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Abstract Genetic diversity of world collection of E.

arundinaceus germplasm clones was analyzed using SRAP

marker polymorphic survey. The marker survey with thirty

combinations of SRAP marker generated distinct DNA

profiles with fragments ranging in size from 120 to 1000 bp

in all the germplasm lines. The selected primer pairs

yielded a total of 306 scorable bands and 237 polymorphic

bands. The mean percentage of polymorphic bands (PPB)

among all the population was 75.9%. The maximum

genetic distance (0.49) was measured between the

Indonesian and Indian collections, and the minimum dis-

tance of 0.040 was measured between the population of Fiji

and Philippines, and within the population of Philippines.

The phylogenetic tree derived based on the dissimilarity

index clustered 208 accessions into ten groups, and the

clusters correlated with geographical origin of the clones.

From the structure output using the SRAP data set, the best

K value or the uppermost level of structure obtained was

nine. The Mean Fixation Index (Fst) was 0.79 with a range

from 0.88 to 0.70. Cluster 9 showed the highest Fst of 0.88,

and cluster 1 showed the lowest Fst of 0.70, respectively.

The structure analysis with high Fst and low gene flow

(Nm) values indicated a lower gene flow and significant

genetic differentiation among the populations. Proportion

of individuals sharing[ 60% membership within cluster

ranged from 50 to 95.7. Blast analysis of selected fragment

sequences showed homology to functional genes indicating

the amplification of coding regions by the SRAP markers.

Keywords Germplasm � Erianthus � Diversity �
Polymorphism � SRAP marker

Introduction

Sugarcane is an economically important crop accounts for

more than 80% of world’s sugar production. India is among

the topmost leading country in the world in sugarcane

production. The world’s total sugarcane production was

estimated at 140,169 lakh tonnes in 2019, and India’s share

with an average of 400 lakh tonnes contributed 24.47% of

world’s total production (ISMA 2020). India’s high sug-

arcane production is partially contributed by the high-

yielding varieties developed by premier ICAR-Sugarcane

Breeding Institute which covers more than 75% of area in

the country. ICAR-Sugarcane Breeding Institute maintains

one of the largest sugarcane germplasm collections, which

is recognised as ’World Collection’ by the International

Society of Sugar Cane Technologists (ISSCT). The others

being at World Collection of Sugarcane and Related

Grasses (WCSRG) in Miami, Florida, USA, National

Nursery of Sugarcane Germplasm Resources (NNSGR),

China, Centre of Sugarcane Technology (CTC) in

Camamu, Brazil (Jackson and Henry 2011; Cai et al. 2012).

These field genebanks harbours a huge number of acces-

sions of Saccharum, and its closely related taxa such as,

Erianthus, Sclerostachya, Narenga and Miscanthus and

most of them are yet to be fully exploited. The world

collections at ICAR-SBI represent major clones collected

from India, Indonesia, Fiji, New Guinea, Pakistan, Burma

and Philippines except Chinese collections.

The genus Erianthus, a member of Saccharum complex,

belongs to the primary gene pool in sugarcane breeding.

Erianthus is reported to be originated in the Indo-Burma-
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Chinese region and then, spread to other parts of the world

with majority of the species distributed in India (Mukherjee

1957). The genus has seven species; among which Eri-

anthus arundinaceus is the most widely distributed species

reported from India, China, Burma, Thailand, Philippines,

Malaysia, Indonesia and New Guinea (Dao et al. 2013). It

is a cane forming species exhibiting vigorous growth, high

biomass production and high tillering ability. With exten-

sive root system, the species shows tremendous adapt-

ability to wide ecological adaptation, excellent tolerance to

various abiotic stresses and resistance to biotic stress (Nair

et al. 2017; Wang et al. 2019). Hence, the species have

been utilised by the breeders in sugarcane improvement

programs. Successful hybridization has been carried out to

generate intergeneric hybrids between Saccharum and

Erianthus (Cai et al. 2008; Nair et al. 2017). Recently

Erianthus, as a high biomass clone which grows well under

marginal inputs, is utilized in developing high-fibre energy

canes as bioenergy crop (Deng et al. 2002; Chang et al.

2012).

