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Abstract

This study was aimed to evaluate the DNA sequence
polymorphism and divergence of Rhizophora species, this study
studied nucleotide polymorphism in chloroplast intergenic space
between trnL and trnF genes from samples of Rhizophora taxa
collected from different locations in Peninsular Malaysia. High
polymorphism was found within the population of Rhizophora taxa,
and the nucleotide diversity (Pi) in Rhizphora apiculata, Rhizophora
mucronata, Rhizophora stylosa and Rhizophora x lamarckii were
0.03, 0.04, 0.06 and 0.03, respectively. In addition, the relationship
between Rhizophora taxa was estimated based on the level of
polymorphism and divergence. The most significant relationship of
the three Rhizophora species was between R. apiculata and R.
mucronata which are closely related. The indel (insertion-deletion)
in all Rhizphora species and hybrid was small and the number of
polymorphic (segregating) sites was high, especially in R. stylosa.
Intra-specific polymorphism was detected in Rhizophora according
to the nucleotide diversity estimated by every population and the
genetic differentiation (GST) by UPGMA method.
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Mangrove defined as plant (tree, shrubs, palm and ferns) widespread in
the tropical and subtropical region, mangrove forests play an important role
to avoid erosion (1). Mangrove has produces chaoal (2). The predominant and
sympatric mangrove species of Rhizophoraceae in Southeast Asia are
Rhizophora mucronata and Rhizophora apiculata. Rhizophoraceae includes
16 genara and 120 species of tree and shrubs (3). In peninsular Malaysia,
Rhizophora consists of three species (Rhizophora apiculata, Rhizophora
mucronata and Rhizophora stylosa) and two hybrids R. x annamalai and R. x
lamarckii (4). Previous report studied the morphological characters of
Rhizophora species. He found that Rhizophora apiculata and Rhizophora
mucronata are the most closely related species (3). According to Inomata et
al. who surveyed levels and patterns of genetic variation as well as population
structure of two sympatric mangrove species, R. apiculata and R. mucronata
in Thailand, using five nuclear genes and two cpDNA regions (5). In all
investigated DNA regions, nucleotide variation within species was low, while
nucleotide divergence between the two species was considerable (5). This
study was aimed to evaluate the DNA sequence polymorphism and
divergence of Rhizophora species.

Material and method
Leaf samples

Young leaves of Rhizophora species and hybrids was collected from
different locations peninsular Malaysia. The locations for each site are listed in
Tablel and showed in Figure 1.

Extraction of genomic DNA

A total 20 trnL-trnF regions of Rhizophora species successfully extracted by
DNeasy Plant Mini Kit method protocol. The concentration of all genomic DNA
of four Rhizophora species was determined by running the electrophoresis along
with DNA markers lumda and 100 bp. A 1% agarose gel electrophoresis was used
to determine the concentration of DNA. The presence of DNA can be seen on
agarose gel under ultraviolet rays.

Polymerase Chain Reaction (PCR)

The trnL-trnF region was amplified by the polymerase chain reaction
(PCR).The universal primers for the amplification of the trnL—trnF spacer were
those of Taberlet et al.(6). The PCR reaction mixtures was 50 pl and the
amplifications were carried out using 30 cycles of 1 min at 94 Co, 1 min at
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annealing temperature. The annealing temperature was different in Rhizophora
species (45C° in Rhizophora apiculata, 48C° in Rhizophora mucronata and
Rhizophora stylosa and 50C°Rhizophoralamarchii). And 2 min at 72C°. the PCR
products were excised from agarose gel under the long wave UV light.The
fragment sized resulting from this amplification ranged between 400 bp to 450 bp.

Alignment of DNA sequences and data analysis

The obtained DNA sequences were aligned using MEGAS program (7). In
addition, the polymorphism within species in intergenic trnL-trnF chloroplast
spacer of Rhizophora species was estimated using the DnaSP4software. To
estimate nucleotide diversity and genetic divergence between populations were
computed the average number of nucleotide substitutions per site (Dxy) (8) (Eq.
10.20) between populations and the number of net nucleotide substitutions per site
between populations (Da) (8) (Eq. 10.21) using the DnaSP4 software (9).

