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Chapter 5: Discussion 

 
5.1   Sampling 
 

In the present study, collection of Bamboo samples from various places in Southern 

Assam has yielded about 15 different samples/species of Bamboo. There are a few 

regions like Dargakona, Singari and Bazaricherra/Shantinagar, which displayed rich 

species diversity of Bamboo. In Bazaricherra alone, seven species of Bamboo could 

be collected. The Latitude and Longitude of the places from where bamboo samples 

were collected was determined by a handheld GPS device by “Garmin”.  

There is rapid destruction of Bamboo habitat in Southern Assam. What was seen as 

a Bamboo rich area was found to be cleared and used for other domestic purposes c 

purpose on the Furthermore, field visit. Also talking with old timers, it was found 

that the species diversity and richness of Bamboo was much higher previously (even 

7 years back). However, the present scenario is appalling due to the rampant 

destruction of Bamboo habitat. The increased demand for housing land, for 

constructing commercial building also lead to large clumps being rampantly cut 

down and the area cleared. 

Another reason that is responsible for the wanton destruction of Bamboo habitat is 

the increasing demand for Bamboo for various purposes. With the ever increasing 

demand and subsequently increase of price, the landholder feels no qualms about 

cutting down entire clumps for easy money. They can make a huge profit as some 

species like Betua can fetch Rs 100-150 per strand. 

The Cachar Paper Mill located at Panchgram was established here to the abundance 

of Bamboo in the region comprising of Southern Assam, Mizoram and Tripura. But 

despite having such huge catchment area, the paper mill on the verge of shutdown 

due to lack of Bamboo. With the increasing price of Bamboo, it has also become 

economically unviable to produce paper from Bamboo. The high input price of raw 

material, i.e. Bamboo has meant that the Paper Mill incurs huge losses. 
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In none of the Bamboo clumps that were visited showed any flowers and the local 

people also do not remember seeing a Bamboo flower in their lifetime. But some of 

them has mentioned hearing from their father and grandfather about Bamboo 

flowering. They talked about the mass hysteria and the sense of fear. They said that 

bamboo flowering is usually associated with famine and extremely low production 

of food grains. 

5.2   Extraction and Sequencing of DNA 

The extraction of DNA from Bamboo young leaves was especially difficult for a 

number of reasons, as mentioned below: 

Firstly, the fibre content of the Bamboo leaves is very high (older leaves have much 

higher fibre content than young ones) thus making it very hard to grind. Excessive 

friction caused heating of the mortar and pestle, which could lead to improper 

extraction of DNA. The problem could be easily overcome by chilling the mortar 

and pestle before grinding. Furthermore, it was ensured that no materials remained 

from previous grinding. Thorough washing followed by autoclaving was done on the 

mortar and pestle after every grinding,  

Secondly, the RNA content of the leaves was very high, particularly in the very 

young and young leaves which interfered with the quality of DNA extracted. The 

high RNA content was clearly visible in the Gel electrophoresis. 

Thirdly, the addition of RNAase enzyme solved the problem of RNA content in the 

extracted DNA samples. 

Fourthly, the amplification of matK gene, ITS and psbA-trnA spacer region could be 

carried out with existing primers cited in literature. There are other variations of 

primers for the three targeted DNA sequences, but in case of Bamboo, the primers 

mentioned below showed good result. The primers used for matK and psbA-trnH 

have been adapted from Raghupathy (2009) and ITS from Kress (2005). 
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5.3   Genomic analysis of Bamboo DNA Sequences 

The analysis of the genomic composition of the three targeted sequences gave an 

insight into their composition. We know for a fact that higher GC% content was 

indicative of the fact that the complexity in the genes is higher. Analysis showed that 

the GC% content (~33%) in matK and psbA-trnH was half of the AT% content 

(~66%). But in case of internal transcribed spacer (ITS), the opposite is true where 

the GC% content is twice that of AT% content. So just understanding the fact that 

species level demarcation and proper phylogenetic relationship can only be derived 

when there are variations among the species and genus. Two specimens with 

common ancestry will have lower variations, but variations have to be present for 

recognition by software. Variations are dependent on sequence complexity and 

lower GC% content is indicative of low complexity. In this case both matK and 

psbA-trnH show much higher AT% content compared to GC%. However, in case of 

ITS sequence, it is clearly indicated by its higher GC% content that the complexity is 

much more than the other 2 above mentioned sequences. 

The Mean pair wise distance analysis was computed using Kimura 2 Parameter to 

check the interspecies divergence between all species among the members of the 

Bamboo based on matK. A record was made to discriminate the intra and 

interspecies variation in Bamboo. The maximum mean intra-specific distance was 

found in Nardus stricta i.e. 0.082 and there are innumerable species, which showed 

a minimum variance of 0.000. A pair wise distance value of 0.000 indicates that 

there is no variation in the matK sequence among two species, although they are 

clearly different based on morphological data. Although proof of morphological 

variations and separate species is present, but the variations as not reflected in the 

matK sequence.  

The Mean pair wise distance analysis was computed using Kimura 2 Parameter to 

check the interspecies divergence between all species among the members of the 

Bamboo based on psbA-trnH. A record was made to discriminate the intra and 

interspecies variation in Bamboo. The maximum mean intra-specific distance was 

found in Melocalamus arrectus, Melocalamus compactiflorus var. fimbriatus and 
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Melocalamus scandens i.e. 1.152. However, there is many pair of species which 

showed a minimum variance of 0.000. A pair wise distance value of 0.000 indicates 

that there are no variations in the two sequence, although they are clearly different 

based on morphological data. It indicated although there are morphological 

variations and clear indication of them being separate species, the variations as not 

reflected in the psbA-trnH sequence. 

The Mean pair wise distance analysis was computed using Kimura 2 Parameter to 

check the interspecies divergence between all species among the members of the 

Bamboo based on ITS. A record was made to discriminate the intra and interspecies 

variation in Bamboo. The maximum mean intra-specific distance was found in 

Otatea glauca i.e. 0.121, but there are very few species, which showed a minimum 

variance of 0.000. Maximum data of species is seen to be in the range of 0.030 – 

0.040  which are adequate for differentiation at species level. 

The transition/transversion rate ratios for matK sequences are k1 = 1.936 (purines) 

and k2 = 2.442 (pyrimidines). The overall transition/transversion bias is R = 1.021. 

The psbA-trnH values are k1 = 2.041; k2 = 2.009 and R = 0.958. Similarly, k1 = 

2.915; k2 = 1.231 and R = 0.944 values are seen in case of ITS sequences. 

5.4   Phylogenetic Relationship of Bamboo Sequences 

Among the sequence of our own and those which have been downloaded from the 

database, the Subtribe Bambuseae was the best represented. This is expected as the 

species diversity of the bamboo is very high in the Asian region. 

The analysis of Neighbour-Joining Phylogenetic tree of Bamboo showed the 

different  result for the three bamboo sequences. The tree was constructed using the 

Kimura 2 Parameter with a bootstrap value of 1000. 

The matK sequences show the capability to easily resolve the Subtribes and 

correctly resolve upto the genus level. But matK failed to resolve at the species level 

and give a clear idea about the ancestry and hierarchy of the species. Other 

ambiguous mixing up of genus like Bambusa and Dendrocalamus also showed that 
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it has failed in the discriminating at the Genus level but has successfully grouped 

them together in a Subtribe clade. However, in the case of the species Olmeca fulgor 

the matK sequences are unable to put them together in a single clade. Instead it is 

observed, it is spread all over the phylogenetic tree at 7 different locations in Fig 5.1   

 

Fig 5.1: Error of species demarcation in matK phylogenetic tree. 

Analysis of Fig 5.2, clearly showed the various genus and species have been badly 

mixed up not only at the Genus level but also at the Sub tribe level. Whereas the 

species Nardus strictus belongs to the Subtribe Arundinariinae and the species 

Lygeum spartum belongs to the Subtribe Neurachninae. But as indicated by arrows, 

they have been brought together to form a clade which is absolutely wrong. 

