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Abstract

Molecular markers are available for germplasm characterisation and identification of
cultivated plant varieties. Additionally, molecular markers are stable, in contrast to
morphological characters which may be influenced by environmental factors contributing to
continuous variation and high plasticity. Microsatellites, or simple sequence repeats (SSRs),
have become the genetic marker of choice internationally for fingerprinting of sugarcane
cultivars, as they identify co-dominantly inherited, multi-allelic loci. The profile analysis of
multilocus DNA markers, also called DNA fingerprinting, is a potential source of informative
marker bands, which allows reliable differentiation amongst cultivars, wild populations,
species and even related genera. DNA fingerprinting of plants has become an invaluable tool
in forensic, scientific and industrial laboratories all over the world. In the past, radioisotope
(0-*P dCTPs) labelling was used to visualise the amplified DNA fragments on auto-
radiographs. In recent years, due to increasing costs and limited availability of isotopes,
researchers have made use of alternative visualisation techniques. Modern technological
advances in electronics and genomics have made genetic analysers popular for fragment
analysis. Genetic analysers produce electropherograms by separating fragments generated
using fluorescently labelled primers. Amplified allelic variation is identified using advanced
software. At the South African Sugarcane Research Institute (SASRI), a technique was
developed and standardised for fingerprinting using an ABI 3500 genetic analyser and
SoftGenetics GeneMarker™ software. A fingerprinting database, consisting of 84 sugarcane
genotypes, including all SASRI released varieties, was developed using four microsatellite
primer pairs. This quick and accurate technique is used routinely for varietal identification.
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Introduction

In the direction of categorising and differentiating plant genotypes within species, plant
scientists have long been using morphological, pigmentation and other quality characteristics.
However, such validations are inaccurate, because the expressions of these morphological
characters are influenced by several factors including environment and age of plant. Also, the
fewer number of morphological characters makes it difficult to identify the large number of
varieties, which provokes a requirement for alternative tools to help varietal identification.

!Disclaimer: Product names and trademarks are used to report accurately on existing data; however, SASRI
neither assures nor authorises the standard of the product. The use of the name by SASRI does not imply an
endorsement of a particular product nor the prohibiting of others that may also be appropriate.

200


mailto:shailesh.joshi@sugar.org.za
mailto:ewald.albertse@sugar.org.za

Joshi SV and Albertse EH Proc S Afir Sug Technol Ass (2013) 86: 200 - 212

In the case of sugarcane, leaf sheath colour, internode colour, internode length, internode
expression, bud shape, and other conventional morphological traits, together with stress
resistance, have been, and continue to be used to distinguish the uniqueness of a new cultivar
(LaBorde et al., 2008). Moreover, since new cultivars normally arise from hybridizations
between members of an elite group of genetically similar parents, the amount of genetic
variability among newly developed cultivars is likely to become even smaller. This will
further complicate the task of unambiguously identifying new cultivars by the use of
conventional characteristics alone. Therefore, techniques which can measure the genetic
relationship without any influence of environmental factors and phonotypical properties are
the need of future breeding programmes. It is thus apparent that molecular genetic markers
would provide one solution to the problem of providing unique DNA profiles for the
identification of new sugarcane cultivars.

Molecular marker analysis offers an efficient measure of genetic relationships on the basis of
genetic characteristics. Among these molecular marker techniques, DNA based markers
which include restriction fragment length polymorphism (RFLP), random amplified
polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), microsatellite
or simple sequence repeats (SSRs) and single nucleotide polymorphism (SNP) are of
significance in crop improvement. The desirable attributes of these markers encouraged their
development (Cordeiro et al., 2000) and utilisation to achieve agronomically desirable traits
in sugarcane (Rossi et al., 2003; Aitken et al., 2005).

Microsatellites are tandemly repeated nucleotide units of 1-6 base pairs, and alleles usually
differ in the number of repeated units. These are generally co-dominant and highly
polymorphic DNA based markers. Microsatellites have gained considerable importance in
molecular breeding due to their desirable genetic attributes such as hypervariability, wide
genomic distribution, co-dominant inheritance, reproducibility, multi-allelic nature and
chromosome specific location. These markers are suitable for paternity determination,
mapping of useful genes, marker assisted selection and for establishing evolutionary
relationships (Parker et al., 2002; Aitken et al., 2005). SSR markers have been extensively
used in genetic diversity studies in many plants, including jute cultivars (Corchorus sp.)
(Akter et al., 2008) and sweet sorghum (Sorghum bicolor L) (Ali et al., 2008). Because of the
high level of polymorphism, abundance, co-dominantly inherited and high reproducibility of
microsatellite markers, it seemed likely that these markers would be particularly useful for
developing unique DNA profiles of sugarcane genotypes. Such profiles would be especially
valuable to unambiguously distinguish sugarcane cultivars in order to obtain plant variety
identification and protection.

