CHAPTER 4

RESULTS
4.1 DNA extraction
DNeasy® Plant MiniKit (QIZ GEN) v %d to extract DNA from dry leaf

specimens. Genomic DNA‘W pw fistula, C. bakeriana, C.
Jjavanica and C. spectabilisM ted. Tt
after checked with 0.8%

The exirz DNA were in good quality
hor 7 wever, the DNA of C.
spectabilis was not able tofyi 'PCR : bR its amplifications had
acted with the QIAGEN
kit. Nucleospin® DNA miniKi was e chosen to solve this problem.
This was because the Nucledspifi kit c action buffer claimed to be
specific to legume plants (i.e. Pﬁgﬁr%ai‘ } ’;' nately, the extracted genomic

i',

DNA of C. spectabilis ising-the-Nucle

seessly amplified, given the

PCR product visualisabléj)ﬁ ctropﬁresis. By this mean, all

remaining specimens were‘extracted by the iNucleospin kit. So far, genomic DNA

cncns b A Erl) ER] LI LEV e et e
R T TN s

was found. Although, the genomic DNA bands of C. pumila and C. leschenaultiana

could not be seen with gel electrophoresis, these DNA could nicely give PCR

amplified products.
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4.2 PCR amplification

4.2.1 PCR amplification of trnL intron

Amplifications of #mL intron regions of all Cassia specimens were performed
using the tmL-C primer as a forward primer and the tmL-D primer as a reverse

primer. The size of PCR products was around 900 bp compared to 100 bp ladder
’

standard marker. Only C. siameawas not able ﬁfie"a_mplifed while the remaining

-’ .
specimens were easy to get PCReproducts. Primer.dimers occurred in all of these

samples and the control reaﬁ'igi (without ?NA added). ‘Nene of non-specific band

«— PCR products
(~600 bp)

«—primer dimers

Fig. 15 PCR products.of #mll intron|(size around 600 bp) compared with-100 bp
ladder marker.

A = 1 kb ladder marker c = control (blank)
1= C. javanica 5 = C. surattensis
2 = C. spectabilis 6 = C. pumila
3 = C. bakeriana 7 = C. leschenaultiana

4 = C. fistula
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4.2.2 PCR amplification of ITS regions

To amplify both ITS1 and ITS2 regions included 5.8S subunit all together, the
SP primer was used as a forward primer and the 8P (or 4P for C. timoriensis) primer
as a reverse primer. The size of PCR products was around 800 bp compared to
standard marker. Non-specific band was not found from all amplification. There were
four Cassia not successfully amplified: 'C. s:bm}a C. garrettiana, C. pumila and C.
leschenaultiana. Other remaining species wefe” amplmable except C. timoriensis

_ o
which was necessary to use the 4P-primer instead.of the 8P as a reverse primer and

also had to decrese the ?&mg tempﬁrature from85°C to 50°C in the PCR

programme. Primer dimei /é not found m all samples and the control reaction
(Fig. 16). | / £f -

-
f
.)"

1 kb —» PCR
products
(~800bp)
500 bp —»

Fig. 16 PCR|productsief ITS regions-ofnrDNA'(~800bp) compared with 100 bp ladder
marker

M = 1 kb ladder marker 5= C. sophera 10= C. hirsula

1= C. grandis 6 = C. suraltensis 11 = C. occidenatalis
2 = C. javanica 7 = C. bakeriana 12 = C. obtusifolia

3 = C. spectabilis 8 = C. fistula ¢ = control

4=C. tora 9=_C. alala
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4.3 PCR product purification and DNA sequencing

QIAquick® PCR Purification Kit (QIAGEN) was used to purify the PCR
samples which had no or few primer-dimer. Thirteen samples found having primer-
dimers were purified with QIAquick® gel extraction (QIAGEN) with additional gel-
slicing procedure. These Cassia samples yeilded #mL intron PCR products of C.

grandis, C. bakeriana, C. tora, C. soer(a‘ ttensis, C. javanica, C. spectabilis,
C. fistula, C. alata, C. hlrsuta : @tas:folra and C. pumila. The

purified PCR product wa@d réady ‘@ce (Fig. 17). After DNA
" a(\d aml\kcege directions, Chromas

sequencing was perfo
coup‘h.of the complementary

computer program was

sequences (Fig. 18 and Fig: am graphs appeared to be clear

without contaminated seq t samples or primer-dimers.

Although the tmL intron an samples region were clear
and easy to analyse, the sequ ncé.rééulfs o@glons of C. tora, C. bakeriana, C.

obtusifolia and C. surattgns:s were’ not’ clear%% ?and reverse directions

(Fig. 20). Sequencing eXperiments were redone s mes for these particularly

ensis. In this cd,;e multiple copies of ITS
were strong, but w m time could help to
get an accurately@ rﬁﬂﬂ‘ﬁ ﬁj@ 3 ASTA format (Fig.
e T ST TR TR R

grandis wasjnot equally to other members because of the shortest sequences of this

]
species but not only in the case of C. surat

species while compared to the others.

Among fmL intron sequences of all Cassia, the sequence of C.
leschenaultiana was the longest one with 607 bp long while that of C. grandis was
the shortest with 548 bp. For ITS sequences, without 16S and 28S regions, the
longest total ITS1-5.8S-ITS2 sequence was that of C. bakeriana (674 bp) and the

shortest one was to C. grandis (560bp). Average lengths of both sequence regions
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were 570 bp and 645 bp (trnL intron and ITS regions, respectively). Moreover, these
two regions had different characteristics. The fmL intron, sequences were easily
alignable because they had high similarity to each other in all taxa while alignment of
the ITS sequences were much more difficult. GCcontent percentage of each
sequence was also observed from nucleotide comparison. The percentages of GC
contents of fmlL intron sequences were range from 35.03% in C. sophera and C.

spectabilis to 36.80% in C. grandis. InITS ré% %GC contents were from 51.61%

—

in C. grandis to 62.46% in C. speciabilis.

L
i Taj

500 bp —= PCR products
(~600 bp)

o L AF

Fig. 17 purified PCR-productof fmLsintron;comparewithy100-bpladder marker.

M = 1 kb ladder marker 1 = C. obtusifolia 2 = C. occidentalis
3 = C. hirsuta f 4/=C_alala b5="C. fistula
6 = C. bakenana 7 = C. spectabilis 8 = C. javanica

¢ = control
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Fig. 19 four-coloured electropherogram of ITS sequence of C. bakeriana with blue
peaks represent Cytocine (C), red Thymine (T), green Adenine (A) and cyan
Guanine (G) nucleotides.
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File Edt Format View Help

>C_alata

ATTGTCGATGCCTCGCAAACAGGACGACCCGCGAACCGGT TGA
CAACTGCAAACCCCGGCGCGAGAAGCGTCAAGGAACTCGAACAAA
GAAGAACGTAGCGAAATGCGATACT TGGTGTGAAT TGCAGAATCC ¢
CCGGTCAATCGGAGGCGGCGAGGTGCT TGGGCGGAAGCTGGCCT) GT! GA G
GTCCCCACGACAAGGCTGCGAGACCCTTGCGAGCAAGT AAGTGETC £

-

"CGCCAGCCCCATGCCAGGGGTGCGAGTGCGGCCTCGTG .
C‘GCMSCGAMATGATGTCT AGAATGACTCTCGGCAA
AGGCCGAGGGCACGTCTGCCTGGGTGTCACGCATC!
CT GTG‘GGGGCMTCGCC‘(GTTCC‘CGGT GGTTGAGCAGATG

>C_timoriensis
ATTGTTGATGCCTCACAAACAGGACGAT TTGCGAATCGGT TGAACTAAT!
cnuccccccceccc.ucccccc

GTTGTTCCTTTGTTTAGGCTH

>C_spectabilis

TCCCCCTGTCCAGGCTGCAAGGCCCCCGGTGGTGT!

>C_occidentalis

ATTGTCGATGCCTCGCAAACTGGACGACTCGT!

AACAACTATAACCCCGGCGCCGGATGCGC
GAAGAACGTAGCGAAATGCGATACT TGGTGTGAAT TGCAGAATCCCGTGAACCATCGAGTCT TTGAAC

CGGTATGTCGGAGCGGGCGAGGTGCT TGGGCGGAAGT T TCCCGTGAGCAATGCCTCGTGGATGGT T¢

GTCCCTCCGDCTAGGCTGCG‘GACCCTTGCGMC CEEIRCAAC

>C_sophera

ATTGTCGATGCCTCGCAAACT
ACAACTATAACCCCGGCGCCGGAT®
AAGAACGTAGCGAAATGCGATACT'
GGTATGTCGGAGCGGGGGAGGTGC
TCCCTCCGACT. AGGCTGCGAGM:CC

>C_hirsuta

GTCGGGGGTGTGACGGTGGCCTAGTT!

GCGAAAATGATGTCTAAAACGACTCTCGGCAAC!
CGAGG

GGCACGTCTGCCTGGGTGTCACGCATCG
CEGCCACGTTCCACGGTGGATGAGCGCTAGC!

GAGTG‘GGMTCGCT CCCA&C

ATTGTCGATGCCTCGCAAACT GGICG‘CT CGTGAACTGGT TGAAACAATCTC

ACAACT AT AACCCH

AAGAACGTAGC

GGTATGTCS TTGGGC!
TCCCTACGACT. CCTGC

>C_obtusifolia
ATTGTCGTTGCCT
GGTTCGCCAAGGAAA

W‘?ﬁ%

GAGTGGTGTGC!