 
 

Fig 5.2: Error of genus demarcation in matK phylogenetic tree. 
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The ambiguities mentioned above indicate a mixed result from matK sequences. On 

one hand it showed capability to clearly demarcate at genus level but it mixes up the 

genus in other cases. The phylogenetic tree fails to provide us a clear picture as to 

the grouping of species into distinct clades. It also fails to show the lineage and the 

evolutionary relationship among them. 

The psbA-trnH sequences of Bamboo showed the least capability to resolve the 

Phylogenetic relationship. The NJ tree did not form clades or superclades and there 

was arbitrary mixing of various genus and species. On analysis of Figure 5.3, it 

showed psbA-trnH failed to resolve the phylogenetic relationship in Bamboo at the 

Species, Genus or Subtribe level, as seen below. These set of sequence showed the 

worst result among the 3 sequences. 

 

Fig 5.3: Error of genus demarcation in psbA-trnH phylogenetic tree. 

Analysis of Fig 5.4 showed the massive failure of psbA-trnH to resolve the 

phylogenetic relationship in Bamboo. In this case, Dinochloa and Kinabaluchloa 

belong to the Subtribe Bambusinae. Chusquea belongs to the Subtribe Chusqueinae 

and Olmeca belongs to the Subtribe Guaduinae. However, analysis of the Fig 5.4 

clearly showed that psbA-trnH sequences have placed 3 different Subtribes under a 

single clade. It is a well known fact that Subtribes have different ancestry, and as 

such they tend to form separate clades in a phylogenetic tree. Subtribes are quite 

distant evolutionarily compared to Genus and species, which have closer ancestry. 

However, in above case it is seen that psbA-trnH sequences have mixed up the 

whole evolutionary part and have brought together different Subtribe and separated 

similar Genus and species, as is seen below. 
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Fig 5.4: Error of Subtribe demarcation in psbA-trnH phylogenetic tree. 

Analysis of Fig 5.5 the part of the psbA-trnH phylogenetic tree, two portions of 

which is given below, showed no clade formation. Also there is no clustering of the 

sequences into the correct subtribes. The tree showed that the phylogenetic 

relationship, whether the hierarchy or ancestry is not formed and psbA-trnH 

sequences of Bamboo is incapable of resolving the phylogenetic relationship. 

   

Fig 5.5: Non formation of taxonomic hierarchy in psbA-trnH phylogenetic tree. 

So it can be easily seen that psbA-trnH fails not in resolving species and genus 

diversity, it also fails at a higher hierarchy level, i.e. Subtribe. As such psbA-trnH is 

best not used alone in elucidating the phylogenetic relationship of Bamboo.  

Internal transcribed spacer (ITS) sequences proved to be the best performer in 

elucidating the Phylogenetic relationship in Bamboo. Not only ITS show the correct 
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hierarchy and ancestry of Bamboo upto the Subtribe and Genus level, but it is the 

only set of Sequences that could resolve the Species level relationship in Bamboo. 

Close examination of Fig 5.6, it apparently showed the inclusion of wrong genus 

and species in the phylogenetic tree. The names of the plants were checked in the 

website “The Plant List”. The Plant List is a working list of all known plant species. 

The Plant List provides the Accepted Latin name for most species, with links to all 

Synonyms by which that species has been known. Oxynanthera abyssinica which 

seems to be wrongly included in the same clade as Bambusa chungii proves to be 

correct when it is seen that Oxynanthera abyssinica is a synonym of Bambusa 

abyssinica. Another remarkable example is also seen below where Dendrocalamus 

strictus seems to be an aberration to be put in a superclade of different Bambusa 

species. But upon knowing that Bambusa stricta is the synonym of Dendrocalamus 

strictus, the whole phylogenetic tree makes much more sense and coherent. It now 

showed that the phylogenetic tree that is formed is correct. 

 

Bambusa abyssinica 

 Dendrocalamus albociliata 

Bambusa emeiensis 

Neomicrocalamus yunnanensis 

Bambusa oldhamii 

Bambusa verticillata 

Bambusa stricta 
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Fig 5.6: Enlargement of  Fig 4.56 with synonyms. 

 

Close observation of Fig 5.7 and Fig 5.8, showed the inclusion of wrong genus and 

species in the phylogenetic tree, but checking the specimen name at the website 

“The Plant List” provided a much clearer picture about the correct clade formation. 

“The Plant List” website is at 

http://www.theplantlist.org/tpl/record/kew-438976. The entry 

marked # was checked at the website http://www.bambus-

lexikon.de/fargesia-boliana.html 

 

Neomicrocalamus yunnanensis 

Chusquea elata 

Chusquea amplopaniculata 
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Fig 5.7: Enlargement of Fig 4.57 with synonyms. 

 

 
 

Fig 5.8: Enlargement of Fig 4.57 with synonyms. 

Fargesia 

brevipaniculata 

Fargesia boliana # 

Yushania 

megalothyrsa 

 

Thamnocalamus 

dracocephalus 

Fargesia crassinoda 

 

Arundinaria faberi 
 

Schizostachyum virgatum 

Schizostachyum pergracile 

Cephalostachyum chinense 

Cephalostachyum 

sanguineum 

 

Schizostachyum 

polymorphum 



Chapter 5 :: Discussion 

- 147 - 

 

 
 gi|331035188|gb|HQ292270.1| Bashania qingchengshanensis

 gi|331035186|gb|HQ292268.1| Bashania fargesii

 gi|331035208|gb|HQ292290.1| Indocalamus tessellatus f. hamadae

 gi|331035207|gb|HQ292289.1| Indocalamus tessellatus

 gi|194359736|gb|EU847124.1| Indocalamus latifolius

 gi|194359734|gb|EU847122.1| Menstruocalamus sichuanensis

 gi|194359733|gb|EU847121.1| Sinobambusa rubroligula

 gi|194359737|gb|EU847125.1| Indocalamus longiauritus

 gi|331035203|gb|HQ292285.1| Himalayacalamus cupreus

 gi|331035204|gb|HQ292286.1| Himalayacalamus falconeri

 gi|331035197|gb|HQ292279.1| Drepanostachyum falcatum

 gi|194359719|gb|EU847107.1| Shibataea hispida

 gi|331035218|gb|HQ292300.1| Shibataea kumasaca

 gi|72256968|gb|DQ131501.1| Shibataea kumasaca

 gi|331035185|gb|HQ292267.1| Arundinaria tecta

 gi|331035191|gb|HQ292273.1| Brachystachyum densiflorum

 gi|194359748|gb|EU847136.1| Pseudosasa japonica

 gi|331035214|gb|HQ292296.1| Sasa palmata f. nebulosa

 gi|194359728|gb|EU847116.1| Indosasa hispida

 gi|194359735|gb|EU847123.1| Ferrocalamus strictus

 gi|72256970|gb|DQ131503.1| Phyllostachys nidularia

 gi|194359739|gb|EU847127.1| Sasa palmata

 gi|194359727|gb|EU847115.1| Semiarundinaria fastuosa

 gi|194359742|gb|EU847130.1| Gelidocalamus stellatus

 gi|331035206|gb|HQ292288.1| Monocladus saxatilis var. solidus

 gi|194359743|gb|EU847131.1| Oligostachyum sulcatum

 gi|331035217|gb|HQ292299.1| Hibanobambusa tranquillans

 gi|72256969|gb|DQ131502.1| Phyllostachys dulcis

 gi|331035202|gb|HQ292284.1| Hibanobambusa tranquillans

 gi|194359730|gb|EU847118.1| Phyllostachys heteroclada

 gi|194359740|gb|EU847128.1| Acidosasa chinensis

 gi|72256971|gb|DQ131504.1| Pleioblastus gramineus

 gi|194359738|gb|EU847126.1| Pleioblastus fortunei

 gi|194359747|gb|EU847135.1| Pleioblastus simonii

 gi|331035212|gb|HQ292294.1| Pleioblastus pygmaeus

 gi|194359731|gb|EU847119.1| Sinobambusa intermedia

 gi|194359729|gb|EU847117.1| Indosasa sinica

 gi|194359746|gb|EU847134.1| Pleioblastus oleosus

 gi|194359726|gb|EU847114.1| Brachystachyum densiflorum

 gi|194359732|gb|EU847120.1| Sinobambusa tootsik

 gi|194359744|gb|EU847132.1| Pseudosasa amabilis

 gi|194359745|gb|EU847133.1| Pleioblastus chino  
 

Fig 5.9: Enlargement of Fig 4.57 with synonyms. 

