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Abstract

As an important crop for US agricultural security and sustainable agriculture, cotton genetic improvement
requires development of innovative analytical tools. Genetic analyses based on individual gametes provide several
advantages including minimum sample requirement, genetic identification of male parent and overcoming the
complexity of polyploidy due to haploid nature of microspores. This research used tetraploid cotton (G. hirsutum x
G. barbadense) chromosome substitution (CS) lines with G. barbadense chromosomes 17 and 25 in G. hirsutum
background. The individually isolated pollen grains were germinated to release their DNAs and genomic DNA
was increased by modified primer extension pre-amplification (PEP) using MasterAmp™ Extra-Long PCR Kit
(EPICENTRE®, Madison, WI). Also from select cotton lines, microspores just released from tetrad developmental
stage were individually isolated and gamete DNA was extracted as well as amplified through multiple displacement
amplification (MDA) using REPLI-g Single Cell Kit (QIAGEN, Valencia, CA). The parental samples along with PEP
and MDA amplified individual gamete DNAs were then analyzed using simple sequence repeat (SSR) as well as IRD-
800 and IRD-700 labeled (Li-Cor, Lincoln, NE) amplified fragment length polymorphism (AFLP) methods. Nineteen
SSR and 28 AFLP primer pairs were used to analyze TM-1, 3-79, CS-B17 and CS-B25 cotton lines. The amplification
of parental SSR and AFLP markers from both mature pollen as well as early free microspore samples provided

unique tools for comparative genetic studies using agarose and polyacrylamide gel electrophoresis, respectively.
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Introduction

The segregation of parental markers, during anthesis, into its
pollen grains can be used by plant breeders for genetic analyses.
Gametes can be a convenient source of DNA as only limited freezer
storage space is required for their use. DNA markers’ based analyses
of individual gametes has several downstream uses in plant breeding
and genetic improvement applications [1]. Plant gametes also contain
several organelles which contribute to markers’ amplification products
[2,3]. Therefore, such molecular markers could also be used to study
the inheritance of organelles. Determining parental or recombinant
genotypes of gametes for genetic mapping [4] is efficient and cost-
effective approach [5] through circumventing the need of large
breeding populations for linkage analyses. To extract DNA from pollen
grains, drilling a hole in the wall through a UV-laser microbeam have
been reported [6]. Alternatively some isolated pollen grains can be
germinated to release their cell contents [7].

Microsporogenesis stages can allow the isolation of free microspores
(immediately after the tetrad separation) when their tectum formation is
discontinuous and before the initiation stage of endexine development
[8,9]. Such microspores can easily be lysed with reagents used for DNA
extractions from animal cells that only have cell membranes [10].
Though individually isolated gametes have sufficient DNA for PCR
amplification [11], the restriction enzyme based markers’ analyses
would require this amount to be pre-amplified [4]. Primer extension
pre-amplification (PEP) protocol [12] and multiple displacement
amplification (MDA) [10] have been used to increase the amount of
genomic DNA of a single cell sample. DNA fingerprinting methods can
be used to identify the genetic make-up of plants and are very useful

for true-to-type identification and reduce development costs and time
required for the evaluation of crosses [13-15].

Amplified fragment length polymorphism (AFLP) being one of the
popular genotyping tools [16] was used to demonstrate our approach.
Another set of markers used in this study were simple sequence repeats
(SSR) based, which have been found useful for genome wide coverage
in cotton [17]. Analyses of molecular markers from individual gametes
can generate genetic data without the need of performing controlled
pollinations and/or maintaining large population for plant breeding
[6,11]. The objectives of this research were to amplify the isolated
individual gamete genomes of CS-B17 and CS-B25 breeding lines
of Upland cotton [18], for subsequent genetic characterization. The
chromosome substitution (CS) lines are nearly isogenic to the common
parent TM-1 (Gossypium hirsutum) for 25 chromosome pairs except
the pair of the substituted chromosome from the 3-79 (G. barbadense)
[18]. The single mature pollen as well as free uninucleate microspores’
genotyping protocols reported in this paper can serve as important
tools for enhancing breeding efficiencies in cotton.