Table 1 List of specimens and collection sites of each species

Species Collection sites trnL-
trnF

R. apiculata Johor, Mersing AJl
Kedah, Pulau Langkawi ALl

Johor, Sedili, Anwar AS1

Melaka, Sungai linggi. AM1

Melaka, Port Dickson AT1

R. mucronata Kedah, PulauLangkawi ML2
Johor,Sedili MS2

Johor,Mersing MO2
Melaka, Sungai Linggi MM?2

Selangor, Morib MP2

R. stylosa Kedah, PulauLangkawi. SL3
Melaka, Port Dickson SM3

N. Sembilan, Port Dickson SP3

Johor,Mersing SJ3

Johor, TanjungPiai, ST3

R. x lamarckii Kedah, PulauLangkawi LL4
N. Sembilan, Port Dickson LS4

Melaka, Port Dickson LM4

Johor, TanjungPiai LT4

Johor,Mersing LJ4

Results
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Intra-specific polymorphism was detected in Rhizophora according to
the nucleotide diversity estimated from every population and the genetic
differentiation (GST) by UPGMA method using MEGAS5.

Rhizophora apiculate

The intergenic trnL-trnF spacer region in R. apiculata was sequenced
from 5 individuals from five different localities. The length of the region
was 240-245 bp. Twenty four distinct haplotypes sites were found. The
sequences of these haplotypes are shown in Figure 4.4 as AL1, AJ1,AS],
AM1 and AT1. The AJl, AL1, AS1, and AM1 haplotypes which differed
by the length of a T repeat (see Figure 2, sites 137-142). Furthermore, there
are fifteen singleton variable sites (two variants) were estimated, their
position sites (see Figure 2, 15 sites, 2, 5, 10, 49, 64, 72, 86, 89, 95, 105,
107, 111, 117, 120). Furthermore, eight parsimony informative sites (two
variants) were estimated between the five sequences at 4, 18, 24, 37, 42, 88,
112, 124. In addition, one Singleton variable sites (three variants) was
estimated at 55.

Rhizophora mucronata

The number of haplotype sites in Rhizophora mucronata was higher
than in Rhizophora apiculata. The sequences of these haplotypes are shown
in Figure 2 as ML2, MS2, MO2, MM2 and MP2. The length of the region
was 379-397 bp. Thirty three distinct haplotypes sites were found. Whereas,
ML2, MJ2, MO2, MM2 and MP2 haplotypes differ by the length of a T
repeat (see 2 sites 89-100). Nineteen Singleton variable sites (two variants)
were estimated their site positions are 4, 23, 25, 31, 36, 42, 47, 58, 63, 65,
69, 71, 98, 135,152,155, 158, 160 and 169. Furthermore, fourteen
parsimony informative sites, their site positions are 1, 3, 22, 41, 46, 53, 54,
70, 97, 137, 145, 153, 171 and 72.

Rhizophora stylosa

In Rhizophora stylosa the length of the region was 333-335 bp. The
sequences of these haplotypes are shown in Figure 2 as SM3, SL3, SS3, SJ3
and ST3. The number of distinct haplotypes sites was found in this species
were higher than other Rhizophora species and it was forty one. They were
distributed as follows, Singleton variable sites (two variants) was nineteen,
their site positions were 83, 103, 105, 110, 128, 137, 141, 142, 143, 144
160, 181,190, 201, 203, 206, 212, 217 and 220. Parsimony informative sites
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(two variants) were eighteen at sites 6, 15, 20, 32, 38, 44, 48, 54, 58, 77,
107, 119, 121,127, 133, 134, 139 and 150. Singleton variable sites (three
variants) were two at sites 108 and 109. Parsimony informative sites (three
variants) were their site positions was 106 and 151.

