
Introduction

Fusarium head blight (FHB) or scab, mainly

caused by Fusarium graminearum Schwabe, is

one of the most destructive diseases of wheat

(Triticum aestivum L.) in warm and humid

regions, especially in China, Japan and America

(Bai and Shaner 1994). It not only significantly

reduces grain set and grain weight, but also affects

the end-use quality. Moreover, mycotoxin

contamination of the seeds is harmful to humans

and livestock (Mesterhazy 1987; Snijders and

Perkowski 1990). The use of resistant cultivars is

the best way to control the disease (Bai and Shaner

1994; Ma et al. 2002). Therefore, it is very

important to identify new FHB-resistant genetic

resources of wheat and characterize the different

resistance genes in various genetic resources.

Wheat resistance to FHB is a quantitative trait and

controlled by several genes (Bai and Shaner 1994;

Bai et al. 2000; Liu et al. 2000, 2001). In general,

disease-resistance genes can be differentiated by

various isolates of a given pathogen, chromosome

location, or determined by molecular markers.

Physiological races in Fusarium spp. have not

been identified to date; thus, FHB resistance genes

cannot be distinguished by different pathogen

isolates (McCartney et al. 2004). Molecular

markers tightly linked to resistance genes provide

a powerful alternative tool for tracing genes

conferring FHB resistance (Bai et al. 2003).

The genomes of all eukaryotes contain a class

of di-, tri- or tetranucleotide repeats, termed

microsatellites (Litt and Luty 1989) or simple

sequenced repeats (SSRs) (Tautz et al. 1986).

In wheat, it was shown that microsatellites are
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abundant and highly polymorphic (Röder et al.

1995). Microsatellites are one of the most promis-

ing molecular makers to identify and to

differentiate between genotypes within a species,

especially useful for self-pollinating crops like

wheat due to their high level of polymorphism

(Röder et al. 1995; Plaschke et al. 1995). Röder

et al. (1998) reported a wheat microsatellite map,

which contains 270 microsatellite loci.

With the use of these microsatellite markers and

the genetic map, various wheat genes that control

stripe rust resistance, grain weight, hardness,

protein content and so on, have been successfully

tagged (Peng et al. 1999; Varshney et al. 2000;

Igrejas et al. 2002; Prasad et al. 2003).

One Chinese wheat cultivar, Sumai 3, is

considered to be the most useful genetic source for

breeding scab-resistant wheat cultivars worldwide

(Snijders 1990). With the use of microsatellite

markers, a number of QTLs for wheat FHB

resistance have been mapped on the 3BS, 5AS,

6AS and 6BS of Sumai 3 and its derivatives

(Anderson et al. 2001; Buerstmayer et al. 2002;

Yang et al. 2003). In China, a number of highly

resistant landraces have been identified, whose

resistance to FHB was equal to or superior to that

of Sumai 3 (Wan et al. 1997; Wan 1999).

However, the chromosomal locations of

the resistance genes in these various highly

resistant wheat genotypes are still unknown. Thus,

it is essential to identify the resistance genes for

wheat FHB from these genetic resources,

integrating the various resistance genes to improve

the combined resistance in wheat. The objective of

this paper was to estimate the extent of genetic

diversity among Chinese landraces, previously

identified as highly resistant to FHB, in order to

select suitable parents for genetic mapping

studies.

Materials and methods

As a result of the wheat FHB evaluation described

in detail by Wan et al. (1997) and Wan (1999),

24 genotypes were selected, including 20 highly

resistant wheat landraces and 4 highly susceptible

genotypes (Table 1). The highly resistant wheat

landraces are native to the Chinese provinces

Guizhou, Yunnan, Jiangsu, Zhejiang and Sichuan.
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Table 1. Origin and resistance of the 24 Chinese wheat genotypes studied

