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ABSTRACT

The commercial importance of bamboo calls for precise documentation of these plants using molecular parameters
since flowering based classical taxonomic grouping of bamboo plants within this group have often been questioned.
In the present report, AFLP markers has been used with an aim to providing better understanding of taxonomic
grouping of nine bamboo species of Manipur state of North Eastern India that is home to a large population with
wide diversity of bamboo plants. The experimental material consisted mainly species of Bambusa and
Dendrocalamus genus for which reports on even DNA fingerprinting studies (albeit few) appear confusing. Two
other genus viz. Mellocanna and Thyrostachys were also included in the study. AFLP analysis using six pair primer
combinations on nine species belonging to four genera of bamboo, generated total 1620 alleles among which 1229
alleles were polymorphic while 391 alleles were monoporphic. The average similarity matrix was used to generate a
tree for cluster analysis using software NTSys v 2.1. All the species under Bambusa genus form a distinct cluster
except Bambusa balcooa which formed a separate cluster with Thyrostachys siamensis. All species under
Dendrocalamus genus have clustered together sharing a common origin with Bambusa cluster. Another species viz.
Melocanna baccifera also originated from this common root but exhibited distinct existence suggesting independent
evolution.

Keywords. DNA fingerprinting, Amplified Fragment Length Polprphism, BamboadGenetic diversity, Molecular
Systematics.

INTRODUCTION

Bamboos are giant members of the grass group afgplzelonging to family Poaceae. The unique hadisarong
stem (culms), varying in height in different spegi@rovide structural props and building mater@ahe of the
speciesBambusa balcooa has been identified by FAO as the strongest anatifgamboos; stems and culms of this
species have highest specific gravity comparedltotlaer species oBambusa genus. In addition to other uses of
bamboo, this species also has huge demand in pajpemdustry. The use of bamboo as an ingrediehiofuel is
also reported [1]. A total of about 100 speciesl(iding 13 cultivated) of bamboo belonging to tfedgknera have
been reported from India [2]. Of this, the Nortlsteain states have over 50% of the genotypes regregabout 16
genera covering 63 species [3] [4]. With this lapggulation representing commendable biodivergiig, important
that the bamboo plant genetic resource of thisorege precisely Characterized and Documented. Réxed)for its
importance universally bamboo constitutes an ingsdrentity in world trade the value for which ispegted to
reach about US $ 20 hillion by 2015. In this tra@lgna's share (with its rich population and divisrsif bamboo)
alone is to the tune of 50% [5]
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Due to the unusually long sexual cycle and thus Ewering, characterization of bamboo plants tigio
conventionally used flower characters have oftemsed confusion in taxonomic grouping and deterrionabf

proper evolutionary interrelationship between theugs of subtribe Bambusinae. Other parameters efsed in
classical taxonomy viz. vegetative characters dnatsubject to variation by environmental fact@s fre also not
considered reliable for systematic studies of Bamfy].The confusion often encountered in convergidbamboo
taxonomy thus calls for development of molecudaiohomy through use of DNA characterization of gees.

AFLP analysis for DNA characterization that allowstensive comparison between taxa provide precigion
establishing genetic distances and phylogenetatiogiships even between closely related taxa ifmguéhfra-
specific variation [8] [9]; such studies should deeful for resolving taxonomic confusion. AFLP polyrphisms
have also been used for systematic study of sepéat groups [10-14]. In the present report, ARLRalysis was
conducted on 18 different landraces of bamboo lgghgnto nine species under four genera of the idakg
recognized tribe Bambuseae collected from Manipsing an automated DNA sequencer. The moleculakersr
generated in this study may be used for charaetéiz of individual taxa and for assessing phyl@ien
relationships among them.

MATERIALSAND METHODS

Plant Material:

The plant materials used in this study were cadieédrom different districts of Manipur state in ladThere are
total 18 samples belonging to four different genand nine species (Table-1).All the plant sampleglved in
this study, are authentically identified by BotaiSurvey of India (BSl). Voucher specimens ofsaimples are
preserved at the Central National Herbarium (CAgtanical Survey of India, Howrah, for future refece.

