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Abstract

TSONEY, S., M. VELICHKOVA, E. TODOROVSKA, V. AVRAMOVA and N. K. CHRISTOV, 2013. Development of mul-
tiplex primer sets for cost efficient SSR genotyping of maize (Zea mays) mapping populations on a capillary sequencer. Bulg.
J. Agric. Sci., Supplement 2, 19: 5-9

Because of their accessibility, genomic abundance and high level of polymorphism SSRs are often markers of choice in
many QTL mapping studies. To obtain a good mapping resolution one have to genotype large number of individuals in a large
number of marker loci, which is both labour-intensive and expensive task. The multiplex-ready PCR technique (MRT™)
provides possibility for fast optimisation with simultaneous amplification and fluorescent labelling of several applicants in
one reaction tube. In this study, we propose a low-cost protocol for optimising high-throughput genotyping of maize mapping
populations using SSR markers and capillary electrophoresis. The method is based on MRT™ and consists of three stages.

In the first stage, the parental lines and F1 were screened in 176 public SSR loci. Fifty-four of the analysed loci were found
to be polymorphic between parental lines. In the second stage, primer concentrations were optimised in uniplex reactions. In
the third stage, the polymorphic markers were grouped in 17 multiplex reactions containing 2 to 5 primer pairs and tested for
successful amplification in multiplex PCR reactions. Using the optimised protocol, a maize DH population consisting of 192

individuals was genotyped. The cost and effort benefits of the proposed method are discussed.
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Introduction

A major disadvantage of simple sequence repeat mark-
ers (SSRs) as tool for genotyping mapping populations is
the low level of automation, which makes them cost and
time inefficient in high-throughput applications. The cost
of the assays is further raised by the great number of flu-
orescently labelled primers needed for the initial screen-
ing of the parental lines, only part of which, the polymor-
phic ones, are used for genotyping. The rest of them, up
to 80%, would be a large over expense, since the price of
the labelled primers is five to ten times higher compared
to the unlabelled ones (Hayden et al. 2008a). These con-
straints could be addressed by combining multiplex PCR
(Edwards and Gibbs, 1994) with the M 13 labelling method
(Schuelke, 2000). The multiplex PCR allows amplification
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of several amplicons in one reaction tube, thus saving en-
zyme and other consumables including DNA. The M13 la-
belling method gives an opportunity to reduce the price of
the study by synthesis of unlabelled locus specific primers
(LSP) with M13 5’ extension and labelling the amplicons
during the PCR by the use of a labelled M13 primer. The
price of the study could be further reduced by pooling strat-
egy — combining several individual uniplex or multiplex
reactions (labelled with different dyes) into one mix for
capillary electrophoresis analysis. This strategy allows ten
or more loci to be analyzed in a single run on the capillary
sequencer, which reduces capillary electrophoresis con-
sumable expenses by about 25% (Imitiaz and Naz, 2012).
The main bottlenecks of multiplex PCR are the potential
primer-primer interactions, unspecific products and uneven
amplification due to different annealing temperatures of the
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LSP. There are several reaction factors that influence primer
annealing, and their optimisation for any individual primer set
could be a tedious and time-consuming task. There are several
approaches dealing with that problem including primer rede-
sign (Wang et al., 2007), usage of several annealing steps per
cycle in the first few cycles of the reaction (Wen and Zhang,
2012).

The multiplex-ready PCR technique (MRT™) described
by Hayden et al. (2008a) provides possibility for a fast op-
timisation with simultaneous amplification and fluorescent
labelling of several amplicons in one reaction tube. Opti-
mised MRT™ SSR protocols for wheat (7. aestivum L.) and
barley (H. vulgare L.) (Hayden et al., 2008b), as well as
software tools, are available at http://www.genica.net.au/in-
dex.php/GENica. MARKER TOOLS. However, up to date,
there is no such protocol optimised for maize SSR markers.
Therefore, the objective of the present study was to adapt the
MRT™ technology for use with the publicly available maize
SSR primer sequences and utilise it for low cost genotyp-
ing of a novel maize mapping population. In this article we
are discussing the advantages and the disadvantages of the
methodology application in maize and propose some consid-
erations for improvement.