World germplasm collections of E. arundinaceus clones

collected from all over India and from other countries

maintained at ICAR-Sugarcane Breeding Institute, Coim-

batore, represents a diversified germplasm resource. In

order to precisely select diversified parental line to be used

in the breeding programs, a clear understanding on the

population structure and genetic diversity is essential (Nair

et al. 1999; Ming et al. 2006; Tew and Cobill 2008; Aitken

et al. 2010; Cai et al. 2012; Zhang et al. 2013; Manechini

et al. 2018; Mugehu et al. 2020). The information on

genetic diversity and population structure will not only

help in maintaining diversified germplasm bank but will

also help in easy access of promising clones to be utilized

in various genetic improvement applications.

Studies on understanding the genetic diversity of E.

arundinaceus sugarcane germplasm used morphological

traits which was later replaced by more authentic infor-

mation obtained using molecular DNA markers. Based on

the morphological traits, high genetic variations among the

Chinese E. arundinaceus accession and a relatively low

variation among the accessions of Indonesia have been

reported (Berding and Koike 1980; Yang et al. 1997; Cai

et al. 2002). Using DNA markers such as RAPD, SSR,

RFLP and AFLP diversity studies of several Erianthus

accessions, similar result was obtained indicating a high

molecular diversity among the Chinese population com-

pared to the Indonesian E. arundinaceus population (Besse

et al. 1997; Zhang et al. 2004, 2008, 2017; Cai et al. 2012;

Tsuruta et al. 2012). A more recent study on the Chinese

Erianthus germplasm was carried out by Zhang et al.

(2013) using a highly versatile and reproducible marker

called sequence-related amplified polymorphism (SRAP).

These markers are specifically designed to amplify coding

regions of the genome with ambiguous primers targeting

GC-rich exons (forward primers) and AT-rich promoters,

introns and spacers (reverse primers). SRAP markers are

simple, inexpensive and more effective markers for pro-

ducing genome-wide fragments and hence, serve as a better

marker system for genetic diversity studies. The study

using SRAP marker indicated a large genetic variation

among the Chinese Erianthus population. So far, only two

studies have analyzed the genetic diversity among Indian

Erianthus germplasm accessions using RAPD and AFLP

markers and reported to be more polymorphic compared to

the Erianthus clones of Indonesia (Nair and Mary 2006;

Cai et al. 2012). However, only three to four samples were

used in both the study to conclude the genetic diversity

existing among the Indian population.

The current study aims at understanding the genetic

diversity of world germplasm collection of E. arundi-

naceus existing at ICAR-Sugarcane Breeding Institute,

Coimbatore, India, using SRAP markers. The germplasm

consists of 208 accessions of E. arundinaceus representing

major clones collected from India and clones from other

countries such as Indonesia, Fiji, New Guinea, Pakistan,

Burma and Philippines except Chinese collections. This is

the first large-scale study on genetic diversity of world

germplasm collection of E. arundinaceus maintained at

ICAR-Sugarcane Breeding Institute, India, using functional

marker system.

Material and Methods

Genetic Material

Germplasm accessions of 208 E. arundinaceus clones

which are part of world germplasm collected from different

geographical regions of India and other countries of the

world (Indonesia, New Guinea, Fiji, Pakistan, Burma and

Philippines) maintained at ICAR-Sugarcane Breeding

Institute, Coimbatore, India, were used in the study

(Table 1). The accessions were planted separately in 3 m

rows and maintained for genetic characterization.

DNA Extraction and PCR Amplification

Young leaves from each accession were collected from

well-established plants. The leaf samples were frozen

immediately in ice and stored at -80 Æ C until used for

further DNA isolation. The leaf samples ground to a

powder in liquid nitrogen and genomic DNA was extracted

using CTAB method (Doyle 1991). Purity and quantity of

extracted genomic DNA were estimated by Nanodrop and

resolving in 1% (w/v) agarose gel.
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Polymerase Chain Reaction (PCR) was carried out using

30 SRAP primer pair combinations which consisted of nine

forward primers and eight reverse primers. The marker

sequences are referred from Suman et al. (2008), and

combinations of SRAP markers used for PCR amplification

is given in Table 2. SRAP polymorphism analysis was

conducted according to a previously established protocol

(Li and Quiros 2001). PCR amplification reactions were

performed in a Mastercycler (Eppendorf, Germany) using

the following conditions: 5 min at 94 �C; 5 cycles of

94 �C, 1 min; 35 �C, 1 min; and 72 �C, 2 min; additional

35 cycles of 94 �C, 1 min; 50 �C, 1 min; and 72 �C, 1 min;

extension of 5 min at 72 �C; and a final storage at 4 �C.
PCR products were resolved using 3% (w/v) agarose gel.