Table 1- Name (Scientific), site of collection with GPS data and Voucher numbers of bamboo species collected for AFLP analysis

Name of Bamboo Species Site of collectio Latitude Longitude Altitude (m) Voucher No.
Dendrocalamus manipureanus | Bishnupur District 2930'15.4” | 93°45'49.5” 791 IBSD/BN/09/B01
Dendrocalamus manipureanus | Thoubal District 2%42'50.9" | 93957'70.0” 798 IBSD/TH/09/B01
Dendrocalamus manipureanus | Thoubal Distric 24°37°0.99” | 93°53'26.0” 918.¢ IBSD/IW/09/B1<
Bambusa tulda Imphal West District| 2%6'23.9” | 9355'45” 803 IBSD/IW/09/B08
Bambusa tulda Imphal West District] 2%8'23.8" | 9355'5.3” 796 IBSD/IW/09/B02
Bambusa tulda Bishnupur District 2%34'05” 93%44'54" 819 IBSD/BN/09/B04
Bambusa oliveriana Imphal West District] 2%6'23.9” | 9355'45” 819 IBSD/IW/09/B12
Bambusa oliveriana Thoubal District 2%42'50.9” | 93°57'70.0” 798 IBSD/TH/09/B02
Dendrocalamus latiflorus Thoubal District 2%42'39.3" | 99°57'93.0” 798 IBSD/TH/10/B07
Bambusa vulgaris Imphal West District| 2%6'44.4” | 9354'55” 822 IBSB/IW/09/B06
Dendrocalamus latiflorus Imphal West District| 2%6'23.9” | 9355'45” 819 IBSD/IW/09/B13
Melocanna baccifera Imphal West District| 2%824.6" | 93%54'59” 796 IBSD/IW/09/B04
Thyrostachys siamensis Bishnupur District 2932'04” 93%42'33” 819 IBSD/BN/09/B02
Bambusa teres Imphal West District]  2%.1'10” 93%22'39” 784 IBSD/IW/09/B01
Bambusa teres Imphal West District] 2%#6'17.2" | 9355'25.8” 821 IBSD/IW/09/B07
Bambusa tulda Bishnupur District 2%80'15” 93%44'12” 820 IBSD/BN/09/B03
Bambusa vulgaris Imphal West District| 2416'44.4” 93’54'55” 822 IBSD/IW/09/B05
Bambusa balcooa Bishnupur District 2%9'55" 93°14'15” 827 IBSD/BN/09/B06

DNA extraction:

DNA was extracted from young leaves using the Ndgdt N, N-trimethylammonium bromide (CTAB) method
[15] with modifications. 200 mg of fresh leaf ma#tmground in liquid nitrogen.1ml of preheated extion buffer
[2% CTAB (w/v) 1% PVPP (w/v), 100mM Tris-HCI (pH®, 50mM EDTA, 1.4M NaCl] were then added to the
ground plant material. The DNA pellet was resuspend 20-3Qul of Tris-EDTA (0.1mM EDTA and 10mM Tris-
HCI). The quality of extracted DNA is determined dyarose gel electrophoresis (0.8%) using a stdmdataining
25ng/ul genomid. DNA. The purity and concentration was also calmdarom 260/280 and 260/230 O.D value.
All DNA samples taken for AFLP study have their 2880 and 260/230 O.D value in the range of 1.28-1.
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Fingerprinting by AFLP:

AFLP fingerprinting

AFLP electropherograms were produced for each tyaniging the ABI prism fluorescent dye labeling atedection
technology (Perkin-Elmer). AFLP analysis was perfed using the kit supplied by Applied BiosystemS&Q) and
was used according to manufacturer instructions.

High-quality genomic DNA (500 ng) was digested wittJ Msel and 5 UEcoRI restriction endonucleasdscoRl
and Msel adaptors were ligated with 1 U T4 DNA ligase (@tizymes were from New England Biolabs, Beverly,
MA, USA). Restriction and ligation were done sinaméously [9] in a single step by incubating at 37162 h in a
thermocycler (Applied Biosystems). Pre-amplificatiand selective amplification were carried out adtw to
instructions provided in the kit. Pre-amplificat®owere evaluated running pre-amplified samples brb% agarose
gel. A smear of product from 100-1500 bp was cleaisible. Selective amplification was carried asging six
primer pairs for all the landraces belonging toengpecies and four genera of the tribe Bambusdaeaimplified
products were mixed with Size Standard Gene ScarR&lX, and the samples were then analyzed on amaikd
DNA sequencer (ABI Model 3130 XL genetic analyz®pplied Biosystems).

Data analysis:

Fragment analysis was carried out for peaks irrdhge of 35-500 bp. For diversity analysis, peaksevwscored as
present (1) or absent (0) to form a raw data ma#igquare symmetric matrix of similarity was thastained with
Jaccard’s [16] similarity coefficient [a/(n-d)],here a is the number of fragments in common between
cultivars, n is the total number of fragments sdaaad, d is the number of fragments absent in boltivars [17].
Genetic diversity estimates (GDEs) were then catedl as 1 minus Jaccard's similarity coefficierd ased for
cluster analysis using the unweighted pair groughote of arithmetic averages (UPGMA) technique. Bherage
similarity matrix was used to generate a tree foster analysis by using software NTSys v 2.2.

