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Abstract

QTL associated with zinc {Zn) and silicon (Si) content in
rice were |dentified and mapped on different rice
chromosemes. Based on |nterval mapping, a QTL was
detected for silicon content on chromosome three and
this QTL showed positive additive effect of 0054 and
explained 12.9% phenotypic variation. Additionally, single
marker analysis results identlfied eighteen QTL for sllicon
content on different chromosomes. Similarly, a total of
six QTL were identlfied for zin¢ content in rice seeds
using single marker analysis and mapped one each on
chromosome number 1, 4, 5, 8, 9 and 11. These QTL
individually explained 4.4% to 9.5% phenotypic variation.
The identified QYL were mapped on chromosome regions
having blast resistance GTL and candldate genes for blast
resistance. The overlapping of silicon and zinc QTL and
disease resistance loci on same chromosome regions
suggested their positive role In blast disease resistance.
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Introduction

Micronutrients are essential for balanced nutrition in
plants and animals [1, 2]. Apart from this, some
micronutrients play vital role in bictic and abiotic stresses
tolerance in crop ptants. They are essential in chlorophyll
synthesis, activation of enzymes responsible for growth
hormene production and carbohydrate transformation.
Silicon (Si) is a common constituent of plants, and its
mean content ranges from 0.3% to 1.2 % in the dry
matter of crop plants. The accumulation of silicon in
plants helps in disease resistance, amelioration of abiotic
stresses, and increased growth in some plants [3, 4]
The relationship between silicon content and blast
susceptibility in rice was first reported by lIsencsuke
Cnodera in 1917 [5] that stimulated further research
on role of silicon content in biotic stress toierance.
Later on it was demonstrated that Si content in rice
straw and husks were inversely proportional to the
severity of blast disease and number of blast lesions

on leaves. In rice blast disease, Si mediated resistance
is conditioned by two mechanisms, cne by forming a
physical barrier in leaf epidermis to impede fungal
penetration and the other is an active role in response
to pathogen attack [5]. Resistance through physical
barrier mechanism is conditioned by the existence of
a layer beneath the cuticle of rice leaves and sheaths.
This cuticle-Si double layer can impede Magnaporthe
grisea penetration and, consequently, decrease the
number of biast lesions on leaf blades [6]. In case of
active mechanism, momilactones is synthesized in
response to infection by Magnaporthe grisea, and
express their fungitoxicity within the zone of the infection
[7, 8]

Zinc is an essential trace element for
microorganisms, plants and animals. For humans,
sufficient zinc is needed to maintain heaith and plays
a role in many major metabolic pathways. In plants, it
is involved in a large number of enzymes, carbohydrate
metabolism and protein synthesis. In biotic and abictic
stress folerance, it plays critical roles in the defense
system of cells against reactive oxygen species {(ROS),
and thus represents an excellent protective agent against
the oxidation of several vital cell components such as
membrane lipids and proieins, chlorophyll, SH-containing
enzymes and DNA, The cysteine, histidine and glutamate
or aspartate residues represent the most critical Zn
binding sites in enzymes, DNA-binding proteins
(Zn-Finger proteins} and membrane proteins. Pater et
al. [9], reported first time a cDNA clone Zinc-dependent
Activator Protein-1 (ZAP1}, which is expressed during
pathogenesis. It has alsc been reported that WRKY
factors with zinc finger motif, comprise a large gene
family of plant-specific transcriptional reguiators (WRKY®,
TRANSPARENT TESTA GLABRAZ gene and
AtWRKYIS) and control several types of plant stress
responses like pathogen attack, mechanical stress, and
senescence in Arabidopsis [10-12]. Crap growth, quality,
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yield, and biotic and abiotic resistance may be affected
if any one of the eight essential micronutrients are
lacking.

The inheritance of most of the agronomically
important characteristics in rice is known and saturated
molecular maps have made it possible to dissect the
agronomically imporiant trails. Extensive studies on
mapping major genes and quantitative trait loci {QTL}
have been reported for major agronomic trails in &
number of crop species [13-18). However, till today no
research reporis are available on mapping of
micronutrient content in rice. Therefore, considering the
vital role played by essential micronuirients in biofic
and abiotic resistance mechanism, present study was
conducted to identify and map the QTL associated with
silicort and zinc content in rice grains and t0 associate
their relationship with disease resistance. Consequently,
the micronutrient mapping knowledge can augment in
the development and identification of new genotypes
with enhanced micronutrient content. The identification
of QTLs respensible for micronutrient content and their
enhancement in rice can be an effective strategy to
address widespread dietary deficiency in human
popuiations as well as this will enhance the plants
resistance against biotic and abiotic stresses.