Clearly amplified PCR bands were visually scored for the

presence (1) or absence (0) and then, were assembled into

an excel matrix for genetic diversity analysis. Polymor-

phism Information Content (PIC) value was calculated

using the formula, PIC = 1 - RPij
2 (Anderson et al. 1993),

where Pij is the frequency of the jth allele for ith locus

summed across all alleles for the locus.

Genetic Distance and Phylogenetic Relationship

Analysis

The number of polymorphic loci (Np) and percentage of

polymorphic bands (PPB) were calculated. Data analysis

was carried out using DARwin to assess the pattern of

grouping. The genetic distance and dissimilarity index

were worked out based on simple matching. The phylo-

genetic tree based on dissimilarity index using WARD

method was generated in DARwin 6.0. Bootstrap values

were obtained by resampling replacements over loci in

1000 replicates.

Population Structure

Population structure among the E. arundinaceus population

using the SRAP marker dataset was analyzed using the

model-based program STRUCTURE (Pritchard et al.

2000). To infer population structure by a Bayesian

approach, STRUCTURE 2.3.3 was run with the admixture

model, and a burn-in period of 5000 and 50,000 Markov

chain Monte Carlo was given. Ten iterations were per-

formed for each K value, ranging from 1 to 10. The opti-

mum K value was detected using Structure Harvester (an

ad hoc summary statistic DK), which is based on the rate of

Table 1 Details of 208 accessions of E. arundinaceus used in the study

Sl.

No

Country Codes and clone names No. of

clones

1 India SES-3,7,17,27,75,79,89,133,136,149,153,

159,181,206,288,293,342, 347, E.a- Coimbatore, Pugalur, Cuttack, Gangtok, E.aB Munja, A and N islands,

Lakshdweep, ENB, Rakki1, Rakki2, Rakki3, IND84-105, 85–547, 98–8, 99–871,873, 875, 877, 880, 884, 886,

888,

889, 890, 892, 895, 901,906, 907, 908, 956, 958, 965,

990, 991, 995, IND00-1013, 01–1091,1099,1101,1105,1107, 1110,1131,1134,1136, IND02-1201,1208, IND03-

1223,1225,1228,1253,1255,1260,1262, IND04-1335, 1388,IND10-1575,1591,1594

80

2 Indonesia IK76-5,11,22,24,25,27,44,45,48,55,63,75,76,78,80,81,

88,90,91,92,93,99,101,103,105,109,111,IS76-120,126,

133,134,139,140,142,145,149,150,153,156,158,160,162,163,

169, 172,174,176,178,188,191,193,202,205,215,218,219,220

IM76-223,227,247,252,253,257, IMP-1536,1546,1547,2798

IJ76-327,332,333,334,340,341,342,345,346,347,357,358,359,

364,365,367, 370,374,379,381,383,384,388,389,390,394,

397,398,400,402,403,404,407,408,410, 411,476,502, 503,

508,511,513, IN84-17,83, Timor wild, Tongrang, US3-1,EaThornless

117

3 Pakistan E.a Sarkender and E.a Lyalpur 2

4 Burma Mythan A, Mythan B 2

5 Philippines MINDANO, EC362-813, EC362-814, Eri 2384 4

6 Fiji Fiji 54 1

7 New

Guinea

NG77-188, NG7-28 2
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change in the log probability of data between successive K

values (Evanno et al. 2005). The gene flow (Nm) value was

calculated by the formula of Nm = 0.25 X (1-Fst)/Fst

(Zhou et al. 2015).

