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Polymorphism and Phylogenetic s
Relationships in Bamboo
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Abstract A breakthrough in plant systematics began to develop at the end of the
nineteenth century, since the development of molecular systematics. This method is
considered to contribute to supporting the phylogenetic framework in the plant
world. Molecular studies are expected to strengthen existing systematics, not replace
them. Until the late 1980s, the bamboo classification system was still based on
morphological data. In the early 1990s, identification was started using molecular
markers. This identification can provide important information in overcoming var-
ious taxonomic constraints. It can determine the taxon level of a type appropriately
and corresponds to taxonomic data based on morphological characters. Scientists use
various molecular markers to look for similarities or differences between species.
Some of the molecular markers used are amplified fragment length polymorphism
(AFLP), random amplified polymorphic DNA (RAPD), sequence characterized
amplified regions (SCARs), start codon targeted (SCoT), inter-primer binding site
(iPBS), and simple sequence repeats (SSR). In addition to molecular markers,
bamboo taxonomy is also carried out using DNA sequence-based methods. This
method includes sequences of organelle genes and nucleus genes. Furthermore,
several chloroplast genes were also found to form molecular relationships in
Poaceae. This chapter is aiming to provide a piece of up-to-date information on
molecular markers applied in different bamboo species to evaluate the genetic
relationships.
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10.1 Introduction

Gregor J. Mendel put forward the idea of the marker during his experiment back in
the nineteenth century. He used phenotype-based genetic markers. Again, during
experiments on Drosophila, phenotype-based genetic markers were used that led
to the establishment of theory of genetic linkage (Agarwal et al. 2008). Although
these phenotypic-based markers contributed very much in the past, it has certain
drawbacks which limit their use in present time. The foremost limitation is the
changing environmental conditions which acutely influence and more importantly
cover a limited portion of plant genome which is their major drawback (Amom
and Nongdam 2017). These limitations caused the invention of more beneficial
markers based on DNA which are now known as molecular markers. A molecular
marker is demarcated as a specific unit of DNA that is representative of the variances
at the genome level. Also, it is not necessary that molecular markers correlate with
phenotypic expression of a trait (Agarwal et al. 2008). The idea of DNA-dependent
markers has improved our capability several times in understanding even a minute
section of the chromosome. Molecular markers are used for various purposes such as
genetic variability evaluation, genome fingerprinting genetic, physical mapping of
genomes, population genetic studies, and marker-assisted breeding for crop
enhancement. A list of molecular markers has been given in Table 10.1. In spite of
the advancement in genome sequencing technologies, molecular markers remain to
continue to be a crucial mechanism for extensive analyses of the genome, not solely
by enabling assembly of the genome but through their verified worth in high-
throughput genotyping, comparative and evolutionary genomics, trait mapping,
and breeding in plants. Molecular markers find even the slight variation like a
single-base variation in the genome which makes them beneficial in detecting
DNA polymorphisms usually related to desirable traits and also in detecting and
analyzing involved alleles (Hayward et al. 2015).

The characteristic of a perfect marker comprises of having a highly polymorphic
nature, codominant inheritance, and a regular presence in the genome, remaining the
same in changing environmental condition, and being easily accessible and highly
reproducible (Ibrahim et al. 2010). The best-suited marker can select according to
their physical characteristic and location in genome, the cost required, the comfort
during use, and the amount of throughput essential (Hayward et al. 2015). The
primary marker technique that was used for the physical mapping of plant genomes
was RFLP. The method is costly and relies on previous sequence data. After the
discovery of PCR technique-based marker systems such as RAPD, AFLP, AP-PCR,
etc., the existing strains were relieved. These markers are quick and cheap and do not
need knowledge of previous sequences. Methods such as RAPD and AFLP are
helpful in population genetics study and breeding resolutions. They are also helpful
in tagging a phenotypic trait to a genetic component. SCAR system was intended for
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Markers Name Reference

AFLP Amplified fragment length polymorphism Vos et al. (1995)

AMP-PCR | Anchored microsatellite primed PCR Wolf et al. (1995)

CAPS Cleaved amplified polymorphic sequence Michaels and Amasino (1998)

DALP Direct amplification of length Desmarais et al. (1998)
polymorphism

ASSR Anchored simple sequence repeats Wu et al. (1994)

DAMDPCR | Direct amplification of microsatellitt DNA | Heath et al. (1993)
by PCR

ASA Allele-specific amplification Wu et al. (1989)

DArT Diversity array technology Jaccoud et al. (2001)

IRAP Inter-retrotransposon amplified Kalendar et al. (1999)
polymorphism

SSR Simple sequence repeats Litt and Luty (1989)

SSAP Sequence-specific amplification Waugh et al. (1997)
polymorphism

VNTR Variable number of tandem repeat Jeffreys et al. (1985)

SPAR Single primer amplification reactions Gupta et al. (1994)

STAR Sequence-tagged amplified region Rafalski and Tingey (1993)

SSCP Single-strand conformational Hayashi (1992)
polymorphism

SNP Single-nucleotide polymorphism Landegren et al. (1988)

IM-PCR Inter-microsatellite PCR Zietkiewicz et al. (1994)

AP-PCR Arbitrarily primed PCR Welsh and McClelland (1991)

DAF DNA amplification fingerprinting Caetano-Anolles et al. (1991)

IFLP Inter-fragment length polymorphism Hongtrakul et al. (1998)

MP-PCR Microsatellite-primed PCR Meyer et al. (1993)

MAAP Multiple arbitrary amplicon profiling Caetano-Anolles and Gresshoff

(1994)

RAHM Random amplified hybridizing Ciffarelli et al. (1995)
microsatellites

REM Retrotransposon microsatellite amplified Kalendar et al. (1999)
polymorphism

SCAR Sequence characterized amplified regions Michelmore et al. (1991), Martin

et al. (1991)

SSLP Simple sequence length polymorphism Tautz (1989)

RBiP Retrotransposon-based insertion Flavell et al. (1998)
polymorphism

OLA Oligonucleotide ligation assay Landegren et al. (1988)

RAM Random amplified microsatellites Ender et al. (1996)

REMAP Retrotransposon microsatellite amplified Kalendar et al. (1999)
polymorphism

SAMPL Selective amplification of microsatellite Morgante and Vogel (1994)
polymorphic loci

STMS Sequence-tagged microsatellite site Beckmann and Soller (1990)

(continued)
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Table 10.1 (continued)

Markers Name Reference

STR Short tandem repeats Edwards et al. (1991)

ISSR Inter-simple sequence repeat Zietkiewicz et al. (1994)

RAMP Random amplified microsatellite Wau et al. (1994)
polymorphisms

RAPD Random amplified polymorphic DNA Williams et al. (1993)

RFLP Restriction fragment length polymorphism | Friar and Kochert (1994)

converting arbitrarily primed PCR products into genomic physical landmarks. Other
markers such as microsatellite marker technology exploit the intraindividual and
interindividual difference in microsatellites or SSR region for analyzing the finger-
print. For delineating the parental lineage, chloroplast and mitochondrial microsat-
ellite- dependent markers are used which in turn give the best results during breeding
and crop improvement (Agarwal et al. 2008). With quick advancement in technique
of molecular biology, much effective and greater markers may develop in coming
times which can significantly accelerate research in plant breeding.

Almost all molecular methods have become now a basic necessity in the key
finding of biological science. Similarly, molecular approaches such as variable
number tandem repeats (VNTRs), restriction fragment length polymorphism
(RFLP), simple sequence repeats (SSR), random amplified polymorphic DNA
(RAPD), and amplified fragment length polymorphism (AFLP) have become an
important part of the genetic diversity assays. However, it is very important to
understand that different markers have different properties, so it’s inevitable that
the markers would show different results as well (Karp and Edwards 1995)
(Table 10.2). Moreover, molecular data could help us to deal with the more complex
questions like taxonomy of the plant (Das et al. 2008). Molecular approaches help us
to study the evolutionary phases of a plant and relative diversity of a species (Nayak
et al. 2003). Loh et al. (2000) reported that till 2000, the application of molecular
approaches in the field of genetic diversity particularly in bamboo was limited. Two
types of molecular markers are mostly used in order to study the genetic diversity:
(1) hybridization-based, i.e., RFLP, and (2) PCR-based, i.e., AFLP, RAPD, SSR,
inter-simple sequence repeats (ISSR), and single-nucleotide polymorphism (SNP).
RFLP markers have been reported to be showing a low level of polymorphism as
compared to others. Friar and Kochert (1994) employed RFLP for almost
20 Phyllostachys species to study genetic variation and evolution. Moreover, it
needs a fine quality of DNA. Similarly, RAPD is very easy to use as it does not
need any information of plant genome before the application, and this feature has
made its use for a large number of plants in order to study the genetic diversity
among the species or within the species, whether on basic of ecological or geo-
graphical factors (Belaj et al. 2001; Deshwall et al. 2005).