Materials and Methods

Plant materials

Upland cotton substitution lines, with most of the genome from
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G. hirsutum TM-1 while substituting chromosomes number 17 and
25 from G. barbadense double haploid line 3-79, were developed
by Dr. Saha and others [18]. CS-B17 and CS-B25 were grown in the
greenhouse using standard nursery gallons (4.5 litre) that contained
Miracle-Gro Potting Mix (Scott Co., Marysville, OH). Plants were
maintained in a glasshouse at 24°C to 28°C, watered as needed and
fertilized bimonthly with 0.21-0.07-0.14 (N-P-K) (mgl?) soluble
fertilizer (Grace Horticultural Products Co., Cambridge, MA). DNA
from leaf samples were extracted using DNeasy Plant Mini Kit (Qiagen,
Santa Clara, CA) and grinding matrix along with Bio Fast Prep System
(Q. Biogene, Irvine, CA), verified in a 2% agarose gel and quantified
using a NanoDrop 1000 Spectrophotometer (Thermo Fisher Scientific,
Wilmington, DE). DNA gels were photographed using an Alphalmager
2000 System (Alpha Innotech, San Leandro, CA).

Individual pollen DNA release and pre-amplification

From mature flowers, pollen grains were harvested and then
individually isolated [11] using Austerlitz insect pin (Nasco, Fort
Atkinson, WI, size 00, 37 mm long) mounted on an ultrafine move
Marzhauser (HS-6) micromanipulator (ALA Scientific Instruments,
Inc., Westbury, NY). Each grain was thus placed in a separate PCR
(polymerase chain reaction) tube that contained 5 pl of pollen
germination media consisting of 25% (w/v) sucrose, 0.52 mm KNO,,
3.06 mm MnSO,, 1.66 mm H,BO,, 0.42 mM MgSO, and 1 uM gibberellic
acid, pH 7.6. Following the protocol of Aziz and Sauve [4], isolated
pollen grains in the individual PCR tubes were germinated for 1-2 hours
at room temperature to release their DNA. This DNA was amplified via
MasterAmp™ Extra-Long PCR kit (EPICENTRE®, Madison, WI) with
an array of continuous random 15-mer primers (Operon Technologies,
Alameda, CA) using the primer extension pre-amplification (PEP)
protocol of Zhang et al. [12]. Amplification of pollen DNA via the PEP
procedure resulted in many genomic copies distributed in fragments
of varied lengths. Pollen PEP-DNA products were visualized on 2%
agarose gel after staining with ethidium-bromide and purified using the
DNeasy® Plant Mini Kit (QIAGEN, Valencia, CA).

Individual microspore isolation for DNA extraction

The anthers from immature flower were identified to capture
microspores immediately after the tetrad stage of development. Such
microspores (without mature cell wall) were individually isolated from
aqueous (27% D-sorbitol) spread on a glass slide with the aid of Cell-
Tram Manual Micro-injector (Eppendorf North America, Hauppauge,
NY) mounted over a UMM]J-3FC micromanipulator (Narishige
International USA, Amityville, NY). The micro-injector was used as a
fluid control device for aspirating, holding and disposing microspores
from micro-capillary tube through sensitive manual control (Figure 1).

The individual microspores, in about 1 pl of 27% D-sorbitol, were
dispensed in PCR tubes containing 3.5 pl of phosphate buffer saline
(PBS) solution. Multiple displacement amplification (MDA) through
REPLI-g Single Cell Kit (QIAGEN, Valencia, CA) was used to lyse
isolated individual microspores and increase their DNA’s. The 40 ul of
MDA reaction mixture containing 29 pl reaction buffer, 9 ul H,O and 2
ul enzyme (QIAGEN) was added to the PCR tubes containing individual
microspore in 27% D-sorbitol and PBS solution. The tubes were then
incubated at 30°C for eight hours and MDA products were quantified
using a Nano drop spectrophotometer (Eppendorf North America).