Sequencing of Selected Polymorphic Bands

Ten polymorphic bands of size 500–1000 bp were selected

for sequence characterization. Amplified PCR products

were resolved by 1% agarose gel electrophoresis, and the

bands corresponding to the expected size were cut-out from

the gel and eluted using gel extraction kit (M/s. Favorgen

gel/PCR purification kit). The eluted products were

checked again through agarose gel electrophoresis and

used for ligation. The eluted fragment was ligated into

pTZ57R/T vector, and the ligated product was transformed

into competent cells of E. coli (XL1 Blue) using heat-shock

method. The XL1 Blue cells transformed with the plasmid

DNA were selected on Luria Broth agar plates containing

ampicillin (100 mg/l) and confirmed through PCR using

vector specific universal M13 primers. Plasmid DNA was

isolated from the positive transformants and subjected to

Sanger sequencing. The sequencing of the positive plas-

mids was outsourced at Bioserve Biotechnologies India Pvt

Ltd.

Table 2 List of SRAP marker combination and polymorphism obtained among the 208 accessions of E. arundinaceus

Primer combinations No. of bands obtained No. of polymorphic bands Percent polymorphic bands PIC

value

E1M1 11 8 72.7 0.50

E1M13 8 5 62.5 0.40

E1M5 12 10 83.3 0.22

E1M6 14 12 85.7 0.21

E1M11 8 5 62.5 0.34

E2M2 9 7 77.7 0.50

E3M3 7 4 57.1 0.32

E2M5 10 8 80 0.29

E3M4 11 9 81.8 0.38

E2M1 15 13 86.7 0.43

E3M6 12 10 83.3 0.47

E2M6 10 7 70 0.27

E2M13 11 10 90.9 0.41

E3M5 8 6 75 0.18

E3M6 9 7 77.7 0.36

E4M5 6 4 66.6 0.16

E4M6 15 10 66.7 0.32

E5M1 12 11 91.7 0.50

E5M3 11 8 72.7 0.28

E5M4 8 4 50 0.39

E5M6 10 10 100 0.48

E6M2 7 5 71.4 0.44

E6M3 9 8 88.9 0.31

E6M5 16 12 75 0.27

E6M6 12 10 83.3 0.26

E11M2 10 8 80 0.21

E11M3 7 4 57.1 0.37

E11M14 9 7 77.8 0.22

E11M5 13 11 84.6 0.34

E14M2 6 4 66.7 0.28

Total 306 237 75.9
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Results

To understand the genetic diversity among the world

germplasm collection E. arundinaceus clones, a polymor-

phic survey using SRAP markers were carried out. An

initial screening of 60 SRAP primer pairs (PP) was carried

out on 10 E. arundinaceus clones to check the amplifica-

tion. Out of 60 combinations, screened 30 PP combinations

resulted in clear amplification and were used in the final

survey. SRAP marker survey with 30 combinations of

SRAP marker generated distinct DNA profiles with frag-

ments ranging in size from 120 to 1000 bp in all the

germplasm lines. Thirty selected PPs yielded a total of 306

scorable bands in the range of 6–16 bands. Out of 306

scorable bands, 237 (77.4%) bands were found to be

polymorphic in the range of 4–13 bands in each PP. The

mean percentage of polymorphic bands (PPB) among all

the population was 75.9% with minimum percentage (50%)

recorded in combination E5M4 and maximum (91.7%)

recorded in E5M1 (Table 2). The PIC value varied for all

the combinations tried ranging from 0.16 to 0.50 with an

average value of 0.33. A PIC value of 0.50 was observed

for the marker combinations E1M1, E2M2 and E5M1.

Genetic Distance and Phylogenetic Clustering of E.

arundinaceus Accessions

The genetic distance among the Erianthus population was

measured using simple matching method in DARwin

(Supplementary Table 1). The distance showed clear seg-

regation among the populations such as SES, IK76, IJ76,

IS, IM and IND. The genetic distance among the popula-

tion ranged from 0.01 to 0.60. The maximum distance was

measured between IK76 (Indonesian) and SES (Indian)

collections which ranged from 0.4 to 0.6, and the minimum

distance of 0.21 to 0.40 was measured between the Indian

population IND and SES clones. Among the other popu-

lation, the genetic distance was in the range of 0.21–0.49.

The maximum genetic distance (0.49) was measured

between the Indonesian and Indian collections, and the

minimum distance of 0.040 was measured between the

population of Fiji and Philippines, and within the popula-

tion of Philippines (Supplementary Table 2). The Indian

population showed a higher genetic distance with the

populations of all other countries.