Rhizophora x lamarckii

The length of the region was 302-312 bp. The number of distinct
haplotypes in Rhizophora x lamarckii was twenty three shown in table 1 .
The sequences of these haplotypes are shown in Figure 2 as LL4. LS4,
LM4, LT4 and LJ4. Their positions sites were as follows. Singleton variable
sites (two variants) were zero. Parsimony informative sites (two variants)
were twenty three at sites positions 17, 31, 42, 44, 49, 56, 62, 75, 79, 93, 94,
95,109, 114, 121, 137, 140, 299, 360, 362, 366, 369 and 371. On the other
hand, Variable sites (three variants) and Variable sites (four variants) was
zero.

Discussion

The levels of DNA polymorphism in Rhizophora species which
collected from different localities in Peninsular Malaysia were estimated
and the results summarized in Table 2. In all Rhizophora species the number
of Indels (insertion-deletion) was small, it was estimated as follows; two
sites in Rhizophora apiculata and Rhizophora x lamarckii, three sites in
Rhizophora mucronata and four sites in Rhizophora stylosa. On other hand,
the number of polymorphic (segregating) sites was high especially in
Rhizophora stylosa, it was forty one sites. Furthermore, it was twenty four
sites in Rhizophora apiculata, thirty sites in Rhizophora mucronata and
twenty three in Rhizophora x lamarckii.The nucleotide diversity Pi in the
four Rhizophora taxa was estimated. It was 0.03 in Rhizophora apiculata,
0.04 in Rhizophora mucronata, 0.06 in Rhizophora stylosa and 0.03 in
Rhizophora xlamarckii. In current finding, haplotype diversity (Hd ) was
high in all Rhizophora taxa as follows; 0.900, 1.000, 1.000 and 0.600
(shown in Table 2) in R. apiculata, R. mucronata, R. stylosa and R. x
lamarckii, respectively. concurring with (10, 11) conclusions that the
Malay Peninsula is the Centre of genetic diversity of Ceriops tagal
(Rhizophoraceae) in Southeast Asia.
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ALl 1:-GGACCGGGGGCCCGGGGGTTTTCCGTCCTTTGCTTTTCCCGGTGGGL 47
ATl 1-GAACTGGGGACCCGGGGGTTTTCAGTCCTTTGCTTITCCCGGTGGGC 4T
AS] 1:GAACTGGGGACCCGGGGATTTTCCGTCCTTTGCTITACCCGCTGGGC 47
AMI I:GAAATGGGGACCCGGGGATTTTICAGTCCTTTGCTTTACCCGCTGGGC:47

ATI L:GAAATGGGGACCCGGGGATTTTCAGTCCTTTGCTTTACCCGCTGGGC:47
K K AKKEEE KEKEER kR R

AL1 48:TTTCCCGGCCCTTCCCCACGGGTTTTTTITTTTTTTTITCCCCCCTTCGASS6
AJl 48 TATCCCGCCCCTTCCCAACGGGTCATTTTTTTTTTITTCATCCCTTICGASSG
AS1 48:TATCCCGACCCTTCCCAACGGGTCATTTTTITTTTTTTTTT CCCTTTGASS6
AMI 48: TATCCCGGCCCTTCCCAACGGGTCATTTTTTITTTTITCCTCCCTTICGASSG
AT] 48:TATCCCGGCCCTTCCCAACGGGTCATTTTTITTITTTTCCTCCCTTCGA96

® AERRRRE KK

ALl 97.TTTTTTCCCCAACCAATCCCGGGTTCCTTTTTTTITTITTTITITTATTIT 147
ATl 9T.TTTTTTCCCAAACAAATCCGGGGTTCATTTTITTTITTIT-
ASD S7T.TTTTTTCACAAACATATCCGGGCTTCATTTTTTTITTITTTT
AMI S7.TTTTTTCCCAAACATATCCGGGGTTCCTTTTTTTTTITIT:
AT1 97-TTTTTTCCCAAACATATCCGGGGTTCCTTTTTTTTITTTT- -