Table 2: Selective-Primer pairsused for the AFLP analysis; number of total, polymorphic and monomor phic alleles and also the per cent
of polymor phism for each set of primer pair used in this study (*-Fluorescent dye tagged)

Name of selective AFLP primers No of No of polymorphic| No of monomorphic| Percent qf

total allele: alleles alleles polymorphisn
EcoRI-ACA*+Msel- CTG 257 190 67 73.92 %
EcoRI-ACT*+Msel- CAT 345 256 89 74.20 %
EcoRI-ACT*+Msel- CTC 322 266 56 82.60 %
EcoRI-ACA*+Msel- CTC 243 165 78 67.90 %
EcoRI-AAG*+Msel- CTA 198 152 46 76.76 %
EcoR-AAC*+Msel- CTA 25E 20C 55 78.43 %

Total 1620 1229 391
RESULTS

AFLP analysis using six pairs of primer combinasianf the eighteen landraces of bamboo comprisingiroé
species under four genera revealed 1620 allelespfowhich 1229 alleles appeared polymorphic andl 8Beles
appeared monomorphic (Table-2). Representative Afthderprinting pattern of some species of bambas w
shown in Fig.1,2,3,4,5,6,7. Similarity matrix demeéd on AFLP binary matrix was used to determingquenetic
relationship between the species using UPGMA ctusmbalysis represented in Fig 8. The dendogramisteasof
two major (Cluster | and Cluster 1) and one mictuster (Cluster-1ll). Cluster I, consisting of tvgab-clusters i.e.
cluster-la and cluster-Ib, contained ten landrabeknging to four different species of tBambusa genus. Cluster
la contained four landraces, among them two lardraere of the speci@mbusa teres and other two were of the
speciesBambusa vulgaris. Bambusa teres and Bambusa vulgaris species showed 87.4% similarity between them,
whereas the landraces Bambusa teres showed 88 % and landracesRe#mbusa vulgaris shows 95 % similarity
between them respectively. Cluster Ib containedggirotypes, among them four landraces were of peeiss
Bambusa tulda and rest two landraces were Bdmbusa oliveriana. According to the dendograrBambusa tulda
and Bambusa oliveriana showed 87% similarity between them. The landraafeBambusa tulda showed 92.5%
similarity among them whereas the landrace8arhbusa oliveriana showed 87% similarity. It was interesting to
note that the genotype Bambusa balcooa was not included in the Cluster-1 in which all ettspecies oBambusa
genus had clustereBambusa balcooa formed a separate cluster withyrostachys siamensis (Cluster-IIl). Cluster

Il contained total five genotypes, all belonging ttee genusDendrocalamus. The landraces of the species
Dendrocalamus manipureanus were 91.3% similar among them and formed a disthester (Cluster-lla) whereas
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landraces obDendrocalamus latiflorus showed 94.4% similarity between them and inclugbegtther in Cluster-lib.
Cluster | and Cluster Il have a common root, sutjggsame origin with later evolutionary divergerafehe genus
Bambusa and Dendrocalamus. The genusMelocanna represented bivielocanna baccifera in this study originated
from the common root of Cluster | and Cluster llisThenotype showed 85.5% similarity wiBambusa cluster
(Cluster ) and 88.2% similarity witBendrocalamus cluster (Cluster II).

Wl MWMMM&MMMM@

Figure 1: AFLP pattern of Bambusa balcooa using primer pair EcCoRI-ACA*+Msel-CTC X-axis- base pair of alleles Y-axis- I ntensity of
alleles *-Flor escent dye tagged

LA

Figure 2: AFLP pattern of Thyrostachys samensisusing primer pair EcoRl- ACA*+Msel-CTC.
X-axis- base pair of alleles Y-axis- Intensity of alleles*-Florescent dye tagged
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Figure 3: AFLP pattern of Dendrocalamus latiflorususing primer pair. EcoRI-ACA*+M sel -
CTC. X-axis- base pair of alleles Y-axis- Intensity of alleles*-Florescent dye tagged
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Figure 4: AFLP pattern of Bambusa oliveriana using primer pair EcoRI-ACA*+Msel-CTC
X-axis- base pair of alleles Y-axis- Intensity of alleles*-Florescent dye tagged
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FigureS:'AFL'Pbattern of Dehdrbcalémusfnanibhrahus using primer' bair ECORI-ACA*+
Msel-CTC. X-axis- base pair of allelesY-axis- Intensity of alleles. *-Flor escent dye tagged.
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Figufé 6: AFLP patterh of Barhbusavu'l'garis using pr'imer' pair ECORI-ACA*+Msel- CTC.
X-axis- base pair of alleles Y-axis- Intensity of alleles*-Florescent dye tagged
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Figure7: AFLP pattern of Melocanna baccifera using primer pair EcCoRI-ACA*+Msel-CTC
X-axis- base pair of alleles Y-axis- | ntensity of alleles*-Flor escent dye tagged.