)CTTGGTGTGAATTGCAGMTCCCGTGA‘CCATCG‘GT CTTTGAACGCAAGT TGCGCCCGAAGCCACTAGGC
TGCTT TTTGGCCTCCCGTGATCCGTGCAT TGCGGATGGCCGAAAAAGGAGCC TGTGCGGGGCAATCGCCACGT TCCACGGTGGATGAGCAGATGCCTCGAGACCGACCTTGTGTTGG
CCCTTTGGGAGCGACGAAGCTTTCCCGAA

AGTTGCTCGCCCCGT!

GTGACGGTGGCCTACTT!
CAAAAACGACTCTCGGCAAC
CTGGGTGTCACGCATCG

CCGCCGCGAAAAC

“‘ T%
GGGACCACTCGCGAATTGGT TGAAACACTCCCGAGGTGGTAGACGAGCGGCGTGCGTCGCCCTGAGTCCCCCGCTCGGTGCCCGGGTGCTAACTATAGCCTCGGG
TACGTGT GTGGCCTCGGCGAACCGGAGACGGT TCTTGTCCGGGGCCGTGACGAAAATGAAAT

GAAAT TAAAAA’

GGTGGATGAGCACTAGC! ‘

TGACTCTCGGCAACGGATATCTCGGCTCTCGCATC!

CGAGGGCACGTCTGCCTGGGTGTCACGCATCGTAGCCCCAAGCCACGTCCACC: |

>C_tora
ATTGTCGTTGCCTCACAAACGGGACCACTCGCGAAT TGGT TGAAACACTCCCGAGGTGGTAGACGAGCGGCGTGCGTCGCCCTGAGTCCCCCGCTCGGTGCCCGGGTGCTAACTATAGCCTCGGG (V]

| [>]]

Fig. 21 a sample of FASTA sequence format of fmL intron sequences
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4.4 Alignment of DNA sequences

After converting DNA sequences to FASTA format, the Clustal X computer
program was used to align the FASTA file. Three types of sequence alignments were
performed: 1.) an alignment of ITS sequences of Thai Cassia, 2.) an alignment of
tmL intron of Thai Cassia and 3.) an alignment of #mL intron of Thai Cassia
compared with those of Cassia from other gl'ofp ies. These additional #mL data for

the third alignment were the sequences Cis grandts (AF365092), Senna

(AF365087), S. wis/izenu(

nictitans (AF365093), Ch.

crassiramea (AF365090), /dehel rana (AF365089) S. bauhinioides
”g bacillaris (AF365031), Chamaecrista

" AF365993) and Ch. 'sp. Breteler (AF365094),

When completed, the lg _!as'§ aracter-taxon matrices were 911 bp

ogenetnc H'ee reconstruction which belong to 16S
g d R J.’}* L]

bmand Qf;g‘bp, respectively. These character-

i

SIS =
further phylogenetic tree rleconstrucﬁon / Vi
tmwrmcmmwk-:i - j}
IMunlpIe Alignment MOG Font Slze:ﬁ-é] ""‘-J

g - |
- : =&
.

C_leschenaulti
(ol _Pumila
Ceratonia
Gymnocladus
C_timoriensis
C_garettiana
C_obtusifolia
—tora
C_surattensis
C_alata
C_fistula
C_bakeriana
C_javanica
C_spectabilis
C_sophera
C_hirsuta
C —occidentalig
C_grandis, 1

ruler JEROR A Bt 2 e O Gl ST L 100

Il oKl

No color file found - using defaults

Fig. 22 a sample of an aligned sequence data matrix using ClustalX program
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#NEXUS

begin data;
dimensions ntax=18 nchar=597;
format missing=? gap=- matchchar=. datatype=dna symbols = "01";
options gapmode=missing;

matrix
Ceratonia siliqua AF365075 GTCGACTTTA GAAAT-CGTG AG
Gymnocladus dioica AF365095 GTCGACTTTA GARAT-CGTG AGG-—-—-—-— s
C. leschenaultiana GTCGACTTTA GAAAT-CGTG AGGGTTCAAG TCCTTCCTAT CCCCAA
C. pumila St

C. grandis CGRAGTETR IR AP CE—- -GGG——————

C. javanica

C. bakeriana
C. fistula
C. sophera

C. occidentalis ACTT AAAT-CGTCNA=~~———-——
C. hirsuta ETeGR G ‘l G AAG TCCCTT~——— —m———m—
C. obtusifolia \

C. tora fCdrdiaTa GAART-CGTG AG-————--

C. surattensis

C. timoriensis 3 » 6 PEC=——smm mmmem——
C. garettiana - ( AA7 GGITCAAG TCCTCTATCC CCAAC-
C. alata -

C. spectabilis

end;

Fig. 23 a sample of }

etic analyses in the

AULINENINYINS
PRI TUNNINGAY
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4.5 Phylogenetic analysis
4.5.1 trnL intron sequence data set (see Fig. 24)
- trnL intron sequence data set of 16 Thai Cassia sensu lato

After automatically aligned b

program and transformed to NEXUS

be too ambiguous to align ag . The beginning and the

ending regions of some sg ut.as incomplete or missing
data. Symbols ‘01’ were #ddgdl fofthe DNA data matfix to increase informative

characters.

ok khkkkkk

GGATTGAGCC TTGGTATGGA

—— = —— e CATTGAGCC TTCGTATGEA
—eeeenonr

. {Ch.) leschenaultiana CGAA ATTGAGCC TTGGTATGGA

C

C. (Ch.)pumila ! o' GGATTGAGCC TTGGTATGGA
C. grandis & _drde 3 TTGCTATGGA
C. javanica B 222927 O D 2 LM TTGGTATGGA
C. bakeriana O 222327277727 T GGATTGAGCC TTGGTATGGA
C. fistula °???????CG TAGAC AC GGACTTAATT GGATTGAGCC TTGETATGGA
C. (5. ) scphera 2VIPIDD DBIPY DD PRGN GH TGAGCC TTGCTATGGA
C.{S.)occidentali 2479 TGAGCC TTGGTATGGA
C.(8.)hirsuta i ke i e« 3d T TGAGCC TTGGTATGGA
C.(58.) *btuSLfylla ?????CGTAu ACGACGCTAC GGACTTAATT GGATTGAGCC TTGGTATGGA
C.(8.) tora ??????7?? PRRIRRRIVY 2 ACTTAATT GGATTGAGEC TTGGTATGGA
C.(5.) surattepsy 2229 °7°¢ 99;9097¢°° i TTGEGTATGGA
C.{8:) £1 TGGTATGGA
C.(C;)gaz T GG2 GEC JITTGGTATGGA
C.(S.) .????????? GTGACGCTAC uGACTTAA“T GGATTGAGCC TTGGTATGGA
C. (& )svngt bilis PRVP2D2RIP 2222?7277 GACCTTAATT GGATTGAGCC TTGGTATGGA

Fig. 24 a 646 bp character-taxon matix of 16 Thai Cassia species based on L intron
ITYURTLRS. ATRIERS © Ml TePIeseii BATIRd ard Jap-Theinia Shes fom araliyses,
respectively. Gap symbol (-) indicates insertion or deletion at the site. ? symbol shows
missing nucleotide data.
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------------ CCCABATC TCTATTTTTT ----AATATT TATATGACAA
------------ CCAARATC TCTATTTRGT C----ATATT TATATGACAA
---CAAACAG ACCCCCAATC TCCATTTTTT ----AATATT TATATGAAAA
-—-—-CAAACAG ACCCCCAATC TCCATTTTTT ----AATATT TATATGAAAA
-—-CAGACAG ACTCCAAATC CCTATTTTTT ----AATATT TATATGACAA
---CAGACAG ACCCCAAATC CCTATTTTTT ---GAATATT TATATGACAA
--~CAGACAG ACCCCAAATC CCTATTTTTT ---GAATATT TATATGACAA
-—-CAGACAG ACCCCAAATC CCTATTTTTT TTT-AATATT TATATGACAA
-~—-CAGACAG ACCCCAAATC CCTAGTTTTT ----AATATT TATATGACAA
~--CAGACAG ACCCCAAATC CCTAGTTTTT —----AATATT TATATGACAA
~—-~-CAGACAG ACCTCAAATC CCTAGTTTTT ----AATATT TATATGACAA
--—-CAGACAG ACCGCGAATC TCTA-——=——= =—=—=== ATATT TATATGACAA
——————————— ATATT TATATGACAA
ATATT TATATGACAA
FCTATCTTTT ----AATATT TATATGACAA
@rATCTTTT —---—-AATATT TATATGACAA
TTTTTT ~---AATATT TATATGACAA
TTT~ ---AAATATT TAGATGACAA
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TTCCAAGTTG AAGAAAGAAT
b TTCCAAGTTG AAGAAAGAAT
TTCCAAGTTG AAGAAAGAAT
TTCCAAGTTG AAGAAAGAAT
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TTCCAAGTTG AAGAAAGAAT
TTCCAAGTTG AAGAAAGAAT
TTCCAAGTTG AAGAMAGAAT
TTCCAAGTTG AAGAAAGAAT
TTCCAAGTTG AAGAAAGAAT
TTCCAAGTTG AAGAAAGAAT
TTCCAAGTTG AAGAAAGAAT
TTCCAAGTTG AAGAAAGAAT
TITTCAAGTTG AAGAAACGAAT
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L2322 33
Ceratonia siligua AF365075 TI T~ GA AAAACTGATT AATCGGACGA GAATAAAGAT
Gymnocladus dioica AF365035 TP =i GA AGAACTGATT AATCGGACGA GAATAAAGAT
C. (Ch.) leschenaultiana TPT == GA AGAACTGATT AATCGGACGA GAATAAAGAT
C. (Ch.)pumila TEE e GA AGAACTGATT AATCGGACGA GAATAMAGAT
C. grandis TP~ GA AGAACTGATT AATCGGACGA GAATAAAGAT
C. javanica PIT == GA AGAACTGATT AATCGGACGA GAATAAAGAT
C. bakeriana b s GA AGAACTGATT AATCGGACGA GAATAAAGAT
C. fistula i e GA AGAACTGATT AATCGGACGA GAATAAAGAT
C.({8.) scphera TTTCTTTTGA AGAACTGATT AATCGCACGA GAATAAAGAT
C.(5.)occidentalis TTTCTTTTGA AGAMCTGATT AATCCGACGA GAATAAAGAT
C.(S.)hirsuta TTTCTTTTGA AGAACTGATT AATCGGACGA GAATAAAGAT
C. (5.)cbtusifelia T GA AGAACTGATT AATCGGACGA GAATAAAGAT
C.{S.Ytexra = TIT-—=== = i}l AATCGGACGA GAATAAAGAT
C. (S.) surattensis GAATAAAGAT
C.(8.) timoriensis ATCGGACGA GAATAAAGAT
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Branch-and-bound searching strategy was used to analyse a data matrix of
597 bp tmL intron sequences ‘of Thai Cassia 16 species without C. siamea (not
amplified both #raL intron and ITS regions) included with a 20-position gap matrix (0,
1 symbols). The fully unexcluded matrix had 646 characters, but 62 nucleotides (the
first position to the 30", the 375™ to the 385" and 619" to the last one) needed to be
excluded. Gap were treated as missing data. Gymnocladus dioica (AF365095) and
Wi to the analysis as outgroup taxa
| &s used in phylogenetic tree

