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Abstract
The objectives of this study were to identify RAPD and ISSR markers linked to northern corn leaf blight (NCLB) resistant genesin F2 population
of maize using bulked segregant analysis and to map NCLB resistance genes in F2 populations of maize. The F2 white population of maize was
developed from across between the resistant line Sd-63 and the susceptible line Sd-7. Bulked segregant analysiswith RAPD and | SSR markerswas
conducted to identify markers that were linked to the Ht1l gene. The linkage relationship between the RAPD markers (Prlllsobp, Pril,, and
OPBO08,,,) and northern corn |eaf blight resistance (NCLB) Ht1 gene were estimated using F2 population derived from the cross Sd63 x Sd7. The
genetic distances between RAPD markers (Prllmbp, Pril e and OPBOSZQObp) and NCL B resistance Ht1 gene were determined to be 25.4, 17.5 and
9.6 cM, respectively, with LOD scores of 38.9, 38.5 and 56.5, respectively. Therefore, RAPD markers (Prllmbp, Prll300bp and OPBOSZQObp) were
linked to the quantitativetrait loci (QTL) for (NCLB) resistance Ht1 gene. The genetic distance between I SSR markers (AD1,,, and AD6., ) and
NCLB resistance Ht1 gene were determined to be 7.4 and 3.3 cM, respectively, with LOD scores of 49.1 and 51.8, respectively. Therefore, ISSR
markers (AD1___and AD6 were linked to the quantitative trait loci (QTL) for NCLB resistance Ht1 gene. The present study indicated that

820bp 650bp)

RAPD and | SSR markers, combined with bulked segregant analysis, could be used to identify molecular markerslinked to NCL B resistancegenein

maize. Once these markers areidentified, they can be used in maize breeding programs, as aselection tool in early generations.
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Introduction

Maize (ZeamaysL.) isthethird most important cereal cropinthe
world. InAfrica, maizeisincreasingly becoming animportant non-
traditional agricultural export crop. In addition to strong demand
for maize asafood crop, the demand for mai zeis projected torise
with increasing population growth and an expanding need for
livestock feed. Production of maizegrainisinsufficient relativeto
the needs of food and feed consumption in many areas.
Accordingly, increasing maize production isconsidered essential
for food security in developing countries *. Maize is grown for
food, feed, fodder and industria purposesin Egypt. Egypt imports
approximately 35% of its maize need. It isimportant to develop
high—yielding and disease resistant hybridsto meet the country’s
demands.

During the past few decades, a major fungal foliar disease of
maize (ZeamaysL..) called northern corn lesf blight (NCLB) cauises
substantial yield lossesworldwide. NCLB, caused by thefungus
Helminthosporium turcicum (Pass) 2, is one of the most serious
maize diseases throughout the world, particularly in the humid
mid-altitudeand highland regions of Africa®*.Symptomsof NCLB
are elliptical leaf lesions, which are at first chlorotic and gray-
green and later becoming necrotic, resultinwilted leaves. Lesions
may coalesce in susceptible plants and result in complete
destruction of thefoliage. Grain yield losses can exceed 50% in
susceptible maize cultivarsif infection occurs before flowering 5.

NCLB ismainly controlled by resistant cultivars. Theresistance
is either qualitative or quantitative. Qualitative resistance is
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typically race specific and inherited by single genes whereas
guantitative resistance is race non—specific and oligogenic or
polygenic. The categories, qualitative and quantitative, refer to
the distribution of a trait in a population and not to its
effectiveness’.

Molecular markers that are closely linked with target alleles
present a useful tool in plant breeding since they can help to
detect the resistant genes of interest without the need of carrying
out afield diseasetest. Also, they allow for screening large number
of breeding materials at early growth stages and in a short time.
The Polymerase Chain Reaction (PCR) 7 offers the potential to
lessen the time and expense of molecular mapping. In particular,
Randomly Amplified Polymorphic DNAs(RAPDs), involving the
use of single short DNA primer to direct amplification of discrete
sequences 8, have shown promise in cereals *. Recently,
identification of molecular markerslinked to northern corn leaf
blight resistance in yellow population of maize have been
reportedt2.

The objectives of thisinvestigation wereto identify RAPD and
I SSR markerslinked to NCL B resistance genesin F2 populations
of maize, using bulked segregant analysis and to map NCLB
resistance genesin F2 popul ations of maize.