The characters that are commonly used for the identification and classification of
plants are morphological, cytological, phytochemical, anatomical, ecological, phys-
iological, and molecular (Stace 1989; Singh 2010) (Table 10.3). The generative
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Table 10.2 Application of different markers to study polymorphism and phylogenetic relationship

in bamboo
Markers
used Species name Remarks Reference
RAPD, Bambusa cacharensis, Ten primers of each markers Amom et al.
ISSR, B. mizorameana, were used to examine the (2020)
iPBS, Dendrocalamus genetic polymorphism and rela- | Rong et al.
SCoT manipureanus, D. hamiltonii, | tionship between 50 genotypes | (2020)
RAPD and D. sikkimensis of 5 important bamboos Nayak et al.
Bambusa sp. Phylogenetic relationships (2003)
Dinochloa, Bambusa sp., among 28 species of Bambusa | Friar and
Dendrocalamus were examined by using Kochert
Bambusa sp. 16 RAPD markers (1991)
Gigantochloa, Arundinaria Genetic relationship has been Sun et al.
sp., and identified between bamboo spe- | (2006)
Dendrocalamus cies belonging to five genera Ramanayake
The species of Bambusa et al. (2007)
belonging to southeastern China
have been investigated, particu-
larly in order to study their
genetic relationship
Reported the genetic distance
between genera Bambusa and
Gigantochloa
AFLP Dendrocalamus, Bambusa sp., | Phylogenetic and genetic vari- Ghosh et al.
Bamboo sp., ability among 12 bamboo spe- | (2011)
Guadua angustifolia cies belonging to northeastern Kobayashi
Phyllostachys sp. region of India (1997)
Phyllostachys pubescens Phylogenetic relationship Marulanda
among bamboo spread out et al. (2002)
across regions of the world Hodkinson
Analysis of germplasm of et al. (2000)
Guadua particularly in the cof- | Lin et al.
fee region of Colombia (2009)
Phylogenetic studies in genus
Phyllostachys
Ten cultivars of P. pubescens
were identified which have a
highest degree of similarity
ISSR 15 different bamboo species ISSR markers were used to Amom et al.
including B. mizorameana, examine the genetic relationship | (2018)
B. manipureana, of 15 various bamboo species of
D. sikkimensis, and Northeast India
D. manipureanus
CpDNA Asian bamboos CpDNA restriction site muta- Watanable
Bamboo sp. tions were examined in 16 bam- | et al. (1994)
Bamboo sp. boo species of Asia Zhang et al.
Chloroplast genome sequencing | (2011a)
study was conducted Zhang et al.
Studied polymorphism and (2011b)

genetic relationship among
22 species of bamboo

(continued)
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Markers
used

Species name

Remarks

Reference

SSR

Guadua chacoensis,
Merostachys
G. chacoensis

Phylogenetic inference and SSR
characterization of tropical
woody bamboos tribes
Bambuseae (Poaceae:
Bambusoideae) were carried out
on the basis of complete plastid
genome sequences
Identification and characteriza-
tion of SSR markers for genetic
studies along with the evalua-
tion of their transferability with
the other bamboo species were
performed

Vieira et al.
(2016)
Rossarolla
et al. (2020)

SCAR

B. balcooa, B. tulda

Generated SCAR fragments
(species-specific)

Das et al.
(2005)

MITEs

B. multiplex
B. vulgaris, Sasa veitchii

Ac-like sequence was found
Ac-like transposon element was
found

Huttley et al.
(1995)
Gielis (1998)

ITS
sequences

Eremitis, Pariana, and
Parianella
Arundinaria sp.

The herbaceous bamboos (tribe
Olyreae) were analyzed based
on ITS and plastid DNA (rpl32-
trnL and trnD-trnT spacers) to
establish phylogenetic relation-
ship within Parianinae
Phylogenetic relationships were
studied between Arundinaria
and some related genera such as
Bashania, Pleioblastus,
Pseudosasa, Clavinodum, etc.
using special ITS sequences like
nrDNA

Ferreira et al.
(2019)
Qiang et al.
(2005)

cDNA
library

B. oldhamii

Few DNA clones that involve in
sucrose synthesis such as
BoSusl, BoSus2, BoSus3, and
BoSus4 were analyzed from
etiolated bamboo shoots

Chiu et al.
(2006)

RT-PCR
and micro-
array
analysis

Phyllostachys praecox

Several rhizome genes were
studied that involve in differen-
tiation of rhizome into rhizome
shoots, rhizome buds, bamboo
shoots, leaves, etc.

Wang et al.
(2010)

RAPD random amplified polymorphic DNA, ISSR inter-simple sequence repeats, iPBS inter-primer
bonding site, SCoT start codon targeted, AFLP amplified fragment length polymorphism, CpDNA
cytoplasmic DNA, SSR simple sequence repeats, SCAR sequence characterized amplified regions,
MITEs miniature inverted-repeat transposable elements, /7S internal transcribed spacers
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Table 10.3 Genetic fidelity testing of in vitro raised bamboos
Type of marker | Species name Remarks Reference
Morphological | Dendrocalamus | In vitro raised plants were compared with Singh et al.
descriptors asper mother plants but found no significant vari- | (2013)
D. hamiltonii ation Bag et al.
Most of the leaf features were found com- (2012)
parable to the mother plant
Biochemical D. hamiltonii The chlorophyll pigment and leaf mass of Bag et al.
analysis the in vitro raised plants were found to be (2012)
comparable to the mother plant
Physiological D. hamiltonii Similarly, the rate of photosynthesis and the | Agnihotri
studies water intake efficiency of the in vitro raised | and Nandi
and hardened plant were found to be com- (2009)
parable to the mother plant
Molecular Bambusa Studied the confirmation of genetic fidelity | Das and Pal
markers balcooa, of in vitro raised plants and further suggested | (2005)
RAPD B. tulda. that the axillary meristem is the viable part | Agnihotri
D. hamiltonii for clonal propagation and Nandi
Genetic fidelity was reported during various | (2009)
stages of development of in vitro raised plant
and confirmed the absence of somaclonal
variation
ISSR B. nutans The shoot multiplication up to 24th cycle till | Negi and
G. angustifolia to the hardening of the in vitro raised plants | Saxena
B. Balcooa grown in polyhouse were found genetically | (2011)
similar to the mother plant Nadha et al.
Similarly, the genetic fidelity was evaluated | (2011)
till to the hardening phase of the in vitro Rajput et al.
raised plant and was compared with mother | (2020)
plant
The monomorphic banding patter was found
to be similar with the mother plant
SSR D. asper Similarly, no somaclonal variation was Singh et al.
reported, and the in vitro raised plants were | (2012)
genetically similar to that of mother plant
AFLP B. balcooa The tissue culture grown plants emerging Gillis et al.
from the axillary buds and somatic embryo- | (2007)
genesis were having no any epigenetic
changes
SCoT B. balcooa The monomorphic banding pattern of SCoT | Rajput et al.
marker of in vitro derived plants matched (2020)

with mother plants confirmed the genetic
similarity

RAPD random amplified polymorphic DNA, ISSR inter-simple sequence repeats, SSR simple
sequence repeats, AFLP amplified fragment length polymorphism, SCoT start codon targeted

organs’ nature is more ideal for characterization than the vegetative organs because
their structure is constant and provides more properties for the differentiation of taxa.
In some taxa, vegetative traits have a low taxonomic value, but for taxa that have a
low inflorescence frequency, vegetative traits are essential in classification (Jones
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and Luchsinger 1986). Over the years, botanists have laid the foundations of
systematics and identification of bamboos based on morphological and anatomical
characters. However, the systematics is based on vegetative characters only. The
resulting data is less accurate, so it still needs to be compared with data from other
analyses (Das et al. 2008).