reconstruction were unordered and eat eighted with 37 characters (6.2%) were

asbisihy \sharec-deni
characters were parsimomny ‘ / ve & \1‘\\\,
‘ol NN

taxon. There were 14 mosiiparsimenious-trees found \ this data set, with 87 steps

Ceratonia siliqua (AF365075) were .ir \

|
A

character) and 37

specifically for each

1
i

Homoplasy index (HI) was
0.0805. Retention index (RI)Ww 9 ) ‘ d rescale ¢ sistency index (RC) was

0.8314.

AuINENineIns
ARIAATUUMINYAE



73

1

phylogram C.(S.) obtusifolia
. 0
3 C.(S.) tora g_
‘ o

2 C.(S.) surattensis
oL S C.(S.) timoriensis
3— 1
L C.(S.) garettiana

lispely

C.(Ch.) pumila

~HUHINENTNYINT

Gymnocla”us dioica (AF36509p) - a 'Y,

== 1 chan | ) £ . :
FARNAILI WAL LAY

' wse Thai Cassia (Cassia) we== Thai Cassia (Chamaecrista)

Fig. 25 one phylogram of 14 equally most parsimonious trees (87 steps in length) for
16 Cassia in Thailand based on tmL intron sequence data with Cerafonia siliqua
(AF365075) and Gymnocladus dioica (AF365095) as outgroups (retrieved from
GenBank). Black numbers along branches are amounts of synapomorphy and
colouring numbers are amounts of autapomorphy. [Cl = 0.9195, Rl = 0.9041, RC =
0.8314]
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Bootstrap (BS) and jackknife (JK) supporting values were calculated to confirm
a reliability of each clade. Some branches were collapsed when these supporting-
values were less than 50%. Strict (Fig. 26), semistrict (Fig. 27) and 50% majority-rule
(Fig. 28) consensus trees were made from the 14 most parsimonious trees (MPTs).
All consensus trees were similar to each other that Gymnocladus dioica and

Ceratonia siliqua the two outgroups were clustered while all Thai Cassia species

were grouped together with very hlgf\“’f\ p, and jackknife supporting-values

(97%, 93%), respectively. Wltth{hal Ca@there were two major clades
%__ -

9 ,
separated distinctively. One tained Thai~Cassia species that moved to

" M@Nnd some other species

genus Senna (blue bran
remaining to be in the
Thai Cassia species whi
leschenaultiana and C.(Ché p

The first Cassia/Sen

(Senna) obtusifolia, C.(S.) tora @) dns:s C.(S.) timoriensis, C.(S.)

4-".'_ .':|,.—‘|"
i

garrettiana, C.(S.) alata-,_lc (S.) sopﬁera c(8) oc C.(S.) hirsuta, C.(S.)

spectabilis, C. javani la. The other major

group had only two speaJs C. (Ch) pumila and C. (Ch.) ;eLchenaultlana with very

v e L R e
e cluster coul

Cassia/Senna group, be subduvuded into three mnnor clades. The
e R R T OSSP v
supporting;\&lues (80% BS and 78% JK). The ‘clade I composed of C.(S.)
timoriensis and C.(S.) garrettiana with even higher bootstrap (91%) and jackknife
(81%) supporting-values. The last clade Ill of C.(S.) sophera, C.(S.) occidentalis, and
C.(S.) hirsuta had highest supporting-values (100% BS and 99% JK).

Some differences were also found between the strict, semistrict and 50%
majority-rule consensus trees. The strict consensus tree showed that there were

some remained taxa ungrouped as a clade. These taxa were C.(S.) alata, CL8)
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spectabilis, C. javanica, C. bakeriana, C. grandis and C. fistula. Grouping between
any of these species may have been collapsed after strict consensus analysis to form
an unresolved polytomic backbone for the three previously recognised clades. In
contrast, the semistrict consensus tree suggested two more low-supported clades.
The fourth grouping contained C. grandis and C. fistula whereas the fifth minor clade

composed of C. javanica and C. bakeriana. Moreover, these four Thai Cassia

(Cassia) formed a distinctive gro other in the 50% majority-rule

consensus tree, though with I ote that C. javanica and C.

—d 4
bakeriana were clustered in 5 newly recognised clade therefore had all
members belonging to
Chamaecrista. Cassia ( lis-@ d alala were left as unresolved

polytomic taxa to other

50% majority-rule consen

AULINENTNEINS
AN TUNMINGAY
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Strict consensus C.(S.) sophera

74,62
C.{S.) occidentalis

100, 99

i 8pely

C.(S.) hirsuta
C.(S.) obtusifolia

C.(S.) tora

T
66, 61

pectabilis

R B ‘
97,93 —f-- =

C.(Ch.) feschenaultiana

LRI i)

Wﬁﬁm&a ¢)

(AF365095)

e QULQrOUD === Thai Cassia (Senna)
=== 1hai Cassia (Cassia) === Thai Cassia (Chamaecrista)

Fig. 26 strict consensus tree from 14 most parsimonious trees of 16 Cassia in Thailand
based on fmL intron sequence data with Cerafonia siliqua and Gymnocladus dioica as
outgroups (retrieved from GenBank). The two numbers along branches are 1000-
replicate bootstrap and jackknife supporting-values, respectively.
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Semistrict consensus

s C (S ) sophera

e C_(S,) occidentalis

“liepeiy

C.(S.) hirsuta

C.(S.) obtusifolia

C.(S.) tora

| @pejd

C.(S.) surattensis

Al @pelD

66, 61

8. ) gareftiana

: (S.) spectabilis

S.) alata

e

Ieschenaultiana

C.(CH) pumila

ratonia siliqua
Qi)
ymnocladus divica

(AF365095)q0

ammnimumqﬂmaa

== Outqroup === Thai Cassia (Senna)
==m= Thai Cassia (Cassia) === Thai Cassia (Chamaecrista)

Fig. 27 semistrict consensus tree from 14 most parsimonious trees of 16 Cassia in
Thailand based on L intron sequence data with Ceratonia siliqua and Gymnocladus
dioica as outgroups (retrieved from GenBank). The upper numbers are percentages
of congruent MPTs on the consensus trees and the lower numbers are 1000-replicate
bootstrap and jackknife supporting-values of each clade, respectively.
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50%Majority r.
jority rule consensus i
<50, <
C. bakeriana
<50, <50 C. grandis
; C. fistula
C.(S.) sophera

C.(S.) occidentalis

ara f; C.(S.) hirsuta
100

g E D[ (S.) obtusifolia
Zss
/// ,\N S timoriensis

S garettiana

97,93

.) spectabilis

{S.} alata

C.(Ch.) leschenaultiana

Ch.) pumila

Rk ia siliqua
MF365075)
Gy®#hocladus dioica
{AF365095)

—&Nﬂ??’lﬂﬂlﬁ%@ﬂ‘i

mﬁ(aﬁs‘.«s‘m‘ Vo ??m&ass.a(cmm

ammmmummmaﬂ

Fig. 28 50% majonty-rule consensus tree from 14 most parsimonious trees of 16

Cassia in Thailand based on tmL intron sequence data with Ceratonia siliqua and
Gymnocladus dioica as outgroups (retrieved from GenBank). The upper numbers are
percentages of similar MPTs tree on the consensus. The lower numbers are 1000-
replicate bootstrap and jackknife supporting-values of each clade, respectively.
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For distance method analysis, neighbour-joining (NJ) tree was drawn to
compare with results from maximum parsimony analyses. The NJ tree showed that
Gymnocladus dioica was separated from Thai Cassia but Ceratonia siliqua formed a
low supported group with Thai Cassia (Chamaecrsita). Cassia (Chamaecriéta)
leschenaultiana and C.(Ch.) pumila were paired with each other like in the parsimony

analysis with very high supporting values (100% bootstrap and 100% jackknife).

specifically sistered to C.(S. C Cassia (Senna) obltusifolia
was paired with C.(S.) toraand both were _\ iped t >.) surattensis with 80% BS
ing a cluster with C.(S.)
garrettiana and C.(S.) tim Sist'| 9 =) .) spectabilis was transgressed

into a group of four still 30 Cas 2.4 DECIE avanica, C. bakeriana, C.

