CHAPTER 5

DISCUSSION

5.1 Molecular phylogenetic analyses of Cassia in Thailand

The phylogenetic analys 8&‘ U/&ecnes with two DNA regions from

different genomes (ITS rewuclepr geﬂﬁnd trmL intron of chioroplast

genome) revealed a nicely re argument about relationships
between Cassiinae speci d and other Cassiinae
throughout the world. Fro % intron sequences of all
species were virtually clear a few ambiguous positions

a genus (as described ifja e ﬁ:er hand, ITS sequences

are more variable than tmlﬂarﬂ)n sequences an d then gave higher resolution on the

i BRSNS i o

which an overall rate of base substitutién across thesgenome is much.faster than that
of a chlor lﬂg’lﬁ\g\fltei‘ muw aa;rm:mb’lﬁ ﬂ makes ITS
sequences more suitable for species-to-species study than #mL intron.

Sixteen Cassia species in Thailand used in this M.Sc. experiment should be
recognised as in a natural group (or monophyly). This suggestion came from
phylogenetic analyses using their {mL intron sequences, ITS sequences and the
combined sequence data. All analyses were performed by comparing with the

sequences of two outgroups: Gymnocladus dioica of the tribe Caesalpinieae,
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subtribe Gleditsia, and Cerafonia siliqua of the tribe Cassieae, subtribe Ceratoniinae;
and additionally with other members of the subtribe Cassiinae in the case of fmL
intron. Considering phylogenetic results from #mL intron sequence data, all
consensus trees revealed that Cassia (Senna) sophera, C.(S.) occidentalis and
C.(S.) hirsuta were clustered as a distinct clade having C.(S.) sophera paired to
C.(S.) occidentalis before joined with C.(S.) hirsuta. The phylogenetic trees also

suggested that C.(S.) obtusifolia wgs\&%ly C.(S.) tora before grouped with

C.(S.) surattensis. Another pu p sugg: phylogenetlc analyses was
the cluster of C. javanica, CM VC ‘ra 'mtula These three clades
found in imL data anal ' ith gle phylogram of ITS

sequence data and that o thet the phylogenetic trees found

from the latter two analy iImo Jg tree probably because
ITS sequence data gav aracters than #mlL intron
sequences.

According to the suggestlon'm;mwm meby (1981), these six Cassia

"‘".-' "(H . f f
mgu51folla C.(S) tora,

(C.(S.) sophera, C.(S.).dccidentalis,
C.(8.) surattensis) should& mo ss:ﬂo the genus Senna and

the other four species (C. gfandlis, C. fistula, @/ bakeriana and C. javanica) should

remain Cassia spﬂ u&l&fg Yll %olma w'n&l ’]ﬂ jogenetlc analyses
of these % ,j ﬁ ﬁgyr confirmed
the lrwmwi §§ en ation an Iso support previous

investigations of these plants. Ghareeb et al. (1999) studied seed proteins,
chromosome numbers and other morphological characters of some Cassia obtained
from Egyptian botanical gardens and concluded that there should be separated into
two groups. Group | contained C. fistula, C. javanica and C. nodusa while group I
belonging to C. occidentalis, C. sophera, C. siamea, C. didymobotrya, C. italica, C.

Senna and C. surattensis. Another M.Sc. thesis of Kidyue (2002), studied in anatomy
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of 17 Cassia sensu lato in Thailand, suggested that these genus should be divided
into four groups: Cassia (C. bakeriana, C. fistula, C. grandis and C. javanica), tree
Senna (C. garrettiana, C. spectabilis, C. timoriensis and C. siamea), shrub Senna (C.
surattensis, C. alata, C. hirsuta, C. tora, C. obtusifolia, C. occidentalis and C.
sophera) and Chamaecrista (C. leschenaultiana and C. pumila). Moreover, another
supporting experiment was done by Pechsri in 2003. It was a numerical taxonomic
experiment by overall canonical d:scrql\w
morphological data. The Study %@ted that

2
a, gramﬁa.agl_c bakeriana), Senna (C.

hirsute, €. Sophera,C. tora, C. obtusifolia, C.

| sis method based on non-discrete

assra should be split into three

genera: Cassia (C. fistula, C_j

alata, C. spectabilis, C. oceit
surattensis, C. timoriensi
leschenaultiana).