 

All through the study of phylogenetic relationship, the use of various synonym and 

basionym tends to give false impression of failure and misalignment. But closer 

examination along with study of each and every scientific name of Bamboo species 

showed innumerable synonyms and basionym being used. This fact is clearly 

illustrated in Fig 5.9 

Arundinaria qingchengshanensis 

 Arundinaria fargesii 

 Arundinaria ragamowskii 
 

Arundinaria ragamowskii 

Arundinaria latifolia 

Sinobambusa sichuanensis 

Wrong 

Himalayacalamus falcatum 

Wrong 

Arundinaria densiflora 
Arundinaria japonica 
Arundinaria palmata 

Pleioblastus longifimbriatus 

Pleioblastus dolichanthus 

Wrong 

Wrong 

Wrong / Arundinaria palmata 
 Arundinaria fastuosa 

Wrong 

Arundinaria sulcata 

Semiarundinaria tranquillans 

Wrong 
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The following observations were also made: 

1. As the Figures 4.45, 4.46, 4.48, 4.50 showed, the ITS could fully demarcate 

the 161 ITS sequence into its respective Tribes and Subtribes. 

2. It could easily resolve the different genus of the sequences. 

3. It showed great capability to differentiate species and assign them to correct 

clades. In the Subtribe Melocanninae, it might appear that genus 

Schizostachyum and Cephalostachyum is incorrectly resolved and there is 

an ambiguity in resolution. These 2 genuses are nomenclatural synonyms 

and Cephalostachyum is the basionym of Schizostachyum. So although 

what may appear to be uncertainty in correct assignment of hierarchy, it 

arises due to taxonomic complications. Many more such examples are given 

in the figures above. 

4. Clade assignment was also correct as it maintained the correct hierarchy 

and ancestry of the species. 

5. It is observed in Fig 4.48 that the different species under the genus Otatea 

has been properly demarcated and the clade formation is correct. The 

evolutionary relationship and the ancestry are also clearly indicated. 

6. It is also observed that in Fig 4.50, the species under the genus 

Chimonobambusa has been properly demarcated and the clade formation is 

correct. The evolutionary relationship and the ancestry are also clearly 

indicated. 

7. Only 7 out of 166 sequences were wrongly assigned or not assigned at all, 

which showed a 95.78% accuracy of ITS in resolving the phylogenetic 

relationship of Bamboo. In biological sciences, most of the studies are 

carried out at 95% confidence level (p value = 0.05) and in this case of ITS, 

it also attains the same significance level. 
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 gi|325515882|gb|HQ847239.1| Otatea glauca voucher ERS 144

 gi|325515940|gb|HQ847268.1| Otatea glauca voucher TMS 2062

 gi|325515884|gb|HQ847240.1| Otatea glauca voucher ERS 144a

 gi|325515886|gb|HQ847241.1| Otatea glauca voucher ERS 144b

 gi|325515888|gb|HQ847242.1| Otatea carrilloi voucher ERS 147

 gi|325515890|gb|HQ847243.1| Otatea carrilloi voucher ERS 147a

 gi|325515892|gb|HQ847244.1| Otatea carrilloi voucher ERS 147b

 gi|325515914|gb|HQ847255.1| Otatea acuminata voucher ERS 173

 gi|325515924|gb|HQ847260.1| Otatea transvolcanica voucher ERS 183

 gi|325515926|gb|HQ847261.1| Otatea transvolcanica voucher ERS 183a

 gi|325515928|gb|HQ847262.1| Otatea transvolcanica voucher ERS 186 XAL maturase K (matK) gene partial cds chloroplast