Materials and methods

In the present study, a subset of ninety-three double
hapleid lines {DHLs) developed from the cross between
iR64, an indica variety and Azucena, a traditional
aromatic japonica varlety, was used in mapping silicon
{Si) and zinc {Zn) content in rice grain. Existing molecular
map ¢f [R84 and Azucena, double haploid mapping
population with 254 markers data of both RFLP and
micro satellite markers was used in mapping the
micronutrients. Grain samples of each double haploid
iine were analyzed to estimate the silicon content using
wet oxidation method and zinc content was estimated
using atomic absorplion spectrophotometer [17]. The
micronutrient values were transiormed with appropriate
statistical fransformation procedure to have normal
distribution and then QTL analysis was done.
Identification and mapping of QTL was carried cut by
interval mapping using Mapmaker/QTL software [18]
and alsc by single marker analysis [19].

Evaluaticn for blast resistance was carried out in
the disease hot spot condition at Agricultural Research
Station (ARS}, Ponnampet, Karnataka, India. The OH
lines, two parents and suscepiible checks (IR50 and
HR12} were sown during wet season of 2004 in the
Uniforrm Blast Nursery. All the eniries were sown in
single rows of 30 cm length with 5 cm row spacing
by following recommended culfural practices. Alt around
the blast nursery, two rows of spreaders {susceptible
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cullivars} IR50 and HR12 were sown in order to trap
the fungal spores and to enhance the natural inoculum.
The observations on disease resistance and disease
susceptible parameters were recorded by both visual
scoring and actual infection. Disease reaction of each
genotype was scored using a 0-5 scale [20] after 34
and 58 days of sowing by both visual scoring and
actual infection, when all the border rows {susceptible
checks) were completely infected with blast disease.

Results and discussion

The three important components of partial resistance
{field resistance) to leaf blast disease in rice are Disease
Leaf Area (DLA), lesion number and lesion size [21].
The QTL associated with these componenis, which
were determined by single marker analysis and interval
analyses are presented in Table 1.

Table 1. QTL associated with Leaf blast disease resistance
in rice DH population derived from the cross
between IR64 and Azucena identified by interval
mapping (Threshold LOD > 1.50)

Si. Traits QTLs Chro. Flanking markers % LOD
No. varigtion score
i  DLAVi 1 3 RG#10-RZ518 10.30 1.9830
2 DLAAI 1 5 RG556-RZ 390 730 15550
3 LSNN1 3 4 RG218-RG 120 15.5¢ 1.7510
7 RG4B8-RG769 1940 20450
g RG451-RZ404 2480 29620
4 LSSi1 3 4 RGZ218-RG 180 1370 1.5400
7 RG488-RG 769 18.80 1.9710
9  RG451-RZ 404 19.20 2.2130
5 DLAV2 2 4 RG218-RG 808 1080  2.632¢
4 RG449-RZ675 8.40 1.9490
& DLAA2 1 8 A10K 250-RZ&i7 7.40 1.7430
7 LSNN2 2 1 K5W1i 14.00 20820

B 4 RG143-RG620 1250  1.8330

DLAV = Diseased Leaf Area {visualy; DLAA = Diseased
Leaf Area actually computed by using §-5 scale; DLAVT
= DLA scored visually on 34th day after sowing DLAAT
= DLA computed for the above data LSNNT = No. of
susceptible tesions L3SH = Size (cm?2) of susceptible
lesions; DLAVZ = DLA scored visually on S5B8th day
after sowing DLAA2 = DLA computed for the above
data LSNN2 = No. of susceptible lesions