Not only the results
Malesiana, but a distance me

Ceratonia siliqua was found in fﬂe_N'J tre@mg as a sister taxon to Cassia

species which were mgved to Chanéeéngim%h?lesmna This probably

presented a good exan !e of some diff ng./when analysing DNA

sequence data with a di“sianee method. Nucleotide seqdéLoe is well known to be

more suitable fo T{ V? gmqfw SIIT age and Holmes,
1998). In fact, r phylogenetic study based on equenoes and using
sy ) QP T 01 4 € v v

Gymnocladus dioica (tribe Caesalpinieae) was strongly grouped with Ceratonia
siliqua of the tribe Cassieae (subtribe Ceratoniinae) instead of pairing with Cassia
(Chamaecrista) species, the same finding as in this M.Sc. thesis. Moreover, Polhill,
Raven and Stirton (1981) considered Ceratonia siliqua to be a basal member of the
natural group Cassieae and was joint to Gymnocladus. tmL intron analyses by
Bruneau et al. (2000) also revealed that Gymnocladus dioica formed an unresolved

clade to Ceratonia siliqua and located as a basal sister-clade of the subtribe
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Cassiinae. These studies thus all supported the results from parsimony analyses in
this M.Sc. experiments.

Cassia (Senna) siamea was the only species which could not be PCR
amplified, both from fmL intron and ITS regions. This may cause by either any
contaminant in the genomic DNA or its nucleotide variation particularly at the primer

sites and might need more specific primers. Other three Thai Cassia (C.(S.)

garretiana, C.(Ch.) pumila and C.(Ch. N%:lg/)a;a) could be amplified only at the

tmL intron, but not ITS regiﬁﬂh'\u\é WSS ecause of either the same

reasons above and/or GCﬂﬂr’( in the -I%s. High level of GC ratio
\e de}eeo\encountered sequencing

in a gene can lead to a
problem can then vary great ' dp.id‘,gh Soltis.ef al., 1998).

From the #mL intron

New-World Cassiinae mem iex "J ‘ 1. B R database, all consensus

trees revealed that C. grandis GenBank was paired with Thai C.

4 Joizts d_.!fjf
grandis and this couple was then fom a ﬁgh other Cassia (Cassia) species

,r‘

e ’___,

( -
(C. fistula, C. javamca\(,a’nd C. bakenana) Nevw ,analysis also showed

some differences to the only Thai Cassia, (e.g.

l v
the position of C.(S.) sura ens:s) When analysed with only other Thai Cassia, C.(S.)

surattensis was ﬂ;;ﬂ m&ﬁ H‘Wﬁ Wﬁlf}aﬂ §S) tora. However,

after phylogenetlca% compared with oother New-World Cassiinae, %&S) surattensis
s R G4 61661 Y20 T i . e
from GenBank Interestingly, this could suggest that S. bacillaris closer related to
C.(S.) tora, C.(S.) obtusifolia and C.(S.) surattensis. More investigation on this
species would be necessary to confirm such suggestion.

Among all Thai Cassia taxa used in the #nL analyses, two species not
forming a resolved clade with others were C.(S.) spectabilis and C.(S.) alata. While
C.(S.) alata could be grouped with C.(S.) timoriensis in ITS study, C.(S.) spectabilis

was still left ungrouping with others and located at the most basal position of the
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whole Cassia/Senna clade. Cassia.(Senna) spectabilis then may not have close
relationships specifically with any particular Cassiinae species. Nevertheless, it could
still be considered to a member of the genus Senna with other Cassia (Senna)
species than being in the Cassia (Cassia) group because none of frmL and ITS
analyses put C.(S.) spectabilis close to other Cassia (Cassia) species. Moreover,
C.(S.) alata should also be a true member of the genus Senna with even more

confidence than C.(S.) tmonens:s .‘L/}‘fz) alata was found in ITS analysis

pairing with C.(S.) ttmonens:s ' Supp: s. This suggested that C.(S.)

alata would also be consi : ¢l selywoth C.(S.) timoriensis and

). s d C.(S.) alata should be
!' 81), like other members

g&\aﬂng well with the works of

moved to the genus S
of the Cassia (Senna)
Larsen and Hou (1996) 2303) but still disagree with
previous seed-protein experi _;._ nitog ondri A-RFLP analysis (Mondal,
Mondal and Mandal, 2000) sugge’sﬁéé:thét ‘ alafa should be in the same cluster

5l
_,.-',,-’

as C. fistula. The moﬁ noticed pomt MC:ES is that these species

Yo—

to another Senna from

probably imported int y could form the clade

-World in the phylogenetlc trees from this study and form

a discrete growgw?; VIW?«W Era]orr‘g?echsn 2003) and

anatomic study (Kidyue, 2002).

