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Cloning a DNA marker associated to wheat scab resistance
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Abstract. Wheat head blight caused mainly by Fusarium graminearum, is an important

wheat disease, causing yield and quality losses. The breeding of resistant varieties is

the key measure to control this disease, but the conventional breeding method is of low

efficiency. The marker-assisted selection (MAS) can significantly improve the breed-

ing efficiency. In this study, four RAPD (randomly amplified polymorphic DNA)

markers linked to FHB resistance were obtained and one was cloned and sequenced.

F7 recombinant inbred lines (RILs) were derived from the F1 of the cross Ning894037

(resistant)/Alondra (susceptible) by the single-seed descent method. Scab resistance of

F7 RILs was evaluated in the greenhouse by injecting conidiospores into a central floret.

Scab symptoms were evaluated on the 21st day after inoculation. Disease severity was

assessed as the percentage of infected spikelets/spike. The F7 RIL population displayed

a normal distribution, transgressive segregation and significant variation for FHB se-

verity. DNA from resistant and susceptible parents was analyzed with 520 RAPD prim-

ers. Four markers (S1384-640,S1360-600, S1319-350,S1319-820) linked to FHB

resistance were obtained. DNA of S1384-640 was recovered, subjected to

re-amplification by using S1384 primer and the same protocol as for RAPD analysis

and identified the rightness. The PCR product of S1384-640 was ligated into

the pUCm-T vector, and cloned into fresh competent cells of Escherichia coli strain

DH5� RAPD anlysis showed that the inserts of the recombinant plasmids were DNA

of S1384-640. The sequencing result showed that the cloned fragment was 648 bp.
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Introduction

Head scab disease or Fusarium head blight, caused by several Fusarium species,

is a major disease of wheat (Triticum aestivum) in the warm and humid wheat

growing areas of the world. In China, although several Fusarium species can
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cause scab, Fusarium graminearum Schwabe (teleomorph Gibberella zeae

(Schwein.) Petch) is primarily responsible for scab epidemics. One quarter of

the wheat growing area (up to 6.7 million hectares) is affected by wheat scab (MA

et al. 2002). The traditional epidemic areas are mainly in the mid-lower reaches

of the Yangtze river, South China and eastern Heilongjiang of North-East China,

however, the scab had gradually expanded to the Upper Yangtze valley, North

China and North-West China in the last decade. It causes both severe yield reduc-

tion and decreases grain quality. In addition, the diseased grain is contaminated

with mycotoxins, which is a direct threat to the health of people and livestock.

The application of fungicides is effective to control the epidemics of wheat

scab, but it inevitably leads to higher investment and environmental contamina-

tion, so the development of new wheat varieties with high resistance to scab be-

comes the most economic and effective control measure. Inheritance of scab

resistance has been studied by using classical, cytogenetic and molecular ap-

proaches. The results of classical and cytogenetic research indicated that the trait

is quantitatively inherited and that the underlying quantitative trait loci (QTL) are

distributed on different chromosomes (LU et al. 2001). Because of the diverse

sources of resistance and difficulties in quantifying scab resistance from various

sources (YAO et al. 1997, YU 1982, 1991, BAI et al. 2000, BUERSTMAYR et al.

1999), in addition to classical and cytogenetic methods, molecular markers may

provide another approach for manipulating quantitative traits, like scab resistance.

The RAPD (randomly amplified polymorphic DNA) markers are DNA molec-

ular markers developed by modifying the basic PCR (WELSH, MCCLEUAND

1990, WILLIAMS et al. 1990). Given the enormously large number of such short

arbitrary sequence primers possible, this technique offers an excellent approach

for generating several polymorphic profiles that can be useful for gene tagging,

MAS, and related techniques. In wheat, the RAPD is mainly used to (WANG

1997): (1) mark and locate target genes; (2) identify and mark fragments of (alien)

chromosomes; (3) determine the genetic relation-ships between Triticum sp.

and related species; (4) analyze the genetic diversity of wheat varieties.