Based on interval mapping results one QTL was
detected for silicon ¢ontent in rice grains on chromosome
3 betwegen RG181 and RZ678 RFLP markers at 2.475
£OD. This QTL showed no dominance effect but had
showed positive additive effect of 0.054 and it explained
12.9% phenotypic variation. Eighteen QTL were ideniified
using single marker analysis for silicon content on
chromosomes 2, 3, 4, 5 6, 7 and 12, Maximum of
six QTL were identified and mapped for silicon content
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Fig. 1. Location of silicon and zinc specific QTL identified by interval mapping (MAPMAKER/QTL) and single marker analysis in
IR 64 « Azucena DH mapping population of rice (map position of candidate genes/markers as in Ramalingam ef al, 2003)
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on chromosome number 3. Out of which, two QTL,
qtSi-3-2 (RG191} and giSi-5-3 (RZ390) explained higher
percent of variation {11.0% and 186.0% respectively} as
scampered to others (Table 2). Similarly, a totat of six
QTL were identified for Zinc content in rice seeds using
single marker analysis, one each on chromosome 1,
4, 5 8, 9 and 11. The range of phenociypic variation
was 4.4% to 8.5%. The maximum phenotypic variation
was explained by RZ536 marker (9.5% R2} present on
chromosome 11 {Table 3).

Table 2. List of QTL's detected for silicon content in rice
grain on percent basis in 1RG4 x Azucena double
haploid mapping population using single marker
analysis

S QTis Marker's Chromo- 2 {% F Proba-

No. name some pheno- value bility

number  fypic values

_ variation) )

i qgiSi-2 RG 544 49" 43553 0.039¢%

2 qgi8-3-1 CbO 87 58* 5172 0.0255

3 gtsi-32 RG 191 11.0" 104554 00017

4 gt5i-3-3 RG418A 55" 49432 0.0289

5 qiSi-3-4 RZ32% B8.0° 7.3486 0.0081

6 qgiSi-3-5 RZ284 6.3* 57023 00192

7 qiSi-3-6 RZB92 55 49177 0.0293

8 58436 (.01

g qtSi-4.2 RG 908 8.9 63011 0014

10 giSi-5-t RG 403
11 qiSi-52 RG 556
12 @tSi-5-3 RZ 390
13 qiSi-5-3 RZ 556

64" 57893 00183
7.1* 54587 0.0129
16.0" 166834 0.0001

2
3
3
3
2
3
3
qQiSi-4-1 RG 143 4 7.6
4
5
5
5
5 8.3 58439 00188
3]
7

14 oiSi6 RZ 398 51* 4517 00365
15 qtSi-7-1 CDO 447 8.61" 5942 0.0189
16 qtSi-7-2 RG 773 7 6.0" 54361 0.0221
17 gtSi-12-1 RG 341 12 577 51532 0.0258
18 qtSi-12-2_RG 901 12 62" 55718 _0.0206

***Significance at 5 and 1 per cent, respectively

Table 3. QTL identified for zinc content in rice grain on
percent basis in IR64 x Azucena double haploid
mapping population using single marker analysis

S QTLs Probabil

Markers Chromo R2{% F

No. - name some pheno-  value ity

number  typic values
_ variation} .
1 qtZn-i  RZ 801 1 50" 48867 0.0295
2 qtZn-4 RG 908 4 48" 4.6465 0.0337
3 otZn-5  CDO 105 5 44" 40328 00403
4 atZn-8 Amp_2 8 52" 50958 00263
5 gtZn-g  RG 451 e 4.6 44941 00367
6 giZn-11 BZ 536 11 8.5 96676 0.0025

*,*Significance at 5 and 1 per cent, respectively

Cluster of ttwee QTL for silicon content identified by
single marker analysis and one QTL {RG191 and
RZ678) by interval mapping were mapped on
chromosome 3. This cluster of QTLs on chromosome
three could be considered as one (ATL as one of the
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marker, RG191, identified through single marker analysis
is also part of the two flanking markers associated with
silicon content on chromosome three. However, to
classify a cluster of QTLs, usually identified through
single marker analysis, either as one QTL or more
than one QTL requires further saturation and fine
mapping in Wis region with additional DNA markers.
This can aiso be simplified by interval marker analysis
also.

Similar findings have been reported to show the
clustering of QTLs associated with partial disease
resistance to rice blast on chromosome 3, 4, 5 and 8
[22]. Analogous to this finding, two QTLs associated
with silicon content on chromosome five were also the
part of two flanking markers associated with the QTL
governing the DLA for partial blast resistance {Table
1}. Similar overapping of markers for different QTls
was reported in rice [23].