Bamboo identification in many countries has been carried out using DNA finger-
print methods, such as random amplified polymorphic DNA (RAPD) (Nayak et al.
2003), amplified fragment length polymorphism (AFLP) (Loh et al. 2000), sequence
characterized amplified regions (SCARs) (Das et al. 2005), inter-simple sequence
repeat (ISSR) (Negi and Saxena 2010), simple sequence repeats (SSRs) (Nayak and
Rout 2005), expressed sequence tag-simple sequence repeat (EST-SSR) (Sharma
et al. 2009), and transposons (Keukeleire et al. 2004). Furthermore, Das et al. (2008)
succeeded in making dendrogram comparisons of bamboo relationships in India
based on morphological and molecular characters.

A taxonomic method based on DNA sequences was also developed to determine
genetic diversity, population structure, and phylogenetic relationship between bam-
boo species. Sun et al. (2005) used the internal transcribed spacer (ITS) rDNA
sequence for phylogenetic analysis of Bambusa in China. The results of ITS
rDNA regional sequences ranged from 637 bp in Guadua angustifolia to 696 bp
in Bambusa flexuosa. The similarity values obtained ranged from 86 to 100%. The
identification results can show phylogenetic patterns between Bambusa species and
their close relatives. Meanwhile, Goh et al. (2010) reported that the phylogenetic
relationship analysis of bamboo was also carried out using chloroplast DNA rpsi6-
trnQ, trnC-rpoB, trnH-psbA, and trnD-T, and nuclear DNA, namely, the GBSSI
gene. In a recent study of Liu et al. (2020), double-digest restriction site-associated
DNA (ddRAD) sequencing was performed to reveal the phylogenetic relationship of
the four important genera of Bambusa-Dendrocalamus-Gigantochloa complex.

The present chapter aims to provide the information on different molecular
markers, for example, DNA fingerprint-based method, DNA sequence-based
method, etc., applied on bamboo to establish their genetic relationships. Moreover,
a description of the role of morphological characters for the identification of bamboo
has also been discussed.

10.2 Morphological Traits: Key to Bamboo Identification
and Characterization

Gamble was probably the first scientist who identified bamboo plants on the basis of
morphological characters particularly vegetative and reproductive characters in
1896. However, scientists later on discovered other morphological characters such
as culm sheaths that became tools for the early classification of bamboos. Finally,
Chatterjee and Raizada (1963) set a culm sheath character, a parameter to identify
22 bamboo taxa. According to Chatterjee and Raizada (1963), the culm sheath
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characters such as size, texture, blades, and shape of the blade offer a good line of
distinction for the classification of bamboos. Similarly, Bennet and Gaur (1990)
suggested that the branching pattern could become an important characteristic for the
identification of genus. They even suggested that the sprouting vegetative buds
could also serve as an important morphological character for the identification of
bamboos. Triplett and Clark (2003) have tried to understand the relationship
between ecological and geographical variations with the genetic diversity, so they
took 7 vegetative and 14 reproductive characters. The principle of their work was
that the variations in the characters are a continuous process, so therefore it couldn’t
act as a kind of parameter to classify the species on the basis of their morphological
characters. Their work emphasized the need to conduct more in-depth analysis in
order to determine the classification of C. culeou. A study was conducted by Das
et al. (2007) by means of 32 qualitative and quantitative morphological characters in
order to understand the phylogenetic relationship of 15 species of bamboo which
were not in agreement with the classification of Gamble (1896).

10.2.1 Limitation of Morphological Characters

The following are some of the limitations that basically guide us that classification
on the basis of morphological or vegetative characters would not set a precedent:
(1) According to Janzen (1976), the reproductive cycle of the bamboo is too long and
that could stretch up to 120 years. So using floral characters for characterization or
identification would serve no purpose. (2) Evolutionary studies dictate that the
vegetative characters are subjected to environmental impact. So vegetative charac-
ters would not be a reliable key for taxonomic classification.

10.3 DNA Fingerprinting-Based Methods
10.3.1 RFLP

The basis of the polymorphisms in the RFLP is the difference in the sequence of the
restriction enzyme recognition sites between genomes. This marker is codominant
and useful for selection with the help of specific markers. Friar and Kochert (1994)
first used RFLP on Phyllostachys to study the genetic variability and evolution of its
20 species. This technique is rarely used in bamboo because it requires high-quality
DNA and skilled personnel.
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10.3.2 RAPD

RAPD is an inexpensive and fast method and does not require preliminary informa-
tion from the plant genome. This method has been widely used to study plant genetic
variation because it is sensitive and effective in obtaining polymorphism data.
Random amplified polymorphic DNA (RAPD) molecular markers have been used
to reveal that Bambusa ventricosa and B. vulgaris var. striata are the same species
(Nayak et al. 2003). The RAPD technique has also separated the spiny Bambusa
from the Dendrocalamus members (Sun et al. 2006). The RAPD technique has also
been successful in demonstrating high levels of polymorphism in nine bamboo
species in Sri Lanka (Ramanayake et al. 2007). However, the RAPD technique is
not suitable for the identification of polymorphisms within species. Bhattacharya
et al. (2006) proved that the identification of 17 B. tulda populations that experienced
geographic isolation did not show any polymorphisms. The same thing happened in
the study of Lai and Hsiao (1997), where out of 176 samples of P. pubescens, only
9 genotypes were found. These results indicate the genetic diversity in the popula-
tion is very low.

10.3.3 SCARs

Sequence characterized amplified regions (SCARs) is the development of RAPD
(Paran and Michelmore 1993). In the bamboo study, SCARs were used to identify
genotypes and varieties, especially for species that have almost the same morpho-
logical characteristics. The SCAR marker was developed by Das et al. (2005) for
Bambusa balcooa and Bambusa tulda, in order to assist the paper industry in
differentiating the two types of bamboo. Meanwhile, Bhattacharya et al. (2008)
conducted a genetic diversity study on 12 populations of Bambusa balcooa and
17 populations of Bambusa tulda based on morphological characters and molecular
marker SCAR in India. The results of these studies indicate a high morphological
diversity between Bambusa populations. This is known through the coefficient of
diversity 49.49% (F value 10.4326; P = <0.001). However, the absence of DNA
band polymorphisms in SCAR indicates the low intraspecific genetic diversity of the
two bamboo types.

10.3.4 AFLP

Another molecular marker technique used in bamboo identification is AFLP (ampli-
fied fragment length polymorphism). This technique is an RFLP combined with
PCR. AFLP analysis allows precise comparisons between taxa to determine genetic
distances and phylogenetic relationships, even between closely related taxa,



10 Polymorphism and Phylogenetic Relationships in Bamboo 239

including infraspecies variation. The cluster pattern formed by AFLP has success-
fully revealed polyphyletic properties in the genus Bambusa (Loh et al. 2000). On
the other hand, Marulanda et al. (2002) used AFLP for studying the genetic variation
of Guadua. AFLP has also identified nine species of bamboo in Manipur State,
Northeast India (Ghosh et al. 2012). However, this technique is quite tricky to apply,
considering the high price. It must be done by skilled personnel, as it is difficult to be
analyzed because it produces a lot of data and requires a long working time.

10.3.5 SSR

Simple sequence repeats (SSR) are molecular markers that are also applied to
bamboo. SSR is a repeating sequence of tandem nucleotides with a length ranging
from 1 to 6 nucleotides; is polymorphic, codominant, and multiple alleles; and is
considered a neutral sequence. Therefore, SSR is widely used in the study of plant
genetic diversity. SSR primers are designed from conserved genome regions, which
enclose these tandem nucleotide sequences. The detected sequence lengths and
polymorphisms reflect the variation in the number of repetitions between the
genomes.However, all procedures that include genomic construction and screening
before primer design are considered impractical and expensive (Das et al. 2008).