KK kK HRRERE

AL1 148:CACAAGTCTTGTGATAGATATGAGACACATACAAATAAACATTTTTGA 195
AJl 142:CACAAGTCTTGTGATAGATATGAGACACATACAAATAAACATTTTTGA:189
AS] 142:CACAAGTCTTGTGATAGATATGAGACACATACAAATAAACATTTTTGA 189
AMI 142:CACAAGTCTTGTGATAGATATGAGACACATACAAATAAMCATTTTTGA: 189
AT 142:CACAAGTCTTGTGATAGATATGAGACACATACAAATAAACATTTTIGA 189

ALL 196:GCAAAACAAAAGATAGAAAACATTCCAAGTTCTGAATATAGGATTTTAGA 245

al.,

ML2 1:AACTGGGGGCCCGGEGGTTTTCCG TCCTTTGCTTTICC CGGTGGGGTTTCCCGGCCCTT: 59
MS2 1:AACTOGOGOCCCOGAOGTITITAGTCCTITGCTITICCCGCTGGGC TITCCCGGCCCTT S
MO2 1= CCGGGGGTTITICGTCCTITICTTTCCCH TICCCCCCCOCT:59
MM2 1 GAATGGGGGCCCGGGGGTTTTTCGTCCTTTGC TTTTCCCGCTGGGCTITCCCCCCCCTT:
MP2 1:AAATGGGGGCCCGGGGGTTTTCCGGCCTITGCTITICCC GETGGGGTTT TT:59

B RETERRARAREEREREERE K RRSESE RRER RXERE FREAE FRERER  KRER K

ML2 60:CCCAACGGGTTITITTITTITITITITITITI TITITITTTTGITAATGGTICCCAATTTGT:120

MS2 60:CCCCACGGGTCTTTTTITTITITITITGTT-— —GTTAATGGTTCCCAATTTGT:108

MO2 60:CCCCAAGGGGTTTTTITITITITITCGTT-- ~-GTTAATGGTTCCCAATTTGT-108

MM2 60:CCCCACGGGTTTTITTTITITITITCGTT— ~GTTAATGGTTCCCAATTTGT:108

MP2 60:CCCCACGGGTCCTTTTTTTTTITITICGTT- ~GTTAATGGTTCCCAATTTGT:108
EEE % RRE RERERERRRRRRR  RE [N

ML2 121 TTITITTTTTTTTITC TCCCTTTGATTTTTITACAAAAAAATCC GGG GTTTATTTTTTTTT:181
MS2 109:TTTTTITITITITICCTCCCTTTGATTTITITACAAACATATCCGGGGTTTATTTTTTTIT: 169
MO2 109:TTTTTTITITITITCCCCCCTTTGGTITITTICCAAAA AAATCC GGGGGICCTTTTTTTIT 169
MM2 109:TTTTTTTITITITITCCCCCCTITGGTITITICCCAAAA AAATCC GGGG TTCCTTITTTTTT:169
MP2 109 TTITTTTTTITITTT TTTGGTITTTTTCCCAAAAAATCCGGGGTTCATTTTTITIT:169

B L T L T T e —

ML2 182 TITITTTTTTATTTICACAAGTCTIGTGATAGATATGAGAC ACATACAAATAAACAT TT-240
- 228

MO2 170-TTTTTITITTATTTTCACAAGTCTTGTGATAGATATGAGAC ACATAC AAATAAAC ATTT.
MM2 170: TTTTTTTTTTATTTTCACAAGTC TTGTGATAGATATGAGACACAT: T. TTT-228
MP2 170:TTTTTTITITATITICACAAGTCTTGTGATAGATATGAGACACATACAAATAAACATTT:22§

ML2 241: TTGAGCAAAACAAAAGATAGAAAACATTCCAAGTTICTGAATATAGGATTTTAGAAAA:33E
MS2 220-TIGAGCAAAACAAAAGATAGAAAACATICCAAGTICTGAATATAGGATTTTAGAAAA 320
MO2
MM2
MP2

9 TTGAGCAAAACAAAAGATAGAAAACATTCCAAGTTCTGAATATAGGATTTTAGAAAA320
9. TTGAGCAAAACAAAAGATAGAAAACATICCAAGTTCTGAATATAGGATTTTAGAAAA320
0. TTGAGCAAAACAAAAGATAGAAAACATTICCAAGTTCTGAATATAGGATTTTAGAAAA:320