Material and Methods

Plant material

The study was conducted with a maize doubled haploid
(DH) population consisting of 192 individuals. The mapping
population was developed from a cross between a US temper-
ate inbred line B37 and a Bulgarian inbred line XM87-136
obtained as a direct mutant in B37 by chemical mutagenesis.
DNA was extracted from frozen leaf tissue from 14-days-old
plants of DH lines and from the parental lines by a modified
midiprep CTAB protocol. The DNA was diluted to 17 ng.uL,
and three microliters of this dilution were placed into 96 well
plates, heat dried, and kept at 4°C until use.

Primers

The initial screening for polymorphic markers was con-
ducted with 176 maize SSR primer pairs available from the
public database at www.mazegdb.org. The 5’ ends of both for-
ward and reverse maize SSR primers were extended with the
tail sequences 5’ ACG ACG TTG TAAAA 3’ and 5' CAT TAA
GTT CCC ATT A 3', respectively. Additional forward and re-
verse generic tag primers with the same sequence as the 5' tails
attached to the LSP SSR primers were used for simultaneous
labelling of the amplified fragments in the second stage of the
PCR as described by Hayden et al. (2008a). The forward tag

primer was 5' labelled with four different dyes (FAM, ATTO
565, ATTO 550 and YAKIMA YELLOW) to utilise the four
fluorescent detectors of the ABI 3130 instrument. All primers
were purchased from Microsynth.

PCR conditions

All PCR were performed in 6uL reaction volume with 1x
MyTaq™ Reaction Buffer (BIOLINE, UK), 0.15U MyTaq™
HS DNA Polymerase (BIOLINE, UK), 75 nmol of each of
the generic primers and 83 nmol of LSP — for the first stage
of the optimisation. In the second stage all polymorphic SSR
were tested with three primer concentrations — 20.75, 41.5
and 124 nmol. All PCRs were implemented with 50 ng ge-
nomic DNA.

The temperature conditions for all multiplex reactions
were: 95°C — 3 min, 25 cycles at 92°C — 30 sec, 63°C — 90 s,
72°C - 60 s, followed by 40 cycles at 92°C — 15 s, 54°C — 30
s, 72°C — 60 s and final extension at 72°C for 10 min.

Multiplex primer sets

The multiplex primer sets were developed by grouping
the polymorphic loci into six main groups (A, B, C, D, E and
F), each consisting of 2, 3 or 4 subgroups (Table 1). Every
subgroup was an individual multiplex reaction labelled with
one of the four fluorescent dyes (FAM, ATTO 565, ATTO 550
and YAKIMA YELLOW). After amplification, the reactions
belonging to the same main group were pooled and analysed
on a capillary electrophoresis instrument. The markers were
grouped in a way that allows the alleles of loci amplified in
the same multiplex reaction to differ at least by 20 bases, and
the alleles of loci labelled with different dyes in a set — by at
least 2 bases.

Multiplex PCR optimisation

The optimisation of the multiplex PCR conditions con-
sisted of three stages. During the first stage, the parental lines
were screened for polymorphisms in uniplex PCR reactions.
The second stage included testing the polymorphic mark-
ers with three different primer concentrations on XM87-136
DNA. The lowest concentration yielding unbiased allele frag-
ments was considered appropriate for further work. In the
third stage the compatibility and amplification uniformity of
the loci, combined in each subset, was tested in multiplex re-
actions.

Capillary electrophoresis

After PCR, 12 pL of water were added to the reactions
labelled with FAM and ATTO 565 and 30 pL to those labelled
with YAKIMA YELLOW and ATTO 550. The diluted reac-
tions were mixed in a ratio 8:8:6:3 (FAM: ATTO 565: ATTO
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Fig. 1. Example of successful multiplex fragment analysis with 14 SSR primers in the inbred line B37 by utilising 3 of
the 4 available fluorescence detectors