 gi|325515930|gb|HQ847263.1| Otatea reynosoana voucher ERS 130

 gi|325515932|gb|HQ847264.1| Otatea reynosoana voucher ERS 130a

 gi|325515916|gb|HQ847256.1| Otatea acuminata voucher ERS 113

 gi|325515934|gb|HQ847265.1| Otatea reynosoana voucher ERS 130b

 gi|325515920|gb|HQ847258.1| Otatea transvolcanica voucher ERS 179

 gi|325515918|gb|HQ847257.1| Otatea acuminata voucher ERS 114

 gi|325515922|gb|HQ847259.1| Otatea transvolcanica voucher ERS 179a

 gi|325515912|gb|HQ847254.1| Otatea acuminata voucher ERS 182

 gi|325515894|gb|HQ847245.1| Otatea ximenae voucher PCR 4986

 gi|325515902|gb|HQ847249.1| Otatea fimbriata voucher ERS 136

 gi|325515896|gb|HQ847246.1| Otatea ximenae voucher PCR 4986a

 gi|325515908|gb|HQ847252.1| Otatea fimbriata voucher ERS 155

 gi|325515906|gb|HQ847251.1| Otatea fimbriata voucher ERS 136b

 gi|325515898|gb|HQ847247.1| Otatea ximenae voucher PCR 4986b

 gi|325515900|gb|HQ847248.1| Otatea fimbriata voucher ERS 118

 gi|325515904|gb|HQ847250.1| Otatea fimbriata voucher ERS 136a

 gi|325515910|gb|HQ847253.1| Otatea acuminata voucher ERS 119

 gi|325515852|gb|HQ847224.1| Guadua amplexifolia

 gi|194021702|gb|EU434263.1| Guadua angustifolia subsp. chacoensis

 gi|325515826|gb|HQ847211.1| Guadua paniculata

 gi|325515950|gb|HQ847273.1| Olmeca recta voucher TMS 2046

 gi|325515952|gb|HQ847274.1| Olmeca recta voucher TMS 2046a

 gi|325515954|gb|HQ847275.1| Olmeca recta voucher TMS 2046b

 gi|325515836|gb|HQ847216.1| Olmeca recta

 gi|325515830|gb|HQ847213.1| Olmeca reflexa

 gi|325515856|gb|HQ847226.1| Olmeca reflexa

 gi|325515944|gb|HQ847270.1| Olmeca reflexa voucher TMS 2045d

 gi|325515936|gb|HQ847266.1| Olmeca reflexa voucher TMS 2045a

 gi|325515946|gb|HQ847271.1| Olmeca reflexa voucher TMS 2045e

 gi|325515938|gb|HQ847267.1| Olmeca reflexa voucher TMS 2045b

 gi|325515942|gb|HQ847269.1| Olmeca reflexa voucher TMS 2045c

 gi|325515848|gb|HQ847222.1| Olmeca fulgor voucher TMS 2085c

 gi|325515862|gb|HQ847229.1| Olmeca fulgor voucher TMS 2054a

 gi|325515874|gb|HQ847235.1| Olmeca zapotecorum voucher ERS 265b

 gi|325515876|gb|HQ847236.1| Olmeca zapotecorum voucher ERS 265c

 gi|325515844|gb|HQ847220.1| Olmeca fulgor voucher TMS 2085a

 gi|325515850|gb|HQ847223.1| Olmeca fulgor voucher TMS 2085d

 gi|325515846|gb|HQ847221.1| Olmeca fulgor voucher TMS 2085b

 gi|325515872|gb|HQ847234.1| Olmeca zapotecorum voucher ERS 265a

 gi|325515842|gb|HQ847219.1| Olmeca fulgor voucher TMS 2085

 gi|325515870|gb|HQ847233.1| Olmeca zapotecorum voucher ERS 265

 gi|325515868|gb|HQ847232.1| Olmeca fulgor voucher TMS 2054d

 gi|325515880|gb|HQ847238.1| Olmeca zapotecorum voucher ERS 265e

 gi|325515834|gb|HQ847215.1| Olmeca clarkiae voucher TMS 2078a

 gi|325515878|gb|HQ847237.1| Olmeca zapotecorum voucher ERS 265d

 gi|325515864|gb|HQ847230.1| Olmeca fulgor voucher TMS 2054b

 gi|325515832|gb|HQ847214.1| Olmeca clarkiae voucher TMS 2078

 gi|325515860|gb|HQ847228.1| Olmeca fulgor voucher TMS 2054

 gi|325515854|gb|HQ847225.1| Olmeca fulgor voucher TMS 2031

 gi|325515866|gb|HQ847231.1| Olmeca fulgor voucher TMS 2054c

 gi|194021718|gb|EU434272.1| Oreobambos buchwaldii

 gi|194021720|gb|EU434273.1| Oxytenanthera abyssinica

 gi|194021716|gb|EU434271.1| Mullerochloa moreheadiana

 gi|325515838|gb|HQ847217.1| Rhipidocladum bartlettii

 gi|325515858|gb|HQ847227.1| Rhipidocladum racemiflorum

 gi|325515948|gb|HQ847272.1| Rhipidocladum martinezii voucher TMS 2070

 gi|194021704|gb|EU434265.1| Rhipidocladum racemiflorum

 gi|325515840|gb|HQ847218.1| Aulonemia laxa

 gi|194021703|gb|EU434264.1| Arthrostylidium merostachyoides

 gi|325515828|gb|HQ847212.1| Arthrostylidium excelsum

 gi|194021724|gb|EU434275.1| Neohouzeaua fimbriata

 gi|194021730|gb|EU434278.1| Schizostachyum grande

 gi|194021728|gb|EU434277.1| Pseudostachyum polymorphum

 gi|194021734|gb|EU434280.1| Schizostachyum zollingeri

 gi|194021722|gb|EU434274.1| Cephalostachyum pergracile

 gi|194021726|gb|EU434276.1| Neohouzeaua kerriana

 gi|194021732|gb|EU434279.1| Schizostachyum jaculans

 gi|335355609|gb|HM448934.1| Bambusa chungii

 gi|444361762|gb|JX966236.1| Bambusa balcooa voucher AUS-TB2

 gi|194021672|gb|EU434248.1| Bambusa tulda

 gi|194021668|gb|EU434246.1| Bambusa oldhamii

 gi|194021710|gb|EU434268.1| Temochloa liliana

 gi|335355633|gb|HM448946.1| Gigantochloa albociliata

 gi|335355611|gb|HM448935.1| Bambusa dolichomerithalla

 gi|335355613|gb|HM448936.1| Bambusa pachinensis

 gi|194021706|gb|EU434266.1| Vietnamosasa ciliata

 gi|335355615|gb|HM448937.1| Bambusa tuldoides

 gi|194021676|gb|EU434250.1| Dendrocalamus giganteus

 gi|335355617|gb|HM448938.1| Dendrocalamus asper

 gi|194021674|gb|EU434249.1| Dendrocalamus asper

 gi|335355619|gb|HM448939.1| Dendrocalamus brandisii

 gi|444361764|gb|JX966237.1| Bambusa cacharensis voucher AUS-TB3

 gi|335355621|gb|HM448940.1| Dendrocalamus copelandii

 gi|194021680|gb|EU434252.1| Bambusa membranacea

 gi|335355623|gb|HM448941.1| Dendrocalamus dumosus

 gi|444361758|gb|JX966234.1| Bambusa nutans voucher AUS-MB04

 gi|194021698|gb|EU434261.1| Thyrsostachys siamensis

 gi|194021688|gb|EU434256.1| Neosinocalamus affinis

 gi|194021712|gb|EU434269.1| Temburongia simplex

 gi|335355625|gb|HM448942.1| Dendrocalamus hamiltonii

 gi|335355627|gb|HM448943.1| Dendrocalamus pendulus

 gi|194021664|gb|EU434244.1| Bambusa beecheyana

 gi|335355629|gb|HM448944.1| Dendrocalamus sinicus

 gi|194021696|gb|EU434260.1| Melocalamus compactiflorus

 gi|444361760|gb|JX966235.1| Bambusa bambos voucher AUS-MB09

 gi|444361766|gb|JX966238.1| Bambusa bambos voucher AUS-TB4

 gi|335355631|gb|HM448945.1| Dendrocalamus khoonmengii

 gi|444361768|gb|JX966239.1| Bambusa tulda voucher AUS-TB5

 gi|194021666|gb|EU434245.1| Bambusa malingensis

 gi|194021682|gb|EU434253.1| Dendrocalamus minor

 gi|335355635|gb|HM448947.1| Gigantochloa atroviolacea

 gi|335355637|gb|HM448948.1| Bambusa emeiensis

 gi|194021692|gb|EU434258.1| Gigantochloa scortechinii

 gi|194021662|gb|EU434243.1| Bambusa bambos

 gi|194021684|gb|EU434254.1| Dendrocalamus strictus

 gi|194021678|gb|EU434251.1| Dendrocalamus latiflorus

 gi|194021686|gb|EU434255.1| Dendrocalamopsis valida

 gi|194021708|gb|EU434267.1| Vietnamosasa pusilla

 gi|194021690|gb|EU434257.1| Gigantochloa ligulata

 gi|194021700|gb|EU434262.1| Bambuseae sp. SS191

 gi|194021670|gb|EU434247.1| Bambusa oliveriana

 gi|194021654|gb|EU434239.1| Chusquea patens

 gi|325515822|gb|HQ847209.1| Chusquea bilimekii

 gi|325515824|gb|HQ847210.1| Chusquea liebmannii

 gi|194021642|gb|EU434233.1| Pseudosasa cantorii

 gi|194021644|gb|EU434234.1| Oligostachyum glabrescens

 gi|194021656|gb|EU434240.1| Menstruocalamus sichuanensis

 gi|194021658|gb|EU434241.1| Phyllostachys nigra

 gi|194021660|gb|EU434242.1| Phyllostachys edulis

 gi|194021646|gb|EU434235.1| Borinda sp. Stapleton 1347

 gi|194021652|gb|EU434238.1| Chimonobambusa quadrangularis

 gi|194021648|gb|EU434236.1| Chimonocalamus pallens

 gi|194021650|gb|EU434237.1| Chimonocalamus sp. Hodkinson 614

 gi|194021694|gb|EU434259.1| Dinochloa malayana

 gi|194021714|gb|EU434270.1| Neololeba atra

 gi|194021738|gb|EU434283.1| Olyra latifolia

 gi|194021739|gb|EU434284.1| Piresia sp.