This greatly limits the SSR method’s application to nonagricultural plants such as
bamboo because sufficient genomic information is not yet available in the database.
Nayak and Rout (2005) have successfully applied the use of SSR molecular markers
to Bambusa. Six SSR sequences were isolated from B. arundinacea and tested on
18 other bamboo species. Three polymorphic loci are known to identify and char-
acterize bamboo species. These findings suggest that primers designed from the
B. arundinacea genome could be used to identify other bamboo taxa. Thus, SSR
molecular markers can be used to compare taxa without having to do a specific
primer design for each bamboo species. This study also shows that SSR molecular
markers can be used in the study of population genetics and genetic diversity in
bamboo.

10.3.6 SRAP

Zhu et al. (2014) also conducted a genetic diversity study on 13 bamboo accessions
in China. A total of 21 vegetative morphological characters and SRAP (sequence-
related amplified polymorphism) molecular markers were used to construct the
dendrogram. In this study, the similarity coefficient obtained was used to measure
genetic diversity. The similarity coefficient of 0.23-0.96 indicates high genetic
diversity based on morphological characters. Likewise, the similarity coefficient of
0.36-0.75 shows high genetic diversity in molecular characters compared with
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research on genetic diversity using molecular markers conducted by previous
researchers.

10.4 DNA Sequence-Based Methods
10.4.1 Organelle Genes

The sequence of organelle genes began to develop since the discovery of the rbcL
gene, which encodes the large subunit protein ribulose 1,5 biphosphate carboxylase/
oxygenase (rbcL). Using this rbcL gene, Barker et al. (1995) describe the position of
Bambusoideae among other subfamilies. However, according to Doebley et al.
(1990), the rbcL gene’s use is only suitable for taxa familia and taxa higher than
family, not ideal for grasses in subfamily taxa lower than subfamily. Gaut et al.
(1997) added that the woody bamboo (Bambuseae) group generally has a long
generation time to slow down the rate of nucleotide substitution. It thus becomes
unsuitable for an inferior taxonomic analysis. Furthermore, several chloroplast genes
were found which were also used to construct molecular relationships in Poaceae,
including ribosomal protein S4 (rps4) (Nadot et al. 1994), NADH-plastoquinone
oxidoreductase subunit 5 (ndhF) (Clark et al. 1995), maturase K (matK) (Hilu et al.
1999), and RNA polymerase b subunit (rpoC2) (Barker et al. 1999).

10.4.2 Nuclear Genes

Sequencing methods with genes from the nucleus use 18S rDNA (Hamby and
Zimmer 1988), granule-bound starch synthase gene (GBSSI) (Mason-Gamer et al.
1998), internal transcribed spacers (ITS) (Hsiao et al. 1999), and phytochrome B
(Mathews et al. 2000). Das et al. (2008) argue that ITS is the most popular method to
determine phylogenetic relationships at the genus taxon level down because it has a
higher rate of nitrogen base substitution than other genetic materials.The ITS
sequence data has been used to trace the phylogenetic relationships of
Thamnocalamus and its close relative species. This sequence shows that members
of the Thamnocalamus are monophyletic to one another (Guo et al. 2002). ITS
sequences have also been used to study 23 alpine bamboo species’ genetic diversity
from the genus Thamnocalamus, Fargesia, and Yushania. The results of these
studies determined 7. spathiflorus var. crassinodus and F. spathacea as alpine
bamboo ancestors, although these data are not supported by a useful bootstrap
(Guo et al. 2002). ITS sequences have also been used for phylogenetic analysis of
21 species of Bambusa (sensu stricto), Dendrocalamopsis, Dendrocalamus,
Guadua, Leleba, and Lingnania. This study concluded that Bambusa is closely
related to Dendrocalamus (Sun et al. 2005).
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ITS sequence, which is biparental, has been widely chosen for phylogenetic
analysis at the taxon genus level and below because it has a high rate of nucleotide
substitution compared to organelle genes. In addition, the ITS sequence also has
many duplications, making it easy to amplify by targeting primary adhesions to
conserved areas 18S and 268, using universal primers (Das et al. 2008). However,
the results of phylogenetic analyses using ITS sequences are often confusing (Alva-
rez and Wendel 2003). This can be due to limited information by short sequences
(Baldwin et al. 1995) or difficult alignment due to varying sequence lengths (Hsiao
et al. 1999).

One of the important prerequisites for phylogenetic studies using ITS sequences
is targeting the correct orthologous sequence. However, in the absence of complete
homogenization, paralog sequences may appear accidental and bias the results. In
Bambuseae, the potential for paralog sequences is very vulnerable due to
polyploidization. Another confounding phenomenon discussed by Alvarez and
Wendel (2003) is the presence of a large number of rDNA copies and possible
contamination due to the use of universal primers. From a number of these problems,
contamination is considered a factor that affects the diversity of ITS sequence
results. The genetic material (rDNA) of fungi can be accidentally isolated and
amplified with the target DNA (Zhang et al. 1997). Epiphyllous fungi are known
to be associated with bamboo leaves. Therefore, before DNA isolation, fresh leaves
should always be sterilized first, to avoid possible contamination. Besides,
researchers should not rely on the results of a single PCR reaction but attempt to
be able to clone and amplify DNA products under various reaction conditions
(Alvarez and Wendel 2003) to avoid PCR bias or drift (Wagner et al. 1994).

10.5 Bamboo and Molecular Descriptors

New molecular approaches have become an important aspect of the research involv-
ing in area of understanding the phenomena of genetic diversity and phylogenetic
relationship. As discussed above, the new molecular techniques such as RAPD,
SSR, AFLP, and RAPD are actually a trend in determining the genetic pool or
genetic population of a particular plant species. Moreover, it is important to under-
stand that all markers are not having the same characteristics and similar functions
but rather they are very dissimilar in both characteristically and functionally (Karp
and Edwards 1995). These molecular approaches have helped us to generate a data
that has significantly helped us to find the exact roots of taxonomic complexities that
could probably allow us to deal with plants that are yet to be placed in different
classifications (Das et al. 2008).

Till 2000, the study of genetic diversity in bamboo was limited (Loh et al. 2000).
However, the previous work done by scientists acted as a source of an encourage-
ment to lay the hands on a large pool of genetic studies in bamboo species. Friar and
Kochert (1994) conducted RFLP-based research in Phyllostachys. Heng et al. (1996)
conducted isozyme-based studies among five genera of bamboo. Similarly,
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Kobayashi (1997) conducted research on bamboos belonging to different regions of
the world, and Watanable et al. (1994) conducted research based on chloroplast
DNA phylogeny of bamboos belonging to Asia. A specific intron sequence of rpl16
was analyzed within Chusquea genus (Loh et al. 2000).

As mentioned above, RFLP technique was employed to conduct the research
aimed at understanding the genetic evolution of more than 15 species of
Phyllostachys (Friar and Kochert 1994). But this technique has shown low poly-
morphism as compared to others. Similarly, RAPD has provided a good alternative,
as it does not need any previous information regarding the plant genome. This
feature, coupled with easy accessibility in the market, has made it a good choice in
studying the genetic variations among various species (Belaj et al. 2001; Deshwall
et al. 2005; Ko et al. 1998). It requires very small amount of genomic DNA and can
produce very high level of polymorphism and can be effective for diversity analysis
in plants (Williams et al. 1993). RAPD analysis has proved its significance for
diverse study of field crops like rice (Qian et al. 2001; Rabbani et al. 2008; Pervaiz
et al. 2010) and many horticultural plants such as coffee (Orozco-Castillo et al.
1994), tea (Wachira et al. 1995), almond (Shiran et al. 2007), sesame (Akbar et al.
2011), and turmeric (Singh et al. 2012). Recently, large number of scientists
employed molecular markers to conduct the characterization and phylogenetic
relationship on bamboos (Nayak et al. 2003; Das et al. 2005; Bhattacharya et al.
2006; Ramanayake et al. 2007; Das et al. 2007; Bhattacharya et al. 2009). Moreover,
SSR primers derived from rice, sugarcane, etc. were used for the study of genetic
diversity among large species of bamboo (Sharma et al. 2009).