DISCUSSION

AFLP pattern (Fig-1,2,3,4,5,6,7) based dendogram nofe species under four genera (viBambusa,
Dendrocalamus, Melocanna and Thyrostachys) shows polyphyletic origin of botBambusa and Dendrocalamus
genus (Fig-8). A comparison of this dendogram witissical taxonomy based plant grouping showswimée in
conventional taxonomy the folBambusa species appear in one cluster only indicatingesiess enough to warrant
monophyletic origin, AFLP analysis reveals dissarity (among the genus) that is sufficient enoughe separated
into two subclusters viz of Cluster-la (wiBambusa teres and Bambusa vulgaris) and Cluster Ib (wittBambusa
oliveriana and Bambusa tulda) within Cluster |, thereby indicating polyphyletamrigin of the genudBambusa.
Polyphyletic origin ofBambusa genus is also suggested by Lethal (2000) [18] from his AFLP studies on
Bambusa genus that shows 7 speciesBaimbusa genus distributed into three clusters, widely safgal from each
other. It may be noted that the pattern of spedissibution in RAPD based dendogram [19] also shbat the
studied 11 species undBambusa genus are distributed in different subclustersiggesting polyphyletic origin)
while remaining within a single cluster. This igndiar to the present study. The difference in phgloetic
relationship revealed by the two different methoded appears to be due to the precision in genatypéysis
afforded by DNA fingerprinting as in molecular tawny over the morphological characterization based
conventional taxonomy.

Dendrocalamus genus was divided into two groups based on vegetaharacters, inflorescence morphology and
flowering behavior [20] whereas on the basis oth&mical parameters viz. chromatographic separafigmenolic
compounds and isozyme patterns Chou and Hwang Y1P83 divided the same genus into four groups.
Encountering such taxonomic confusion, Wong (1928)] concluded thaDendrocalamus genus requires further
critical study using precise molecular biology noets as is discussed above for studiesBambusa. Loh et al
(2000) [18] through manual AFLP analysis showegé&cges (studied) dbendrocalamus appear as distantly related
entities. In our study the two species \endrocalamus mani pureanus andDendrocalamus latiflorus appeared in a
single cluster (Cluster-Il) diverging from the deisl (Fig-8). Three landraces &fendrocalamus manipureanus
have formed a subcluster (cluster lla) and the rieces ofDendrocalamus latiflorus have clustered separately
(cluster llb) both remaining within Cluster Il. Thariation in data where Lo#t al (2000) [18] finds separation of 2
species as separate entities whereas in the pregant the 2 species appear within one group cbaldue to the
different equipments used viz. AFLP in automatedADdéquencer coupled with sophisticated softwaredakata
analysis vis-a-vis AFLP on manual DNA sequencerilsvihe species under genBambusa and those under genus
Dendrocalamus appear to have a common origin [22], each of ttierothree species studied hekdelocanna
baccifera, Thyrostychys siamensis andBambusa balcooa) appears to have evolved independently (Fig-8).

One species und&@ambusa genus vizBambusa balcooa, the universally recognized strongest Bamboo ganbtof
clustering with all the othdBambusa species, remains in a separate cluster (ClustéigH3) along with a different
genus vizThyrsotachys (under the same subfamily) thus showing more gersmilarity with Thyrsotachys
siamensis than the other species Bambusa genus studied here. It is interesting to note shans ofThyrsotachys
siamensis is also very hard and thus suitable for furnitor@nufacture; this bamboo species is also beingoesql
for its suitability for use as bio-fuel [23]. Altigh morphological parameters indicate tBatnbusa balcooa and
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Bambusa oliveriana are closely related, molecular characterizatiaa. (RAPD) show that these two species are
distantly related [19], as is also evident in tHeLR based dendogram presented here (Fig-8).

Cluster-IIT | Thpn hiys si
| Bambusa balcooa
Bambusa teres
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Cluster-Ia ’73 ambusa vilgaris
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Figure8: Cluster diagram of nine speciesof bamboo, collected from Manipur, India, showing phylogenetic relationship among them
CONCLUSION

Florescent AFLP analysis coupled with software Hadega analysis for DNA characterization in thisdst provide
precision in establishing genetic distances andogieyetic relationships between different speciedamboo
where for a long time taxonomic confusion exists.
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