No. Name Origin MDR* MDR range Resistance**

1 Yanzisanyuehuang Yunnan 1.21 ± 0.69 1.0–4.0 high

2 Qianxihuanglamai Guizhou 1.10 ± 0.30 1.0–3.2 high

3 Jishachangmangmai Guizhou 1.40 ± 0.91 1.0–4.0 high

4 Chikeguangtoumai Guizhou 1.56 ± 1.00 1.0–5.0 high

5 Pingbaniqiumai Guizhou 1.04 ± 0.99 1.0–5.0 high

6 Qingzhendatouhuang Guizhou 1.78 ± 1.13 1.0–4.0 high

7 Sumai 3 Cultivar 3.43 ± 0.67 1.0–5.0 medium

8 Huangkeguangtoumai Yunnan 1.95 ± 0.20 1.0–4.0 high

9 Zaomangmai Jiangsu 1.75 ± 0.83 1.0–3.0 high

10 Baiyuhua Jiangsu 1.86 ± 0.56 1.0–4.0 high

11 Shuilizhan Jiangsu 1.91 ± 0.95 1.0–5.0 high

12 Sanyuehuang Jiangsu 1.49 ± 0.89 1.0–3.4 high

13 Huoshaotian Jiangsu 1.87 ± 1.24 1.0–3.8 high

14 Wangshuibai Jiangsu 1.57 ± 0.66 1.0–4.0 high

15 Huoshaomai Zhejiang 1.51 ± 1.02 1.0–3.8 high

16 Jiulan Zhejiang 1.84 ± 1.04 1.0–4.0 high

17 Changmangmai Zhejiang 1.50 ± 0.79 1.0–4.0 high

18 Baipuxiaomai Zhejiang 1.46 ± 0.79 1.0–3.2 high

19 Ning7640 Jiangsu 1.59 ± 0.69 1.0–3.0 high

20 Yibinwuyangmai Sichuan 1.86 ± 0.91 1.0–3.6 high

21 RSP synthetic 4.89 ± 0.38 3.0–5.0 low

22 Chinese spring (CS) Sichuan 4.24 – low

23 Fan6 Cultivar 4.30 ± 0.67 3.4–5.0 low

24 AS2053 Xizang 4.80 ± 0.40 4.0–5.0 low

* The evaluation results for wheat FHB resistance were described by Wan et al. (1997) and Wan (1999). MDR = Mean Disease Rating;

** Resistance to pathogen spread



The highly susceptible genotype RSP is a syn-

thetic wheat, which has a new recessive gene for

high resistance to pre-harvest sprouting (Lan et al.

1997).

Total genomic DNA was extracted from leaf

material of each genotype according to

the procedure of Devos et al. (1992). Forty

microsatellite markers, located on 20 chromoso-

mes, were chosen for the analysis (Table 2).

The primer sequences of GWM markers were

described by Plaschke et al. (1995) and Röder et

al. (1995, 1998). The two wheat storage protein

microsatellite markers LMW-GS and �-Gli were

described by Devos et al. (1995). The primer

sequences of GDM markers were described by

Pestova et al. (2000). Amplification of genomic

DNA was carried out under the conditions

described by Wei et al. (2003). The 45 cycles were

performed with 1 min at 94°C, 1 min at 55, 60, or

65°C (depending on the individual microsatellite,

see Table 2), 2 min at 72°C, and a final extension

step of 10 min at 72°C. The PCR amplification

products were separated on a 6% (w/v) denatured

polyacrylamide gel and visualized by silver

staining.

Polymorphism information content (PIC)

values were calculated for each microsatellite

locus according to the formula:

PIC = 1– �pi
2,

where pi is the frequency of the ith allele

(Anderson et al. 1993).

For each “genotype × marker” combination,

the presence (1) or absence (0) of a microsatellite

allele was treated as an independent character.

The data matrix was then used to calculate the GS

index of genetic similarity (Nei and Li 1979):

GS = 2Nij/(Ni + Nj),

where Nij is the number of microsatellite alleles

common to genotypes i and j, while Ni and Nj are

the total numbers of microsatellite alleles

observed for genotypes i and j, respectively.