Economically bamboo plants are very important because of its multipurpose
usage across the globe. China and India are the largest producers of bamboo in
Asia. More importantly, bamboo is a genetically diverse plant, so it could serve as a
good case of study for the better improvement and production of highly desired
plant. Therefore, identification, characterization, and documentation at molecular
level of the bamboo plants are essential demands in order to strategize the conser-
vation methods of the bamboo and to improve our understanding about the taxon-
omy of the plant (Rao and Hodgkin 2002). Loh et al. (2000) explained that the need
has arisen to collect different samples of bamboo in order to conserve the plant from
further exploitation. Das et al. (2008) further explained that the molecular data of the
plant can really help us to classify the plants taxonomically. Moreover, in order to
assess the level of interspecies and intraspecies genetic diversity between bamboo
plants, the molecular markers are considered to be a hopeful technical asset (Nayak
et al. 2003). Molecular marker such as RAPD has been quite useful in revealing
some important information regarding the genetic variation existing among various
bamboo species. Sun et al. (2006) reported that RAPD markers were quite useful in
revealing the genetic relationship between various bamboo species of the southeast-
ern China.

Recent research is conducted by Rong et al. (2020) in which 28 species/varieties
of Bambusa were subjected to evaluation based on 16 RAPD primers. Amplification
of 216 bands were conducted by using 16 RAPD primers, which yielded about
290-3000 bp DNA fragments. It was reported that the percentage of polymorphism
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were 96.79% and the number of bands was 211 which indicates that the genetic
diversity (interspecific and intraspecific) was high among bamboo species. There-
fore, the results suggest that the RAPD molecular markers have a practical role in
detecting the variation among various species. The reason behind such a higher
percentage of polymorphism could be the factors like climate variations, evolution-
ary changes, and geographic location that eventually set a larger genetic pool of the
species (Lou et al. 2011). Nayak et al. (2003) has achieved similar kind of results;
however, the number of primers he used while studying the case was higher than the
aforementioned work conducted by Rong et al. (2020). It’s very significant to realize
that each molecular marker has an exclusive property so it would logically display
different aspect of diversity of gene (Karp and Edwards 1995).

It is very tough to identify the genetic relationship between various bamboo
species because of the absence of phenotypic variance. However, the confirmation
of the genotype is essential for both propagators and consumers in order to protect
the IPR. RAPD and ISSR markers were employed in order to evaluate the diversity
of 13 genotypes of bamboos. A total of 120 RAPD and 63 ISSR primers were tried,
among which only 42 polymorphic primers, 30 RAPD, and 12 ISSR reported to have
produced amplification profiles. It was reported that 30 RAPD primers generated a
total of 645 amplified fragments, among which about 623 were polymorphic and
20.76 polymorphic bands on each primer were detected across 13 genotypes.
12 ISSR primers generate 246 amplified fragments, of which 241 were polymorphic,
and 20.08 polymorphic bands per primer were observed across 13 different geno-
types. These results indicate that an extensive genetic diversity occurred among
13 genotypes of bamboo. It’s very surprising that some top researchers have deemed
that RAPD markers illustrate mostly noncoding regions of DNA (Bachmann 1997;
Landergott et al. 2001), while some have a very different opinion and consider that
RAPDs disseminate throughout the genome and link with only functional loci
(Penner 1996).

Another molecular marker that we haven’t discussed yet is microsatellite or
sometimes also called simple sequence repeats (SSR) which have been proved to
be very efficient in revealing the knowledge of genetic polymorphism among
various case studies. They have very significant role in genome mapping, population
genetic analysis, and genetic diversity and obviously evolutionary study (Brondani
et al. 2002; Sharopova et al. 2002; Deutech et al. 2002; Kikuchi and Isagi 2002).
Among bamboos, microsatellites have been characterized and identified in bamboo
(Bambusa arundinacea) (Nayak and Rout 2005), and reportedly three polymorphic
sequences have been identified in this plant which could serve as a parameter to
study the population genetics among the clones of this plant and other relevant
species as well.
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10.6 Conclusion and Future Prospects

The use of various taxonomic evidence that includes molecular, morphological, and
anatomical will provide answers to population genetics and the taxonomic status of
bamboo. Research using various taxonomic evidence can produce information on
genetic diversity and population structure, clarity of taxonomic identity, and bamboo
relationship. It is hoped that this series of data will become the basis for tracing the
evolutionary history of bamboo. Hence, the results of taxonomic identification can
become a reference in a bamboo conservation strategy.

Conflict of Interest

No.

Author Contribution Author AL conceived the idea and wrote the manuscript. Author IBG, ZA,
and AS reviewed the manuscript and revised the MS as per the requirements. All authors read and
approved the manuscript.

References

Agarwal M, Shrivastava N, Padh H (2008) Advances in molecular marker techniques and their
applications in plant sciences. Plant Cell Rep 27:617-631

Agnihotri RK, Nandi SK (2009) In vitro shoot cut: a high frequency multiplication and rooting
method in bamboo Dendrocalamus hamiltonii. Biotechnology 8:259-263

Akbar F, Rabbani MA, Masood MS, Shinwari ZK (2011) Genetic diversity of sesame (Sesamum
indicum L.) germplasm from Pakistan using RAPD markers. Pak J Bot 43:2153-2160

Alvarez I, Wendel JF (2003) Ribosomal ITS sequences and plant phylogenetic inference. Mol
Phylogenet Evol 29:417-434

Amom T, Nongdam P (2017) The use of molecular marker methods in plants: a review. Int J Cur
Res Rev 9:2-7

Amom T, Tikendra L, Apana N, Goutam M, Sonia P et al (2020) Efficiency of RAPD, ISSR, iPBS
and phytochemical markers in the genetic relationship study of five native and economical
important bamboos of North-East India. Phytochemistry 174:112330

Amom T, Tikendra L, Rahaman H, Angamba P, Nongdam P (2018) Evaluation of genetic
relationship between 15 bamboo species of North-East India based on ISSR markers analysis.
MBRC 7:7-15

Bachmann K (1997) Nuclear DNA markers in plant biosystematics research. Opera Bot
132:137-148

Bag N, Palni LMS, Chandra S, Nandi SK (2012) Somatic embryogenesis in ‘Maggar’ bamboo
(Dendrocalamus hamiltonii) and field performance of regenerated plants. Curr Sci
102:1279-1287

Baldwin BG, Sanderson MJ, Porter JM, Wojciechowski MF, Campbell CS, Donoghue MJ (1995)
The ITS region of nuclear ribosomal DNA: a valuable source of evidence on angiosperm
phylogeny. Ann Mo Bot Gard 82:247-277

Barker NP, Linder HP, Harley EH (1995) Polyphyly of Arundinoideae (Poaceae): evidence from
rbcL sequence data. Syst Bot 20:423-435



10 Polymorphism and Phylogenetic Relationships in Bamboo 245

Barker NP, Linder HP, Harley EH (1999) Sequences of the grass-specific insert in the chloroplast
Rpoc2 gene elucidate generic relationships of the Arundinoideae (Poaceae). Syst Bot
23:327-350

Beckmann JS, Soller M (1990) Toward a unified approach to genetic mapping of eukaryotes based
on sequence tagged microsatellite sites. Biotechnology 8:930-932

Belaj A, Trujilo I, Rosa R, Rallo L, Gimenez MJ (2001) Polymorphism and discrimination Sci
capacity of randomly amplified polymorphic markers in an olive germplasm bank. J Am Soc
Hort 126:64-71

Bennet SSR, Gaur RC (1990) Thirty seven bamboos growing in India. Forest Research Institute,
Dehradun

Bhattacharya S, Das M, Bar R, Pal A (2006) Morphological and molecular characterization of
Bambusa tulda with a note of flowering. Ann Bot 98:529-535

Bhattacharya S, Ghosh J S, Mitra A, Pal A (2008) Genetic diversity assessment and search for
disease tolerant genotypes across the natural gene pool of Bambusa balcooa and B. tulda using
molecular tools and technique. Proceeding of the national conference on bamboos: manage-
ment, conservation, Tropical Forest Research Institute

Bhattacharya S, Ghosh JS, Das M, Pal A (2009) Morphological and molecular characterization of
Thamnocalamus spathiflorus subsp. spathiflorus at population level. Plant Syst Evol 282:13-20

Brondani RP, Brondani C, Grattapaglia D (2002) Towards a genuswide reference linkage map for
Eucalyptus based exclusively on highly informative microsatellite markers. Mol Gen Genomics
267:338-347