3

iy

AUEINENINYINg
PRIAATUAMINYAE
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C. javanica

Neighbour-joining e, {5
C. bakeriana

C.{S.) spectabilis
C. gréndis
C. fistula
C.{S.) sophera
C.(S.) occidentalis

e irsuta

97, 96

N\
e C_(S.) surattensis

AiEANEIEaNeNT

VAN IR

=== Thai Cassia (Cassia) === Thai Cassia (Chamaecrista)

Fig. 29 neighbour-joining tree of 16 Cassia in Thailand based on fmL intron
sequence data with Cerafonia siliqua and Gymnocladus dioica as outgroups
(retrieve from GenBank). The numbers along branches are 1000-replicate
bootstraps and jackknife supporting-values, respectively. Note that supporting-
values less than 50% were not shown in the tree.
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- trnL sequence data set of Cassia sensu lato 16 species in Thailand

compared with those of other members in the subtribe Cassiinae (see Fig. 30)

After the #mlL character-taxon data matrix of 16 cassia in Thailand was
analysed and there were two distinctive major groups were found the next stepwas to

ass nine more sequences of other Cassiinae species which were not found in

—
(AF365094), Senna crassi gwimeﬁana (AF365089), S.

bauhinioides (AF365087) (AF365028) 8. bacillaris (AF365031) and

Cassia grandis (AF365 used to align together with

16 Cassia species from ¢ character-taxon matrix was

shown in Fig. 30.

d kekkkkokkddkok khkkkkkdkokkdk dkkdkkkkdkkk
GACTTAATT GGATTGAGCC TTGGTATGGA
RTAMER GGATTG >C TTGGTATGGA

P GGATTGAGCC TTGGTATGGA

GGATTGAGCC TTGGTATGGA

> TTGGTATGGA
- TG

. grandis AF36 I? t e A ¥ 2 ? K PRRRVRPRDR
£ 1escbenault1 TTGGTATGGA

C

c. TTGGTATGGA
& grancb.s ? TTGCTATGGA
C. javan TTGGTATGGA
C. bake . TTGGTATGGA
C. fistu ? TTGGTATGGA
G 8. era 2?7 TTGCTATGGA
2 ;c.jou_ dentalis 295%22222C GTGACGCTAC GGACTTAATT GGATTGAGCC TTGGTATGGA
C. (S.)hirsuta 292977229292 2772227272277 GACCTTAATT GGATTGAGCC TTGGTATGGA
C. (8.)obtusifolia 2972722CGTAG ACGACGCTAC GGACTTAATT GGATTGAGCC TTGGTATGGA
C. {(S.)tora 2999292722222 27727222227 ?GACTTAATT GGATTGAGCC TTGGTATGGA
C. (8.)surattensis 2925555997 PPPP27227? GACCTTAATT GGCTTGAGCC TTGGTATGGA
€. (8.)timoriensis 22272222299 P?2ACGCTAC GGACTTAATT GGATTGAGCC TTGGTATGGA
C. (8.)garettiana 2599929997 TAGACGCTAC GGACTTAATT GGATTGAGCC TTGGTATGGA
C. (S.)alata 272227222222 GTGACGCTAC GGACTTAATT GGATTGAGCC TTGGTATGGA
C. (5.)spectabilis 29972292727 2722722972277 GACCTTAATT GGATTGAGCC TTGGTATGGA

Fig. 30 a 657 bp character-taxon matrix of 16 Thai Cassia species based on frnL
intron sequences compared with some additional new-world Cassiinae species and
2R VT VAGORS. MRS T and T TepiesRerh xdiided el FRpiRliiA SRS TTm
analyses, respectively. Gap symbol (-) indicates insertion or deletion at the site. ?
symbol shows missing nucleotide data.
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Ceratonia siligqua AF365075 AACCTACCAA GTGAGAACTT TCAAATTCAG AGAAACCCTG GAATTAACAA
Gymnocladus dioica AF365095 AACCTACCAA GTGAGAACTT TCABATTCAG AGAAACCCTG GAATTAACAA
Ch_nictitans AF365093 AACCTACCAA GTGAGAACTT TCAAATTCAC AGAMACCCTCG GAATTAACAA
Ch. sp. Klitgaad AF365053 AACCTACCAA GTGAGAACTT TCAAATTCAG AGAAACCCTG GAATTAACAA
Ch. sp. Breteler EXF365094 AACCTACCARA GTGAGAACTT TCAAATTCAG AGARRACCCTG GAATTAACAA
&. <X A CTACCAD GTGAGAACTT TCAAATTCAG AGAAACCCTG GAATTAACAX
s GTGABRACTT TCRAATTCAG AGAAARCCLTE GAATTALLAN
g 2] LAHAAL,T" CAAATTCAG AGAAACCCTC GAATTAACAA
5. AC TCAAATTC"G AGARAC GAATTAMCAL
5. £ 11z 2% CAAATTCAG AGAARCCCTG GRATTAACAA
C. grandzs AF365092 TCAAATTCAG AGAAACCCTG GAATTAACAA
C. leschenaultiana TCARATTCAG AGAAACCCTG GAATTAACAA
C. pumila [ TCAAATTCAG AGAAACCCTG GAATTAACAA
C. grandis [CAAATTCAG AGAAACCCTG GAATTAACAA
C. javanica ATTCAG AGAAACCCTG GAATTAACAA
C. bakeriana ATTCAG AGAAACCCTG GAATTAACAA
C. fistula AGAAACCCTG GAATTAACAA
C. (8.)sophera AGAAACCCTG GAATTAACAA
C. (S.)occidentalis AGAAACCCTG GAATTAACAA
C. (S8.)hirsuta AGRAACCCTG GAATTAACAA
C. (8.)obtusifolia AGAAACCCTG GAATTAACAA
C. (8.)tora AGARACCCTG GAATTAACAA
C. (8.)surattensis AGAAACCCTG GAATTAACAA
C. (8.)timoriensis CGAAACCCTG GAATTAACAA
C. (8.)garettiana CGAAACCCTG GAATTAACAA
C. (S.)alata AGMARCCCTG GAATTAACAA
C. (S8.)spectabilis AGARAACCCTGE GAATTAACAA
o S R B
130 140 150
Ceratonia siliqua AF365075 TTCC GAAAACCAAG AAGAGTTCAG
Gymn Dcladt.s dicica AF365055 3 TTTTCC GAAAACCAAG AAGAGTTCAG
Ch _nictitans AF365093 CCTGTTTTCC GAAAACCAAG AAGAGTTCAG
Ch. sp. Klitgaad AF365093 * CCTGTTTTCC GAABACCAAG AAGAGCTTCAG
Gl Sp Brefele:c Ar 365094 GTTTTCC GAAMAACCAAG AAGAGTTCAG
8, ¢ T GARAARCCARAG ADLAGTTUM
5. (e ) GAAAACTAAG AAGAGTTCAG
&, Wil CAMAACCAAG AAGAGTTOAG
&, B G2rAACCAAG ARCAGTTCAG
8. baci. I AAABACCAAG ABGAGTTCAA
C. grandis AF365082 TCCGLANTES BEREET CCTCT ¥ C GAAAACCAAG AAGAGTTCAG
C. leschenaultiana TGGGCAATCC TG\AGCCMAT CCTG 'CC GAAAACCAAG AAGAGTTCAG
C. pumila ‘ TGGGCAATCC TGAGCCAAAT CCTGTTTTCC GAAAACCAAG AAGAGTTCAG
C. grandis T CAAG AAGAGTTCAG
C. javanica T] CARG AAGAGTTCAG
C. bakeriana 3 TT)| CAAG AAGAGTTCAG
C. fistula TGGGCAATCC T@G’CCAAAT CCTGTTTTCC AAGAGTTCAG
. {(8:2 sophera TGGG—CAAT TGAGCCAAAT CCTGTTTTCC GAAAACCAAG AAGAGTTCAG
C. {S.)ecgi 1is Tgé GTTTTCC AAGAGTTCAG
€ S AAGAGTTCAG
e. (s. ’ AAGAGTTCAG
T |5 tor AAGAGTTCAG
(S 58 ) suradttensis TGGGCAATCC TGAGCCAAAT CCTETTTTCC GAAAACCAAG AAGAGTTCAG
C. (8.)timoriensis TGGGCAATCC TGAGCCAAAT CCTGTTTTCC GAAAACCAAG AAGAGTTCAG
C. {8.)garettiana TGGGCAATCC TGAGCCAAAT CCTCTTTTCC GAAAACCAAG AAGAGTTCAG
C. (8.)alata TEGGCAATCC TCAGCCABMAT CCTCTTTTCC GAAAACCAAG AMAGAGTTCAG
C. (8.)spectabilis TGGGCAATCC TGAGCCAAAT CCAGTTTTCC AAAAACCAAG AAGAGTTCAG

Fig. 30 (continue)
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Ceratonia siliqua AF385075 ———ssssers corcccccos cccsesason cscsdmmm—— m e ——————
Gymnocladus dioica AF365095 TAAAGGAATC CTTCCATCAA AACTCCCGAA Al~—=mm=—m= === GAAAGGA
Ch nictitans AF365083 TAAAGGAATE CTTCCATCGA AACTCCAGAA AB~~—=—==== === GAAAGAA
Ch. sp. Klitgaad AF365033 TBRAAGGAATG CTTCCATCGA AACTCCAGAA BA-~———==—== === GAAAGAA
Ch. : r AF365094 TAAAGGRATC CCCCCATCGA AACTCCAGAA AR~—--- AGA RAAGPAAGGA