The South African Sugarcane Research Institute (SASRI) has been using microsatellites
routinely for varietal fingerprinting for identification purposes. The method traditionally
made use of radioactive labelled deoxycytidine triphosphates (dCTPs). The polymerase chain
reaction (PCR) fragments were separated on denaturing polyacrylamide gels and visualised
after exposure to X-ray film. In recent years, the increasing cost and decreasing availability of
isotopes obligated SASRI to develop a more cost effective method for varietal identification
and fingerprinting.

The objective of the work reported here was to develop a fingerprinting database by using a
high-throughput automated capillary electrophoresis system on the ABI 3500 genetic
analyser, to replace the existing microsatellite isotope technique and to establish a genotypic
fingerprint database of all gazetted SASRI commercial varieties using the fluorescent-based
technology.
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Material and Methods

Plant material

A total of 84 genotypes were included for microsatellite analysis, consisting of 58
commercially released varieties from SASRI, 17 genotypes in the final stage of the SASRI
selection programme for release and nine imported varieties (Table 1). The commercial,
unreleased and imported varieties were sampled from variety collection trials planted at
Mount Edgecombe. Commercial varieties were sampled from two trials situated at two
different locations. A leaf roll from each variety was taken as a sample for DNA isolation.

Table 1. List of genotypes used for fingerprinting with their status and origin.

No. | Genotype Status Origin | No. Genotype Status Origin

1 NCo0310 Released SASRI | 43 N39 Released SASRI

2 NCo0376 Released SASRI | 44 N40 Released SASRI

3 NCo0334 Released SASRI | 45 N41 Released SASRI

4 NCo0382 Released SASRI | 46 N42 Released SASRI

5 N53/216 Released SASRI | 47 N43 Released SASRI

6 N55/805 Released SASRI | 48 N44 Released SASRI

7 N6 Released SASRI | 49 N45 Released SASRI

8 N7 Released SASRI | 50 N46 Released SASRI

9 N8 Released SASRI | 51 N47 Released SASRI
10 N9 Not released | SASRI | 52 N48 Released SASRI
11 N10 Not released | SASRI | 53 N49 Released SASRI
12 N52/219 Released SASRI | 54 N50 Released SASRI
13 J59/3 Released SASRI | 55 N51 Released SASRI
14 N11 Released SASRI | 56 N52 Released SASRI
15 N12 Released SASRI | 57 N53 Released SASRI
16 N13 Released SASRI | 58 C0281 Imports SBI, India
17 N14 Released SASRI | 59 C0290 Imports SBI, India
18 N15 Released SASRI | 60 C0301 Imports SBI, India
19 N16 Released SASRI | 61 C0331 Imports SBI, India
20 N17 Released SASRI | 62 R 570 Imports Reunion
21 N18 Released SASRI | 63 CP88/762 Imports USDA-CP
22 N19 Released SASRI | 64 Q183 Imports BSES
23 N20 Released SASRI | 65 | HOCP96-540 Imports USDA-HO
24 | CP66/1043 Released SASRI | 66 ZN7 Imports Zimbabwe
25 N21 Released SASRI | 67 UBA Released SASRI
26 N22 Released SASRI | 68 00B1941 Final stage selections SASRI
27 N23 Released SASRI | 69 98B0202 Final stage selections SASRI
28 N24 Released SASRI | 70 99B0325 Final stage selections SASRI
29 N25 Released SASRI | 71 0372530 Final stage selections SASRI
30 N26 Released SASRI | 72 01S1672 Final stage selections SASRI
31 N27 Released SASRI | 73 01S1749 Final stage selections SASRI
32 N28 Released SASRI | 74 03F1592 Final stage selections SASRI
33 N29 Released SASRI | 75 04F1991 Final stage selections SASRI
34 N30 Released SASRI | 76 04F4390 Final stage selections SASRI
35 N31 Released SASRI | 77 02K0663 Final stage selections SASRI
36 N32 Released SASRI | 78 00S1919 Final stage selections SASRI
37 N33 Released SASRI | 79 03U1293 Final stage selections SASRI
38 N34 Released SASRI | 80 01G1662 Final stage selections SASRI
39 N35 Released SASRI | 81 00F1156 Final stage selections SASRI
40 N36 Released SASRI | 82 99K 0302 Final stage selections SASRI
41 N37 Released SASRI | 83 99U1017 Final stage selections SASRI
42 N38 Released SASRI | 84 00K1973 Final stage selections SASRI