Caetano-Anolles G, Bassam BJ, Gresshoff PM (1991) DNA amplification fingerprinting using very
short arbitrary oligonucleotide primers. Bio/Technology 9:553-557

Caetano-Anolles G, Gresshoff PM (1994) DNA amplification fingerprinting using arbitrary
minihairpin oligonucleotide primers. Biotechnology 12:619-623

Chatterjee RN, Raizada MB (1963) Culmsheaths as an aid to identification of Bamboos. Ind For
89:744-756

Chiu WB, Lin CH, Chang CJ, Hsich MH, Wang AY (2006) Molecular characterization and
expression of four cDNAs encoding sucrose synthase from green bamboo Bambusa oldhamii.
New Phytol 170:53-63

Ciffarelli RA, Gallitelli M, Cellini F (1995) Random amplified hybridization microsatellites
(RAHM): isolation of a new class of microsatellite-containing DNA clones. Nucleic Acids
Res 23:3802-3803

Clark LG, Zhang W, Wendel JF (1995) A phylogeny of the grass family (Poaceae) based on ndhF
sequence data. Syst Bot 20:436-446

Das M, Bhattacharya S, Basak J, Pal A (2007) Phylogenetic relationship among the bamboo species
as revealed by morphological characters and polymorphism analysis. Biol Plant 51:667-672

Das M, Bhattacharya S, Pal A (2005) Generation and characterization of SCARs by cloning and
sequencing of RAPD products: a strategy for species-specific marker development in bamboo.
Ann Bot 95:835-841

Das M, Bhattacharya S, Singh P, Filgueiras TS, Pal A (2008) Bamboo taxonomy and diversity in
the era of molecular markers. Adv Bot Res 47:225-268

Das M, Pal A (2005) In vitro regeneration of Bambusa balcooa Roxb.: factors affecting changes of
morphogenetic competence in the axillary buds. Plant Cell Tissue Organ Cult 81:109-112

Deshwall RPS, Singh R, Malik K, Randhawa GJ (2005) Assessment of genetic diversity and
genetic relationships among 29 populations of Azadirachta indica A. Juss. using RAPD
markers. Genet Resour Crop Evol 52:285-292

Desmarais E, Lanneluc I, Lagnel J (1998) Direct amplification of length polymorphisms (DALP), or
how to get and characterize new genetic markers in many species. Nucleic Acids Res 26
(6):1458-1465

Deutech C, Seiter J, Petronelli P, Joly HI, Jarne P (2002) Evidence of gene flow in a geotropically
clustered tree species in two rainforest stands of French Guiana. Mol Ecol 11:725-738



246 1. B. Ganie et al.

Doebley J, Durbin M, Golenberg EM, Clegg MT, Ma DP (1990) Evolutionary analysis of the large
subunit of carboxylase (Rbcl) nucleotide sequence data among the Grasses (Gramineae).
Evolution 44:1097-1108

Edwards K, Johnstone C, Thompson C (1991) A simple and rapid method for the preparation of
genomic plant DNA for PCR analysis. Nucleic Acids Res 19:1349

Ender A, Schwenk K, Stadler T, Streit B, Schierwater B (1996) RAPD identification of
microsatellites in Daphnia. Mol Ecol 5:437-441

Ferreira FM, Oliveira RP, Welker CAD, da Costa DM et al (2019) Phylogenetic relationship within
Parianinae (Poaceae: Bambusoideae: Olyreae) with emphasis on Eremitis: evidence from
nuclear and plastid DNA sequences, macromorphology, pollen ectexine patterns. Mol
Phylogenet Evol 139:106541

Flavell AJ, Knox MR, Pearce SR, Ellis TH (1998) Retrotransposon-based insertion polymorphisms
(RBIP) for high throughput marker analysis. Plant J 16:643-650

Friar E, Kochert G (1991) Bamboo germplasm screening with nuclear restriction fragment length
polymorphisms. Theor Appl Genet 82:697-703

Friar E, Kochert G (1994) A study of genetic variation and evolution of Phyllostachys
(Bambusoideae: Poaceae) using nuclear restriction fragment length polymorphisms. Theor
Appl Genet 89:265-270

Gamble JS (1896) The Bambuseae of British India. Ann R Bot Gard Calcutta 7:1-133

Gaut BS, Clark LG, Wendel JF, Muse SV (1997) Comparisons of the molecular evolutionary
process at rbcL and ndhF in the grass family (Poaceae). Mol Biol Evol 14:769-777

Ghosh S, Devi SW, Mandi S, Talukdar NC (2011) Amplified fragment length polymorphism based
study of phylogenetic relationship and genetic variability among some edible bamboo species of
North-East India. J Plant Mol Biol Biotechnol 2:8-15

Ghosh S, Somkuvar B, Mandi SS, Talukdar NC (2012) Genetic variability and phylogenetic
relationship among some bamboo species of north-East India by AFLP analysis. Asean J
Plant Sci Res 2:478-485

Gielis J (1998) Up-stream fundamental research in bamboo-possibilities and directions. Keynote
lecture at Vth International Bamboo Congress, San Jose, Costa Rica. http://www.
bamboonetwork.org/ downloads/gielis03.pdf

Gillis K, Gielis J, Peeters H, Dhooghe E, Oprins J (2007) Somatic embryogenesis from mature
Bambusa balcooa Roxb as basis for mass production of elite forestry bamboos. Plant Cell Tissue
Organ Cult 91:115-123

Goh WL, Chandran S, Lin RS, Xia NH, Wong KM (2010) Phylogenetic relationship among
Southeast Asian climbing bamboos (Poaceae: Bambusoideae) and the Bambusa complex.
Biochem Syst Ecol 38:764-773

Guo ZH, Chen YY, Li DZ (2002) Phylogenetic studies on Thamnocalamus group and ITS allies
(Bambusoideae: Poaceae) based on ITS sequence data. Mol Phylogenet Evol 22:20-30

Gupta VS, Ramakrishna W, Rawat SR, Ranjekar PK (1994) (CAC) detects DNA fingerprints and
sequences homologous to gene transcripts in rice. Biochem Genet 32:1-8

Hamby RK, Zimmer EA (1988) Ribosomal RNA sequences for inferring phylogeny within the
grass family (Poaceae). Plant Syst Evol 160:29-37

Hayashi K (1992) PCR-SSCP: a method for detection of mutation. Genet Anal Tech Appl 9:73-79

Hayward AC, Tollenaere R, Dalton-Morgan J, Batley J (2015) Molecular marker applications in
plants. In Plant Genotyping Humana Press, New York, pp 13-27

Heath DD, Iwama GK, Devlin RH (1993) PCR primed with VNTR core sequence yields species
specific patterns and hypervariable probes. Nucleic Acids Res 21:5782-5785

Heng HP, Yeoh HH, Tan CKC, Rao AN (1996) Leaf isozyme polymorphisms in bamboo species. J
Singapore Nat Acad Sci 22:10-14

Hilu KW, Alice LA, Liang H (1999) Phylogeny of Poaceae inferred from matK sequences. Ann Mo
Bot Gard 86:835-851


http://www.bamboonetwork.org/
http://www.bamboonetwork.org/

10 Polymorphism and Phylogenetic Relationships in Bamboo 247

Hodkinson TR, Renvoize SA, Chonghaile GN (2000) A comparison of ITS nuclear IDNA sequence
data and AFLP markers for phylogenetic studies in Phyllostachys (Bambusoideae, Poaceae). J
Plant Res 113:259-269

Hongtrakul K, Goodband RD, Behnke KC, Nelssen JL, Tokach MD, Bergstrom JR, Nessmith WB
Jr, Kim IH (1998) The effects of extrusion processing of carbohydrate sources on weanling pig
performances. J Anim Sci 76:3034-3042

Hsiao C, Jacobs SWL, Chatterton NJ, Asay KH (1999) A molecular phylogeny of the grass family
(Poaceae) based on the sequences of nuclear ribosomal Dna (ITS). Aust Syst Bot 11:667-688

Huttley GA, McRae AF, Clegg MT (1995) Molecular evolution of the Ac/Ds transposable element
family in pearl millet and other grasses. Genetics 139:1411-1419

Ibrahim AA, ABr M, Haseeb AK, Ahmad HA, Ali AA, Ali HB, Mohammad AM (2010) A brief
review of molecular techniques to assess plant diversity. Int J Mol Sci 11:2079-2096