Genetic relationships between genotypes were

estimated by a UPGMA (unweighted pair-group

method with arithmetic mean) cluster analysis

of the genetic distance (1–GS) matrix (Rohlf

1993).

Results

Forty microsatellite markers, located on 20 chro-

mosomes, were used for PCR amplification of

the genomic DNA of 20 highly resistant landraces

native to China and 4 highly susceptible geno-

types, among which the PCR products of

39 microsatellite markers (97.5%) showed poly-

morphism (as exemplified in Figure 1). A total of

276 microsatellite alleles were amplified among

the 24 genotypes. The number of alleles ranged

from 1 to 16, with an average of 6.9 per locus.

At five microsatellite loci (i.e. GWM282,

GWM302, GWM408, GWM484 and GWM601),

more than 10 alleles could be detected, while only
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Table 2. Designation, chromosome location, annealing

temperature, number of alleles, and PIC value for

the microsatellite markers used

Designation Chromosome
location

Annealing
temp. (ºC)

Allele
No.

PIC value

LMW-GS 1BS 65 5 0.417

ã-Gli 1BS 65 9 0.782

GWM5 3A (cent) 65 7 0.698

GWM18 1B (cent) 65 6 0.667

GWM24 1BL 65 1 0.000

GWM43 7BS 65 9 0.823

GWM46 7B (cent) 65 9 0.820

GWM52 3DL 60 4 0.462

GWM60 7AS 60 5 0.781

GWM82 6AL 65 2 0.330

GWM106 1DS 60 6 0.743

GWM108 3BL 65 4 0.358

GWM111 7D (cent) 65 10 0.809

GWM124 1BL 55 2 0.080

GWM148 2BS 55 5 0.646

GWM149 4BL 60 5 0.736

GWM157 2DL 65 4 0.354

GWM160 4AL 65 9 0.827

GWM182 5DL 55 7 0.809

GWM186 5AL 65 6 0.580

GWM190 5DS 65 4 0.670

GWM264 1BS 55 2 0.080

GWM282 7AL 60 14 0.907

GWM302 7BL 55 12 0.861

GWM328 2A (cent) 65 4 0.715

GWM357 1AL 55 7 0.764

GWM369 3AS 55 8 0.806

GWM374 2B (cent) 60 4 0.288

GWM383 3DL 55 7 0.587

GWM408 5BL 60 11 0.851

GWM484 2DS 60 16 0.914

GWM512 2AS 60 4 0.545

GWM518 6BS 65 11 0.875

GWM526 2BL 55 6 0.736

GWM544 5BS 55 10 0.851

GWM570 6AL 60 8 0.761

GWM601 4AS 60 12 0.861

GDM72 3DS 65 8 0.775

GDM126 1DL 65 5 0.643

GDM129 4D (cent) 65 8 0.662



1 microsatellite locus (i.e. GWM24) did not reveal

polymorphism among the 24 wheat genotypes.

The polymorphism information content (PIC)

value of the 40 microsatellite loci ranged from 0 to

0.914, with an average of 0.647. The largest PIC

value was observed at GWM484. These results in-

dicate that a high level of polymorphism can be

detected by using microsatellite markers in wheat.

The microsatellite-derived data were used to

calculate the GS index of similarity between

genotypes. The mean GS index for the 24 geno-

types was 0.419, ranging from 0.103 to 0.673.

The highest genetic similarity was found between

two highly resistant landraces Sanyuehuang

and Huoshaotian, while the lowest genetic similar-

ity was observed between the highly resistant

landrace Jiulan and the highly susceptible

synthetic wheat RSP. The mean GS index for

20 highly resistant landraces was 0.429, indicating

that extensive genetic diversity is present in

the Chinese resistant wheat landraces.
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Figure 2. Dendrogram resulting from cluster analysis of the microsatellite-based genetic distance (1-GS) matrix for

24 Chinese wheat genotypes

Figure 1. PCR products of the microsatellite marker GWM5 for 24 Chinese wheat landraces. (Genotype numbers 1-24 as

in Table 1; M = band size marker)



The genetic relationships (Figure 2) among

the 24 wheat genotypes were estimated by

a UPGMA cluster analysis of the genetic distance

(1–GS) matrix. The results show that these

microsatellite markers can distinguish all 24 geno-

types. Among the 24 genotypes, RSP was the least

genetically related to the other genotypes,

followed by Baiyuhua, Sumai 3 and AS2053.