Bretele
iz

e

CTTCCATOGA AACTCCAGAA AAGAMAGAGA AAAGARAGGA
GA AACTCCATAA AA--=====n —ce--==GGR

AMCTCCATAA AA———————- ~——CAMAGGEA
2 3B ABCTCCAGAA AA~~—~=—== —== GAABGGH
8. & AF365031 . ABCTACAGAG Abm——m—mm= e GAAAGGA
C. grandis AF365092 AACTCCAGAA AA—————=== === GAAAGGA
C. (Ch.) leschenaultiana : PACATECA AACTCCAGAA AA-——————— ———| GAAAGAA
C. (Ch.)pumila AAAGGE T @A AACTCCAGAA AA~-—————— ——— GAAAGAA
C. grandis AAR il gl : CCAGAA AA—-———~==—= === GAAAGGA
C. javanica ¥ ‘ REGE CAGAD, AA————=mm= === GAAAGGA
C. bakeriana 3 ~ - v C RA, AR amns wws GAAAGGA
C. fistula j - R ——— GAAAGGA
C. (S.)scphera AA-—mmmmmm ——— GAAAGGA
C. (8.)occidentalis v ? ’ P R GAAAGGA
C. (S.)hirsuta & 11 5 RIBA D AR — e e e GAAAGGA
C. (S8.)obtusifolia 3 X AROEr B A - — —————— ——— GAAAGGA
C. (5.)tora SR 5 | (A RN Al <o GAAAGGA
C. {8.)surattensis A BAAA -~ == —~—GAAAGGA
C. (S.)timoriensis e =N ARTRA e e (SAAAGGA
C. (S~)garettiana LA ] RIS SRt No nee. = T N —— GAAAGGA
C. (8.)alata i g o ( AA———————= ———GAAAGGA
C. (8.)spectabilis i AGACAR AL~~~ ————m == GAAAGGA

ven sibameml sses lusesl

340 350

Ceratonia siligqua AF365075 y GTACTCAAAT ACTATTTCAA

Gymmocladus dicica AF365095 (&7 : ST ARRE GTACTGAAAT ACTATTTCAA

Ch nictitans AF365093 L2 2 i A -CCTATAC GTACTGAAMAT ACTATTTCAA

Ch. sp. Klitgaad AF365093 - AT g R _CGTATAC GTACTGAAAT ACTATTTCAA

Ch. sp. Breteler AFSSS 4 R0 TAEN GTACTGAALT ACTATTTCAA
&. crass mea AF A AT PTACTGAAAT ACTATTTCAA
. » STACTGARAT ACTATTITCAA

IGTACTGABAT ACTATTTCAA

POTIR.C GTACTGAAAT ACTATITCAA
— ~--CGTHNRC GTACTGARAT ACTATCTCAA
ACATATATAT A--CGTAWAC GTACTGAAAT ACTATTTCAA

1 -3

ud 3 8 18 AF3

C. grandis AF365082

C. (Ch.) leschenaultiana ‘ CAAGGATGA ACAT. AT A--CGTATAC GTACTGAAAT ACTATTTCAA
C. (Ch.)pumila T = T, GAAAT ACTATTTCAA
C. grandis i GAAAT ACTATTTCAA
C. javanica i = GAAAT ACTATTTCAA
C. bakeriana “ TCAAGGATGA ACATATATAT A--CGTATAC GTACTGAAAT ACTATTTCAA
C. fistula TCAAGGAT ACATATATAT A--CGTATAC GTACT T ACTATTTCAA
G (8. _ T T T, TAC GTACT TATTTCAA
€. (S.) { F\ TATTTCAA
C. (5. TA' GT. iy TATTTCAA
c. (Ss. C 2 TATATAT ATACGTAT, GT. ACTATTTCAA
c. (s. TCGAGGATGA ACATATATAT ATACGTATAC GTACTGAAAT ACTATTTCAA
C. (8.)surattensis TCGAGGATGA ACATATATAT A~-CGTATAC ATACTGAAAT ACTATTTCAA
C. (§.)timeoriensis TCAAGGATGA ACATATATAT A--CGTATAC GTACTGAAAT ACTATTTCAA
C. (8.)garettiana TCAAGGATGA ACATATATAT A~--CGTATAC GTACTGAAAT ACTATTTCAA
C. (8.)alata TCAAGGATGA ACATATATAT A--CCTATAC GTACTGAAAT ACTATTTCAA
C. (8.)spectabilis TCAAGGATGA ACATATATA- --~CGTATAC GTACTGAAAT ACTATTTCAA

Fig. 30 (continue)
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Ceratonia siliqua AF365075 TTGATTAGAC C---====== ==== CCAAAT CTCTATTTTIT T---—-AATAT
Gymnocladus dicica AF365095 TTGATTAGAC C-——===——= —==— CAAMAT CTCTATTTRG TC--—--ATAT
Ch nictitans AF3650%3 TTGATTAGAC CAAACAGAC- -~-CCCC-AAT CTCCATTTTT T---~-AATAT
Ch. sp. Klitgaad AF3650983 TTGATTAGAC CAAACAGAC- -~CCCC-AAT CTCCATTTTIT T---—-AATAT
Ch. sp. Breteler AF38650%4 TToATTAG?sC CAGACAGA}:'.— -=CCCC~AAT CTCCATTTTT ----GAATAT
s QA("A\.AC -=-CCC-AAAT CTCTACTTTIT T-—-—AATAT
~=CCC-ARAT CCCTAGTTTT T----AATAT
= QUC~AAAT CCCTAGTTTT T~-—-AATAT
{‘nuACAG%C - ==CCC-AAAT CCCTATTTYT T-~~-AATAT
8 TTGATTAGAC CAGACAGAL- ~-~CGC-GAAT CTCTA-~——~ ———==- ATAT
c. grand_xs AF365092 TTGATTAGAC AGAC- --TCC-AAAT CCCTATTTTT T----AATAT
C. (Ch.) leschenaultiana TTGATTAGAC A AC- --CCCC-AAT CTCCATTTTT T----AATAT
C. {(Ch.)pumila TTGATTAG J CCCC-AAT CTCCATTTTT T----AATAT
C. grandis TTGAR] ( & f d CC~AAAT CCCTATTTTT T----AATAT
C. javanica TTGE 3 o ’/f- - CCCTATTTTT T---GAATAT
C. bakeriana e T ICA & CCCTATTTTT T---GAATAT
C. fistula - : Iales CCCTATTTTT TTTT-AATAT
C. (8.)sophera CCCTAGTTTT T----AATAT
C. (8.)eoccidentalis | CCCTAGTTTT T----AATAT
C. (S8.)hirsuta CCCTAGTTTT T----AATAT
C. (S.)obtusifolia = 0T Coerr b i i cacARROSS. SEhe SHNl. CTCTA-———~ ~————- ATAT
C. (S.)tora CTCTA-~=w= —m=ma, ATAT
C. (S5.)surattensis O MR sy ATAT
C. (§8.)timoriensis CTATCTTT T----AATAT
C. (8.)garettiana CTCTATCTTT T---—-AATAT
C. (S.)alata CTCTATTTTT T----AATAT
C. (S8.)spectabilis CCTATTTTT ----AAATAT
N EET T e R
440 450
Ceratonia siliqua AF3585075 ATETGAATCG ATTCCAAGTT
Gymnocladus dicica AF365095 ATGCTGAATCG ATTCCAAGTT

Ch nictitans AF365053
Ch. sp. Klitgaad AF365093
Ch. sp Breteler AFSoSOS

ATGTGAATCG ATTCCAAGTT
ATGTGAATCG ATTCCAAGTT
LGTGAATCG ATTCCAAGTT

D TCARTCE ATTTCAAGTT
[CTGAATCG ATTCCAAGTT

ICTGAATCG ATTCCAAGTT

ATGTGAATCG ATTCCAAGTT

: : o - - ATGTSAATCG ATTCCAAGTT

C. grandis AF3650 92 ' TTATATGACA AAT------- —-- A M ATGTGAATCG ATTCCAAGTT
C. (Ch.) leschenaultiana ﬂum AAT——mmmmm GAAAG ATGTGAATCG ATTCCAAGTT
C. (Ch.)pumila ATGAAA AAT-—-—Se ————— GAAAG ATGTGAATCG ATTCCAAGTT
C. grandis —ad TCC ATTCCAAGTT
C. javanica "r'r A - -N-B-F- TCG ATTCCAAGTT
C. bakeriana TTATATGACA AAT-—————= ————= ATGT TCG ATTCCAAGTT
C. fistula TTATATGACA RAT-——==—m== === GAAAG ATGTGAATCG ATTCCAAGTT
C. (S.)sophera TTATATGACA YAATTATATGA cpﬁAAAAs ATGTGAAY ATTCCAAGTT
C. (S.)occi P JFTCCAAGTT
C. (S.)hirs > GTH GIAYTCCAAGTT
C. (8.)obtus oy GT! G R TCCAMGTT
C. (S.)tora TTATATGACA AAT-—=——=== ==—=- AAAAG ATGTGAATCG ATTCCAAGTT
C. (8.)surattensis TTATATGACA AAT-———=== =====— AAAAG ATGTGAATCG ATTTCAAGTT
C. (8.)timoriensis TTATATGACA AAT——=—mm= === AATAG ATGTGAATCG ATTCCAAGTT
C. (5.)garettiana TTATATGACA AAT~=m——m= === AAAAG ATGTGAATCG ATTCCAAGTT
C. (S.)alata TTATATGACA AAT-————m== ==——- ARAAG ATGTGAATCG ATTCCAAGTT
C. (5.)spectabilis TTAGATGACA AAT-———=m== —==—=—m AAAAG ATGTGAATCG ATTCCAAGTT

Fig. 30 (continue)



460 470 480 490
Ceratonia siliqua AF385075 GAAGAAAGAA TCGAAT-ATT CATTGATCAA ATCATTCACT
Symnocladus dicica AF365095 GCAAGAAAGAR TCGAAT-ATT CATTGATCAA ATCATTCACT
Ch nictitans AF36509%3 CADGAAAGAA TUGAAT-ATT CATTGATCAA ATCATTCACT
sp. Klitgaad AF365043 GAAGAAAGAA TCGAAT-ATT CATTGATCAA ATCATTCACT
. Sp. E;eueler AF:55094 TCGAAT-ATT CATTGATCAA ATCAT TCACT

< b GARAGRA T TT CATTGAGAAA
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TAATCGGACG
TAATCGGACG
TAATCGGACG
AATCGGACG
ATCCETCE
TCGEACE

TAATCGGACG
TANTCGGACE
TAATOGGACE
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& gEGATAGATC TTTT--@L#G AAGAACTGAT TAATCGGACG
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AGAATAAAGA
AGAATAMAGA
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AGARTAMAGE
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C.