In this paper the RAPD analysis was used to tag the QTLs of scab resistance

from the Chinese resistant variety Ning894037. The primary DNA marker associ-

ated to wheat scab resistance was cloned and sequenced in order to be applied in

marker assisted selection aimed at wheat scab resistance genetic improvement.

Material and methods

Plant materials

A F7 population of 173 recombinant wheat inbred lines (RILs) was developed

by the single-seed descent method from a cross of Ning894037 and Alondra. Ning

894037 was derived from a tissue-culture protocol using Yangmai 3 as the source
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of cells (LU et al. 2001). Regenerated plants were screened for FHB resistance in

the field for several years. One of the selections, Ning894037, has stable type II re-

sistance over years and locations (LU et al. 2001). Alondra, moderately suscepti-

ble to scab, was derived from D6301/Nainara 60//Weique/Rojal de

Murcia/3/Ciano 67 *2/Chris.

FHB resistance evaluation

FHB resistance was evaluated in the greenhouse through injecting with a syringe

2000 mixed conidiospores of four Fusarium strains into the central floret

of a spike at early anthesis. The number of infected spikelets of 10 inoculated

plants per RIL was counted on the 21st day after inoculation. Disease severity was

assessed as the percentage of infected spikelets/spike.

DNA extraction

DNA was extracted from young leaves of Ning894037, Alondra and their RILs

according to the cetyltrimethylammonium bromide (CTAB) method

(SAGHAI-MAROOF et al. 1984) with minor modifications.

Polymerase chain reaction (PCR)

The PCR amplification reactions were carried out in a 25 µL volume containing

10 mM Tris-HCl pH 8.8, 50 mM KCl, 2.0 mM MgCl2, 200 µM each of dATP,

dGTP, dTTP, dCTP, 1 µL Taq DNA polymerase (Sangon Co.), 20 ng RAPD

primer (10-mer, Sangon Co.), and 40 ng template DNA. PCR was carried out in

a PTC-100TM Programmable Thermal Controller (MJ Research, INC.) pro-

grammed as follows: two cycles of 2 min at 94oC, 30 s at 37oC, 50 s at 72oC, then

40 cycles of 45 s at 94oC, 30 s at 37oC, 50 s at 72oC, and a final step of 5 min at

72oC. The amplification products were separated in 1.6% agarose gel and visual-

ized under UV light after ethidium bromide staining.

Statistical analysis

The putatively linked RAPD markers were analyzed on all individuals of the RIL

population. They were scored as 1 for presence and 0 for absence. Single-marker

regression analysis was performed.

Cloning and sequencing

The band of S1384-640 (one RAPD marker linked to the FHB resistance obtained

in this study) from Ning894037 was excised from the gel, and purified by using

a DNA gel extraction kit (Vitagene Co. China) according to the manufacturer’s in-

structions. The isolated fragment was then re-amplified by using the primer

S1384. Part of the PCR product was electrophoresed to test the rightness of the re-

covered DNA. After the identification, the remaining PCR product was used to li-

Cloning a DNA marker associated to wheat scab resistance 19



gate it into the pUCm-T vector (SNBC Co.). Fresh competent cells of Escherichia

coli strain DH5� were prepared and transformed with the ligated plasmids ac-

cording to HAO et al. (1998) with minor modifications. The plasmid DNA extrac-

tion from the selected white colonies was carried out by using the alkaline-lysis

method (SAMBROOK et al. 1993). The RAPD analysis was performed by using

the same primer S1384 to test the insert’s rightness. Sequencing of the inserts was

done by Shanghai Shen You BioTechnology Co., Ltd.

Results

Identification of the FHB resistance of the parents and the RIL population

The parent Ning894037 was highly resistant to wheat head blight and the parent

Alondra was extremely susceptible. The F7 RIL population displayed significant

variation in FHB severity. The frequency of the lines that were more resistant than

Ning894037 was 2.8% and the frequency of the lines that were more susceptible

than Alindra was 4.6%. Transgressive segregation detected among RILs sug-

gested that the genetic background of FHB resistance differed between the par-

ents. The F7 RIL population displayed a normal distribution for FHB severity

(Figure 1), which indicated that this population was fit for genetic analysis.