SASRI = South African Sugarcane Research Institute; USDA-CP = United State Department of Agriculture,
Canal Point; USDA-HO = United States Department of Agriculture, Houma; SBI, India = Sugarcane Breeding
Institute, Coimbatore, India; BSES = Bureau of Sugar Experiment Stations, Australia
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Genomic DNA isolation

DNA was isolated from leaf roll material using a DNAesy™ Plant Mini Kit (QIAGEN,
Hilden, Germany) according to the manufacturer’s instructions. The DNA quantity was
determined using absorbance spectrophotometry (BioTek Synergy Spectrophotometer, USA).
For quantification and purity determinations, absorbance values were measured at 260 and
280 nm wavelengths. Quality was visually assessed on a 0.7% Agarose gel containing
0.5 pg/ml ethidium bromide, and visualised under 302 nm ultraviolet light.

Microsatellite markers and PCR amplification

Four microsatellite primer pairs developed by the International Consortium of Sugarcane
Biotechnologists (ICSB) (Cordeiro et al., 2000) based on the genomic DNA sequence of
sugarcane cultivars Q124 and R570, were synthesised and used for fingerprinting (Table 2).
These four primers were selected based on a recommendation from the outcome of a previous
project (Hack, 2000). The 5’ end of all forward primers were modified by labelling with one
of two fluorescent phosphoramidite dyes 6-FAM™ or NED™. The reverse primers were
non-labelled. Fluorescent primers were synthesised by Applied Biosystems, UK, and all non-
labelled reverse primers by Ingaba Biotech cc, South Africa.

PCR amplifications were performed using Pfu Taq DNA polymerase (Fermentas Life
Sciences Inc). The reaction conditions were optimised and the PCR reaction was carried out
in a total volume of 25 pl. Each reaction consisted out of 25 ng genomic DNA, 0.7 mg/mL
BSA, 2.5 mM MgSO, with 0.2 mM each dNTPs, 0.3 UM each of forward and reverse primer,
1 unit Pfu Tag DNA polymerase in Pfu Taq polymerase reaction buffer (20 mM Tris-HCI
(pH 8.8 at 25°C), 10 mM (NH,)2SOg4, 10 mM KCI, 0.1% (v/v) Triton X-100 and 0.1 mg/mL
BSA). Thermal cycling conditions were as follows: initial denaturation at 95°C for 4 min,
followed by 35 cycles of 94°C for 30 sec, appropriate annealing temperature based on primer
pair used (Table 2) for 1 min, 72°C for 30 sec and a final extension step at 72°C for 5 min.
The PCR mixture was then diluted 10-fold and 1 pl of the PCR dilution was mixed with
0.5 pl GeneScan™ 600 LIZ® Size Standard (Applied Biosystems, UK) and 8.5 pl HI DI™
Formamide (Applied Biosystems, UK). The fragment analysis mix was denatured at 95°C for
5 minutes and flash cooled on ice. The fragment analysis mix was then resolved on the ABI
3500 genetic analyser. Electropherogram visualisation and analysis was performed using
SoftGenetics GeneMarker™ software Version 2.4.0 (SoftGenetics LLC).

Table 2. Microsatellite primer pairs used with their respective sequences
together with the dyes used to label the 5’ forward primers.

Primer Forward sequence Reverse sequence Dye used Annealing
name (5'-3") (5'-3") temperature
scirio | S5 1C AN CAATCTIATCTA g rawm | s
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Determination of microsatellite allele

Genescan files (*.fsa) were downloaded from the ABI 3500 system before being processed
with SoftGenetics GeneMarker™ software. The software size calibrated the SSR fragments
based on the 600 LIZ® size standard and represented the SSR fragments in the sample plot
window. These fragments were interpreted and scored manually. Accurate SSR fragments
that could be scored exhibited measurable fluorescence peaks. When both adenylated and
non-adenylated fragments were present, only ‘adenylated” DNA fragments were scored
(Figure 1A). Fragments that showed inconsistent peaks (stutter) were not scored (Figure 1B).
The presence of SSR fragments were scored as alleles and the resulting allele sequence
(presence or absence) represents the molecular identity of that particular cultivar/clone.