Amplification and scoring of SSR markers

The amplification protocols for microsatellite markers in presence
of Gotaq® green master mix (part # 9PIM712, Promega Corporation,

0.1 mm

Figure 1: Opening of individual cotton pollen wall in the germination medium
(25% (w/v) sucrose, 0.52 mM KNO,, 3.06 mm MnSO,, 1.66 mm H,BO,, 0.42
mm MgSO, and 1 uM gibberellic acid, pH 7.6) to release its DNA for subsequent
amplifications and restriction digest.

SSRs Upstream (5’) primer Downstream (3’) primer
BNL0891 | TTTTCAGCTGGAGATGTGCT | CTTCAAAATCCACTGCCTCA
BNL1404 CGAGAGCCCACTAACAGAAA | CCATTTGTTTTTTCCCCCTT
BNL1667 = AGGTGCTTCAGGCATGATTC = CCCTCACACCTAAACCCAAA
BNL2717 A CCTTGCTAGCCAAAGCAGAC A CCTCCATGAAAGGTGCAATT
BNL3103 ACTTTGAGATATTGTTATTC- TCGAACAATTACGAAT-

TACCCG CAAATG
AGAGCAAAAAACAATTA-
BNL3449 = AAGCTGTGGCTATGATGCCT CAAAAGC
BNL3371 = CAATCCTTTACGTGGCCTGT | AAAGACAGGCAATCCCCTTT
BNL3479 AGTGGGTTGGACTTTCATGC | CACGGGCTTTTTTTTTTTCA
BNL3971 CACATATTTTTGCCTCACGC TGTGGACCCAAAAAGGAAGA
BNL4059 | GAGTTACGCCTGGCAATCAT CCATCCCCAGTGGTGTTATC
GH537 GTTGGGTGGCAAT- AAAGCTAATC-
TCCTTTTAGATC CCTATACCTTTTCTTCG
JESPR0204| CTCCAGGTTCAATGGTCTG | GCCATGTTGGACAAGTAGTC
MUSB0G0G TGCCATGGCTTATAAATGAGG ~ CCAGARAERGEGBACTA
NAU3093 = GTCTTGAACCGGAACTTGAT | TCCTGTTGAACACCAAAGTG
NAU3306 A ACAACCCAAGAGGACAAAGA | ATAACCACAGCGACCACTTT
NAU3680 | GGAATTAACGGAATGGTGAG = TTTGCTTGAGGAAATTAGGG
NAU3684 = TCCATTTGTCCCTTGAATCT | CAGTGACCATTGATGAAGGA
NAU5236 = TTCAAGTGTCGACCATCAAC A AGGGGTGACTAAGATGGTGA
NAUB542 = GTTCCCTTTTCGTTTTGGTT | GAGCATGTTGCAATGAGAAC

Table 1: Simple Sequence Repeat (SSR) primer pairs designed by Alfred et al. [19],
Jiwen et al. [20], Zhang et al. [21] and Yu et al. [22], were used in genetic analyses
of TM-1 (G. hirsutum), 3-79 (G. barbadense) and chromosome substitution lines
CS-B17 and CS-B25 (Upland cotton chromosome 17 and 25 substituted with that
of Pima cotton, respectively) lines

Madison, WI) were used for the production of SSR based markers. The
54 mapped SSRs which have been reported for cotton lines with G.
hirsutum and G. barbadense backgrounds [19-22], were initially selected
for this study. After further screening 19 SSR primer pairs in Table 1
were used to analyze TM-1, 3-79, CS-B17 and CS-B25 cotton lines. The
polymerase chain reactions (PCR) contained 1X Gotaq® green master
mix, nuclease-free water (Promega Corporation), 1 M each of the
forward and reverse primers (Integrated DNA Technologies, Coralville,
TA) and 100 ng DNA template. After initial denaturation at 95°C for
two minutes, the amplification reactions were subjected to 35 cycles of
94°C for 30 sec, 55°C for 4 sec, 72°C for 1 min before final extension at
72°C for 10 min, and subsequent soak at 10°C. The amplified SSRs were
then resolved through 2.5% agarose gel electrophoresis in the presence
of a minimum 5X GelRed™ (Biotium, Hayward, CA) DNA stain and
photographed on an ultra-violet illuminator.
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Identification and analyses of AFLP markers