 gi|194021736|gb|EU434281.1| Cryptochloa strictiflora

 gi|194021737|gb|EU434282.1| Lithachne pauciflora

 gi|194021746|gb|EU434289.1| Nardus stricta

 gi|194021748|gb|EU434290.1| Lygeum spartum

 gi|194021751|gb|EU434292.1| Arrhenatherum elatius

 gi|194021753|gb|EU434293.1| Alopecurus pratensis

 gi|194021750|gb|EU434291.1| Lolium perenne

 gi|194021757|gb|EU434295.1| Saccharum officinarum

 gi|194021759|gb|EU434296.1| Miscanthus sinensis

 gi|194021755|gb|EU434294.1| Panicum virgatum

 gi|194021745|gb|EU434288.1| Ehrharta calycina

 gi|194021741|gb|EU434285.1| Leersia hexandra

 gi|194021743|gb|EU434286.1| Oryza rufipogon

 gi|194021744|gb|EU434287.1| Oryza sativa   

 gi|305694327|gb|GU063134.1| Dendrocalamus bambusoides

 gi|451311622|gb|KC150898.1| Bambusa tuldoides voucher AUS-TB10

 gi|451311606|gb|KC150890.1| Bambusa balcooa voucher AUS-TB2

 gi|451311616|gb|KC150895.1| Dendrocalamus hamiltonii voucher AUS-TB7

 gi|305694312|gb|GU063129.1| Gigantochloa scortechinii

 gi|451311612|gb|KC150893.1| Bambusa tulda voucher AUS-TB5

 gi|305694267|gb|GU063114.1| Dendrocalamus birmanicus

 gi|305694285|gb|GU063120.1| Dendrocalamus strictus

 gi|305694264|gb|GU063113.1| Gigantochloa levis

 gi|305694306|gb|GU063127.1| Gigantochloa albociliata

 gi|305694261|gb|GU063112.1| Dendrocalamus tsiangii

 gi|305694294|gb|GU063123.1| Dendrocalamus fugongensis

 gi|305694249|gb|GU063108.1| Dendrocalamus peculiaris

 gi|305694321|gb|GU063132.1| Oxytenanthera abyssinica

 gi|305694246|gb|GU063107.1| Dendrocalamus asper

 gi|305694318|gb|GU063131.1| Dendrocalamus farinosus

 gi|305694237|gb|GU063104.1| Thyrsostachys oliveri

 gi|305694276|gb|GU063117.1| Dendrocalamus brandisii

 gi|305694279|gb|GU063118.1| Dendrocalamus giganteus

 gi|451311614|gb|KC150894.1| Bambusa vulgaris voucher AUS-TB6

 gi|305694258|gb|GU063111.1| Dendrocalamus xishuangbannaensis

 gi|305694231|gb|GU063102.1| Melocalamus compactiflorus var. fimbriatus

 gi|305694228|gb|GU063101.1| Melocalamus arrectus

 gi|305694234|gb|GU063103.1| Melocalamus scandens

 gi|305694222|gb|GU063099.1| Bambusa chungii

 gi|451311610|gb|KC150892.1| Bambusa bambos voucher AUS-TB4

 gi|305694219|gb|GU063098.1| Bambusa grandis

 gi|305694270|gb|GU063115.1| Dendrocalamus tomentosus

 gi|305694207|gb|GU063094.1| Bambusa surrecta

 gi|305694282|gb|GU063119.1| Bambusa membranacea

 gi|305694204|gb|GU063093.1| Bambusa cerosissima

 gi|305694315|gb|GU063130.1| Dendrocalamus pachystachys

 gi|305694198|gb|GU063091.1| Neosinocalamus affinis

 gi|305694303|gb|GU063126.1| Gigantochloa sp. daluoensis

 gi|305694195|gb|GU063090.1| Dendrocalamus ovatus

 gi|305694255|gb|GU063110.1| Dendrocalamus hamiltonii

 gi|305694192|gb|GU063089.1| Bambusa oldhamii

 gi|305694291|gb|GU063122.1| Dendrocalamus tibeticus

 gi|305694186|gb|GU063087.1| Dendrocalamopsis variostriata

 gi|305694216|gb|GU063097.1| Bambusa vulgaris

 gi|305694183|gb|GU063086.1| Bambusa tulda

 gi|305694300|gb|GU063125.1| Gigantochloa balui

 gi|305694180|gb|GU063085.1| Bambusa multiplex

 gi|305694210|gb|GU063095.1| Bambusa yunnanensis

 gi|305694201|gb|GU063092.1| Thyrsostachys siamensis

 gi|305694252|gb|GU063109.1| Dendrocalamus semiscandens

 gi|305694177|gb|GU063084.1| Bambusa pervariabilis

 gi|305694243|gb|GU063106.1| Dendrocalamus jianshuiensis

 gi|305694174|gb|GU063083.1| Bambusa tuldoides

 gi|305694297|gb|GU063124.1| Gigantochloa atter

 gi|305694171|gb|GU063082.1| Bambusa remotiflora

 gi|305694309|gb|GU063128.1| Gigantochloa verticillata

 gi|305694168|gb|GU063081.1| Bambusa distegia

 gi|305694324|gb|GU063133.1| Dendrocalamus latiflorus

 gi|305694165|gb|GU063080.1| Dendrocalamus rongchengensis

 gi|451311608|gb|KC150891.1| Bambusa cacharensis voucher AUS-TB3

 gi|305694162|gb|GU063079.1| Bambusa textilis

 gi|305694213|gb|GU063096.1| Dendrocalamopsis bicicatricata

 gi|305694159|gb|GU063078.1| Bambusa polymorpha

 gi|305694273|gb|GU063116.1| Gigantochloa parviflora

 gi|305694153|gb|GU063076.1| Bambusa blumeana

 gi|305694225|gb|GU063100.1| Bambusa intermedia

 gi|305694150|gb|GU063075.1| Bambusa bambos

 gi|305694156|gb|GU063077.1| Bambusa sinospinosa

 gi|305694147|gb|GU063074.1| Bambusa ventricosa

 gi|451311618|gb|KC150896.1| Bambusa pallida voucher AUS-TB8

 gi|305694144|gb|GU063073.1| Bambusa cornigera

 gi|305694288|gb|GU063121.1| Dendrocalamopsis stenoaurita

 gi|305694189|gb|GU063088.1| Bambusa beecheyana

 gi|305694240|gb|GU063105.1| Dendrocalamus barbatus

 gi|305694141|gb|GU063072.1| Schizostachyum blumei

 gi|305694138|gb|GU063071.1| Melocanna baccifera voucher YHQ053

 gi|451311620|gb|KC150897.1| Melocanna baccifera voucher AUS-TB9

 gi|289552180|gb|GU391018.1| Schizostachyum gracile

 gi|289552182|gb|GU391019.1| Schizostachyum zollingeri

 gi|289552174|gb|GU391015.1| Melocanna baccifera

 gi|156633468|gb|EF589631.1| Bambusa vulgaris

 gi|156633470|gb|EF589633.1| Eremocaulon asymmetricum

 gi|289552166|gb|GU391011.1| Gigantochloa wrayi

 gi|289552160|gb|GU391008.1| Gigantochloa balui

 gi|289552172|gb|GU391014.1| Maclurochloa montana

 gi|289552158|gb|GU391007.1| Dinochloa scabrida

 gi|289552164|gb|GU391010.1| Gigantochloa latifolia

 gi|289552152|gb|GU391004.1| Dendrocalamus strictus

 gi|289552156|gb|GU391006.1| Dinochloa sp. KLU Bambusetum

 gi|289552142|gb|GU390999.1| Bambusa multiplex

 gi|289552144|gb|GU391000.1| Bambusa sinospinosa

 gi|289552136|gb|GU390996.1| Bambusa farinacea

 gi|289552162|gb|GU391009.1| Gigantochloa ligulata

 gi|289552130|gb|GU390993.1| Bambusa bambos

 gi|289552178|gb|GU391017.1| Soejatmia ridleyi

 gi|156633483|gb|EF589646.1| Otatea carrilloi

 gi|289552168|gb|GU391012.1| Holttumochloa magica