Materialsand M ethods

Plant materialsand disease evaluation: |dentification of RAPD
and ISSR markers linked to northern corn leaf blight (NCLB)
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diseaseresistance were carried out on asegregating F2 population
derived from a cross between two white lines, the resistant line
Sids-63 (Sd-63) and the susceptibleline Sids-7 (Sd-7). Thecross
was made during the season of 2005 and was selfed in 2006 to
produce the F2 popul ation.

For evaluating against NCLB, F2 population (259 individual
plants) and their parents were planted under field conditions, in
thelate summer of 2007 at the Experimental Farm Station, Faculty
of Agriculture, AlexandriaUniversity, Alexandria, Egypt, where
environmental conditionsallow for auniform diseaseinfection.

Artificial infection was done to enhance the natural infection,
using anisolate of Helminthosporiumturcicum cod T-13ASwhich
wasasingle spore culturegrown in Petri dishes containing potato
dextrose agar medium for ten daysat 25 + 2°C. Spore suspensions
were prepared by adding sterilized distilled water over fungal
growth, which was scraped off, using a sterilized needle. The
suspensionswere then strained through a sterilized cheese-cloth.
Spore concentration was adjusted to 2.5 x 10° spore/ml, using
sterilized distilled water. Plantswereinocul ated at thethreetofive
leaf stage of growth in the evening using a spore suspension.
Severity of NCLB, asapercentageof infected leaf area(percentage
average lesion size), was assessed after flowering growth stage
around eight weeks after the inoculation and readings were
classified, according to Elliot and Jenkins*® asfollows:

Rating scale  Leaf area infected (%)  Resistance level
0.5 <5 Highly resistant (HR)
1.0 6-10 Resistant (R)
2.0 11-25 Moderately resistant (MR)
3.0 26-50 Moderately susceptible (MS)
4.0 51-75 Susceptible (S)
5.0 >75 Highly susceptible (HS)

DNA extraction: Genomic DNA was extracted from fresh leaves
of individua F2 plantsand their parents, using CTAB . RNA was
removed from the DNA preparation by adding 10 of RNAase (10
mg/ml) and incubating for 30 min at 37°C. DNA sample

concentration was quantified by using a spectrophotometer

(Beckman Du-65).

PCR amplication: Thirty-eight primers(Table 1) wereused inthe
present investigation to amplify the template DNA. Each

amplification reaction was performed in a25-pl vol., containing
50 ng of genomic DNA, 1x PCR buffer MgCl,, (60 mM KClI, 10
mM Tris- HCI (pH 9.0), 2 mM MgCl, and 1% Triton X-100), 200
mM each of dATP, dCTPR, dGTP and dTTP (Promega), 50 pM

primer, 50 ng template DNA and 1.5 of Tag DNA polymerase.
Amplificationswerecarried out in an MJResearch PTC-100 thermal
cycler with amplification conditionsadopted from Williamset al. 8,
DNA denaturation at 94°C for three minutes and 45 cycles of

melting at 94°C for one min, annealing at 36°C for one min and
extending at 72°C for two min, Thiswasfollowed by asevenmin
final extension step at 72°C, and the reactionswere kept at 10°C.
RAPD fragmentswere size-fractionated in 2% agarosegel in 0.5
x TBE buffer, with a1-kb ladder molecular weight marker. Gels
were stained in ethidium bromide solution and photographed.

Bulked segregant analysis. Bulked—segregant analysis (BSA)

was used, in conjunction with RAPD and | SSR analysis*, tofind
markers linked to genes of interest. Resistant and susceptible
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bulks were prepared from F2 individuals by pooling aiquots,
containing equivalent amounts of total DNA, approximately,
50 ng/ul from each of fourteen susceptible, and fourteen resistant
F2 plantswere sel ected based on phenotypic assessments. RAPD
and | SSR primers were then screened on the parents and the two
bulk DNA samples, fromwhich some primer combinationsrevea ed
bands that were polymorphic, not only between parental
genotypes, but also between the pair of the bulk DNA. Based on
theevaluationsof DNA bulks, individual F2 plantswereanayzed
with cosegregating primersto confirm RAPD and | SSR markers
linkageto the NCL B resistance genes.

Data analysis: Goodness of fit to a 3:1 ratio was calculated for
RAPD and ISSR markers by chi-square test. The association
between molecular markers and resistance to NCLB trait was
assessed with correlation and simple regression analysis, using
PROC REG of SASversion 9.1 software packages . Magnitude
of the marker associated phenotypic effect was described by the
coefficient of determination (r?) and simple correlation (r),

which represented the fraction of variance explained by the
polymorphism of the marker.