Screening RAPD markers associated to the scab resistance

A total of 520 10-mer, random primers were screened to detect polymorphism be-

tween the resistant parent N894037 and the susceptible parent Alondra.

Each primer amplified 2-9 bands that ranged from 200 to 1500 bp.

Of the 520 primers, 75 primers amplified polymorphic bands between the two par-

ents. After screening 6 resistant and 6 susceptible RILs, 5 of the 75 primers that
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Figure 1. Frequency distribution of FHB severity among 173 F7 wheat RILs of the cross

Ning894037/Alondra



showed a good fit between parents and the resistant and susceptible RILs

(Figure 2) were selected to examine the 173 RILs derived from the F1 of the cross

Ning894037/Alondra by the single-seed descent method.

Single-marker regression analysis indicated that four RAPD markers, includ-

ing S1313-350, S1319-820, S1360-600 and S1384-640, were associated to

the scab resistance (Table 1). The coefficient of determination (R2) for

S1384-640, associated with scab resistance in this RIL population, was 13.6%

(P < 0.001). The two following markers were S1360-600 and S1319-350, with R2

of 8.8% and 7.6% (P < 0.001), respectively. The R2 of S1319-820 was 5.4%

(P = 0.002). Three markers, including S1313-350, S1360-600 and S1384-640,

were in the coupling phase with the resistant gene and S1319-820 in the repulsion

phase.

The S1384-640 band’s recovery, re-amplification and identification

After eletrophoresis, the gel was stained with ethidium bromide and visualized

under UV light. The S1384-640 band originating from N894037 was cut out with

a sterile cutter. DNA was recovered from agarose gel by using the DNA gel ex-

traction kit (Vitagene Co. China). The recovered DNA was subjected

to re-amplification by using the S1384 primer. After electrophoresis and staining,

a band at the same position with S1384-640 could be seen under UV light, which
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Table 1. Coefficients of determination (R2) and pobability (P) values for RAPD markers

associated to FHB resistance in the N894037/Alondra RIL population

Marker F-statistic R2 (%) Probability

S1384-640 22.92 13.6 < 0.001

S1360-600 13.22 8.8 < 0.001

S1319-350 13.24 7.6 < 0.001

S1319-820 9.55 5.4 0.002

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 2. The RAPD analyses of the total DNA of N894027, Alondra, the resistant RILs,

and the susceptible RILs by using the S1384 (AGGACTGCTC) primer. (1) 100 bp ladder

marker; (2) N894037; (3) Alondra; (4)-(9) the resistant RILs; (10)-(15) the susceptible RILs.



strongly confirmed that the recovered DNA was the DNA of S1384-640

(Figure 3A).

Cloning the S1384-640 band and identification of the recombinant colonies

The PCR product of the recovered band was ligated into the pUCm-T vector

(SNBC Co.). The pUCm-T vector was 2773 bp, with T/A clone loci. The ligated

plasmids were used to transform fresh competent cells of Escherichia coli strain

DH5�. The recombinant plasmid DNA was extracted by using the alkaline-lysis

method and subjected to PCR amplification by using the S1384 primer and the

same PCR reaction conditions as for RAPD analysis. The result of eletrophoresis

showed that the size of the band amplified from the recombinant plasmid DNA

was the same as that of the corresponding RAPD band that is associated to

the scab resistance. This means that the cloning of the RAPD marker associated

to scab resistance was successful (Figure 3B).

Sequencing of the DNA marker

Four of the identified white colonies were selected for sequencing. Sequencing

was done by Shanghai Shen You BioTechnology Co., Ltd. – the result is presented

in Figure 4. The sequencing results of the two colonies were identical and the se-

quenced fragments were composed of 767 bases each. The bases 1-67

and 717-767 were the sequences of the pUCm-T vector. The bases 68-77 were

the sequences of the S1384 primer. The bases 706-715 were the sequences of the

reverse binding loci of this primer. The 716th base was added by the Taq DNA
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Figure 3. A. The RAPD analyses of the recovered DNA of S1384-640 by using the S1384

primer. (1) The recovered DNA of S1384-640; (2) Ning894037; (3) Alondra. B. The RAPD

analyses of the DNA of the colonies of S1384-640 by using the S1384 primer. (1) 100 bp ladder

marker; (2) N894037; (3)-(4) the colonies of S1384-640.



polymerase during the amplification. The size of the cloned fragment was 648

bases (bases 68-715). From the sequencing result, we could conclude that the FHB

resistance RAPD marker amplified from Ning894037 by using the S1384 random

marker was S1384-648.