 gi|156633482|gb|EF589645.1| Otatea acuminata

 gi|289552146|gb|GU391001.1| Bambusa tuldoides

 gi|156633481|gb|EF589644.1| Olmeca reflexa

 gi|289552148|gb|GU391002.1| Bambusa valida

 gi|156633477|gb|EF589640.1| Guadua velutina

 gi|289552150|gb|GU391003.1| Dendrocalamus elegans

 gi|156633473|gb|EF589636.1| Guadua amplexifolia

 gi|289552140|gb|GU390998.1| Bambusa gibba

 gi|289552138|gb|GU390997.1| Bambusa flexuosa

 gi|156633472|gb|EF589635.1| Guadua aculeata

 gi|289552132|gb|GU390994.1| Bambusa blumeana

 gi|156633471|gb|EF589634.1| Eremocaulon aureofimbriatum

 gi|289552176|gb|GU391016.1| Sphaerobambos hirsuta

 gi|156633465|gb|EF589628.1| Olmeca clarkiae

 gi|289552170|gb|GU391013.1| Kinabaluchloa nebulosa

 gi|156633469|gb|EF589632.1| Chusquea bilimekii

 gi|156633466|gb|EF589629.1| Olmeca fulgor

 gi|289552154|gb|GU391005.1| Dinochloa malayana

 gi|156633475|gb|EF589638.1| Guadua longifolia

 gi|289552134|gb|GU390995.1| Bambusa distegia

 gi|156633467|gb|EF589630.1| Aulonemia laxa

 gi|156633476|gb|EF589639.1| Guadua paniculata

 gi|156633478|gb|EF589641.1| Otatea fimbriata

 gi|156633474|gb|EF589637.1| Guadua angustifolia

 gi|156633484|gb|EF589647.1| Rhipidocladum racemiflorum

 gi|156633479|gb|EF589642.1| Otatea glauca

 gi|156633480|gb|EF589643.1| Olmeca recta    

 gi|82570033|gb|DQ270134.1| Dendrocalamus latiflorus

 gi|82570034|gb|DQ270135.1| Dendrocalamus sinicus

 gi|82570032|gb|DQ270133.1| Dendrocalamus giganteus

 gi|82570031|gb|DQ270132.1| Dendrocalamus brandisii

 gi|72256980|gb|DQ131513.1| Oxytenanthera abyssinica

 gi|82570028|gb|DQ270129.1| Bambusa chungii

 gi|72256978|gb|DQ131511.1| Thyrsostachys siamensis

 gi|72256979|gb|DQ131512.1| Thyrsostachys oliveri

 gi|82570029|gb|DQ270130.1| Gigantochloa albociliata

 gi|82570035|gb|DQ270136.1| Dendrocalamus bambusoides

 gi|82570020|gb|DQ270121.1| Neosinocalamus affinis

 gi|82570022|gb|DQ270123.1| Racemobambos yunnanensis

 gi|82570023|gb|DQ270124.1| Dendrocalamopsis oldhamii

 gi|82570030|gb|DQ270131.1| Gigantochloa verticillata

 gi|82570024|gb|DQ270125.1| Bambusa blumeana

 gi|82570025|gb|DQ270126.1| Bambusa multiplex

 gi|72256981|gb|DQ131514.1| Bambusa bambos

 gi|82570027|gb|DQ270128.1| Bambusa surrecta

 gi|72256982|gb|DQ131515.1| Bambusa sinospinosa

 gi|82570026|gb|DQ270127.1| Bambusa intermedia

 gi|82570036|gb|DQ270137.1| Dendrocalamus strictus

 gi|82570037|gb|DQ270138.1| Bambusa membranacea

 gi|72256983|gb|DQ131516.1| Melocalamus scandens

 gi|72256984|gb|DQ131517.1| Melocalamus compactiflorus ar. fimbriatus

 gi|72256985|gb|DQ131518.1| Melocalamus arrectus

 gi|331035209|gb|HQ292291.1| Neomicrocalamus andropogonifolius

 gi|82570019|gb|DQ270120.1| Neomicrocalamus microphyllus

 gi|194359717|gb|EU847105.1| Neomicrocalamus prainii

 gi|82570021|gb|DQ270122.1| Racemobambos prainii

 gi|72256977|gb|DQ131510.1| Monocladus levigatus

 gi|72256975|gb|DQ131508.1| Monocladus saxatilis

 gi|72256974|gb|DQ131507.1| Monocladus saxatilis var. solidus

 gi|72256976|gb|DQ131509.1| Monocladus amplexicaulis

 gi|331035196|gb|HQ292278.1| Chusquea delicatula

 gi|331035210|gb|HQ292292.1| Neurolepis elata

 gi|72256972|gb|DQ131505.1| Dinochloa malayana

 gi|72256973|gb|DQ131506.1| Dinochloa scandens

 gi|72256995|gb|DQ131528.1| Schizostachyum funghomii

 gi|72256999|gb|DQ131532.1| Schizostachyum xinwuense

 gi|72256997|gb|DQ131530.1| Schizostachyum dumetorum

 gi|72256996|gb|DQ131529.1| Schizostachyum pseudolima

 gi|72256991|gb|DQ131524.1|Cephalostachyum virgatum

 gi|72256990|gb|DQ131523.1| Cephalostachyum pergracile

 gi|72257005|gb|DQ131538.1| Schizostachyum gracile

 gi|72256998|gb|DQ131531.1| Schizostachyum jaculans

 gi|72257004|gb|DQ131537.1| Schizostachyum hainanense

 gi|72256987|gb|DQ131520.1| Cephalostachyum mannii

 gi|72256988|gb|DQ131521.1| Cephalostachyum scandens

 gi|72256986|gb|DQ131519.1| Leptocanna chinensis

 gi|72257000|gb|DQ131533.1| Schizostachyum sanguineum

 gi|72256992|gb|DQ131525.1| Cephalostachyum fuchsianum

 gi|72256993|gb|DQ131526.1| Cephalostachyum pallidum

 gi|72256994|gb|DQ131527.1| Melocanna baccifera

 gi|72256989|gb|DQ131522.1| Pseudostachyum polymorphum

 gi|72257003|gb|DQ131536.1| Schizostachyum blumei

 gi|72257002|gb|DQ131535.1| Schizostachyum brachycladum

 gi|72257001|gb|DQ131534.1| Schizostachyum zollingeri

 gi|331035215|gb|HQ292297.1| Schizostachyum caudatum

 gi|331035216|gb|HQ292298.1| Schizostachyum zollingeri

 gi|331035213|gb|HQ292295.1| Racemobambos hepburnii

 gi|283558303|gb|GQ384308.1| Olmeca recta voucher 132

 gi|283558331|gb|GQ384336.1| Otatea ximenae voucher 4986

 gi|283558333|gb|GQ384338.1| Otatea fimbriata voucher 987f

 gi|283558332|gb|GQ384337.1| Otatea fimbriata voucher 987a

 gi|283558312|gb|GQ384317.1| Otatea acuminata voucher 119

 gi|283558320|gb|GQ384325.1| Otatea fimbriata voucher 118

 gi|283558311|gb|GQ384316.1| Otatea acuminata voucher 114b

 gi|283558310|gb|GQ384315.1| Otatea acuminata voucher 114

 gi|283558336|gb|GQ384341.1| Otatea carrilloi voucher 147a

 gi|283558334|gb|GQ384339.1| Otatea glauca voucher 144b

 gi|283558335|gb|GQ384340.1| Otatea glauca voucher 144c

 gi|283558307|gb|GQ384312.1| Otatea acuminata voucher 105

 gi|283558309|gb|GQ384314.1| Otatea acuminata voucher 113

 gi|283558325|gb|GQ384330.1| Otatea transvolcanica voucher 183a

 gi|283558329|gb|GQ384334.1| Otatea transvolcanica voucher 186b

 gi|283558328|gb|GQ384333.1| Otatea transvolcanica voucher 186a

 gi|283558326|gb|GQ384331.1| Otatea transvolcanica voucher 183b

 gi|283558330|gb|GQ384335.1| Otatea transvolcanica voucher 186d

 gi|283558318|gb|GQ384323.1| Otatea acuminata voucher 96

 gi|283558327|gb|GQ384332.1| Otatea transvolcanica voucher 183e