56_CPBB-1762_27 fsa

132 134 136 138 140 142 144 145 148 150 110 112 114 16 18 120 122 124 126
nnnnn
an{ A Non-adenylated allele peak | o B Allele Peak
3000
nnnnn
nnnnn
2500 Adenylated allele peak

nnnnn

nnnnn
2000 /

som

s

Stutter Peaks

—

Figure 1. An example of electropherograms showing inconsistent peaks. Panel A shows
adenylation of PCR amplicons known as (+A) tailing and the absence of adenylation (-A) tailing.
Panel B shows slip strand mispairing due to strand slippage during Taq DNA polymerase
extension, giving rise to stutter peaks before the true allele peak.

Statistical analysis

In this study microsatellites were considered as dominant markers, although they are co-
dominant in nature. This was considered because of the high polyploid nature and genome
complexity of sugarcane, where microsatellites were not able to distinguish the alleles of
homologous chromosomes, making it difficult to determine the heterozygosity or
homozygosity at any particular locus (Cordeiro et al., 2000, Oliveira et al., 2009, Silva et al.,
2012). Based on this assumption all the alleles scored were converted to a binary system as
‘0’ and ‘1’. To compare the efficiency of the microsatellite primer pairs for varietal
identification, the discriminating power (D) of each primer pair was calculated. If C is the
confusion probability, i.e. the probability that two randomly chosen individuals have the
same banding patterns, then D=1-C represents the probability that two randomly chosen
individuals have different patterns, and thus are distinguishable from one another.

In a set of N individuals, it is possible to draw N(N-1)/2 different pairs. For the ith pattern of
a given jth primer, present at frequency p; in this set of varieties, the confusion probability c;
is:

Ci= pi—(Npi )

Eq1l
N -1 a
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(Tessier et al., 1999)

For the jth primer, the confusion probability C; is equal to the sum of the different c; for all |
patterns generated by the primer:

! ! Npi-1
Cj=ZCi=Zpi( Np 1) Eq2
i1 i- -

(Tessier et al., 1999)

The discriminating power, D, of the jth microsatellite primer pair is determined as follows:

i=1

(Tessier et al., 1999)

Establishment of cultivar ID

Phenotypic data together with the molecular data plays an important significant role for
classifying a cultivar. This identity evidence possibly will play a role in obtaining crucial
information on the cultivars. A new identity system was developed for sugarcane cultivars
based on molecular data, which was composed of six groups of codes (Table 3). The identity
of the clone concerned was queried with available identities in the database.

Table 3. DNA fingerprint identity document (ID) of selected cultivars
generated by primer pair MSSCIR56.

Cultivar ID code

N25 SASRIN25MEMLMSSCIR561111110001110110101010011110
N27 SASRIN27KMLMSSCIR561110000011111000011110011110
N39 SASRIN27KMLMSSCIR561110000001110000001011000000
N43 SASRIN27KMLMSSCIR56011001011111000011110011110

Q183 SASRIQ183MEVCMSSCIR561111100000010000001011101110
Co281 SASRIC0281MEVCMSSCIR561110001000000000011011100111
99U1017 | SASRI99U1017MEMLMSSCIR561110000111111000001110000000
00K1973 | SASRIO0K1973MEMLMSSCIR561111111000000000001110000000

ID code is in the form of a serial number of abbreviations of South African Sugarcane Research

Institute (SASRI), variety name, location (ME=Mount Edgecombe, K=Kearsney research station),
collection trial (ML=Museum Lines, VC=Variety Collection), primer name and SSR data.

Results and Discussion

In this study, the microsatellite analysis was used to develop a fingerprinting database based
on the genetic differences among 84 sugarcane cultivars. Microsatellites were successfully
amplified in all 84 cultivars with four primer pairs. PCR fragments were resolved on an
ABI3500 genetic analyser with resolution ability to discriminate one base pair (bp). All the
primer pairs used showed the appearance of variable numbers of bands. Electropherograms
generated by primer pair mssCIR56 in 10 cultivars are shown in Figure 2. For interpretation,
primer pairs will be referred to as loci and DNA bands as alleles.

Identification of true microsatellite alleles was done using SoftGenetics GeneMarker™
software Version 2.4.0 (SoftGenetics LLC). Table 4 gives the identified base pair size range
for alleles scored for all the primer pairs used, as well as the number of alleles and allele sizes
amplified in variety N41 using microsatellite markers.
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Figure 2. Allelic distribution of microsatellite mssCIR56 in
10 selected cultivars. Relative positions of the alleles scored are
indicated at the bottom of the electropherograms of each cultivar.
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Table 4. Number of alleles and allele size range for
different microsatellite primer pairs of sugarcane variety N41.