AFLP markers were generated from parental leaf DNA and pollen
PEP products using AFLP Analysis System I Kit of Invitrogen Life
Technologies™ (Carlsbad, CA) in the presence of fluorescent Li-Cor
(Inc., Lincoln, NE) IRDye® Phosphoramidite (IRD)-700 and IRD-800
(optimized for Li-Cor 700 nm and 800 nm infrared channels) labeled
primers designed for EcoRI adaptors. Before analyses on sequencing
gel, 3X blue loading dye (Li-Cor) was added to the AFLP samples. As
described earlier [5], the AFLP profiles from parent and from each
pollen DNA sample (~0.6 ul) were separated through electrophoresis
on a DNA sequencer using denaturing 6.5% polyacrylamide gel
between 25 cm? Starphire® glass plates. These DNA bands were
scored, by simultaneously electrophoresing and analyzing the selective
amplification products for approximately 3.5 hours, on an automated
DNA analyzer (Global 4300 DNA Analyzer and Sequencer, LI-COR,
Lincoln, NE). The Saga™ Generation 2 Version 3.1 (Li-Cor, Lincoln,
NE) software was used for maintaining constant electrophoresis
conditions of 1500 V; 40 W and 40 mA at 45°C as well as scoring AFLP
markers and adding the markers’ information to a database (Oracle® 9i)
for generating reports toward data export.

Results

Whole genome amplification from pollen and microspores

Molecular markers’ based assays of individual cotton pollen
grains were possible after the collection of isolated pollen gains via
micromanipulation [11] and DNA extraction using pollen germination
protocol (Figure 1). The small amount of DNA in an individual pollen
grain was increased by using the primer-extension pre-amplification
(PEP) procedure. The enhancers in the MasterAmp™ Long PCR kit
(EPICENTRE®) improve the fidelity and accuracy of the PEP products
[23] which results in increased sizes and the numbers of the molecular
markers in subsequent procedure [5]. Segments of cotton pollen genome
was amplified resulting in many genomic copies distributed in fragments
of varied lengths that appeared as a smear of larger than 2000 bp on the
DNA gel (Figure 2). After initial experiments with nine formulations of
Master Amp™ Long PCR kit, PreMix-3 and PreMix-9 (EPICENTRE®)
were selected for all pollen DNA (whole genome) amplifications using
the PEP procedure. Pollen grains were individually isolated in PCR
tubes and germinated for PEP amplifications of whole genomes. The