Linkageanalysis: Map manager QT X Version 0.22 ¥ wasused to
analyze the linkage relationship of RAPD and ISSR markers
detected from bulked segregant analysis. Linkage was detected
when alog of the likelihood ratio (LOD) threshold of 3.0 and
maximum distancewas 50 cM. The K osambi’smapping function
was used.

Resultsand Discussion

RAPD markersanalysis. Out of 38 arbitrary primers (Table 1),
which were screened for polymorphisms between the two tested
inbred lines: Sd63 (resistant) and Sd7 (susceptible) parents, 27
RAPD primers (71.1%) that gave polymorphic bands suitable to
differentiate between the two parents, were identified. A total of
201 bandswere amplified, using 38 RAPD primers, produced an
averageof 5.3 bands per primer. The number of RAPD fragments,
that wereamplified, ranged from twoto thirteen and the sizeranged
from about 130to 1200 bp. Of these 27 RAPD primers, Pr11 primer
(5 CAATCGCCGT 3) produced two strong polymorphic bands at
180 and 300 bp that were present only in the susceptible parent
(8d7), as shown in Fig. 1. The Pr11 primer was selected for
screening DNA bulks and their parental DNA. The Pr11 primer,
which generated two polymorphic fragments at 180 and 300 bp,
werepresent only in NCL B-susceptible bulk and Sd7 (susceptible
parent) and were missing in NCLB-resistant bulk and Sd63
(resistant parent). In addition, the OPBO8 (5 GTCCACACGG 3)
primer produced a strong polymorphic band at 290 bp that was
present in only the susceptible bulked DNA but not in theresistant
bulked DNA. These RAPD markers (Prllmbp, PrllsoObp and
OPB08,,,) wereregarded as candidate markers, linked to NCLB
susceptiblegenein F2 population of maize.

These polymorphic markersPril ., Pril, ~and OPB08,,,
werefurther used to check their linkage to the NCL B susceptible
gene, using a segregating F2 population derived from the cross
between the resistant parent (Sd63) and the susceptible parent
(Sd7). When analyzing theindividua plantsof F2 population, the
Priligy,y Prily,, and OPBO8,, fragmentswereamplified only in
the DNA, obtained from susceptible F2 plants. The PCR
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Table 1. Number of amplificationsand polymorphic products of 38 primers
used to screen the polymorphism between the two inbred lines

order to confirm an association between the Prllmbp,
Pri1,., . and OPBO8,,, markersand resistanceto NCLB

in all 259 F2 progenies. The results showed that the

correlation and regression analysis for the relationship

(Sd63 and Sd7).
Primer Nucleotide sequence  No. of amplification No. of polymorphic
5'—»3) products products

Pr, CAGGCCCTTC 3 1
Pr, TGCCGAGCTG 3 0
Pr; AGTCAGCCAC 4 1
Pry AATCGGGCTG 7 3
Prs AGGGGTCTTG 4 0
Prg GGTCCCTGAC 6 2
Pry GAAACGGGTG 6 2
Prg GTGACGTAGG 4 3
Pry GGGTAACGCC 4 3
Pryg GTGATCGCAG 5 2
Pry CAATCGCCGT 5 3
Prj, TCGGCGATAG 4 1
Pry3 CAGCACCCAC 12 3
Pryy TCTGTGCTGG 5 1
Prys TTCCGAACCC 3 1
Pryg AGCCAGCGAA 6 0
Pry; GACCGCTTGT 3 0
Prig AGGTGACCGT 5 2
Pryg CAAACGTCGG 8 3
Pry GTTGCGATCC 13 2
UBC321 ATCTAGGGAC 0 0
UBC475 CCAGCGTATT 2 1
UBC532 TTGAGACAGC 6 3
OPA02 TGCCGAGCTG 6 4
OPA06 GGTCCCTGAC 0 0
OPAO07 GAAACGGGTG 4 0
OPBO08 GTCCACACGG 9 4
OPB09 TGGGGGACTC 0 0
OPB13 TTCCCCCGCT 4 1
OPC04 CCGCATCTAC 6 1
OPC15 GACGGATCAG 7 3
OPE20 AACGGTGACC 7 4
OPF15 CCAGTACTCC 0 0
OPH13 GACGCCACAC 8 1
OPJ0O4 CCGAACACGG 8 2
OPJ10 AAGCCCGAGG 6 0
OPU06 ACCTTTGCGG 10 0
OPZ03 CAGCACCGCA 8 1

between the three markers (Prllmb , PrllmmD and
OPBOSZQObp) and the phenotypes of F2 individuals were
significant and they recorded r=-0.77,-0.73 and -0.78,
respectively, and r? = 0.60, 0.54 and 0.61, respectively
(Table2). Thisindicatesthat thethree markerswerelinked
withthe NCLB resistance gene.