Size range Number of
Microsatellite | of alleles in Size of alleles scored
; alleles
marker base pairs scored (bp)
(bp)
mssCIR19 110 - 190 23 138, 141, 143, 145, 149, 162, 164, 168, 170, 172
mssCIR56 120 - 170 28 128, 139, 144, 148, 149, 150, 154, 156, 161, 163,
165, 167

SMC119cg 100 - 190 16 110, 116, 126, 148, 151, 165, 179, 181

145, 162,164, 165, 172, 180, 193, 195, 221, 234,
SMC336bs | 140 -280 44 235, 242, 244, 246, 248, 277

The reproducibility of the fragment analysis technique was confirmed by fingerprinting
duplicate collections of 39 commercial variety samples together with six samples of NCo376
grown on six different plots. Alleles were scored based on the electropherograms generated
by GeneMarker™ software. Results indicated that all six samples of NC0376 were identical.
All allelic profiles were identifiable with that of previous allele calls made on NCo0376 using
the same microsatellite loci (data not shown). Thirty-nine commercial variety samples were
fingerprinted in duplicate, where one sample was collected at the Mount Edgecombe trial site
and a duplicate sample was collected at the Kearsney research farm. Microsatellite loci used
for fingerprinting were able to uniquely identify each genotype tested. The duplicate samples
also matched each other (data not shown).

All four microsatellite markers were polymorphic, revealing a total of 111 alleles, with an
average of 27 alleles per locus in the 84 cultivars examined. To access the polymorphic
information content, values of confusion probability and discriminating power (D) were
calculated for each microsatellite primer pair (Table 5). The average discriminating power for
the four microsatellite primer pairs tested was 0.97, which was significantly more than the
earlier reported study in grape varieties of 0.79 (Tessier et al., 1999), highlighting the
abundant discriminating power of the primer pairs tested. The analysis of discrimination
power, based on 84 samples tested, revealed that microsatellite primer pair SMC336bs
(D=0.99) was the most efficient microsatellite, followed by mssCIR56 (D=0.99), mssCIR19
(D=0.96) and SMC119cg (D=0.93), respectively (Table 6). The four primer pairs were able
to identify all the genotypes in the sample set. However, as the genotypic database grows, the
confusion probability may increase and result in non-discriminating primers. This will
hamper the ability to identify genotypes accurately. More microsatellite primer pairs are
being added to the collection of genotypes in the database to keep the confusion probability at
zero and the discriminating power at one.

At SASRI, a number of genotypes and cultivars are used annually in breeding and for
scientific research. Confusion of cultivar identity cannot be overruled, which not only
impacts on research but also enhances a great challenge for intellectual property rights
protection. One of the possible solutions is to develop a DNA fingerprint ID system for
cultivars, which will help in normalising the administration and management of cultivars at
SASRI. At present, a DNA fingerprint ID system have been set up in many crops including
sugarcane (Long et al., 2010; Pan, 2010; Zhu et al., 2011, 2012).
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Table 5. Subjective allele derivation of 84 genotypes with microsatellite primer pair mssCIR56.
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This study used a rapid, reliable, efficient and economic method to construct an ID system for
sugarcane cultivars. The ID system consists of Research Centre, Cultivar name, Location,
Collection trial, Primer name and SSR data. The system will be more efficient and
informative than the normal digital code for molecular data, and it will be easier for users to
obtain important information on the cultivars. With the constant breeding and release of new
cultivars at SASRI, the fingerprinting ID database should be updated periodically. Additional
primers should be screened and used for the enhancement of the existing ID system.

Table 6. Primer confusion probabilities (¢;) and discriminating power (D) calculated for
four microsatellite primer pairs used to fingerprint a set of 84 sugarcane cultivars.

Microsatellite Number of Confusion probability | Discriminating
primer markers (ci) power (D)
mssCIR19 23 0.038 0.96
mssCIR56 28 0.005 0.99
SMC119cg 16 0.065 0.93
SMC336bs 44 0.0005 0.99
Conclusions

The set of microsatellite markers used in the present study provides a positive assessment of
the ability of SSR markers to produce unique DNA profiles of sugarcane genotypes. It
definitely complements traditional morphological characterisation for varietal identification.
The database, developed with a genotype fingerprint ID, will help in identification of
duplicates in the germplasm bank as well as sorting out the accurate distinctiveness of any
genotype in question. It also holds substantial potential as a trustworthy tool for intellectual
property protection of SASRI’s sugarcane varieties and germplasm. This molecular database
can also potentially be used to determine the paternity of sugarcane progeny arising from
polycrosses.
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