Figure 2: Whole genome amplified as fragments from individually isolated cotton
pollen grain after using MasterAmp™ Extra-Long PCR kit (EPICENTRE®,
Madison, WI) along with an array of continuous random 15-mer primers
(Operon Technologies, Alameda, CA) during Primer Extension Pre-amplification
procedure. The CS-B17 (Upland cotton line with chromosome 17 substituted
with that of Pima cotton) pollen DNA fragments appearing as smears (Lanes 1
to 6) larger than 2000 base-pairs (bp) DNA marker (lane M) of a low scale 100
bp Ladder (Thermo Fisher Scientific Inc., Waltham, MA).
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AFLP Primer pairs Labelling dye Cotton lines genotyped
E-AAC/M-CAG IRDye® 700 TM-1, 3-79 and CS-B17
E-AAG/M-CAA IRDye® 800 TM-1, 3-79 and CS-B17
E-AAG/M-CTT IRDye® 700 TM-1, 3-79 and CS-B17
E-ACA/M-CAA IRDye® 700 and 800 TM-1, 3-79 and CS-B17
E-ACA/M-CAC IRDye® 800 TM-1, 3-79 and CS-B17
E-ACA/M-CAT IRDye® 700 TM-1, 3-79 and CS-B17
E-ACA/M-CTA IRDye® 700 TM-1, 3-79 and CS-B17
E-ACA/M-CTC IRDye® 700 TM-1, 3-79 and CS-B17
E-ACT/M-CAA IRDye® 700 TM-1, 3-79 and CS-B17
E-ACT/M-CAC IRDye® 700 and 800 TM-1, 3-79 and CS-B17
E-ACT/M-CAG IRDye® 700 TM-1, 3-79 and CS-B17
E-ACT/M-CAT IRDye® 700 and 800 TM-1, 3-79 and CS-B17
E-ACT/M-CTA IRDye® 700 and 800 TM-1, 3-79 and CS-B17
E-ACT/M-CTC IRDye® 700 and 800 = TM-1, 3-79, CS-B17 and CS-B25
E-ACT/M-CTG IRDye® 700 and 800  TM-1, 3-79, CS-B17 and CS-B25
E-ACT/M-CTT IRDye® 800 TM-1, 3-79, CS-B17 and CS-B25
E-ACC/M-CAT IRDye® 700 TM-1, 3-79 and CS-B17
E-ACC/M-CTA IRDye® 800 TM-1, 3-79 and CS-B25
E-ACC/M-CTC IRDye® 700 and 800 CS-B17 and CS-B25
E-ACG/M-CAG IRDye® 700 TM-1, 3-79 and CS-B25
E-ACG/M-CAT IRDye® 700 TM-1, 3-79, CS-B17 and CS-B25
E-AGC/M-CAA IRDye® 700 and 800  TM-1, 3-79, CS-B17 and CS-B25
E-AGC/M-CAC IRDye® 700 and 800  TM-1, 3-79, CS-B17 and CS-B25
E-AGC/M-CAG IRDye® 700 TM-1, 3-79 and CS-B17
E-AGC/M-CAT IRDye® 700 TM-1, 3-79 and CS-B17
E-AGG/M-CAA IRDye® 700 TM-1, 3-79 and CS-B17
E-AGG/M-CAC IRDye® 700 TM-1, 3-79 and CS-B17
E-AGG/M-CAT IRDye® 700 TM-1, 3-79 and CS-B17
Each AFLP (amplified fragment length polymorphism) marker is identified by the
primer-pair designed for both EcoRI (E) and Msel (M) adaptors, and the three
selective nucleotides of each primary Primers designed for EcoRI adaptors had
been labelled by Li-Cor (Inc., Lincoln, NE) IRDye® Phosphoramidite florescent
dyes optimized for Li-Cor 700 nm (IRD-700) or 800 nm (IRD-800) infrared
channels.

Table 2: Amplified fragment length polymorphism (AFLP) primer pairs for genetic
analyses of G. hirsutum CS-B17 and CS-B25 lines.

individual microspores, when treated with REPLI-g Single Cell Kit
(QIAGEN) release genomic DNAs for subsequent amplifications [9].
All individually isolated cotton early free microspores released their
contents giving adequate yields of amplified DNA products through
multiple displacement amplification (MDA) technology. The REPLI-g
(QIAGEN) pre-amplified DNA concentrations from the individual
microspores of cotton lines ranged from 1627 to 3900 ng/ul with good
purity (UV260/280 absorbance values of 1.6 to 1.8). This is a first
report on direct analyses of cotton microspores that allows the genetic
assessments of entire (100%) gamete population while avoiding any
segregation distortion of parental markers in subsequent analyses.

SSR and AFLP markers for CS-B17 and CS-B25 lines

The selected SSR primer pairs amplified the microsatellite markers
of expected 150-300 bp sizes from TM-1, 3-79, CS-B17 and CS-B25
cotton lines, confirming the reports of the previous [20,22,25-28].
Based on the smaller size of the amplicon and good band intensity,
10 of the 19 SSR primer pairs were used for subsequent gamete DNA
analyses. AFLP analyses of TM-1, 3-79, CS-B17 and CS-B25 parental
tissues revealed that 28 florescent labelled (Li-Cor, Inc.) primer pairs
(Invitrogen Life Technologies) were suitable for fingerprinting these
lines (Table 2).