The phylogenetic tree of 208 E. arundinaceus acces-

sions generated using the dissimilarity index formed ten

clusters (Fig. 1). The tree showed three major clusters (1, 2

and 3) and the major clusters 2 and 3 formed four sub-

clusters (2a, 2b, 3a and 3b), the sub cluster 3b was found to

be further divided into three sub-sub-clusters (3b1, 3b2 and

3b3). The major population of Indonesian collection

showed cluster based on the geographical origin. The IJ, IS,

IM and IK collections reported to be collected from dif-

ferent geographical places of Indonesia clustered sepa-

rately in the sub-clusters 2a, 2b and 3a. The first major

cluster (1) was formed by the Indian accessions SES

clones, while IND and other collections from India clus-

tered separately in the sub-cluster 3b. The populations of

New Guinea, Fiji, Philippines, Pakistan and Burma were

clustered along with Indian collections in the sub-cluster

3b. Within the sub-cluster 3b, the accessions from New

Guinea, Fiji, Philippines, Pakistan and Burma showed

country-specific minor grouping in three sub-sub-clusters

(3b1, 3b2 and 3b3). The germplasm accessions from

Burma (Mythan A and Mythan B), New Guinea (NG77-

188 and NG7-28) and Pakistan (E.a Sarkender and E.a

Lyalpur) clustered along with other Indian accessions in

the sub-sub-cluster 3b1. The germplasm accessions from

Philippines (MINDANO, EC362-813, 814, Eri 2384) and

Fiji (Fiji 54) formed a small sub-group in the sub-sub-

cluster 3b3, while the accessions from India (IND) formed

a major group in the same sub-sub-cluster 3b3. Very few

intermixing population was observed in the clustering such

as two IND clones IND 98–8 and IND 85–547 were found

to cluster in between the Indonesian IJ collections. Three

Indonesian clones Timor wild, Tongrang and US3-1 were

grouped along with other accessions in the sub-sub-cluster

3b1.

Erianthus Population Structure Inferred

from SRAP Marker Data

From the structure output using the SRAP data set, the best

K value or the uppermost level of structure obtained was

nine (Table 3). The K value indicated nine optimal clusters

existing among the 208 germplasm clones. Each of the nine

optimal clusters had a considerable proportion of mem-

berships sharing among the clusters with very few admixed

clones. Major proportion of a particular accession in a

cluster is labelled in Fig. 2. Cluster 1 contained intermixed

population from New Guinea, Pakistan and Burma, and

cluster 2 contained few accessions of IS and IK. The

Indonesian collection IK76 formed two clusters (fifth and

ninth cluster), while all other clusters showed domination

of a particular accession from a country. The mean alpha

value obtained from the analysis was 0.0299. The Mean

Fixation Index (Fst) was 0.79 with a range from 0.88 to

0.70 (Table. 3). Cluster 3 and cluster 9 dominated by

Indonesian accessions showed highest Fst of 0.88, and

cluster 1 dominated by intermixed population from New

Guinea, Pakistan and Burma showed the lowest Fst of 0.70,

respectively. High Fst values correlated with low gene flow

among the clusters. Low gene flow of 0.03 was observed in

cluster 9 and cluster 1 showed a maximum gene flow of
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0.11. Proportion of individuals sharing[ 60% membership

within cluster ranged from 50 (cluster 2) to 95.7 (cluster 8).

In Fig. 2 the bar colours indicate the membership propor-

tion of each individuals.

Sequencing of Amplified Polymorphic Bands

Ten polymorphic bands (C 500 bp) obtained from differ-

ent SRAP marker combinations were selected for further

Fig. 1 The phylogenetic tree derived based on the dissimilarity index and calculated based on simple matching using DARwin 6.0. The clones

from different geographical origin are given in different colours, and the numbers in the figure indicate the number of major clusters (1, 2 and 3),

sub-clusters (2a, 2b, 3a and 3b) and sub-sub-clusters (3b1, 3b2 and 3b3) formed by the population

Table 3 Fixation Index and gene flow observed among the 208 accessions of E. arundinaceus

Sub-population Fixation index (Fst) Gene flow (Nm) Proportion of individuals which are having[ 60% membership in the cluster