Bulked segregant analysis (BSA) %5, combined with
several types of molecular markers, has been extensively
used to find markers linked to disease resistance genes
in anumber of species 2. In several previous studies,
RAPD, combined with BSA, have been successfully used
toidentify DNA marker(s) linked to many important traits.
For example, Poulsen et al. 2 found RAPD marker
(OPU022, ) linked to leaf rust resistancein barley. The
OPU022,, marker was shown to be useful in the
identification of the individual F2 plants, originally
misclassified as having susceptible infection types.
Motawei et al. 22 reported the presence of RAPD marker
(Pr7.,,) linked to the leaf rust resistance gene, Lr29, in
wheat. Moreover, Motawei et al. 2 found two RAPD
markers (Pr8,, and Pr18, ) linked to striperust resistance
geneinwheat. Recently, RAPD markers, combined with
bulk segregant analysis, have been used to identify
molecular markers, linked toleaf and striperust resistance
genesinwheat 2+,

ISSR markersanalysis: Out of 25 SSR primers(Table 3)
which were screened for polymorphisms between thetwo
tested inbred lines SA63 (resistant) and Sd7 (susceptible)
parents, 18 | SSR primers (72.0%) that gave polymorphic
bands suitable to differentiate between the two parents
wereidentified. An average of 5.32 bandswas produced
per primer. The number of ISSR fragments that were
amplified ranged from four to ten and the sizes ranged
from about 180 to 1600 bp. Of these 18 ISSR primers,
AD1andAD6 primers(5' (GAG)3GC 3 and GT(CAC)7,
respectively) produced two strong polymorphic bands
at 820 and 650 bp, respectively, that were present only in
the susceptible parent (Sd7). These ISSR primers were
selected for screening DNA bulks and their parental

DNA. The primers, AD1 and AD6, generated the two
polymorphic fragments at 820 and 650 bp, which were
present only in NCLB-susceptible bulk and Sd7

(susceptible parent) and were missing in NCL B-resistant

amplification of resistant parent (Sd63), susceptible parent (Sd7),
resistant bulk, susceptible bulk and five F2 resistant and five F2
susceptibleindividuals, using Pr,, and OPBO8primers, are shown
inFig. 1A and B, respectively.

For the RAPD markersPril, 1aonpr PP 1500 and OPBO08,,,, 76 of
259 (29.3%) individudsinthe F2 popul etl on exhibited the ampl ified
polymorphic fragments (180, 300 and 290 bp) whiletheremaining
did not. Theratio fitted the expected Mendalianratio 3:1 (}*= 2.6,
P<0.1) (Table3).

Correlation and simple regression analysiswere carried out in
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bulk and Sd63 (resistant parent). These ISSR markers
(AD1,,,, and AD6,,, ) were regarded as candidate markers,
linked to NCL B resistant genein maize.

Thesepolymorphic markers,AD1,,, andAD6, ,werefurther
used to check their linkage to the NCLB resistant gene, using a
segregating F2 population derived from the cross between the
resistant parent (Sd63) and the susceptible one (Sd7). When
analyzingtheindividual plantsof F2 population, theAD1,,, and
ADG6,, fragmentswereamplifiedinthe DNA, obtained only in
F2 susceptible ones. The PCR amplification of resistant parent

(Sd63), susceptible parent (Sd7), resistant bulk, susceptible bulk
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and F2 resistant and F2 susceptible individuas, using AD1 and
ADG primer areshowninFig. 2 (A) and (B), respectively.

For the|ISSR markers,AD1,,, andAD6_ . 76 of 259 (29.3%)
individuals in the F2 population exhibited the amplified
polymorphic fragments (820 and 650 bp) while theremaining did
not (Fig. 2A-B). Theratio fitted the expected Mendelianratio 3:1
(x?=2.6,P<0.1) (Table3).