Each AFLP marker was designated by the DNA product size (bp)
as well as primer pair along with the labelling IRD dye (700 or 800).
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The IRDye * 700 and 800 infrared dyes’ labeling (incorporation of dye
molecules) of E-primers has been reported to alter their annealing to
templates [29-31], therefore, some amplified products in this study
were found to be different in size than previous reports. The uses of
labelled primers for comparative AFLP profiling of genomes helps the
automated analyses, but these should be adopted after standardizing the
protocols with each labeling dye. Ten primer pairs (E-ACA/M-CAA,
E-ACT/M-CAC, E-ACT/M-CAT, E-ACT/M-CTA, E-ACT/M-CTC,
E-ACT/M-CTG, E-ACC/M-CTA, E-ACC/M-CTC, E-AGC/M-CAA,
and E-AGC/M-CAC) amplified AFLPs when these E-primers were
labelled either IRDye® 700 or 800 infrared dye. The IRDye® 800 labelled
E-ACT contributed in AFLP amplifications in combination with all eight
unlabeled M-primers. The unlabeled M-CAT primer was compatible
with six E- primers (identified by the three selective nucleotides: ACA,
ACC, ACG, ACT, AGC, and AGG) for AFLP markers’ amplifications
from TM-1, 3-79, CS-B7 and CS-B5 cotton lines. Confirming the
efficiency of AFLP markers’ production rates reported earlier [14], on
average each of the 28 primer pairs used produced six scorable AFLPs.

SSR and AFLP Analyses of individual gametes from cotton lines

CS-B17 and CS-B25 single cell whole genome amplification
products were subjected to SSR and AFLP analyses for confirming the
detection of parental cotton DNA-markers in isolated individual cotton
gametes. DNAs of minimum five individual pollen grains from CS-B17
and CS-B25, which were successfully amplified via PEP procedure,
became selected for subsequent SSR and AFLP analyses. Also
minimum five microspores from TM-1, 3-79 and CS-B17 cotton lines
were subjected to SSR analyses after MDA procedure. Only a limited
number of parental SSR and AFLP markers could be scored from
gamete samples since only those parental markers were amplifiable that
had primer annealing sites available in fragmented DNA samples (PEP/
MDA products) pre-amplified from single cells (Figure 2).

Six parental SSRs (BNL1667, BNL3479, BNL3971, NAU3093,
NAU3684 and NAU5236) were demonstrated for CS-B17 gametes and
10 parental SSRs (BNL1404, BNL1667, BNL2717, BNL3471, BNL3971,
NAU3093, BNL4059, NAU3306, NAU3684 and NAU5236) were
confirmed in CS-B25 pollen samples. As expected for a near isogenic
line [32], parental DNA-markers did not segregate in the microspores
of the CS-B17 cotton line while some TM-1 and 3-79 microspores
showed different sized SSRs than that of parent (Figure 3).

Over 80 parental AFLP’s were analysed for their presence in G.
hirsutum CS-B17 and CS-B25 pollen grains. PEP amplification protocol
resulted in sufficient DNA from each pollen grain for subsequent
restriction digestion needed in dual dye based AFLP analyses, and
amplified many larger (>250 base pairs) selective markers. Lack of
segregation of either TM-1 or 3-79 relevant AFLPs in CS-B17 and CS-
B25 pollen demonstrated the near-isogenic nature of these two progeny
lines (Figure 4).