1 0.70 0.11 93.3

2 0.73 0.09 50.0

3 0.80 0.06 83.3

4 0.84 0.05 89.2

5 0.73 0.09 61.5

6 0.80 0.06 83.3

7 0.80 0.06 94.4

8 0.86 0.04 95.7

9 0.88 0.03 87.5
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sequence characterization in order to verify whether the

SRAP marker binding sites correspond to the gene-rich

regions. The amplicons were gel eluted, cloned and sub-

jected to sequencing. After removing the vector sequences

Fig. 2 Population structure analysis of 208 E. arundinaceus clones

derived using Structure version 2.3.4. Each vertical bar represents one

individual genotype. Vertical bars with multiple colours contains

admixed genotypes from multiple clusters. Individual colours with

maximum number of dominated clones in one cluster is labelled

Table 4 Sequence homology details of polymorphic fragments amplified using SRAP markers

Sl. No Primer pair combination Amplicon size (bp) Homology hit

1 E5M1 500 Sorghum bicolor MADS-box protein SOC1 (LOC8085162)

2 E2M6 1000 Sorghum bicolor uncharacterized protein (LOC110437092)

3 E6M2 500 Sorghum bicolor jmjC domain-containing protein 4 (LOC8075464)

4 E3M13 1000 Sorghum bicolor pseudo histidine-containing phosphotransfer protein 2 (LOC8055697)

5 E1M4 500 Arachishypogaea probable pectinesterase/pectinesterase inhibitor 51 (LOC112791131)

6 E1M11 700 Sorghum bicolor uncharacterized protein (LOC8064011)

7 E3M4 600 Saccharum officinarum Ribosomal protein L22-like mRNA

8 E1M14 800 Saccharum spontaneum xyloglucan endotransglucosylase/hydrolase protein 6

9 E1M1 600 Zea mays uncharacterized protein (LOC103647121)

10 E2M5 500 Zea mays protein kinase-like gene (LOC100285244)
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blast analysis was carried out using NCBI BLASTn. Blast

analysis of all the ten fragment sequences showed homol-

ogy to functional genes (Table 4). Among the ten frag-

ments, four showed homology to genes of Sorghum bicolor

such as MADs-box protein, pseudohistidine-containing

phosphotransfer protein 2 and uncharacterized protein. A

fragment amplified using combination E3M4 showed

homology to Saccharum officinarum ribosomal protein

L22-like mRNA and one fragment from combination

E1M14 matched with Saccharum spontaneum xyloglucan

endotransglucosylase/hydrolase protein 6. Two fragments

amplified using E2M5 and E1M1 showed homology to Zea

mays uncharacterized protein (LOC103647121) and pro-

tein kinase-like gene (LOC100285244).

Discussion

Due to its high adaptability to various biotic and abiotic

stress as well as extensive high biomass producing ability,

E. arundinaceus clones haven been utilized in developing

intergeneric hybrids. As a prerequisite to utilize these

germplasm clones in the crop improvement programs,

several studies have been carried out on understanding the

genetic diversity among different populations of E. arun-

dinaceus. Studies on genetic diversity among Chinese E.

arundinaceus using DNA markers such as AFLP, RAPD

reported a high molecular diversity (Zhang et al.

2004, 2008). Zhang et al. (2013) analyzed genetic variation

using SRAP primer pairs and reported a high polymor-

phism among and within 164 E. arundinaceus clones of 18

populations collected from six Chinese provinces. Simi-

larly, Cai et al. (2012) used AFLP markers to study 207 E.

arundinaceus accessions which consisted majority of

population from China and Indonesia, with few represen-

tative from India, New Guinea, Philippines and Vietnam.

The study indicated a high molecular diversity among

Chinese population and low diversity among E. arundi-

naceus from Indonesia and intermediate diversity in the

collections of India (Besse et al. 1996, 1997; Cai et al.

2012). However, to conclude intermediate diversity among

the Indian population the sample size used in the study was

very less.

So far, no large-scale genetic diversity studies on the

world collection of E. arundinaceus maintained at ICAR-

SBI have been carried out. In a study by Nair and Mary

(2006) using RAPD markers analyzed the genetic diversity

among twelve representative clones from India (SES,

IND), Andaman and Nicobar Islands and Indonesia (IJ and

IK). The current study is the first report on the genetic

diversity of all the world germplasm of E. arundinaceus

maintained at ICAR-Sugarcane Breeding Institute,

Coimbatore.