 gi|283558308|gb|GQ384313.1| Otatea acuminata voucher 112

 gi|283558319|gb|GQ384324.1| Otatea acuminata voucher 97

 gi|283558314|gb|GQ384319.1| Otatea acuminata voucher 173

 gi|283558323|gb|GQ384328.1| Otatea transvolcanica voucher 179e

 gi|283558315|gb|GQ384320.1| Otatea acuminata voucher 176

 gi|283558316|gb|GQ384321.1| Otatea acuminata voucher 181

 gi|283558313|gb|GQ384318.1| Otatea acuminata voucher 125

 gi|283558304|gb|GQ384309.1| Otatea acuminata voucher 101

 gi|283558305|gb|GQ384310.1| Otatea acuminata voucher 102

 gi|283558306|gb|GQ384311.1| Otatea acuminata voucher 103

 gi|283558324|gb|GQ384329.1| Otatea transvolcanica voucher 179f

 gi|283558317|gb|GQ384322.1| Otatea acuminata voucher 182

 gi|283558321|gb|GQ384326.1| Otatea reynosoana voucher 130

 gi|283558322|gb|GQ384327.1| Otatea transvolcanica voucher 179

 gi|331035189|gb|HQ292271.1| Fargesia macclureana

 gi|331035200|gb|HQ292282.1| Fargesia utilis

 gi|331035190|gb|HQ292272.1| Fargesia perlonga

 gi|331035220|gb|HQ292302.1| Yushania brevipaniculata

 gi|331035205|gb|HQ292287.1| Yushania boliana

 gi|331035198|gb|HQ292280.1| Fargesia dracocephala

 gi|331035201|gb|HQ292283.1| Gaoligongshania megalothyrsa

 gi|331035183|gb|HQ292265.1| Ampelocalamus scandens

 gi|331035184|gb|HQ292266.1| Yushania alpina

 gi|331035211|gb|HQ292293.1| Phyllostachys flexuosa

 gi|331035219|gb|HQ292301.1| Thamnocalamus spathiflorus var. crassinodus

 gi|331035199|gb|HQ292281.1| Fargesia murielae

 gi|194359718|gb|EU847106.1| Fargesia nit ida

 gi|331035187|gb|HQ292269.1| Sarocalamus faberi

 gi|194359741|gb|EU847129.1| Arundinaria faberi

 gi|331035194|gb|HQ292276.1| Chimonobambusa szechuanensis

 gi|194359722|gb|EU847110.1| Chimonobambusa szechuanensis

 gi|331035193|gb|HQ292275.1| Chimonobambusa marmorea

 gi|194359721|gb|EU847109.1| Chimonobambusa marmorea

 gi|194359723|gb|EU847111.1| Chimonobambusa utilis

 gi|194359725|gb|EU847113.1| Chimonobambusa tumidissinoda

 gi|194359724|gb|EU847112.1| Chimonobambusa ningnanica

 gi|331035192|gb|HQ292274.1| Chimonobambusa quadrangularis

 gi|331035195|gb|HQ292277.1| Chimonobambusa tumidissinoda

 gi|194359720|gb|EU847108.1| Chimonobambusa grandifolia

 gi|331035188|gb|HQ292270.1| Bashania qingchengshanensis

 gi|331035186|gb|HQ292268.1| Bashania fargesii

 gi|331035208|gb|HQ292290.1| Indocalamus tessellatus f. hamadae

 gi|331035207|gb|HQ292289.1| Indocalamus tessellatus

 gi|194359736|gb|EU847124.1| Indocalamus latifolius

 gi|194359734|gb|EU847122.1| Menstruocalamus sichuanensis

 gi|194359733|gb|EU847121.1| Sinobambusa rubroligula

 gi|194359737|gb|EU847125.1| Indocalamus longiauritus

 gi|331035203|gb|HQ292285.1| Himalayacalamus cupreus

 gi|331035204|gb|HQ292286.1| Himalayacalamus falconeri

 gi|331035197|gb|HQ292279.1| Drepanostachyum falcatum

 gi|194359719|gb|EU847107.1| Shibataea hispida

 gi|331035218|gb|HQ292300.1| Shibataea kumasaca

 gi|72256968|gb|DQ131501.1| Shibataea kumasaca

 gi|331035185|gb|HQ292267.1| Arundinaria tecta

 gi|331035191|gb|HQ292273.1| Brachystachyum densiflorum

 gi|194359748|gb|EU847136.1| Pseudosasa japonica

 gi|331035214|gb|HQ292296.1| Sasa palmata f. nebulosa

 gi|194359728|gb|EU847116.1| Indosasa hispida

 gi|194359735|gb|EU847123.1| Ferrocalamus strictus

 gi|72256970|gb|DQ131503.1| Phyllostachys nidularia

 gi|194359739|gb|EU847127.1| Sasa palmata

 gi|194359727|gb|EU847115.1| Semiarundinaria fastuosa

 gi|194359742|gb|EU847130.1| Gelidocalamus stellatus

 gi|331035206|gb|HQ292288.1| Monocladus saxatilis var. solidus

 gi|194359743|gb|EU847131.1| Oligostachyum sulcatum

 gi|331035217|gb|HQ292299.1| Hibanobambusa tranquillans

 gi|72256969|gb|DQ131502.1| Phyllostachys dulcis

 gi|331035202|gb|HQ292284.1| Hibanobambusa tranquillans

 gi|194359730|gb|EU847118.1| Phyllostachys heteroclada

 gi|194359740|gb|EU847128.1| Acidosasa chinensis

 gi|72256971|gb|DQ131504.1| Pleioblastus gramineus

 gi|194359738|gb|EU847126.1| Pleioblastus fortunei

 gi|194359747|gb|EU847135.1| Pleioblastus simonii

 gi|331035212|gb|HQ292294.1| Pleioblastus pygmaeus

 gi|194359731|gb|EU847119.1| Sinobambusa intermedia

 gi|194359729|gb|EU847117.1| Indosasa sinica

 gi|194359746|gb|EU847134.1| Pleioblastus oleosus

 gi|194359726|gb|EU847114.1| Brachystachyum densiflorum

 gi|194359732|gb|EU847120.1| Sinobambusa tootsik

 gi|194359744|gb|EU847132.1| Pseudosasa amabilis

 gi|194359745|gb|EU847133.1| Pleioblastus chino  
 

 MatK tree   psbA-trnH tree  ITS tree 

Fig 5.10: Comparison of all phylogenetic trees 
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Upon analyzing the bird’s eye view phylogenetic tree in Fig 5.10, it can be easily 

seen which of the three trees provides relatively more coherent information. The 

black oval indicates those specimens which have been correctly assigned and red 

rectangle depict the area which has been wrongly depicted. 

It is seen that the matK is a mixture of success and failure. It could form small clades 

correctly but failed in superclades. In two instances large areas show no superclades 

formation. This failure is also seen in Calligonum species by Li et al. (2014). The 

psbA-trnH phylogenetic tree could not form clades correctly except for one instance, 

but 90% of the tree is without proper clade formation. Two large areas marked in a 

red  rectangle showed non formation of any taxonomic hierarchy or ancestry. The 

work of Spooner (2009) on Solanum sect. Petota showed that psbA-trnH sequence 

failed as the plastid markers lack sufficient polymorphism. In case of Bromeliaceae, 

it is proved that both matk and psbA-trnH failed due low amounts of plastid 

variation Maia et al. (2012). 