Discussion

The PEP and MDA mediated whole genome amplifications allowed
subsequent detection of genetic markers from an individual pollen
grain and microspore. From individually isolated pollen grains for PEP
amplifications, only about 60-70% are usually successfully germinated
for subsequent DNA analyses [4]. Since only responsive gametes are
available for DNA amplifications through anther-culture and pollen-
germination approaches, both methods cause segregation distortion
and bias in genetic analyses [24]. The individual microspores on the
other hand are expected to give 100% success rate, when treated with
REPLI-g Single Cell Kit (QIAGEN) to extract and amplify genomic
DNAs [9], thus were also used in this study. Through subsequent DNA
amplifications, this report demonstrated the isolation of free microspores
when tectum formation is either discontinuous or before the initiation

Figure 3: Amplification of Simple Sequence Repeat (SSR) markers from cotton leave tissues of TM-1, 3-79 and CS-B17 (Upland cotton line with chromosome 17
substituted with that of Pima cotton) as well as pre-amplified DNAs of five individually isolated pollen grains of TM-1, 3-79 and CS-B17 (lanes M-1 to M-5). Amplification
reactions were subsequent resolved through agarose (2.5%) gel electrophoresis along with 50-2000 bp DNA size ladder (Fisher BioReagents™, Pittsburgh, PA). (a)
TM-1 leaves and microspores amplified with NAU3684, (b) 3-79 leaves and microspores amplified with BNL3479, (c) CS-B17 with BNL3971.

TM-1 3-79 CS-B25 P1_P2 P3 P4 PS5
» —_—

175bp

Figure 4: Amplification of AFLP (amplified fragment length polymorphism) markers from pre-amplified DNAs of individually isolated pollen grains (lanes P1 to P5) of
CS-B25 (Upland cotton line with chromosome 25 substituted with that of Pima cotton) and parental leave tissues (lanes TM-1, 3-79, CS-B25) with E-ACC/M-CTT primer
pair where E-primer was labelled with Li-Cor’s IRDye® 800, and subsequent analysis through sequencing gels on LI-COR’s 4300 DNA Analyzer and Sequencer (Li-Cor,
Lincoln, NE). AFLP markers were amplified using primer-pairs designed for EcoRI (E) and Msel (M) adaptors and electrophoresed along with Li-Cor (Inc., Lincoln, NE)
50-700 base-pair DNA-band size standard.
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stage of endexine development [8,9]. Ability to individually analyze
developing microspores provides unique tools for comparative genetic
analyses in pollen populations. Since individual pollen and microspores
have limited amounts of DNA, the respective methods tested in this
study for the amplification of the single cell genome via PEP and MDA
procedures will benefit the industry by reducing the costs of genetic
analyses for gametic merit. The individual gamete procedures described
in this study can also lead to replacing the need of creating mapping
populations for linkage analyses. Li-Cor dual-dye based fragment
analysis system, used in this study, has been found cost effective than
three-florescent based dyes of Applied-Biosystem (Life Technologies)
for the fragment based DNA analyses [5]. Among 28 AFLPs reported
here, seven pairs (E-ACA/M-CTC, E-ACC/M-CAC, E-ACC /M-CAT,
E-ACC /M-CTA, E-ACC /M-CTC, E-ACC /M-CTT and E-AGC/M-
CAT) have been previously used by other researchers [14]. IRDye °
700 and 800 infrared dye labeling of E-primers has been reported to
alter their annealing to templates [29-31]. Such incorporation of dye
molecules to the seven primers used in this study, caused the amplified
products to be of different sizes than previously reported. However, the
efficiency of AFLP markers’ production was found comparable with the
rates reported earlier [14].

Conclusion

Homozygous CS-B17 and CS-B25 plants were used in this
study, though residual effects of heterozygosity can exist from other
gametes [32]. Also due to homeologous nature of individual gametes,
single specific genes can be identified through these protocols due to
existence of only one copy. With the linkage of SSR and AFLP markers
to desirable traits, single cell genotyping and determining gamete merit
could serve as important tools for enhancing the breeding efficiencies.
The chromosomal assignments of the markers [32] and association
of quantitative trait loci in cotton facilitate relating the phenotype
to genotype for important agronomic traits [33]. These protocols
developed for mature-pollen (viable fertilizations) as well as early-free-
microspores (total genome segregation studies) analyses would allow
comparative genetic studies per gametic stage/frequency for different
plant types.
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