In this study, the SRAP marker survey of 208 E. arun-

dinaceus showed 75.9% PPB which was lesser than the

PPB value of 99% obtained using AFLP in Chinese pop-

ulation, but higher than the PPB reported in Chinese pop-

ulation using ISSR (64%) and RAPD (70%) (Zhang et al.

2004, 2008). As reported in earlier studies, the polymor-

phism among the E. arundinaceus clones of Indonesia was

lesser (65%) than Indian germplasm accessions (Cai et al.

2012).

The genetic distance calculated among the population

(0.01–0.60) indicates the genetic variation. The maximum

genetic distance between the IK76 and SES collections

(0.4–0.6) indicates high genetic variation among these

population. The maximum genetic distance was observed

between Indian and Indonesian population which could be

attributed to the maximum variation among these popula-

tion. The phylogenetic tree derived using WARD method

clustered all the clones based on geographical origin.

However, the Indian clones SES and IND collected from

different states within India formed separate cluster. Most

of the SES clones are reported to be collected before 1942

through Spontaneum Expedition Scheme and could be

genetically diverse from the recent IND collections. Clus-

tering of the germplasm accessions from Philippines

(MINDANO, EC362-813, 814, Eri 2384) and Fiji (Fiji 54)

along with the IND collections and the clustering of

accessions from New Guinea, Pakistan (E.a Sarkender and

E.a Lyalpur) and Burma (Mythan A, Mythan B) with other

Indian accessions indicates very less variation among these

population.

The Bayesian approach for population structure analysis

is considered a quantitative clustering method as it com-

putes the proportion of the genome of an individual orig-

inating from each inferred population. All the 208

Erianthus accessions investigated showed 80–90% pro-

portion of individuals with more than 60% memberships

sharing among the seven clusters, while only two clusters

had 50–60% individuals indicating very few admixtures.

The mean alpha value obtained from the analysis was

0.0299 which indicates most individuals in the cluster are

essentially from the same population (Evanno et al. 2005).

The clustering in structure was more or less similar to

the phylogenetic tree drawn using the dissimilarity indices.

The population structure showed clusters based on the

origin, and there were sub-groups within a population

originated from the same country. Mean Fst values con-

firmed the existence of differences among clusters (Zhao

et al. 2010). Population with high Mean Fixation Index

(Fst) showed low gene flow. High Fst and lowest gene flow

among the Indonesian accessions (cluster 3 and cluster 9)

indicate very low genetic differentiation. Low Fst with

highest gene flow among intermixed population from New

Guinea, Pakistan and Burma (cluster 1) indicates
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significant genetic differentiation among these population.

The Indian population IND and SES (seventh and eighth

cluster) showed intermediate fixation index and gene flow

in the analysis. Out-crossing species are reported to have

higher levels of gene flow, but the maximum Nm value of

E. arundinaceus (an outcrossing species) populations in

this study was only 0.11. The homology of SRAP poly-

morphic markers with gene rich regions could be used as

markers in the future studies.

Conclusion

This is the first large-scale genetic diversity study on world

germplasm collection of E. arundinaceus maintained at

ICAR-Sugarcane Breeding Institute, Coimbatore, India.

The study supports the utility of SRAP markers for

assessing the genetic diversity of Erianthus germplasm.

Results from the sequencing and BLASTn analyses of the

SRAP amplicons also support the fact that SRAP markers

target gene regions. The phylogenetic clusters of germ-

plasm clones used in the study correlated with geographical

origin of the clones, indicating a strong genetic differen-

tiation existing among the world germplasm collection.

The population structure obtained in the study also indi-

cated a lower gene flow and significant genetic variation

among the population collected from India and from other

countries such as Indonesia, Fiji, New Guinea, Pakistan,

Burma and Philippines. Erianthus clones are high biomass

producing clones which grows well under marginal inputs

and is utilized in developing high fibre energy canes. They

are also utilized in developing biotic and abiotic stress

tolerant intergeneric hybrids between Saccharum and Eri-

anthus. The diversity data provided in this study have

potential practical applications to choose the most diverse

parents with desirable traits to be utilized in sugarcane

improvement as well as energy cane breeding programs.

The breeding programs with more divergent parent from

unexploited basic germplasm will also help in broadening

the sugarcane genetic pool.
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