The ITS phylogenetic tree showed correct clade and superclade formation. It also 

correctly depicts the ancestry and phylogenetic relationship between the species. The 

work of Roy (2010) showed that rbcL, matK, psbA-trnH and ITS all failed to 

discriminate the species of Berberis. The work also showed that ITS resolved all the 

tested species of Ficus and Gossypium and psbA-trnH resolved 82% of the tested 

species in Ficus. The recommended matK and rbcL sequences could not resolve all 

the species. Sequences of ITS has also showed its capability to discriminate 

adulterants mixed with medicinal plants, Gentianopsis paludosa as shown by Xue 

(2011). The work of Dong et al. (2011) using rbcL, matK and ITS to evaluate the 

five species of Pterygiella of family Orabanchaceae found that only ITS could 

successfully identify all species of this genus. Studies to evaluate the plastid DNA 

markers and ITS  on species of Ligustrum of family Oleaceae by Gu et al. 

(2011), Hedyotis of family Rubiaceae by Guo et al. (2011),  Primula of family 

Primulaceae by Yan et al (2011) and Tetrastigma  of family Vitaceae by Fu et al. 

(2011) showed that ITS was the only sequence capable of discriminating at the 

genus and species level and also correctly depict the phylogenetic relationship. 
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While analyzing the pairwise distance matrices and the phylogenetic tree a number 

of discrepancies were glaringly evident. In many cases where it seemed that two 

different Species, Genus or even sub families have been brought together in a clade, 

which is incorrect. There can be a number of reasons for such result: 

1. The species has been misidentified at the very beginning. The identification of 

Bamboo has always been a very difficult task due to lack of floral characters. 

2. Some of the characters are seasonal in nature and are not available in every 

season, e.g. the culm sheath of Bamboo was present in spring and falls off with 

the start of the rainy season / summer. 

3. Many of the morphological characters are environmentally influenced, and it’s 

very easy to misidentify the species based characters, e.g. the tuft of hairs on the 

culm sheath can be blown away in high windy conditions. 

4. Misidentification of just one or two characters in Bamboo is enough to 

determine the wrong taxonomic name. 

5. The sequences may have been incorrectly labelled at any of the stages of 

processing. 

6. The sequence may have been poorly resolved during sequencing. 

7. Mixing up of the sequences at any stage. 

8. The original taxonomic hierarchy based on morphological characters may be 

wrongly established. A multiple of author is of the opinion that the hierarchical 

taxonomy of Bamboo needs to be revisited. Even as late as 2001, the latest study 

by the Grass Phylogeny Working Group (GPWG) took place, and they have 

made radical changes in the taxonomy of Bamboo and tried to correct flaws. 

9. The parameters for the bioinformatics study may have been incorrect, which led 

to wrong placement of hierarchical position. 
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10. The species mentioned may be synonymous. The nomenclature of Bamboo is a 

labyrinth of synonyms, basionym etc. This brings about a great deal of confusion 

as apparently similar species may be interrupted by other species, but more often 

than not, the interrupting species may be a synonym s or basionym of each other. 

A few of such taxonomical instances are given below: 

Acidosasa fujianensis 

Synonym:  Acidosasa notata, Indosasa longoligula, Pseudosasa notata  

Bambusa aculeata  

Synonym:  Guadua aculeate, Guadua aculeata var. liebmanniana, Guadua 

inermis, Guadua intermedia 

Bambusa agrestis 

Synonym:     Arundinaria kokantsik, Arundinaria marmorea, Arundinaria 

matsumurae, Bambusa marmorea 

Dendrocalamus affinis 

Synonym:    Bambusa emeiensis, Lingnania affinis, Neosinocalamus affinis, 

Sinocalamus affinis 

Dendrocalamus albociliata 

Synonym:    Gigantochloa albociliata, Oxytenanthera albociliata 
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5.5   Conclusion 

The present study was carried out in Southern Assam and field studies to collect 

different species of Bamboo were carried out. In the study, 11 species of Bamboo 

were collected from different places. The 11 species are: Bambusa balcooa, 

Bambusa arundinacea, Bambusa vulgaris, Bambusa nutans, Bambusa chacharensis, 

Bambusa tulda, Bambusa assamica, Bambusa pallida, Melocanna baccifera, 

Schistachyum dullooa and Dendrocalamus hamiltonii.  

The leaf samples were used for DNA extraction and sequencing. Three sequences of 

Bamboo were targeted in the present study for determining the genomic variation in 

them. They are matK, psbA-trnH and ITS (Internal transcribed spacer). Six 

sequences of matK were submitted to the NCBI database of which five species were 

submitted for the first time. Nine sequences of psbA-trnH were also submitted to the 

NCBI database out of which five species were submitted for the first time anywhere. 

In silico study of genomic variations in Bamboo was carried out on 152 sequences 

(including our sequences) belonging to 103 different species of matK. Furthermore, 

120 sequences belonging to 109 different species of psbA-trnH and 166 sequences 

belonging to 124 different species of ITS were downloaded from database. 

The sequences for matK and psbA-trnH showed higher AT% content compared to 

GC% content. Only ITS sequences among the three targeted sequences showed high 

GC% content. The matK sequences have GC content = 35.0 and AT content = 65.0. 

The psbA-trnH showed AT content = 63.5 while the GC content = 36.5. The ITS 

sequences showed GC content = 71.4 and AT content = 28.6. Codon usage analysis 

of matK sequences showed UUU and AUU show count of over 20 while CCG and 

GUC showed the least count is an average of 431 codons. Analysis of the Amino 

acid composition of matK sequence indicates that Serine, Leucine, Isoleucine, 

Phenylalanine and Lysine are much more abundant than other amino acids. 

Methionine and Alanine showed up least in the matK protein. A nucleotide pair 

frequency of sequences is indicated by si (transitional pairs) and sv (transversional 

pairs).  The nucleotide pair frequency of the three targeted sequences showed the 

following values. The si value for matK gene is 1049, while that of sv is 15; si value 

for psbA-trnH is 399, while that of sv is 57 and the si value for ITS is 469, while that 
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of sv is 26. Mean pairwise distance matrices of the three targeted sequence showed 

that different species have very fewer variations among matK and psbA-trnH 

sequences. There are innumerable pairs which have distance of “0.000” which 

indicates the sequences are identical. Only in ITS sequences it is shown that there are 

very few cells containing distance value of “0.000”, most of them are in the 0.030 to 

0.040 range, which is capable of species level demarcation as well as elucidating the 

phylogenetic relationship. The higher the distance values, the easier it is to gain 

useful information about the phylogenetic relationship among species. The 

transition/transversion ratio for purine is k1, for pyrimidine is k2 and the overall 

transition/transversion bias is R. The values for matK, psbA-trnH and ITS are k1 = 

1.936, 2.041, 2.915; k2 = 2.442, 2.009, 1.231 and R = 1.021, 0.958, 0,944 

respectively. 

The phylogenetic tree analysis of the three targeted DNA sequences showed the 

matK sequences are able to demarcating Subtribes, Family upto genus level but are 

incapable of identifying at the species level. The psbA-trnA sequences are incapable 

of correctly identifying Subtribes let alone genus and species level. It showed the 

worst performance among the three targeted sequences. The Internal Transcribed 

Spacer (ITS) sequences are capable of clearly identifying specimens at Subtribe, 

Family, genus and species level. It showed the best performance. Out of 166 ITS 

sequences undertaken in the present study, there was an in only 7 entries which 

showed success rate or accuracy of 95.78%. The 7 errors seen cannot be attributed 

alone to ITS sequence, as a number of errors may occur in any stage of species 

identification, DNA contamination, sample labeling, sequence retrieval, etc.  

The present study showed that ITS sequence has got great potential for correct 

identification of bamboo specimens at the species level and also elucidate the 

phylogenetic relationship among them. The ITS sequence showed accuracy of over 

95%, and so it can be used for species level identification and can be relied upon to 

correctly depict the phylogenetic relationship and ancestry in Bamboo. The ITS 

sequences are easy to amplify using PCR and the primers work correctly, 

particularly in Bamboo. So it can be concluded from the DNA sequence based study 

of Bamboo that ITS sequences should be used as a standard. 