C. (Ch.)pumila

VR e
C. javanica

C. bakeriana CTGATAGATC ey G AAGAACTGAT TAATCGGACG

C. fistula CTGATAGAT TITP === ANGAACTGAT TAATCGERIC

€. (S.)s
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C. {8.)hirs (&3, Jt TAAAGA
c. (S.)obtu folia TTGATAGATC TTTT--—-- G AAGAACTGAT TAATCGGACG

C. (8.)tora TTGATAGATC TTTT----- G AAGAACTGAT TAATCGGACG

C. (5.)surattensis TTGATAGATC TTTT-----— G AAGAACTGAT TAATCGGACG

C. (8.)timoriensisz CGGATGGATC TTTT----- G AAGAACTGAT TAATCGGACG

C. (8.)garettiana CTGATGGATC TTTT-~~~~— G AAGAACTGAT TAATCGGACG

C. (S.)alata CTGATAGATC TTTT--—---— G AAGRACTGAT TAATCGGACG

C. (8.)spectabilis CTGATAGATC TTTT--—~——- G AAGAACTTAT TAATCGGACG
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A 586 bp tmL intron sequences of Thai Cassia 16 species (no C. siamea) and
other New-World Cassiinae was analysed using branch-an&bound searching
strategy. A 35 position gap matrix (0, 1 symbols) was included. The full data matrix
had 657 characters but 107 nucleotides (the first position to the 67", the 385™ to the
395" and the 629" to the 657™) were necessary to be excluded. Gaps were treated

as missing data. Gymnocladus dioica (GenBank AF365095) and Ceratonia siliqua

(AF365075) were included into the ar roup taxa. All characters used in

phylogenetic tree reconstructi ) d equally weighted with 57
. .—J
characters (9.7%) were parsimonysi ative as synapomorphy and 46 characters

were parsimony-uninformative A ut: orphy. There were 6 most parsimonious
trees found from this data.se 7. steps in length (Fig 31). Consistency index

(Cl) was 0.8425 and homdplasy iidex (HI) Was 0.1575. Retention index (RI) was

.., -
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Fig. 31 one phylogram of 6 equally most parsimonious trees (127 steps in length)
for 16 Cassia in Thailand based on tmL intron sequence data compared with nine
additional Cassiinae New-World species and two outgroups, Ceratonia siliqua and
Gymnocladus dioica. Numbers in black are amounts of synapomorphy and
colouring numbers are amounts of autapomorphy. [Cl = 0.8425, Rl = 0.8788, RC
= 0.7404]
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All nine most equally most parsimonious trees (MPTs) were further analysed to
produce strict (Fig. 32), semistrict (Fig. 33) and 50% majority-rule (Fig. 34)
consensus trees. All three consensus trees were similar to each other that all
members of Cassiinae were grouped together with high bootstrap and jackknife
supporting-values (99%, 98%), respectively, while the two outgroups Gymnocladus
dioica (AF365095) and Cerafonia siliqua (AF365075) were clustered. Within the

Cassiinae group, there were two maph\&% /e§ rated distinctively. The fist clade

had C.(Ch.) leschenaultiana ﬁiﬁ (Ch) which moved to the genus

Chamaecrista based yp le ana. “Sinug__ with other New-World

Chamaecrista species: Ch licti mg:- Ch. Mad and Ch. sp. Breteler,

with very high robustne
The other group contaij
Chamaecrista, clustered Wi

(AF365092) from GenBank.

-""\"

The Cassia/Senna group (3&‘338 an@ JK) composed of Cassia (Senna)
sophera, C.(S.) occ:denﬁalis, C.(Sfj f:ﬁsuté g' mlgenana S. bauhinioides,

S. wislizeni, C. grandis\(AF365092), C. grandis, C ca, C. bakeriana, C. fistula,

) bora, S. ba&)lan‘s, C.(S.) surattensis,

C.(S.) timoriensis, @gfﬁuﬁﬁ ﬂ%ﬁwgvj alata. Considering
subgroupings in P ssia/Senna group, the clade could be subdlvaded into five
¢

mior e (e TR B St Mo (O15) sophor

C.(S.) occidentalis and C.(S.) hirsuta) and New-World Senna (S. lindheimeriana and

—
CA(S.) spectabilis, C.(S.) obtusifolia, C

S. bauhinioides) with very high supporting-values (99% BS and 97% JK). The clade II
composed of New-World C. grandis and all Thai Cassia (Cassia) species with 65%
BS and 53% JK supporting-values. The clade Il contained S. wislizeni and C.(S.)
spectabilis with 68% BS and 64% JK supporting-values. The fouth clade composed

other three Thai Cassia (Senna) (C.(S.) obtusifolia, C(S.) tora and C.(S.) surattensis)
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and S. bacillaris (69% both BS and JK). The last clade of C.(S.) timoriensis and
C.(S.) garrettiana had high supporting-values (94% BS and 86% JK).

Apart from the similarity between the strict, semistrict and 50% majority-rule
consensus trees as above, the strict onsensus tree however indicated that there
were two remaining taxa unable to be grouped as a clade. These taxa were S.
crassiramea and C.(S.) alafa, though S. crassiramea was being a less significant

member of the clade IV of the semitricticonsensus tree. Moreover, the semistrict and

50% majority-rule revealed that Ch. nictifans fed"With Ch. sp. Klitgaad and C.(Ch.)

,-J ) .
.@s/a (Chamaecrista) group,

though with low supporting- G (S.) alata.was always not able to form

“a resolved grouping with g 3y kind of consensus trees.

AULINENTNEINS
RINNIUUNININY
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Fig. 32 strict consensus tree from 6 most parsimonious trees of 16 Cassia in
Thailand based on #mL intron sequence data compared with nine additional
Cassiinae new-world species, Cerafonia siliqua and Gymnocladus dioica as
outgroups (retrieved from GenBank). The numbers along branches are 1000-
replicate bootstrap and jackknife supporting-values of each clade, respectively.
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Fig. 33 semistrict consensus tree from 6 most parsimonious trees of 16 Cassia in

o SPEIO .

865, 82

.98

Thailand based on fmlL intron sequence data compared with nine additional
Cassiinae new-world species, Ceratonia siliqua and Gymnocladus dioica as
outgroups (retrieved from GenBank). The upper numbers are percentages of
congruent MPTs on the consensus tree and the lower numbers are 1000-replicate
bootstrap and jackknife supporting-values of each clade, respectively.
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Fig. 34 50% majority-rule consensus tree from 6 most parsimonious trees of 16
Cassia in Thailand based on #mL intron sequence data compared with nine additional
Cassiinae new-world species, Cerafonia siliqua and Gymnocladus dioica as
outgroups (retrieved from GenBank). The upper numbers are amounts of similarity
MPTs on the consensus trees and the lower numbers are 1000-replicate bootstrap
and jackknife supporting-values of each clade, respectively.
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Neighbour-joining (NJ) tree was also made for this new data matrix to
compare with the results from maximum parsimony analyses. The NJ tree showed
that all Thai Cassia species suggested to be Chamaecrista (C.(Ch.) leschenaultiana
and C.(Ch.) pumila) were grouped as sister with each other to other New-World
Chamaecrista as in result of parsimony analysis. Four true Thai Cassia (Cassia)

species were also clustered as a unique group-with 65% BS and 53% JK. Several

U
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Fig. 35 neighbour-joining tree of 16 Cassia in Thailand based on fmL intron
sequence data compared with nine additional Cassiinae New-World species,
Ceratonia siliqua and Gymnocladus dioica as outgroups (retrieve from GenBank).
The numbers along branches are 1000-replicate bootstraps and jackknife
supporting-values, respectively. Note that supporting-values less than 50% were
not shown in the tree.
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4.5.2 ITS1-5.85-ITS2 sequences data set (see Fig. 36)

A total ITS1-5.88-ITS2 sequences data matrix of 13 Thai Cassia was also
prepared and phylogenetically analysed. Partial sequences of 16S small and 28S large
subunits of nuclear ribosomal DNA were prior excluded. The sequence matrix was

automatically aligned by Clustal X program and transformed to NEXUS file format, and

adjusted manually to get a highest y before phylogenetically analyses
(Fig. 40). Gaps were treated g data set composed of 913 bp
Ja

sequence data which the 2 3 51 regions, 160 bp to the 5.8S subunit
and 255 bp to the ITS2 r : sequences of 13 Thai
Cassia species. Those na, C.(Ch.) pumila and C.(Ch.)
leschenaultiana could nof R ampl'rﬁcatibn. The 206
bp regions of 16S (the fi itior s d 5o ‘ and 28S subunits (the 759
position to the last one) were e c el ed and were not shown in the data

matrix. Sequences of Gymnocla 1s—dioica—
el
O

510030, 33) and Ceratonia siliqua

(AJ245575) retrieved

is as outgroup taxa.