550:YAKIMA YELLOW). Three microliters of the mixture
were transferred in a new plate, and mixed with 9 pL HiDI
Formamide containing 0.08 pL size standard GS™ 500Liz
(Applied Biosystems). The plate was incubated at 90°C for 5
min without a seal to evaporate the water. The capillary elec-
trophoresis was performed on 3130 Gene Analyzer (Applied
Biosystems) and the results were analysed with the Genemap-
per 4.0 software (Applied Biosystems)

Results

During the first stage of the study, the parental lines were
screened for polymorphisms at 176 SSR loci in uniplex re-
actions. Four PCR products, labelled with different dyes
were mixed together and analysed on 3130 Gene Analyzer
(Applied Biosystems). This stage yielded clear fragments
with no unspecific amplification in 152 of the tested SSR
loci. The remaining 24 loci were successfully amplified by
adding 5 cycles at 50°C at the beginning of PCR program as
suggested by Hayden et al. (2008a). Primer pairs yielding
fragments with different sizes in B37 and XM87-136 were
scored as polymorphic and the identified 54 SSRs were
considered for further optimisation and multiplexing.

As the MRT-PCR is a two stage process, its specificity
strongly depends on the concentration of the LSP. If not all
of the LSP SSR primers are incorporated into the specific
product during the first stage of the reaction, amplification
of artificial products may occur during the second labelling
stage, when the annealing temperature is reduced to 54°C.
To determine the optimal primer concentration, during the
second optimisation phase, the polymorphic loci were am-

plified with different primer concentrations. The lowest
one yielding clear peaks was considered optimal. All the
54 polymorphic loci were amplified with XM87-136 DNA
using three additional primer concentrations of 20.75, 41.5
and 124 nmol. The PCRs were performed in uniplex reac-
tions, labelled with 4 different dyes, then pooled together
for fragment analysis. This allowed simultaneous analy-
sis of four markers with the same primer concentration.
Among the primer concentrations tested, 20.75 and 41.5
nmol were optimal for 31 and 18 of the tested polymorphic
SSR markers respectively. Only the bngl1940 primer pair
required higher concentration of 124 nmol for successful
amplification and the remaining four primer pairs were best
at 83 nmol (Table 1). These results suggest that the prim-
er optimisation procedure could be significantly reduced,
when the initial screening is done with 20.75 nmol of LSP,
and the optimisation is performed only with loci showing
poor amplification.

The ability of the polymorphic loci to co-amplify in
multiplex reactions was tested in the third stage of the
optimisation. LSP for different loci were grouped in 17
multiplex primer groups labelled with different dyes, and
the amplification of the expected fragments was tested in
multiplex reactions with both parental lines and F1. After
amplification the reactions from the same set were pooled
as shown in Table 1 and analysed on a capillary electropho-
resis instrument. Most of the loci yielded clear alleles in the
three genotypes. However, there were four loci that gave
two alleles in one of the parental lines (Table 1) in multi-
plex reactions. These loci were not used for genotyping of
the mapping population.
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Table 1