Jaccoud D, Peng K, Feinstein D, Kilian A (2001) Diversity arrays: a solid state technology for
sequence information independent genotyping. Nucleic Acids Res 29:€25

Janzen DH (1976) Why bamboos wait so long to flower. Annu Rev Ecol Syst 7:347-391

Jeffreys AJ, Wilson V, Thein SL (1985) Hypervariable ‘minisatellite’ regions in human DNA.
Nature 314:67-73

Jones SB, Luchsinger AE (1986) Plant systematics. McGraw-Hill, New York

Kalendar R, Grob T, Regina M, Suoniemi A, Schulman A (1999) IRAP and REMAP: two new
retrotransposon-based fingerprinting techniques. Theor Appl Genet 98:704-711

Karp A, Edwards KJ (1995) Molecular techniques in the analysis of the extent and distribution of
genetic diversity. In: IPGRI workshop on molecular genetic tools in plant genetic resources
9-11

Keukeleire PD, De S, Schepper J, Gielis GT (2004) A PCR-based assay to detect hAT-like
transposon sequences in plants. Chromosom Res 12:117-123

Kikuchi S, Isagi Y (2002) Microsatellite genetic variation in small and isolated populations of
Magnolia sieboldii ssp. japonica. Heredity 88:313-321

Ko MK, Yang J, Jin YH, Lee CH, Oh BJ (1998) Genetic relationships of Viola species evaluated by
random amplified polymorphic DNA analysis. J Hort Sci Biotechnol 74:601-605

Kobayashi M (1997) Phylogeny of world bamboos analyzed by restriction fragment length poly-
morphisms of chloroplast DNA. In: Chapman GP (ed) The bamboos. Linean Society Sympo-
sium series. Linean Society of London, UK, pp 61-81

Lai CC, Hsiao JY (1997) Genetic variation of Phyllostachys pubescens (Bambusoideae, Poaceae) in
Taiwan based on DNA polymorphisms. Bot Bull Acad Sin 38:145-152

Landegren U, Kaiser R, Sanders J, Hood L (1988) A ligase-mediated gene detection technique
dinucleotide repeat within the cardiac muscle actin gene. Am J Hum Genet 44:397-340

Landergott U, Holderegger R, Kozlowski G, Schneller JJ (2001) Historical bottlenecks decrease
genetic diversity in natural populations of Dryopteris cristata. Heredity 87:344-355

Lin XC, Ruan XS, Lou YF, Guo XQ, Fang W (2009) Genetic similarity among cultivars of
Phyllostachys pubescens. Plant Syst Evol 277:67-73

Litt M, Luty JA (1989) A hypervariable microsatellite revealed by in vitro amplification of a
science. 241:1077-1080

Liu J-X, Zhou M-Y, Yang G-Q, Zhang Y-X et al (2020) ddRAD analyses reveal a credible
phylogenetic relationship of the four main genera of Bambusa-Dendrocalamus-Gigantochloa
complex (Poaceae: Bambusoideae). Mol Phylogenet Evol 146:106758

Loh JP, Kiew R, Set O, Gan LH, Gan YY (2000) A study of genetic variation and relationships
within the bamboo subtribe Bambusinae using amplified fragment length polymorphism. Ann
Bot 85:607-612

Lou Y, Yang H, Zhang Y, Li X, Lin X, Fang W (2011) Analysis of genetic variation of some
bamboo species by AFLP, ISSR and SRAP. J Fujian Coll For 31:38-43

Martin GB, Williams JGK, Tanksley SD (1991) Rapid identification of markers linked to a Natt
Pseudomonas resistance gene in tomato by using random primers and near-isogenic lines. Proc
Natl Acad Sci U S A 88:2336-2340



248 1. B. Ganie et al.

Marulanda ML, Marques P, Londono X (2002) AFLP analysis of Guadua angustifolia (Poaceae:
Bambusoideae) in Colombia with emphasis on the coffee region. Bamboo science and culture. J
Am Bamboo Soc 16:32-42

Mason-Gamer RJ, Weil CF, Kellogg EA (1998) Granule-bound starch synthase: structure, function,
and phylogenetic utility. Mol Biol Evol 15:1658-1673

Mathews S, Tsai RC, Kellogg E (2000) Phylogenetic structure in the grass family (Poaceae):
evidence from the nuclear gene Phytochrome B. Am J Bot 87:96-107

Meyer JP, Allen NJ, Smith C (1993) Commitment to organizations and occupations: extension and
test of a three-component conceptualization. J Appl Psychol 78:538-551

Michaels SD, Amasino RM (1998) A robust method for detecting single-nucleotide changes as
polymorphic markers by PCR. Plant J 14:381-385

Michelmore RW, Paran I, Kesseli RV (1991) Identification of markers linked to disease resistant
genes by bulked sergeant analysis: a rapid method to detect markers in specific genomic regions
using segregating populations. Proc Natl Acad Sci U S A 88:9828-9832

Morgante M, Vogel J (1994) Compound microsatellite primer for the detection of genetic poly-
morphism. US Patent APP No 08/326456

Nadha HK, Kumar R, Sharma RK, Anand M, Sood A (2011) Evaluation of clonal fidelity of in vitro
raised plants of Guadua Physiol Mol Biol Plants (January—-March 2013) 19(1):21-41
39 angustifolia Kunth using DNA-based markers. J] Med Plants Res 5:5636-5641

Nadot S, Bajon R, Lejeune B (1994) The chloroplast gene Rps4 as a tool for the study of Poaceae
phylogeny. Plant Syst Evol 191:27-38

Nayak S, Rout GR (2005) Isolation and characterization of micro satellites in Bambusa
Arundinacea and cross species amplification in other bamboos. Afr J Biotechnol 4:151-156

Nayak S, Rout GR, Das P (2003) Evaluation of genetic variability in bamboo using RAPD markers.
Plant Soil Environ 49:24-28

Negi D, Saxena S (2010) Ascertaining clonal fidelity of tissue culture raised plants of Bambusa
Balcooa Roxb. Using inter simple sequence repeat markers. New For 40:1-8

Negi D, Saxena S (2011) In vitro propagation of Bambusa nutans wall. Ex Munro through axillary
shoot proliferation. Plant Biotechnol Rep 5:35-43

Orozco-Castillo C, Chalmers KJ, Wauh R, Powell W (1994) Detection of genetic diversity and
selective gene introgression in coffee using RAPD markers. Theor Appl Genet 8:934-940

Paran I, Michelmore RW (1993) Development of reliable PCR-based markers linked to downy
mildew resistance genes in lettuce. Theor Appl Genet 85(8):985-993

Penner GA (1996) RAPD analysis of plant genomes. In: Jauhar PP (ed) Methods of genome
analysis in plants. CRC, Boca Raton, pp 251-268

Pervaiz ZH, Rabbani MA, Shinwari ZK, Masood MS, Malik SA (2010) Assessment of genetic
variability in rice (Oryza sativa L.) germplasm from Pakistan using RAPD markers. Pak J Bot
42:3369-3376

Qian W, Ge S, Hong DY (2001) Genetic variation within and among populations of a wild
rice Oryza granulata from China detected by RAPD and ISSR markers. Theor Appl Genet
102:440-449

Qiang Z, Yu-long D, Chen X, Hui-yu Z, Min-ren H, Ming-xiu W (2005) A preliminary analysis of
phylogenetic relationships of Arundinaria and related genera based on nucleotide sequences of
nrDNA (ITS region) and cpDNA (trnL-F intergenic spacer). J For Res 16:5-8

Rabbani MA, Pervaiz ZH, Masood MS (2008) Genetic diversity analysis of traditional and
improved cultivars of Pakistani rice (Oryza sativa L.) using RAPD markers. Electron J
Biotechnol 11:1-10

Rafalski JA, Tingey SV (1993) Genetic diagnostics in plant breeding: RAPDs, microsatellites and
machines. Trends Genet 9:275-280

Rajput SB, Jani M, Ramesh K, Manokari M, Phanikanth J et al (2020) Large-scale clonal
propagation of Bambusa balcooa Roxb.: An industrially important bamboo species. Ind Crop
Prod 157:112905