50

L L T e
ﬂ AQEBTGARACCT GCGG? ?AAGGE

AWCTGAACCT GTGG? ?AAGG

Ca grandz.s GTGA??AAGG
C. Favanica GCGG??AAGG
C. bakeri GCGG??AAGG
- 22 RV n e
C. (8.) o_pn L7 GCGG??AAGG
C. (S.) uuul alis °vAGTTCCCT AGGTGAACCT GCGG??AAGG
. {5.} Flrsuta 2CAGTTCCGT AGGTGAACCT GCGG??AAGG
C. {8§.) obtusifelia = = 222227227227 2722222272727 ?2?2222TTCGT AGGTGAACCT GCGG??AAGG
C. (5.) tora ? 227992 2222992297 ?2AGTTCCGT AGGTGAACCT GLGG??AAGG
C. {5.) surattensis ? 22 222222222% 2222TT?CGT AGGTGAACCT GCGG??7AGG
C. (S.) timoriensis FRPRIRPI?T VRPN RRT 2722272722272 22?2GGGCC? ??7GG?7AAGG
C.¢(5.) alataa == @ P22PVPTLN2 PPRI222227 ?2222TT?CGT AGGTBAGC?T 7??GGAGAAGG
C.(5.) spectabilis PACAGTCCGT AGGTGAACCT GCGG??AAGE

Fig. 36 a 913 bp character taxa matrix of Thai Cassia based on ITS regions

*

RYRIRRS W Iy H6RR TRUIPEIRUHIN. pAstensks ¥, Y, T, T el T represent 1RS,

ITS1, 5.8S, ITS2 and 26S regions, respectively. Gaps symbols (-) indicates insertion
or deletion at the site. ? symbol shows missing nucleotide data.
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Gymaocladus dioica AFS510030, 33 ATCATTGTCG ATGCCTATCA AACTGGACGE
Ceratonia siliqua AJ245575 ATCATTGTCG ATGCCTCACA AAACGAACGA
C. grandis ATCCTTGTTG ATGCCT--CA ACCAGAATGA
C. javanica 2TCATTGTCG ATGCCT--CA ACCAGAACGA
C. bakeriana ATCATTGTCG ATGCCT~--CA ACCAGAACGA
C. fistula ATCATTGTCG ATGCCT--CA ACCAGAACGA
C. (§.) scphera ATCATTGTCG ATGCCTCGCA AACTGGACGA
C. {5.) occidentalis ATCATTGETCG ATGCCTCGCA AACTGGACGA
C. (5.) hirsuta ATCATTGTCG ATGCCTCGCA AACTGGACGA
C. (8.) obtusifolia ATCATTGT GCCTCACA AACGGGACCA
C.({8.) tera ATCATTO AACGGGACCA
C. (5.) surattensis ATS A AAYGGTACCA
C. {5.) timoriensis o AALAGGACGA
C. (5.) alata > A GA
C. ({S.) spectabilis GA
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~CACCCACCA TAT -------
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C. bakerj -
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CaB.)

€. 8-} ntalzw T-AGTTGCCC GCCT—————— ~CGTGTCGGE
C. {S..) hlrsuta T-AGTTGCTC GCCC———=——— -CGTGTCGGGE
C. {8.) ebtusifelia G-AGTCCCCC GCTC—————— ~GGTGECCCEE
C.(58.) tora G-AGTCCCCC GCTC—-~—~— -GGTGCCCGE
C. (5.) surattensis TCAGTCCCCC GCTG—-———- -GGTGTCCGG
C. {5.) timoriensis GTAGTTGCTA GCLCC-————— -CTTGGTCGG
C.(5.) alata G-AGTCGCCA GCCC-————— -CATG-CCAG
C. (5.) spectabilis G-AGTCGCCC TCCC————~— -CGAGCCCCA
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FhkF A A A EEE K
Gymnocladus dioica AF510030,33 CGCTGCTTAET
Ceratonia siligua AJ245575 CELCACTCET
C. grandis AGGCCCAAGA
C. javanica AGGCACGGGC
C. bakeriana AGGCACGGGC
C. fistula AGGCACTAGC
C. (8.) sophera TGCTGCATC-
C. {(8.) occidentalis TGCTGCCTC-
C. (8.) hirsuta TGCTGCCCC-
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ceeeleannl

360 370 380 390 400
hhkrdhd ok Ah ok d Ak dkihhAAER A A AEEAAA FhkEA Ak AE Ak kA kA EAAN
uymncclar:nzs dioica AF510030,33 TCTCGEGCAAC GGATATCTCG GCTCTCGCAT CGATGAAGRAA CGTAGCGAAA
Ceratonia siligua AJ245575 TCTCCATAAC CGCATATCTCEG GLTOTLE-~= rmeddbamews —waemwes ABA
c. grandz.s TCTCGGCAAT GGATATCTAG GCTCTCACAT TGATGAAGAA CGTAGTGRAAG
C. javanica TCTCGGCAAC GGATATCTAG GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. bakeriana TCTCGGCAAC GGATATCTAG GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. fistula TCTCGGCAAC GGATATCTAG GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. (8.) sophera TCTCGGCAAC GGATATCTCG GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. (58.) occidentalis TCTCGGCAAC GGATATCTCG GUCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. (5.) hirsuta TCTCGGCAAC GGATATCTCG GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. (8.) obtusifolia TCTCGGCAAC GGATATCTCGE GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. (8.) tora GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. (8.) surattensis GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. {8.) timoriensis GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C.(8.) alata GCTCTCGCAT CGATGAAGAA CGTAGCGAAA
C. (5.) spectabilis i CGATGAAGAA CGTAGCGAAA
swrutovmed wissfasinl
440 450
kR REEEEEAAEE Ak XA A A AR
Cymnocladus dioica AF5100304 ¢ BRCAATCCC GCGAACCATC GAGTCTTTGA
Ceratonia siligqua AJ24557% CTT GTGAACCATC AAGTCTTTGA
C. grandis CC ATGAACAATC GAGTCTTTGA
C. javanica ATCCC GTGAACCATC GAGTCTTTGA
C. bakeriana CCC GTGAACCATC GAGTCTTTGA
C. fistula CCC GTGAACCATC GAGTCTTTGA
C. {(5.) sophera ATCCC GTGAACCATC GAGTCTTTGA
C. (8.) occidentalis ATCCC GTGAACCATC GAGTCTTTGA
C. (5.) hirsuta TCCC GTGAACCATC GAGTCTTTGA
C. (5.) obtusifolia ATCCC GTGAACCATC GAGTCTTTGA
C. (S.) tora AATCCC GTGAACCATC GAGTCTTTGA
C. (5.) surattensis AATCCC GTGAACCATC GAGTCTTTGA
C.(8.) timoriensis ATCCC GTGAACCATC GAGTCTTTGA
C. (5.) alata GCAGRATCCC GTGAACCATC GAGTCTTTGA
C. (8.) spectabilis T GCAGARATCCC GTGAACCATC GAGTCTTTGA
-
i SLECETEY EEPPY EPPER) PP
480 490 500
:E * kA% 1 dkk EhkAEA A hA AT FAAEEFEEAEAN
Gymmocladus dicica AF510980 ,33 ACGCAAGTTG CGCCCGAAGC CAC CG AGGGCACGTC TGCCTEGGTG
Ceratonia siligua AJ245575 ‘ ) ACACAAGTTG m CATCAAGCCOG AAGGCACGTC TGCCTGGETG
C. grandis TTA CATTAGGCCG AGGGCACGTC TGCTTAGGCG
C. javanica A ¢ CGTC TGCCTGGGCG
C. bakeriana F‘ GTC TGCCTGGGCG
C. fistula GTC TGCCTGGGCG
C. (8.) sophera CGCCCGAAGC CACTAGGCCG AGGGCACGTC TGCCTGGGTG
Q. (5.} occz.dental:.s cecccmﬁcac'rmeccs acdlébcerc TeccreseTe
€. {(8.) TGCCTGGGETG
E: (8.) K C TGCCTGGETG
C.(s.) T G Cf C ‘e" TGCCTGGETG
. (8.) tensis ACGCAAGTTG CGCCCGAAGC CACTAGGCCA AGGGCACGTC TGCCTGGGTG
C. (8.) tlmcrlenszs ACGCAAGTTG CGCCCGAAGC CATTAGGCTG AGGGCACGTC TGCCTGGGTG
C.(8.) alata ACGCAAGTTG CGCCCGAAGC CATTAGGCCG AGGGCACGTC TGCCTGGGETG
C. (5.) spectabilis ACGCAAGTTG CGCCCGRAGC CATTAGGCCG AGGGCACGTC TGCCTGGGTG

Fig. 36 (continue)
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Branch-and-bound searching strategy was used to analyse this ITS data
matrix. All characters used in phyiogenetic tree reconstruction were unordered and
equally weighted and unordered with 295 parsimony-informative characters (41.7%)
and parsimony-uninformative 136 characters.

There was only one most parsimonious tree found from this data set, with 956

steps in length (Fig. 37). Consistency index (Cl) was 0.7103 and homoplasy index

(HI) was 0.2897. Retention index (RI) , and rescaled consistency index
(RC) was 0.4889. Bootstrap an alues were calculated. Strict,
‘5_

Is t@o’t necessary to perform.