The landraces from Yunnan, Guizhou, Jiangsu

and Zhejiang were clustered into different groups

or subgroups. This indicates that the genetic

relationships among these Chinese wheat

landraces, based on microsatellite markers, are not

correlated with their geographic distribution.

Discussion

In this study, we detected 276 alleles at

40 microsatellite loci among 24 wheat genotypes.

The average number of alleles per locus was 6.9,

with a maximum of 16 (GWM484). The mean PIC

value was 0.647, with a maximum of 0.914. These

results indicate that a high level of polymorphism

can be detected by using microsatellite markers in

wheat. It is in agreement with the results reported

by Plaschke et al. (1995) and Röder et al. (1995,

1998). The mean GS index for the 24 genotypes

was 0.419, while the mean GS index for the 20

highly resistant landraces was 0.429. This sug-

gests that extensive genetic diversity is present in

the Chinese resistant wheat landraces. Storage

protein analysis gives similar results (Hou et al.

2002).
The genetic relationships among the 24 wheat

genotypes were estimated by a cluster analysis
of the genetic diversity (1–GS) matrix based on
the microsatellite-derived data (Figure 2).
The results indicate that it is easy to distinguish all
the wheat genotypes. This suggests that
a relatively small number of microsatellites could
be used for distinguishing these highly resistant
resources. In hexaploid and tetraploid wheat,
Plaschke et al. (1995) and Fahima et al. (1998)
obtained similar results, respectively. By cluster
analysis, we found that the landraces from
Yunnan, Guizhou, Jiangsu and Zhejiang were
clustered into different groups or subgroups.
This indicates that the genetic relationships
between these Chinese wheat landraces, based on
microsatellite markers, are not correlated with
their geographic distribution. It is not in agreement
with the results observed in tetraploid wheat
accessions highly resistant to yellow rust by
Fahima et al. (1998). Those authors found that

the genetic relationships of tetraploid wheat based
on microsatellite markers are correlated with
geographic distribution.

In this study, the highly resistant wheat cultivar
Sumai 3, which has been widely used in wheat
improvement for resistance to FHB, was not
genetically closely related to the Chinese highly
resistant wheat landraces (Figure 2). This indi-
cates that new resistant genes can be identified
from these Chinese landraces. In the Chinese
wheat landrace Ning894037, Yu et al. (2004)
reported four RAPD markers associated to wheat
FHB resistance. We also found that the synthetic
wheat line RSP, which has a new recessive gene
highly resistant to pre-harvest sprouting (Lan et al.
1997), is less related to the other wheat genotypes.
These results were useful in the identification of
suitable parents for the development of mapping
populations for tagging scab resistance genes.
When RSP and a highly resistant landrace were
chosen as parents, we could tag resistance genes
for scab and pre-harvest sprouting in one mapping
population.

Conclusions

In wheat, a high level of polymorphism and
extensive genetic diversity in the Chinese
FHB-resistant wheat landraces was detected by
using microsatellite markers. The wheat cultivar
Sumai 3 was not genetically closely related to
the Chinese landraces, which were highly resistant
to FHB. The highly susceptible synthetic wheat
line RSP was less genetically related to and more
divergent from the Chinese highly resistant
landraces. These results were useful in
the identification of suitable parents for
the development of mapping populations for
tagging the FHB resistance genes among these
Chinese wheat landraces.

Acknowledgements. The authors thank

Mr. Xiangang Sun for the technical assistance.