R M’ﬂﬁﬁﬁm S 45 i 5
sets, were ‘somehow not supported by a molecular study based on rbcl. sequences
of Doyle et al. (1997) and Kajita ef al. (2001). In their experiments, three species
represented subtribe Casiinae (C. fistula, Ch. fasciculata and S. alata) suggested in
their studies to be a basal group of other Senna while members of the genus Senna
formed a sister clade to the genus Chamaecrista. Nevertheless, a study in
’chloroplast ImL intron sequences by Bruneau ef al. (2000), which their sequences

were shown and co-analysed in this M.Sc. thesis, supported the idea that Cassia
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(Cassia) group should be a distinct group within the genus Senna, and also
supported the cluster between Thai Cassia (Chamaecrista) to Chamaecrista species
from GenBank, a distinct minor clade basal to the major clade of Cassia, Cassia
(Senna) and New-World Senna. All of these were also supported with an ontogenetic

study of Douglas and Tucker (1994).

5.2 Morphological and cytological m\adif/;}s of Cassia in Thailand
SN
e , '
=

e —

<

Molecular phylogeneti 'Atlg tno ) Of wiliese Thai Cassia species

it ' vera \groubn\genetlc related species
: 1ai-Cassia Oa(edto hamaecrista, that of the

i@ within the Senna group.

investigation strongly sugg
should be recognised, i.e#&
species moved to Sennag

These phylogenetic groupi as a scraffold for other
biological interpretations. F ; oI ical and cytogenetic data could be

e ‘.'.1 Jia J.! ’ ] "
mapped to the Cassia phylogenetlt':ms (F' < 3 and Fig. 54-56, based on #mL
..-rr,,r"' b ’ L

intron and ITS region segfence data, respé(ctwe{y) _W?g'cal data incorporated

to the trees were chrom some ‘numbers of s 5, -collected from several
previous studies (Ump untara 1990 and Ghareeb Qt al., 1999), whereas

morphological mﬁﬁuﬁnﬁuﬂwﬁe wmwﬁe selected from

taxonomic descriptions of those specnes

YR ) O P A s v
chromosomél numbers of most Cassia species were not easy to be counted. This
could be because of nature of the chromosomes themselves. Moreover, an extenal
apprearance on the size of flower buds provide only a rough guide to the preferred
stage of meiosis of the developing anthers inside (Jong, 1997). Cytogenetics
studying from somatic cells normally should be easier but apparently could show only
~ a rough guide for chromosome counting. The numbers of chromosomes of eight

species (C. occidentalis, C. surattensis, C. siamea, C. garrettiana, C. fistula, C.
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sophera, C. javanica, C. spectabilis, C. timoriensis and C. fora) were found in this
study to be around 22 to 28 as 11 to 14 bivalent chromosome pairs were estimated
from each cell. The highest chromosome numbers were found in C. surattensis and
C. tora as 2n=56 inferred from 28 bivalent pairs. Comparing these chromosome
numbers to previous cytogenetic investigations of Umpunjuntara (1990) and Ghareeb

et al. (1999), chromosome sizes of these Thai Cassia species were confirmed to be

very small, as same as small pomtsw\" ' | light microscope. Therefore, the

exact chromosome number in 'lhs_;M.Sc
e —

' re difficult to tell stralghtfuny
.

the:pmnugeports Nevertheless the
chromosome numbers of 1&ié n 28 ) andhbb(Zn—%) through remain

T —

except justifying from the c!

ambiguous, were the ne'

Up to date, chro

_ _rs? Ig hai Cassia species investigated so far

were reported to the same.in 3 a_,,*‘zr'i.- : Uén‘ n nthra 1990 and Ghareeb et

chromosome number © '. 1S ne~from an intraspecific
variation in the chromoelme number of such spemeéjand more cytogenetic

investigation is nﬁdug ﬁmtg Wmd-]aﬂaﬁfal history of the

chromosome doubling phenomenon, chromosome numbers of C. (S) obtusifolia and
o) e BT PN T o
evolutionary‘event of C.(S.) surattensis or of the whole minor clade. More works on
finding chromosome numbers of other Cassia species left unchecked are also
appreciated. Moreover, Cassia was suggested to be allopolyploid genus, with a basic
chromosome numbers equal to seven (x=7), after long-time breedings through their
evolution (Umpunjuntara, 1990 and Ghareeb ef al., 1999). To prove this hypothesis,
only chromosome numbers and other characteristics would not be enough and more

advance cytogenetic techniques such as Karyotype banding, Fluorescense in situ
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Hybridisation (FISH), or Genomic in situ Hybridisation (GISH), should be introduced
to give more information on chromosomal evolutionary relationships among Thai
Cassiinae taxa.