ML2 339:CTTTGICGTCTTTTTITITITTAATTGACATAGACCCAAGTCCTTGAGTAAAATAAAAAA3OT
MS2 321:CTTTGTCGTCTTITTTTTTITAATIGACATAGACCCAAGTCCTTGAGTAAAATAAAAAA'STY
321:CTITGTCGTCTTTTITITITIAATIGACATAGACCCAAGTCCTTGAGTAAAATAAAAAASTS

2 321:CTITGTCGTCTTTTITITITTAATTGACATAGACCC AAGTCCTTGAGTAAAATAAAAAAITO
ME2 321:CTTTGTCGTC TTTTTTTTTTTAATTGACATAGACCCAAGTCC TTGAGTAAAATAAAAAA:STO

ATl 190:GCAAAACAAAAGATAGAAAACATTCCAAGTTCTGAATATAGGATTTTAGA:240
AS] 190:GCAAAACAAAAGATAGAAAACATTCCAAGTTCTGAATATAGGATTTTAGA: 240 MS2 330:GATGACACGTTGGGAATGGTCGGGATAGCT-408
AMI 190:GCAAAACAAAAGATAGAAAACATTCCAAGTTCTGAATATAGGATTTTAGA: 240 MO2 380:GATGACACGTIGGGAATGGTCGGGATAGCT 409

ML2 398:GATGACACGTTGGGAATGGTCGGGATAGCTA2T

MM2 380:GATGACACGTTGGGAATGGTCGGGATAGCT:A08

ATI 190:GCAAAACAAAAGATAGAAAACATTCCAAGTTCTGAATATAGGATTTTAGA 240 MP2 380:GATGACACGTTGGGAATGETCGGGATAGCT-409

SL3 1:GTCCCTCTTTCCCCAAAACAAAAAAGGGGGTCGTTTGACTCCCTAAATTTTTTTTTATA 39
SM3 1:GTCCCCCTTTCCCCCAAACCAAAAAGGGGGTCGTTIGGCTCCCCAAAATTTTTATTAAASD
883 1:GTCCCCCTTTCCCCCAAACCAAAAAGGGGGTCGTTTGGCTCCCCAAAATTTTTATTAAA:
813 1.GTCCCTCTTTCCCCAAAACAAAAAAGGGGGTTGTTIGACTCCCTAAATITTTTITIATASS
ST3 1:GTCCCTCTTTCCCCAAAACAAAAAAGGGGGTTGTTTGACTCCCTAAATTTTTTITTATA:39
EEEKK KEEEKKKKK REEE KKENKKEEEEEE KKKKEE REEKK KKK KEEEE MK K

SM3 60:TTTTTITTITIIGTTAATGGTTICACAATTTIGTTITTITITTITCTCAAGGG-- CTT:112
SL3 6O:TTTTTTTTITTIGTTAAAGGTTCCCAATTTGTTITITITTITITTITT TCC~m - C TT:112
883 60-TTTTTTTITTTTGTTAAAGGTTCCCAATTTGTTTITITITTITITTITCTCAAGGGCTT:117

SI3 60:TTTTTITITTTIGTTAATGGTTCCCAATTTGTITITTITITTTTTTCATCC ~CTT:112
ST3 60:TTTTTITITTTTGTTAATGGTTICCCAATTTGTTTTTITITITTTT ICATCC-————-CTT:112
e ® wan

SM3 113:GGGTTTTTGTCAATTAAAAAAAAAAAGGGTTTTTITITTT- TTTTTTGTTTTGCTC:169
SL3 113:TGATTTTTTCCAATTAAACAAAAAAAGGGTTCCTTITTTT-TTTTTTT-TTTTGCTC:168