Discussion

The major problem associated with the RAPD method is the reproducibility of

the profiles. Many studies confirmed that with the optimized conditions and pro-

tocols, the consistent and reproducible RAPD results were achieved (AN et al.

2001, LIU et al. 2001). In this study, we used the optimized RAPD conditions

and protocols that had been approved in our lab. The results of 4 RAPD markers

associated to the FHB resistance were obtained consistently and repetitively by

multi replication examinations.

The cloning and sequencing of S1384-640bp (one FHB resistance RAPD

marker) in this study is the promise for transforming this RAPD marker into

a SCAR marker which could be useful in the marker assisted breeding.

Successful conversion of a RAPD marker into a SCAR marker is a way to ex-

pand the usefuluess of the RAPD technique. In order to obtain the correct clones,

a more reliable and easier identifying method was employed in this study, as com-

pared with the previous methods, such as Southern hybridization or digestion with

restriction enzymes. First, an accurate size comparison between the PCR product
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TACGACTCACTATAGGGCGACATATGATCGATGATATCCCATGGGCGGCCGCC
TGCAGACCAGGTCTAGGACTGCTCCTCACGACATGTATGGCAAAATAAACGAA
CGGTTGCGGGATTCAGAGAAGAAGAACGTTAGCGGTGGACGGATTGCTTGGT
GGGGTTCTAGCATGTCCGTAAATGTTGGTACAGTTAGGGATTTGTCTATTGTGA
GTTGAGGGATGGAAATTGAACGCCCTTGATCGGCGTCAAATATGTTATCATTCT
GATAACGATGATTGAACCTCACTTCGGATGAAGAGTAGTCAAAGGATCAGTAG
GCGCGACTTTGAAGACTTTGAGCACTTATAGTGGGGAGTATCATATATTAGTAT
CATGCATATGATACTAGCGTATGATACTACCTTTATAGTGCATAGTATCATAGA
GTAGTATCATAGGTGATTATATTTATTGTCATGCATGACACTAAGTAGTATAGCA
TTTAATGTATCTTTTTTTTGAACTTGCATTTAACGTATCTACCTATGTTATTTTAA
CTCTCTCTCTTTTCTTTAATTCTCTGCCACATCAGCATGTTTGTTATTCCCGAGT
GCATGATACCAGCTAAGATGATACCATCGCTATGGCCAGCCTTAGGGGGGTAC
TGGCAATGTCATGCCTCCGAGGTATAGCTACGGCGTACAGGAGAGGTCTGAC
CACCATAGAGCAGTCCTAAGACTGGAGATCTGGATCCCTCGAGTCTAGAGTCG

ACCTGCAATGCAAGCT

"A” added by the Taq DNA polymerase during the amplification.

Figure 4. The sequence of the RAPD marker (S1384-640) associated to FHB resistance

from the FHB resistant variety Ning894037



of the recovered DNA of S1384-640 by using the same primer with the corre-

sponding FHB-resistant RAPD marker S1384 was made. Then, a size comparison

was made between the PCR products of the plasmid DNA of the white colonies

by using the same primer with the corresponding FHB-resistant RAPD marker

S1384. These two comparisons guarantee the rightness of the recombinant colo-

nies to a large degree.

Conclusions

The F7 RIL population of Ning894037/Alondra displayed a normal distribution,

transgressive segregation and significant variation in FHB severity. Four RAPD

markers (S1384-640, S1360-600, S1319-350, S1319-820) were found

to be linked to FHB resistance. Sequencing of the S1384-640 marker showed that

the cloned fragment was 648 bp. This RAPD marker cou be converted into

a SCAR marker which could be useful in breeding of wheat resistant to FHB.
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