Morphological characters and the chromosome numbers of 16 Thai Cassia
species were mapped onto the branches of the #mL phylognenetic trees (Fig. 51 to

Fig. 53). The first major clade of Thai Cassia (Chamaecrista) species has some

distinctive characters which are equal (!‘r‘”y o bracteoles (Fig. 51). Another
character separating this group a group is their leaflets which

are less than 5 mm broad while-thos enna are more than 5 mm
broad (Fig. 52). Within

more difficult to do be

-"’\"

(C.(S.) sophera, C.(S.) ooc:dentalfs_aﬁd C( uta) could be further divided by

shape of pod (glabrous 3r stngosé5 and fdhar 'giands fﬂe or ovoid) to specify

species name. The cl de’ (S.) tora, C.(S.) o a and C.(S.) surattensis)

absent of staminodeu and then numbers of
staminodes (Fig. ﬁ) Er? i i ‘ﬁre similar to what
received from using e IT phyogeny Fig. ﬂ::(rn«n unequal filament
st o e e 01 g s

C. fistula, C, bakeriana and C. javanica) together. All other Thai Cassia(Senna)

could be divided by p:élent or

however have equal filaments (Fig. 54). Moreover, almost all members of this major
Cassia (Cassia) clade have pink or red flowers, except C. fistula flower which is
yellow as same as other members in the subtribe Cassiinae. One problematic
species for character mapping analyses was C.(S.) fimoriensis which was paired with
C.(S.) garrettiana in the semistrict consensus tree of tmL intron sequence data, but

paired with C.(S.) alafa in the ITS tree. One could say that these three taxa actually
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should be put on the same clade (if ITS regions of C.(S.) gamettiana can be PCR
amplified), having absent foliar gland as a unique character for the group. Anatomic
characters of Kidyue’s work (2002) were also mapped to these phylogenetic trees
(Fig. 55). Cassia(Senna) spectabilis was at the basal position of the Thai Caésia
(Senna) clade in the ITS tree. Radial xylem tissue of this plant is in uniseriate

heterocellular type while other species in this Cassia (Senna) clade have multiseriate

: the miultiseriate heterocellul_ar type of the

radial xylem tissue is an advance cha ‘ gthe uniseriate heterocellular
type of the radial xylem { bl . Other characters which

a"s -“ -m\‘ 2
‘ r easier to map onto the

AULINENTNEINS
MR TUNNINGA Y
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Semistrict consensus C.(S.) sophera

{2n=28)

mm———— C_(S.) occidentalis
{2n=28)

C.(S.) hirsuta

pre—mmmn C.(S.) obtusifolia

e (. (S.) tora

C.(S.) surattensis
{2n=56)

egrandis
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akeriana
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‘ \\ & timoriensis
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A L M2n=28)

BNS.) spectabilis
{2n=28)

S.) alata
=2f)
I:. henaultiana

ladus dioica
(AF365095)

mnmnim;m(nma d

_ Thai Cassia {Cassia) wm= Thai Cassia (Chaiaectista)

Fig. 51 mapping of morphological characters and chromosome numbers to the
phylogenetic tree of 16 Cassia species in Thailand based on fmlL intron sequences.
Chromosome numbers follow previous work of Umpunjuntara (1990) and Ghareeb et
al. (1999). Note that petal colour of most members of the Cassia (Cassia) subclade is
pink to red while that of C. fistula and other taxa (Cassia (Senna) and Cassia
(Chamaecrista)) is yellow.
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Semistrict consensus | C.(S.) sophera

(2n=28)

e (. (S.) occidentalis
(2n=28)

C.(S.) hirsuta

C.(S.) obtusifolia

C.(S.) tora

C.(S.) surattensis
' (2n=56)

eegrandis
—28)

smibroad | / R\\\\ zhics
777NN

~ LI ’\\ ., ti,:c))riensis

] ZEAN

o (8.) garettiana
(2n=28)