LL4 LTTTTTTIGAACTCGGGACCCGGGGGTTTICAGTCCTITGCTTTACCCGCTGGGCTATCCCGA 62
L84 LTITITITGAACTGGGGACCCGGGGCTITICAGTCCTITGCTITACCCGCTGGGCTATCCCGA 62
LM4 LTTTTTTIGAACTCGGGACCCCCGGGTTTICAGTCCTTTCCTTTACCCGCTGGGCTATCCCGA 62
LT4 LTITTITIGAACTCGGGGCCCCCGGGTTTICCCTCCTTTGCTCT TCCCGGTCCGCTITCCCGE:62
L} LTTTTTTIGAACTGGGGGCCCGGGGGTTTICCGTCCTTTGCTCT TCCCGGTGGGCTITCCCGE:62
X ORERE EEEENE EEIEX

TTIGATTITTITACAAL L3

LL4 63:.CCCTICCCAACGTGTCATTITTTTITTTITATC
L84 63:CCCTTCCCAACGTGTCATTTTTTTITITITATCH TTTGATTTTTTIACAAALZ
LM463:.CCCTICCCAACGTIGTCATTITTTITTTITTATC TITGATTTITTTACAALLY
LT4 63:.CCCTICCCAACGGGICCTTTTTITITITTIICTCAAGGACTIGGGTTITIGGTTTITICACAA:I2]
L4 83:CCCTTCCCAACCGGTCCTTTTTITITTTTTIC TCAAGGACTTIGGGTTTTIGGTTITTICACAA:

EXR ® ERER REKRE KRER

LL4 114:ACATATCCGGGCTICATTTITIIITIIIL- TTTICACAAGTCTIGTGATAGATATGAGA:1T)
L84 114:ACATATCCGGGCTTCATTTTITTTTIT T T ATTT TCACAAGTCTIGTGATAGATATGAGA 172
LM4 114:ACATATCCGGGCTICATTTITTTTTTT I T ATTTTCACAAGTCTIGTGATAGATATGAGA:1 T2
LT4 126:ACATATCCGGGGTTTATTTITTTTITTTTTTTTATIT TCACAAGTCTIGTCATAGATATGAGA:188

883 118:GGGTTTTTGTCAATTAAAAAAAAAAAGGGTTTTITITITT-ATTTTTTGT TTTGCTC:169

813 113:TGATTTTITTICAATCCAAAATAAAAAGGGTTICATTTITIT-ATTTITITGTI TTGCTC:169

ST3 113:TGATTITTTTC—CCAAAATATCCGGGGTTCATTTTTTTTATTTTTTIGTTTTGCTC:167
P *x HEOE RKKKKKR  AREEEEENEEEEEEE

SM3 170:AAAAATGTTTATTTGTATGTGTITCATATTTATCCCAAGACTTGTGAAAATAAAAAADD

AAAAATGTTTATTTGTATGTGTTTCATATTTATCCCAAGACTTGTGAAAATAAAAAA 226

AAAAATGTTTATTTGTATGTGTITCATATTTATCCCAAGACTTGTGAAAATAAAAAA 226
ST3 168:AAAAATGTTTATTTGTATGTGTTTCATATTTATCCCAAGACTTGTGAAAATAAAAAA 224

EERKKE AREENEER AEEAREENEK EE RKKEK EEREE KK RKKEEAREEAEE

AAAAAAAAAAATGAAGCCCGGATATGTTTGTGAAAGAATCGAATGGATGAGAAAAG:282

SL3 226:AAAAAAAAAAATGAAGCCCGGATATGTTTGTGAAAGAATCGAATGGATGAGAAAAG:281
8§83 22T-AAAAAAAAAAATGAAGCCCGGATATGTTTGT GAAAGAATCGAATGGATGAGAAAAG:282
83 AAAAAAAAAAATGAAGCCCGGATATGTTTGTGAAAGAATCGAATGGATGAGAAAA G282