We also wish to thank Drs. Pavel Bartoš and Leona

Leišová for helpful comments that improved

the manuscript. The work was supported by

the FANEDD project (No. 200357) from the Minis-

try of Education, P.R. China, and the National

Natural Science Foundation of China (No.

30300219).

REFERENCES

Anderson JA, Churchill GA, Autrique JE,

Tanksley SD, Sorrells ME, 1993. Optimizing

Microsatellite divergence in Chinese wheat landraces 7



parental selection for genetic linkage maps.

Genome 36: 181–186.

Anderson JA, Stack RW, Liu S, Waldron BL,

Fjeld AD, Coyne C, et al. 2001. DNA markers for

fusarium head blight-resistance QTLs in two wheat

populations. Theor Appl Genet 102: 1164–1168.

Bai G, Guo P, Kolb FL, 2003. Genetic relationships

among head blight resistant cultivars of wheat

assessed on the basis of molecular markers. Crop

Sci 43: 498–507.

Bai GH, Shaner G, 1994. Scab of wheat: Prospects for

control. Plant Dis 78: 760–766.

Bai GH, Shaner G, Ohm H, 2000. Inheritance of resis-

tance to Fusarium graminearum in wheat. Theor

Appl Genet 78: 760–766.

Buerstmayr H, Lemmens M, Hartl L, Doldi L,

Steiner B, Stierschneider M, Ruckenbauer P, 2002.

Molecular mapping of QTLs for fusarium head

blight resistance in spring wheat. I. Resistance to

fungal spread (type II resistance). Theor Appl Genet

104: 84–91.

Devos KM, Alkinson MD, Chinoy CN, Liu CJ,

Gale MD, 1992. RFLP-based genetic map

of the homologous group 3 chromosomes of wheat

and rye. Theor Appl Genet 83: 931–937.

Devos KM, Bryan G, Collins AJ, Stephenson P,

Gale MD, 1995. Application of two microsatellite

sequences in wheat storage protein as molecular

markers. Theor Appl Genet 90: 247–252.

Fahima T, Röder MS, Grama A, Nevo E, 1998.

Microsatellite DNA polymorphism divergence in

Triticum dicoccoides accessions highly resistant to

yellow rust. Theor Appl Genet 96: 187–195.

Hou YC, Zheng YL, Wei YM, Liu DC, Lan XJ,

Yan ZH, Zhang ZQ, 2002. Storage proteins analysis

of local varieties with high resistance to scab.

J Triticeae Crops 22(4): 23–27.

Igrejas G, Leroy P, Charmet G, Gaborit T, Marion D,

Branlard G, 2002. Mapping QTLs for grain

hardness and puroindoline content in wheat

(Triticum aestivum L.). Theor Appl Genet 106:

19–27.

Lan XJ, Liu DC, Wang ZR, 1997. Inheritance in

synthetic hexaploid wheat ‘RSP’ of sprouting

tolerance derived from Aegilops tauschii Cosson.

Euphytica 95: 321–323.

Litt M, Luty JA, 1989. A hypervariable microsatellite

revealed by in vitro amplification of a dinucleotide

repeat within the cardiac muscle acting gene. Am

J Hum Genet 44: 397–401.

Liu DC, Zheng YL, Lan XJ, Zhou YH, Wei YM, 2000.

Inheritance of resistance to head scab of Sichuan

wheat cultivar YiYuan 2. J Sichuan Univ 37 (Sup):

113–117.

Liu DC, Zheng YL, Wang ZR, Hou YC, Lan XJ,
Wei YM, 2001. Distribution of chromosomes in dip-
loid Lophopyrum elongatum (host) A. Love that in-
fluence resistance to head scab of common wheat. J
Sichuan Agri Univ 19: 200–205.

Ma H, Zhou M, Liu Z, Lu W, 2002. Progress on genetic

improvement for resistance to wheat scab in KLA. J

Appl Genet 43A: 259–266.