10 Polymorphism and Phylogenetic Relationships in Bamboo 249

Ramanayake SMSD, Meemaduma VN, Weerawardene TE (2007) Genetic diversity and relation-
ship between nine species of bamboo in Sri Lanka, using random amplified polymorphic DNA.
Plant Syst Evol 269:55-61

Rao RV, Hodgkin T (2002) Genetic diversity and conservation and utilization of plant genetic
resources. Plant Cell Tissue Organ Cult 68:1-19

Rong JD, Zhang YH, Fan LL, Yu ZJ et al (2020) Genetic diversity and phylogenetic relationships in
the Bambusa genus as revealed by RAPD markers. Appl Ecol Env Res 18:5011-5021

Rossarolla MD, Tomazetti TC, Vieira LN et al (2020) Identification and characterization of SSR
markers of Guadua chacoensis (Rojas) Londofio & P.M. Peterson and transferability to other
bamboo species. 3 Biotech 10:273

Sharma V, Bhardwaj P, Kumar Sharma RK, Sood A, Ahuja PS (2009) Identification and cross-
species amplification of EST derived SSR markers in different bamboo species. Conserv Genet
10:721-724

Sharopova N, McMullen MD, Schultz L, Schroeder S, Sanchez-Villeda H, Gardiner J, Bergstorm
D, Houchins K, Melia Hancock S, Musket T, Duru N, Polacco M, Edwards K, Ruff T, Register
JC, Brouwer C, Thompson R, Velasco R, Chin E, Lee M, Woodman-Clikeman W, Long MJ,
Liscum E, Cone K, Davis G, Coe EH Jr (2002) Development and mapping of SSR markers for
maize. Plant Mol Biol 48:463-481

Shiran B, Amirbakhtiar N, Kiani S, Mohammadi S, Sayed-Tabatabaei BE, Moradi H (2007)
Molecular characterization and genetic relationship among almond cultivars assessed by
RAPD and SSR markers. Sci Hortic 111:280-292

Singh G (2010) Plant systematics. An integrated approach, 3rd edn. Science Publishers, Enfield,
NH, pp 1-358

Singh SR, Dalal S, Singh R, Dhawan AK, Kalia RK (2012) Evaluation of genetic fidelity of in vitro
raised plants of Dendrocalamus asper (Schult. & Schult. F.) Backer ex K. Heyne using
DNA-based markers. Acta Physiol Plant. https://doi.org/10.1007/s11738-012-1084-x

Singh SR, Dalal S, Singh R, Dhawan A, Kalia RK (2013) Evaluation of genetic fidelity of in vitro
raised plants of Dendrocalamus asper (Schult. & Schult. F.) Backer ex K. Heyne using DNA-
based markers. Acta Physiol Plant 35:419-430

Stace CA (1989) Plant taxonomy and biosystematics, 2nd edn. Chapman and Hall Inc USA,
Routledge

Sun Y, Xia N, Lin R (2005) Phylogenetic analysis of Bambusa (Poaceae: Bambusoideae) based on
internal transcribed spacer sequences of nuclear ribosomal DNA. Biochem Genet 43:603-612

Sun Y, Xia N, Stapleton CMA (2006) Relationships between Bambusa species (Poaceae, ecology
Bambusoideae) revealed by random amplified polymorphic DNA. Biochem Syst Ecol
34:417-423

Tautz D (1989) Hypervariability of simple sequences as a general source for polymorphic DNA
markers. Nucleic Acids Res 17:6463-6471

Triplett J, Clark LG (2003) Ambiguity and an American Bamboo: the Chusquea culeou species
complex. Bamboo Sci Cult ] Am Bamboo Soc 17:21-27

Vieira LN, Dos Anjos KG, Faoro H, Fraga HP, Greco TM, Pedrosa Fde O, de Souza EM,
Rogalski M, de Souza RF, Guerra MP (2016) Phylogenetic inference and SSR characterization
of tropical woody bamboos tribe Bambuseae (Poaceae: Bambusoideae) based on complete
plastid genome sequences. Curr Genet 62(2):443-453

Vos P, Hogers R, Bleeker M, Reijans M, van de Lee T, Hornes M, Frijters A, Pot J, Peleman J,
Kuiper M, Zabeau M (1995) AFLP: a new technique for DNA fingerprinting. Nucleic Acids Res
23:4407-4414

Wachira FN, Waugh R, Powell W, Hackett CA (1995) Detection of genetic diversity in tea
(Camellia sinensis) using RAPD markers. Genome 38:201-210

Wagner A, Blackstone N, Cartwright P, Dick M, Misof B, Snow P, Wagner GP, Bartels J,
Murtha M, Pendleton J (1994) Surveys of gene families using polymerase chain reaction:
PCR selection and PCR drift. Syst Biol 43:250-261


https://doi.org/10.1007/s11738-012-1084-x

250 1. B. Ganie et al.

Wang K, Peng H, Lin E, Jin Q, Hua X, Yao S, Bian H, Han N, Pan J, Wang J, Deng M, Zhu M
(2010) Identification of genes related to the development of bamboo rhizome bud. J Exp Bot
61:551-561

Watanable M, Ito M, Kurita S (1994) Chloroplast DNA phylogeny of Asian bamboos
(Bambusoideae, Poaceae) and its systematic implication. J Plant Res 107:253-261

Waugh R, Bonar N, Baird E, Thomas B, Graner A, Hayes P, Powell W (1997) Homology of AFLP
products in three mapping populations of barley. Mol Gen Genet 255:311-321

Welsh J, McClelland M (1991) Genomic fingerprints produced by PCR with consensus tRNA gene
primers. Nucleic Acids Res 19:861-866

Williams JGK, Hanafey MK, Rafalski JA, Tingey SV (1993) Genetic analysis using random
amplified polymorphic DNA markers. Methods Enzymol 218:705-740

Wolf ME, Dahlin SL, Hu XT, Xue CJ, White K (1995) Effects of lesions of prefrontal cortex,
amygdala, or fornix on behavioral sensitization to amphetamine: comparison with N-methyID-
aspartate antagonists. Neuroscience 69:417-439

Wu D, Meydani SN, Sastre J, Hayek M, Meydani M (1994) In vitro glutathione supplementation
enhances interleukin-2 production and mitogenic response of peripheral blood mononuclear
cells from young and old subjects. J Nutr 124:655-663

Wu MM, Kuo TL, Hwang YH, Chen CJ (1989) Dose-response relation between arsenic concen-
tration in well water and mortality from cancers and vascular diseases. Am J Epidemiol
130:1123-1132

Zhang HY, Yang YM, Liu XZ (2011b) Bamboo species relations revealed by random amplified
polymorphism of chloroplast DNA. Afr J Agric Res 6:1241-1245

Zhang W, Wendel JF, Clark LG (1997) Bamboozled again inadvertent isolation of fungal rDNA
sequence from bamboos (Poaceae: Bambusoideae). Mol Phylogenet Evol 8:205-217

Zhang YJ, Ma PF, Li DZ (201 1a) High-throughput sequencing of six bamboo chloroplast genomes:
phylogenetic implications for temperate woody bamboos (Poaceae: Bambusoideae). PLoS One
6(5):220596

Zhu S, Liu T, Tang Q, Fu L, Tang SH (2014) Evaluation of bamboo genetic diversity using
morphological and SRAP analyses. Russ J Genet 50:267-273

Zietkiewicz E, Rafalski A, Labuda D (1994) Genome fingerprinting by simple sequence repeat
(SSR)- anchored polymerase chain reaction amplification. Genomics 20:176—183



	Chapter 10: Polymorphism and Phylogenetic Relationships in Bamboo
	10.1 Introduction
	10.2 Morphological Traits: Key to Bamboo Identification and Characterization
	10.2.1 Limitation of Morphological Characters

	10.3 DNA Fingerprinting-Based Methods
	10.3.1 RFLP
	10.3.2 RAPD
	10.3.3 SCARs
	10.3.4 AFLP
	10.3.5 SSR
	10.3.6 SRAP

	10.4 DNA Sequence-Based Methods
	10.4.1 Organelle Genes
	10.4.2 Nuclear Genes

	10.5 Bamboo and Molecular Descriptors
	10.6 Conclusion and Future Prospects
	References