AAAAAAAAAAATGAAGCCCGGATATGTTTGTGAAAGAATCGAATGGATGAGAAAAG280

SM3 283:AAAGATAACGAATTGTGAACCATTAACGAAAAGAGAAAATATAATAAGAAATT33)
SL3 282:AAAGATAACGAATTGTGAACCATTAACGAAAAGAGAAAATATAATAAGAAATT:334
853 283:AAAGATAACGAATTGTGAACCATTAACGAAAAGAGAAAATATAATAAGAAATT:333
813 283:AAAGATAACGAATTGTGAACCATTAACGAAAAGAGAAAATATAATAAGAAATT:333
ST3 281:AAAGATAACGAATTGTGAACCATTAAC GAAAAGAGAAAATATAATAAGAAATT 333

L4 126:ACATATCCGGGGTTTATTTITITITITTITI TTATI TICACAAGTCTIGTGATAGATATGAGA:189
wx

LL4 176:CACATACAAATAAACATTTITCAGCAAAACAAAAGATAGAAAACATICCAAGTICTGAATA2S]

176:CACATACAAATAAACATTTTTCAGCAAAACAAAACATAGAAAACATTCCAACTICTGAATALYT
LM4176.CACATACAAATAAACATTTTTGAGCAAAACAAAAGATAGAAAACATTCCAAGTTCTGAATA 23T
LT4 192.CACATACAAATAAACATTTITCAGCAAAACAAAAGATAGAAAACATICCAAGTICTGAATALS
L4 192.CACATACAAATAAACATTTITCAGCAAAACAAAACATAGAAAACATTICCAACTICTGAATALS

LL4 238 TAGGATTTTAGAAAACTTIGTCGTCTTTTTTTTTITAATTGACATAGACCCAAGTCCTIGAGTAASD2
L84 238 TAGGATTTTAGAAAACTTTIGTCGTCTITITITITITAATIGACATAGACCCAAGTCCTIGAGTAA3(2
LM4 238 TAGGATTTTAGAAAACTTIGTCGICTTTTTTTTTITAATIGACATAGACCCAAGTCCTIGAGTAAS D

4 234 TAGGATTTTAGAAAACTTIGTCGTCTTTTTTTTTTTAATTGACATAGACCCAAGTCCTIGAGTAAS1S
LI4 234 TAGGATTTTAGAAAACTTTGTCGTCTTTTTTTTTITAATTGACATAGACCCAAGTCCTIGAGTAAS18

LL4 303:AATAAAAAAGATGACACGTTGGGAATGGTCGGGATAGCTCAGTIGTTGGTCAAGGCTTTCC363
L84 303:AATAAAAAAGATGACACGTTGGGAATGGTCGGGATAGCTCAGTIGTTGGTCAAGGCTTTICC 363
LM4303:AATAAAAAAGATGACACGTIGGGAATGGTCGGGATAGCTCAGTTIGTTGGTCAAGGCTTTCC:363
LT4 319:AATAAAAAAGATGACACGTIGGGAATGGTCGGGATAGCTCAGTIGTIGGTCAAGGCTTTCC37Y
L4 319:AATAAAAAAGATGACACGTTGGGAATGGTCGGGATAGCTCAGTTIGTTGGTCAAGGCTTTCC37%

Figure 2 : Nucleotide sequence alignment of the intergenic spacer region of
cpDNA between trnL and trnF in Rhizophora species and hybrid.
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Table 2: Sequence polymorphism within taxa of Rhizophora.

Species S Indel Hd Pi(m)
Rhizophora apiculata 24 3 0.900 0.03
Rhizophora mucronata 30 2 1.000 0.04
Rhizophora stylosa 41 4 1.000 0.06
Rhizophora xlamarckii 23 2 0.600 0.03

Indel Number of Indel haplotypes
S Number of polymorphic (segregating) sites
Pi(m) Nucleotide diversity
Hd Haplotype gene diversity
Conclusion

Nucleotide diversity is a measure of genetic variation. It is usually
associated with other statistical measures of population diversity, and is
similar to expected heterozygosity. This statistic may be used to monitor
diversity within or between ecological populations, to examine the genetic
variation in crops and related species, or to determine evolutionary
relationships. In this study, nucleotide data analysis allowed to estimate the
level of genetic polymorphism in intergenic spacer region between trnL-trnF
in populations of Rhizphora taxa. Nucleotide diversity was high within all
Rhizophora taxa.
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