McCartney CA, Somers DJ, Fedak G, Cao W, 2004.

Haplotype diversity at fusarium head blight

resistance QTLs in wheat. Theor Appl Genet 109:

261–271.

Mesterhazy A, 1987. Selection of head blight resistant

wheats through improved seedling resistance. Plant

Breeding 98: 25–36.

Nei M, Li W, 1979. Mathematical model for studying

genetic variation in terms of restriction

endonucleases. Proc Natl Acad Sci USA 76:

5269–5273.

Peng JH, Fahima T, Röder MS, Li YC, Dahan A,

Grama A, et al. 1999. Microsatellite tagging of

the strip-rust resistance gene YrH52 derived from

wild emmer wheat, Triticum dicoccoides,

and suggestive negative crossover interference on

chromosome 1B. Theor Appl Genet 98: 862–872.

Pestova E, Ganal MW, Röder MS, 2000. Isolation

and mapping of microsatellite markers specific for

the D genome of bread wheat. Genome 43:

689–697.

Plaschke J, Ganal MW, Röder MS, 1995. Detection

of genetic diversity in closely related bread wheats

using microsatellite markers. Theor Appl Genet 91:

1001–1007.

Prasad M, Kumar N, Kulwal PL, Röder MS,

Balyan HS, Dhaliwal HS, Gupta PK, 2003.

QTL analysis for grain protein content using SSR

markers and validation studies using NILs in bread

wheat. Theor Appl. Genet 106: 659–667.

Röder MS, Korzun V, Wendehake K, Plaschke J,

Tixier MH, Leroy P, Ganal MW, 1998. A micro-

satellite map of wheat. Genetics 149: 2007–2023.

Röder MS, Plaschke J, König SU, Börner A,

Sorrells MS, Tanksley SD, Ganal MW, 1995.

Abundance, variability and chromosomal location

of microsatellites in wheat. Mol Gen Genet 246:

327–333.

Rohlf FJ, 1993. NTSYS-pc version 1.80. Distribution

by Exeter Software, Setauket, New York.

Snijders CHA, 1990. Genetic variation for resistance to

Fusarium head blight in bread wheat. Euphytica 50:

171–179.

Snijders CHA, Perkowski J, 1990. Effects of head

blight caused by Fusarium culmorum on toxin

content and weight of wheat kernels.

Phytopathology 80: 566–570.

Tautz D, Trice M, Dover GA, 1986. Cryptic simplicity

in DNA is a major source of genetic variation.

Nature 322: 652–656.

Varshney RK, Prasad M, Roy JK, Kumar N, Singh H,

Dhaliwal HS, et al. 2000. Identification of eight

chromosomes and a microsatellite marker on 1AS

associated with QTL for grain weight in bread

wheat. Theor Appl Genet 100: 1290–1294.

8 Y-M. Wei et al.



Wan YF, 1999. The diversity of resources resistant to

head scab in Triticeae. In: Zheng YL, Zhou YL,

Liu DC, eds. Evaluation of special germplasm

resources in Triticeae. Chengdu: Sichuan Sci

& Tech Pub: 45–63.

Wan YF, Yen C, Yang JL, 1997. Source of resistance to

head scab in Triticum. Euphytica 94: 31–36.

Wei YM, Zheng YL, Yan ZH, Wu W, Zhang ZQ,

Lan XJ, 2003. Genetic diversity in Chinese endemic

wheats based on STS and SSR markers. Wheat

Infor Serv 97: 9–15.

Yang Z, Gillbert J, Somers DJ, Fedak G, Procunier JD,

McKenzie RIH, 2003. Marker-assisted selection

of fusarium head blight resistance genes in two

doubled-haploid populations of wheat. Mol Breed

12: 309–317.

Yu G, Ma H, Xu Z, Ren L, Zhou M, Lu W, 2004.

Cloning a DNA marker associated to wheat scab

resistance. J Appl Genet 45: 17–25.

Microsatellite divergence in Chinese wheat landraces 9