List of multiplex primer sets

No | MarkerName [ Chr Bin | Motif [ Conc nM | Set | Detector | AlleleA | Allele B
1 umc1221 5.04 (CN7 41.5 A blue 109 116
2 umcl122 1.06-1.07 (cGgn7 41.5 A blue 193 194
3 bng11940 2.08 AG(18) 124 A blue 242 249
4 phi046 3.08 ACGC 83 A yellow 97 100
5 bngl11526 10.04 AG(15) 20.75 A yellow 147 151
6 umcl136 3.09 (GCA)S 20.75 A yellow 171 187
7 bng11839 10.07 AG(24) 20.75 A yellow 219 217
8 phi96100 2 ACCT 41.5 A yellow 321 327
9 phil01 5.06 ACT 20.75 A red 125 128
10 umc1225 5.08 (AG)6 20.75 A red 163 157
11 phil23 6.07 AAAG 20.75 A red 177 182
12 bngl11074 10.05 AG(14) 20.75 A red 210 205
13 phi041 10 AGCC 20.75 A red 236 228
14 bng11065 8.07 AG(21) 20.75 A red 267 254
15 phi050 10.03 AAGC 83 B blue 112 114
16 phi083 2.04 AGCT 20.75 B blue 157 155
17 bngl1129 9.08 AG(12) 20.75 B blue 225 217
18 dupssr21 2.05 (AG)10 83 B yellow 132 140
19 umc1194 4.07 GGCC 20.75 B yellow 191 176
20 phi025 6.05 CT 20.75 B yellow 243 243/249
21 umcl125 7.04 (CTCG)5 41.5 B red 130 104
22 umcl014 6.04 (GA)12 20.75 B red 174 150
23 umc1277 9.08 (AATA)S 41.5 B red 170 166
24 phillé 7.06 ACTG/ACG 20.75 B red 202/206 206
25 bngl1784 4.07 AG(13) 20.75 B green 271 267
26 phi227562 1.11 ACC 41.5 B green 352 339
27 phi089 6.08 ATGC 41.5 C blue 113/119 119
28 phi299852 6.07 AGC 20.75 C blue 152 162
29 phi031 6.04 GTAC 20.75 C blue 215 252
30 bgl1265 4.05 AG(33) 415 C blue 263 259
31 phil28 5.07 AAGCG 83 C yellow 138 143
32 phi080 8.09 AGGAG 20.75 C yellow 190 194
33 bngl1031 8.06 AG(25) 41.5 C red 140 114
34 bngl1360 10.07 AG(25) 20.75 C red 171 154
35 bngl1138 2.06 AG(14) 41.5 C red 214 219
36 phi069 7.05 GAC 41.5 C red 227 236
37 bngl278 5.05 20.75 D blue 115 129
38 phi423796 6.01 AGATG 20.75 D blue 169 162
39 phi076 4.11 AGCGGG 41.5 D blue 190 195
40 phill3 5.03-5.04 GTCT 20.75 D red 153 321
41 bngl589 4.1 20.75 D red 184 202
42 bngl1714 9.04 AG(25) 41.5 D red 229/272 272
43 zcaa391 6.01 CAA 41.5 E blue 117 126
44 nc009 6.04 AG 20.75 E blue 159 147
45 umc1035 1.06 C€nio 41.5 E blue 169 179
46 bngl1056 8.08 AG(16) 20.75 E red 122 136
47 phi059 10.02 ACC 20.75 E red 187 178
48 umc1279 9 (CCT)6 20.75 E blue 126 129
49 bngl1484 1.03 AG(19) 20.75 E blue 146 159
50 phi077 6.01 AG 41.5 F blue 182 174
51 bgl1732 6.05 AG(15) 415 F yellow 142 130
52 umc1847 4.07 (CGC)6 41.5 F yellow 184 176
53 bngl118 5.07 20.75 F red 154 146
54 umcl678 10.04 (TCG)6 20.75 F red 183 179
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Another problem arose at this stage of the optimisation.
Due to differences in electrophoretic mobility of the fragments,
caused by the fluorescent dyes, shifts in the allele lengths, of
some loci that were labelled with another dye during the first
polymorphism screening stage were observed. These shifts
are hard to predict and may hinder the analysis, if there is an
overlap of loci labelled with the same dye. This phenomenon
may require rearrangement of multiplex primer sets as an ad-
ditional optimisation stage. However, in our case the shift did
not interfere with the allele calling in the mapping population.

Discussion

We propose a step-by-step protocol for low cost PCR op-
timisation and genotyping of a maize mapping population by
capillary electrophoresis. The cost efficiency of this methodol-
ogy is provided at three levels. Firstly, by the use of tag label-
ling method, which considerably (up to ten times) reduces the
expenses for synthesis of LSP SSR. Secondly, by using smaller
reaction volume of six microliters, instead of ten or twenty mi-
croliters, and co-amplification of several SSR markers into one
reaction tube. In this way the expenses for PCR consumables,
could be reduced more than ten times depending of the level
of multiplexing in each PCR reaction. The third level of cost
efficiency is provided by the pooling of several multiplex reac-
tions to analyse them in a single run on a capillary sequencer.
According to Imitiaz and Naz (2012) this strategy reduces the
expense for electrophoresis consumables by about 25%, but in a
high throughput study the reduction could be even higher.
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