evolution tree (Page and Holmes, 1998).
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2.2.3.3 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 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. BHQNX\J #}rglly choose one or more taxon to

add into the data set as an o the a ereafter, most parsimonious

tree will be calculated an roup will be used as the

most proper rooting-point: \

..--'__, ,.-'f *"r "?{ﬁ'

solve this problem. They, aré a convemer{t “‘M??

ising agreement and

disagreement (or cong ce and i or more cladograms

(phylogenetic trees). All nlthods of consensus analysus Qﬂmonly construct a tree

from any non cﬁtﬁcﬁymaﬂrﬂ ﬁ:ﬁ;waﬂmg' ﬂaﬁet of cladograms

generated from thelinitial analysis. Consensus trees can be consndered to be indirect
s VPP T A s
cladograms produced by parsimony analysis to one tree showing their common
components (Kitching et al, 1998). Different consensus methods are suited to
different tasks (Nixon and Carpenter, 1996). Here are three consensus methods
used in this M.Sc. investigation.

- Strict consensus: a strict consemisus tree includes only those
groups that occur in all the fundamental cladograms.

- Semistrict consensus: a semi-strict consensus tree is formed from
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all the uncontradicted components from a set of fundamental cladograms.
- 50%Majority-rule consensus: a majority-rule consensus tree

includes only those components that occur in more than 50% of the fundamental

cladograms.

2.2.2.4 Tree evaluation

The simplest sup r individual clades in the tree

character s the interpretation of

es aim to circumvent

overlapping group of tax

branch length as suppo

the problem by assessin re required before the

clade is lost from the consens cladograms. Here are

two tree evaluation methods

e I_.z’,.‘*,-ffl

- Bootstr.::_.g supporting '\‘ialu“e 4

The bootgap analysis  randomly saﬂales characters with
replacement to fo jﬂ mensions as the
original. The eﬁeﬂgﬂﬁm ﬁ mﬁ (0] rewelght others
N OO LR R LA

the numberfof characters in the matrix. A large number of pseudoreplicates is

generated, typically 1000 or more. The most parsimonious cladograms for each
pseudoreplicate 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 charact ta set. Hence, for a data set of T
observations, T pseudorephca&ss@ comprising T-71 observations
from the original sample. The vananct lﬂfﬁcates are then averaged
to give the estimate of th Ti 7 - N '

Current p ter. pfograms ilise a number of other
different statistics to ass quality of cladogr: \\Etandard measures are
~ g
consistency index (Cl), retghtion index (R , Sistency index

- Consistency i g me of mount of homoplasy in a

= | |,.-I_|g",.-r.-,ll z;r r
ratio of m, the mmnmun:ilumber of steps a character €an exhibit on any cladogram,

to s, the minimum numb&r of steps the same ¢ &xhibit on the cladogram

in question.

1{ lﬁvj{b %‘W ﬁl of similarity in a
character that ca ;Eﬁlret ynapo s ared- enved character) on a

o g T TR T TN g © o

where g isfthe greatest number of steps that a character can exhibit on any
cladogram.
- Rescale consistency index (RC): the product of the consistency

index and the retention index of a character.
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