(S.) spectabilis
(2n=28)

S.) alata
)

jfeschenaultiana

C.(Ch) pumila

iqua
A )

mnocladus dioica
(AF365095

'm,m NTOLNRAINENNY

e TGN CRSSIA (CASSIA]  wumm Thal Cassia (Chaniaecisia)

Leaves paripinnate, Flowdf Ealygamo-dioecousy/
g

Fig. 52 mapping of morphological characters and chromosome numbers to the
phylogenetic tree of 16 Cassia species in Thailand based on fmL intron sequences.
Chromosome numbers follow previous work of Umpunjuntara (1990) and Ghareeb et
al. (1999). Note that petal colour of most members of the Cassia (Cassia) subclade is
pink to red while that of C. fistula and other taxa (Cassia (Senna) and Cassia
(Chamaecrista)) is yellow. y
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Semistrict consensus Foliargland € (S.) sophera
Pod glabrous] ~UPulate (2n=28)

Foliar gland present only |
on petiolaf gland

C.(S.) occidentalis
(2n=28)

% C.(S.) hirsuta

Staminode (lliRdin C.(S.) obtusifolia

Foliar gland p C.(S.) tora

on rachis be

C.(S.) surattensis
(2n=56, 2n=28)

iy [ i
| / En‘,\\&
v/ %t\\i*

\ )

%

g eriana
o

v E : \ t:monens:s
W w W™
e e Sy garettiana
e~ ; o _) Spectabi”s
= (2n=28)
Radial xvienyTseqE S BC.(S.) alata

multiseriagieisestace e 1) .

—— R0 henaultiana

'-v"-.. ; |-." '

uniseria

) = .(ChJ) bumila

Ak

s pitate

e Ceratonia siliqua

|
(AF365095)

M’}ﬁﬁ NIURAINA Y

T-'rar Cassia (Cassia) wmmm Thai Cassia (Charmaeciisia)

Fig. 53 mapping of morphological characters and chromosome numbers to the
phylogenetic tree of 16 Cassia species in Thailand based on #rmL intron sequences.
Chromosome numbers follow previous work of Umpunjuntara (1990) and Ghareeb et
al. (1999). Note that petal colour of most members of the Cassia (Cassia) subclade is
pink to red while that of C. fistula and other taxa (Cassia (Senna) and Cassia
(Chamaecrista)) is yellow.
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C.(S.) occidentalis
(2n=28)

C.(S.) sophera
{2n=28)

C.(S.) hirsuta

C.(S.) obtusifolia

C.(S.) tora

C.(S.) surattensis
(2n=56)

.(S.) alata
(2n=28)

eip.) timoriensis |

8)

iistula
=28)

“bakeriana
(2n=28)

C. javanica
(2n=28)

Leaves paripinnate,

gopia siliqua

LS

ymnocladus dioica
AF510030, 33

ﬂuﬂmmmm

=== Thaf Cassia (Senpa)

QW]Nﬂ‘iﬂJﬁJW]’mmaﬂ

Fig. 54 map ing of morphological characters and chromosome numbers to the
phylogenetic tree of 16 Cassia species in Thailand based on ITS regions sequences.
Chromosome numbers follow previous work of Umpunjuntara (1990) and Ghareeb et
al. (1999). Note that petal colour of most members of the Cassia (Cassia) subclade is
pink to red while that of C. fistula and other taxa (Cass:a (Senna) and Cassia
(Chamaecrista)) is yellow.
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C.(S.) occidentalis
(2n=28)

C.(S.) sophera
{2n=28)

C.(S.) hirsuta

C.(S.) obtusifolia

C.(S.) tora

Radial xylem tissue is

C.(S.) surattensis
(2n=56)

| C.(S.) alata
(2n=28)

Equal filament

Wesle.) timoriensis

\\. spectabilis

"

Nl(2n=28)