\o ups, Gymnocladus dioica

semistrict and 50% majonWse

The phylogenetic tree was '

OtveQD

and Cerafonia siliqua, we ssia M grouped together with
high bootstrap and jackkni ‘ oriir g- . I and 98%, respectively). Within
the Thai Cassia group, therg 3 “ _. des e rapd distinctively, the group
of Thai Cassia species that j 3=

Malesiana, and the other gro

Cassia (dark-red branches). =

The first Cassial 5

.) obtéifolia, C.(S.)) tora, C.(S.)
surattensis, C.(S.) alata, C. timoriensis a ectabilis. The other clade
had four Cassia (é ﬂa QQ j{]ai ﬁﬂﬁ f' indis and C. fistula
with very w pn.l ﬁ ﬂbﬁ upporting-
values. Conq:ﬂng subgroupings E‘qe firs ass:a (lnna! group,%:[ subclade

could recognized from the phylogeny. The first minor clade contained C.(S)

-
(S.) occidentalis, C.(S.) sophera, C.(S

occidentalis, C.(S.) sophera and C.(S.) hirsuta with strongest supporting-values
(100% BS and 100% JK). The other clade composed of C.(S.) obtusifolia, C.(S.) tora
and C.(S.) surattensis with slightly lower bootstrap (98%) and jackknife (97%)
supporting-values than the previous one. Moreover, another weak subclade (<50% of

both BS and JK), C.(S.) alafa and C.(S.) timoriensis was also drawn. For the Cassia



106

(Cassia) major clade, there were two recognizable minor clades: C. bakeriana paired
with C. javanica with highest supporting-values (100% of both BS and JK) and C.
grandis sistered to C. fistula with very weak supporting-vaiues (55% BS and < 50%

JK).

AULINENINYINT
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Fig. 37 only one most parsimonious trees (956 steps in length) found from ITS data
matrix of 13 Cassia species in Thailand based on ITS region sequence data with
two outgroups, Ceratonia siliqua and Gymnocladus dioica the upper numbers are
amounts of synapomorphy and the coloured numbers are amounts of
autapomorphy. The lower numbers are 1000-replicate bootstrap and jackknife
supporting-values of each clade, respectively. [Cl = 0.7103, Rl = 0.6884, RC =
0.4889]
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ITS phylogenetic tree from parsimony analysis was compared with the neibour-
joining (NJ) tree of the same data set. The NJ tree also showed that both
Gymnocladus dioica and ITS sequences were very much different from those of Thai
Cassia as seen previously in the results of fmL intron analyses. Neighbour-joining
distance analysis of the ITS sequence data fully supported taxon-arrangement

topology on the tree from the parsimony analysis in Cassia (Senna) group. The

U

AuInenineIng
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109
Neighbour joining C.(S.) occidentalis
73§11 C.(S.) sophera

100, 100 I
C.(S.) hirsuta

| C.(S.) obtusifolia

100, 100 (5 fora

‘ s )
¥ ‘.)Jrattensrs

. fistula

100, 100
C. grandis

c*‘f 33

erafonia siligaa AJ245575

AUEINENINEINT
QRINN TN

Fig. 38 Neighbour-joining tree of 13 Cassia in Thailand based on ITS regions
sequence data with Cerafonia siliqua and Gymnocladus dioica as outgroups

(retrieve from GenBank).
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4.5.3 Combined sequence data of trnL intron and ITS regions

One best way to make a phylogenetic conclusion from two different DNA data
sets is to combine both sequence matrices and rerun an analysis. A combined data
matrix between sequences data sets of mL intron and ITS regions of Thai Cassia
species was prepared. Again, branch-and-bound searching strategy was used to
analyse the combined data matrix wh;\c\ 3 bp long (597 bp belong to tmL
intron sequence and 706 bp to K Tegio 3 Thai Cassia species were
suitable to be in the analysis as ers ( sz
C. leschenaultiana) could ? biiee

Gymnocladus dioica an

anettmana C. pumila and

mWLintron or ITS regions.
still th

nly two most suitable

outgroups from this matri tégn characters (24.5%) were

parsimony-informative as & characters) and 177
characters were parsimony: hy specifically for each

taxon.

As expected, th?ff was/orly one most parsimonious. tree found from this

f Consistency index (Cl)

7. Retenlﬂn index (Rlwas 0.6072
and rescaled consj i! ﬁﬁnﬂﬁ EE:T ﬁwifh internal branch
was estimated usi ap an fe analys ylogeny had the

e o N ST S AN TR o

phylogram ffom combined data set show that Gymnocladus dioica and Ceratonia

was 0.7243 and homopla index (HI) was 0.

siliqua were separated as an outgroup clade while all Thai Cassia species were
grouped together with full bootstrap and jackknife supporting-values (both 100%).
Two major clades were found within the Thai Cassia group. As same as from ITS
only, both Thai Cassia species that moved to the genus Senna (blue branches)
based on Flora Malesiana are Cassia species remaining to be in the genus Cassia

(dark-red branches) had their own distinctive clades. The Cassia (Senna) clade (67%
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BS and 66% JK) composed of C.(S.) occidentalis, C.(S.) sophera, C.(S.) hirsuta,
C.(S.) obtusifolia, C.(S.) tora, C.(S.) surattensis, C.(S.) alata, C.(S.) timoriensis and
C.(S.) spectabilis. C. javanica, C. bakeriana, C. grandis and C. fistula were grouped
together with 100% bootstrap and jackknife branch supporting-values. Within Cassia
(Senna) group, three minor clades could be pointed out: the first clade 100% BS and

JK contained C.(S.) occidentalis, C.(S.) sophera and C.(S.) hirsuta; the second clade

\\\l/'

(<50% of both BS and JK). Consigering subg . " : |i the second major clade of

//‘!

weak supporting-values (54° -

composed of C.(S.) obtusifolia, C.(S. (S.) surattensis (99% BS and JK);

and the last clade of C.(S.) a with weak supporting-values

Cassia (Cassia) species, that C. bakeriana paired

with C. javanica (100% ¢ lred with C. fistula with

\

—

9
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Fig. 39 only one most parsimonious trees (1030 steps in length) found from ITS data
matrix of 13 Cassia species in Thailand based on combined #mL intron and ITS
region sequence data with two outgroups, Ceratonia siliqua and Gymnocladus dioica.
The upper in black numbers are amounts of synapomorphy and the coloured
numbers are amounts of autapomorphy.The lower numbers are 1000-replicate
bootstrap and jackknife supporting-values of each clade, respectively. [Cl = 0.7243,
Rl =0.6972, RC = 0.5050]
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To complete the phylogenetic analysis procedure, NJ method was also
performed with the combined DNA matrix. The NJ tree showed the same result as
the analysis of ITS data alone that Gymnocladus dioica and Ceratonia siliqua were
separated from all 13 Thai Cassia taxa. Neighbour-joining result from ITS sequence
data fully supported the parsimony analysis in the first major clade (Cassia (Senna)

clade). While the second major clade (Cassia (Cassia) clade) were slightly different

from parsimony method that this clade ,, /»/t bakeriana paired with C. javanica
before grouping to C. fistula anohC dis, re

U
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Fig. 40 Neighbour-joining tree of 13 Cassia in Thailand based on ITS regions
sequence data with Cerafonia siliqua and Gymnocladus dioica as outgroups
(retrieve from GenBank).
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4.6 Cytogenetic study

Cytogenetic study of some Cassia in Thailand was performed. Two species
(C. timoriensis and C. tora) were studied on somatic cells from their root tips. Other
ten species (C. occidentalis, C. surattensis, C. siamea, C. garrettiana, C. fistula, C.

sophera, C. javanica, C. spectabilis, C. timoriensis and C. tora) were investigated

\ ”y . 50). The chromosome number
r Iessé“

cytogenetically on their germline cel

of most species could be counte
e :

bivalent numbers in the late

prophase to late n‘1etaphas stic results were not good

enough for karyotyping a ere too small and the

chromosome from root ti ecause of contaminated

bacteria. The chromoso orting fron siotic study were not exact as a

‘numbers C. occidentalis

gt

chromosome numbers ?ﬁf surattensis (Fiéi ‘

-
"‘-

: ;_Fig. 43) were revealed

to be 2n=56 since 28 bivalent pairs per 2 metaphase | stage.
Another four species C. sgmea, C. fistula, C. sophera anmC. timoriensis could be

estimated to be 2&&;{ ﬂ%ﬁnﬂﬁ%’w% prﬁ ly. The estimated

chromosome num rom the other three remaining species, however, were
¢

e R R AN B » o

javanica (FigH48) and 11-12 in C. spectabilis (Fig. 49).
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Fig. 41 late metaphase in mi€rospoi c&tg.["of E}goccidentalis (estimated 2n = 26)

Fig. 42 metaphase | in microsporocyte of C. surattensis (estimated 28 bivalent,
2n=56)
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e of & é,;. (estimated 28 bivalent, 2n=56)

r - )
e A ..-‘.'-:,4 4:

Fig. 43 metaphase | in micro$poo

Fig. 44 early metaphase | in microsporocyte of C. siamea (estimated 14 bivalent,
2n=28)
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Fig. 45 metaphase | in miciosporo yfe ©f C. garetiiana (estimated 12-14 bivalent,

2n=24-28) j

T A

Fig. 46 late prophase (diakinesis) in microsporocyte of C. fistula (estimated 14
bivalent, 2n=28)
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Fig. 48 late prophase (diakinesis) in microsporocyte of C. javanica (estimated 13-14
bivalent, 2n=26-28)




Fig. 49 late prophase (diakig€sis) o micj'bs;Jgﬁ)cyte of C. spectabilis (estimated 11-

12 bivalent, 2n=22-24) RIS B

o
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Fig. 50 prophase | (diakinesis) of microsporocyte of C. timorensis (estimated 14
bivalent, 2n=28)
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