To check for potential co-segregation of DNA fragments and
NCLB resistant phenotypes, correlation and simple regression
analysiswerecarried out in order to confirm an association between
theAD1,,, andAD6, markersandtheresistancetoNCLB in
all 259 F2 progenies. Theresults showed that the correl ation and
regression analysis for the relationship between the presence of
the two markersAD1,,, andAD6,  and the phenotypes of F2
individuals were significant and recorded r = -0.78 and 0.76,
respectively, and r2 = 0.60 and 0.59, respectively (Table 3). This
indicatesthat thetwo markerswerelinked to the NCL B resistant
gene.

Mapping of generesistanceto NCLB: Thelinkage relationship
between the RAPD markers (Pril,, . Pril, , and OPBO8,,, )
and northern corn leaf blight (NCLB) Ht1 resistance gene was
estimated using F2 popul ation derived from the cross Sd63 x Sd7.
Thegenetic distance between RAPD markers(Pril,, ,Pril,, -
and OPB08,,, ) and NCL B Ht1 resistance gene was determined
tobe25.4, 17.5and 9.6 cM, respectively, with LOD scoresof 38.9,
38.5and 56.5, respectively (Table4 and Fig. 3). Therefore, RAPD
markers(Prll,., ,Pril,, and OPBO8,, primers)werelinkedto

180bp’ 290bp

the quantitativetrait loci (QTL) for (NCLB) Ht1 resistance gene.

B

Figure 2. |SSR fragments, produced by AD1 primer (5' (GAG)3GC 3)
a (A) and AD6 primer (5' GT(CAC)7 '3) at (B). M molecular weight
followed by P, and P, parents, Sd63 and Sd7, respectively. Br bulk
resistance; Bsbulk susceptible, F2individualsin thecross, Sd63x Sd7 (R
resistant, S susceptible).
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After mapmaker linkage andysison the F2 popul ation, thegenetic
distance between ISSR markers (AD1 and AD6) and NCLB
resistance Ht1l gene were determined to be 7.4 and 3.3 cM,
respectively, with LOD scoresof 49.1 and 51.8, respectively (Table
4 and Figure 3). Therefore, ISSR markers (ADlSZObp andADGGSObp)
werelinked to the quantitativetrait loci (QTL) for NCLB resistance
Htl gene.

In several previous studies, quantitative trait loci (QTLS)
associated with genera resistanceto NCLB, wereidentified on al
10 maize chromosomes #-%, All of these studies reported that
molecular markersassociated to NCL B resistance are potentially
useful for the identification of genotyped individuals carrying
NCLB resistant traitsin breeding programs. The use of molecular
markerscanincreasetheefficiency of conventiona plant breeding
by identifying markers linked to the trait of interest, which are
difficult toevaluateand/or arelargely affected by the environment .
Hence, there is a need to develop arapid screening method to
select for resistance to NCLB. Tight linkage between molecular
markers and genes for disease resistance can be of great benefit
to disease resistance breeding programs by allowing the
investigator to follow the DNA markers (PCR-based markers)
through early generation rather than waiting for phenotypic
expression of the resistance genes*2. Molecular markersthat are
closely linked with target alleles present a useful tool in plant
breeding since they can help to detect the resistant genes of
interest without the need of carrying out field disease test. Also,
it allowsfor screening big number of breeding materials at early
growth stagesand in short time.

—Ht1
33
<+AD6

4.1
+AD1

TOPB08

22

79

+PriL

79

LPrit,,,,

Figure 3. RAPD markers (RAPD Pril, ., Pr1l,, —and OPBO8,,
primers) and | SSR markers (ISSR AD1,,, and AD6,,, primers) were
|ocated throughthe MAPMAKER-QTL analysis. All distancesaregiven
in centi-Morgan, using Kosambi’s mapping function.

Table4. Location of QTL's affecting host-plant response to
E. turcicumin the F2 popul ation of maize.

Locus Htl No. of F2 plants Map (cM) SE (+/-) LOD
D6 259 33 1.1 51.8
D1 259 4.1 1.3 49.1
OPB08 259 22 0.9 56.5
Prl 1300bp 259 7.9 1.8 38.5
Prl1gonp 259 7.9 1.8 38.9
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The present study indicated that RAPD and ISSR markers,
combined with bulked segregant analysis, could be used to
identify molecular markers linked to northern corn leaf blight
resistance genein maize. Oncethese markersareidentified, they
can be used in maize breeding programs as a selection tool in
early generations.
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