\arandis
n=28)

istula
=28)

bakeriana
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C. javanica

- (2n=28)
Leaves paripinnate, FHgwe

Unequal filamen

el S S T A gepia siliqua
\Z 3t 555
--L Gyinocladus dioica

’ AF310030, 33

ﬂﬂﬂﬂiﬂlﬁﬂﬂ’lﬂ‘ﬁ

=== Thaf Cassia (Senpa)

ammnimum'mmaﬂ

Fig. 55 mapping of morphological characters and chromosome numbers to the

phylogenetic tree of 16 Cassia species in Thailand based on ITS regions sequences.
Chromosome numbers follow previous work of Umpunjuntara (1990) and Ghareeb et
al. (1999). Note that petal colour of most members of the Cassia (Cassia) subclade is
pink to red while that of C. fistula and other taxa (Cassia (Senna) and Cassia
(Chamaecrista)) is yellow. ‘
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Foliar gland
ovoid
C.(S.) occidentalis
oliar gland (2n=28)
subulate

Foliar gland present only C.(S.) sophera
on petioldr gland (2n=28)

Podfstrigose
C.(S.) hirsuta

Pod glabrous

Foliar gland present

Staminode 4
Shariniodes ¢ C.(S.) obtusifolia

Foliarfgland prese !
Stathinode 3
only on rachis C.(S.) tora
st between leaflets Staminode
heent. C.(S.) surattensis

.(S.) alata
 (2n=28)

Menl.) timoriensis

.) spectabilis

n=28)

Aocandis
We25)

t“~ stula
=28}

“bakeriana
(2n=28)

labrous )
pod C. javanica

(2n28)

sdia siliqua

> >

y ! ocladus dioica
10030, 33

ﬂuummmm

e THAE Cassia (Senpdj

QW']Mﬂ‘iﬂJﬂJW]’mEHﬂEI

Fig. 56 mapping of morphological characters and chromosome numbers to the

phylogenetic tree of 16 Cassia species in Thailand based on ITS regions sequences.
Chromosome numbers follow previous work of Umpunjuntara (1990) and Ghareeb et
al. (1999). Note that petal colour of most members of the Cassia (Cassia) subclade is
pink to red while that of C. fistula and other taxa (Cassia (Senna) and Cassia
(Chamaecrista)) is yellow.
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5.3 Implications for taxonomy of Cassia in Thailand

Using molecular biology techniques such as DNA sequencing study has been
proved to be useful in solving taxonomic and systematic problems of many
organisms. The techniques can give accurate and fast answers for long time puzzles
of very diverged lives on the planet. Comparing molecular phylogenetics to both

shared and unique morphology of

i : f the interested group would lead to
NN
such answers. Key to speue\

_—— e mm—
phylogenetic study of C@ ; mes based on #mL intron
sequences and ITS seM D \Wg some morphological

characters which shoul | for sp 53 ification and subclade

fter the comparison. In this

classification. The resulte ic key & s éﬁrowded below.

Since C. fistula is ; 553 al tree of Thailand and
other species also have eco in _‘ their herbal medicinal and
timber usages, understanding an @e s c Classification of the genus and
allies should provide us precise ﬁ%ﬁ?’?&u’ e for ﬁther future works. The
results from this moleculaiphylogenstic iny bel an important platform

for further taxonomic, evgjtierxary, ‘breedin velopm@al and pharmacological

studies of the subtﬁe ﬁsﬁs‘lﬁfj IEIV'II' hai %Wergj P]cﬁc%ntnes in the world.

characters mapped on the mo arSImomous trees of both trnL intron and ITS

sequence data.

1a. Leaflets less than 5mm broad
2a. Foliar gland sessile.......................................C.(Ch.) leschenaultiana

2b. Foliar gland stipitate...................................................C.(Ch.) pumila
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1b. Leaflets more than 5mm broad
3a. Unequal filament
4a. radial xylem tissue is multiseriate heterocellylar type
5a. Foliar gland present
Ba. Foliar gland present on petiolar gland only

7a. Pod strigose........................C.(S.) hirsuta

L5} occ:dentahs

wlate ....C.(S.) sophera

\ 8 \. rachis between leaflets

...C.(S.) surattensis

...C.(S.) obtusifolia

...C.(S.) tora
...C.(S.) alata

... ... .......C.(S.) timoriensis

12b. Pod twisted.. .C.(S.) garrettiana

4bﬂduqﬂﬁﬁ ?ﬂimﬁ rmrﬂ’ylnp; C.(S.) spectabilis
’*'i"mﬁiﬁ AR UM IRE

14a. Pubescentpod.......................................C. bakeriana

14b. Glabrous pod...........................................C. javanica
13b. Upper leaf surface glabrous

108, FIOWEE DI .. scommnsns s semmni s smsnien s nss siien o S OIS

15b. Floweryellow..............................................C. fistula
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