Furthermore, overapping of RGS08 {DLAVZ with
both silicon and zinc), RZ380 (DLAA1) and RG556
{DLAA1) markers assaciated with silicon and zinc content
in rice grains with partial resistance ioc rice blast was
observed (Tables 1-3). The plausible reason for this
overlapping of QTLs could be due to trait correlations,
which may result from either pleiotrophic effect of single
genes or from the tight linkage of several genes
controlling the traits [24, 25). The clustered regions on
chromosomes for QTLs associated with silicon and zinc
content is also known to harber candidate genes for
biast disease resistance [26-28]. Likewise, remaining
QTL, for silicon and zinc content, were also mapped
on chromosome region associated with already known
rice biast and bacteriai blight resistance regions. Based
on these findings and earlier evidences of shared plant
defense pathways and defense proteins for biotic
resistance, it shows that QTL for silicon and zinc
content have definite role in biotic resistance. It has
been demonstrated that Si content in rice straw and
husks were inversely proportional to the severity of
blast disease and number of blast lesions on leaves.
lts accumulation in planis helps in disease resistance,
amelioration of abiotic stresses, and increased growth
in some plants [3, 4}. Thus, silicon and zinc content
is indirectly involved in the abiotic and biotic resistance
mechanism of plants [10-12].

In conclusion, the initial identification of putative
QTLs associated with silicon and zinc content in rice
grain can be validated for their clear role in disease
resistance mechanism. Additional saturation of either
existing molecular map or development of new mapping
population for these micronutrient content and fine
mapping will help in unambigucus understanding of
overlapping of QTLs for silicon and zinc content and
their role in disease resistance.



May, 2007]

Acknowledgerment

The financial support from the Rockefeller Foundation,
USA, to carry out this work is gratefully acknowledged.

References

1.

10.

1.

12.

13.

14.

15.

Welch R. M. and Graham R. D. 199%. A new paradigm for
world agriculture: meeting human needs. Productive,
sustainable, nutritious. Field Crops Res., 60: 1-10.

Graham R. D., Welch R. M. and Bouis H. E. 2001.
Addressing micronutrient malnutrition through enhancing
the nutritional quality of staple foods: principles,
perspectives and knowiedge gaps. Adv. Agron., 70
77-142,

Marschner H. 1995, Mineral Nutrition of Higher Plants.
Academic Press, London.

Epstein E. 1984, The anomaly of silicon in plant biology.
Proc. Natl. Acad. Sci., 91: 11-17.

Onodera |. 1917. Chemical studies on rice blast. J. Sci.
Agric. Soc., 180; 606-617.

Yoshida 5., Ohnishi Y. and Kitagishi K. 1962. Chemical
forms, mobility, and deposition of silicon in the rice plant.
Jpn. J. Soil Sci. Plant Nutr., 8: 107-111.

Fawe A. M,, Abou-Zaid J. G_, Menzies and Belanger R.
R. 1998. Silicon-mediated accumulation of flavonoid
phytoalexins in cucumber. Phytopathology, B8: 396-401.

Datnoft L. E. and Rodrigues F. A, 2005. The Role of
Silicon in Suppressing Rice Diseases. APSnet Feature
February., 1-28.

Pater 5., Greco V., Pham K., Memelink J. and Kijne J.
1996. Charactetization of a zinc-dependent transcriptional
aclivalor from Arabidopsis. Nucl. Acids Res., 24:{23)
4624-4631.

Robatzek S. and E. Somssich I 2002. Targets of At
WRKYE regulation during plant senescence and pathogen
defense. Genes & Dev., 16 1139-11449.

Johnson C. S., Kolevski B. and Smyth D. R. 2002.
TRANSPARENT TESTA GLABRA2, a Trichome and Seed
Coat Development Gene of Arabidopsis, Encodes a WRKY
Transcription Factor. Genes & Dev., 9. 1139-1149,

Chen C. and Chen Z. 2002. Potentiation of
Developmentally Regulated Plant Defense Response by At
WRKY 18, a Pathogen-Induced Arabidopsis Transcription
Factor. Plant Physiol., 129; 706-716.

Paterson A., Lander E,, Lincoln §,, Hewitt J., Paterson
S. and Tanksley S. 1288. Resolution of guantitative traits
into Medelian factors using a complete RFLP linkage map.
MNature, 335: 721-726.

Tanksley S. D. and Hewitt J. 1988. Use of molecular
markers in breeding for soluble solids content in tomato a
ra-examination. Theor Appl Genet., 75: 811-823.

Stuber C. W,, Lincoln S. E., Wolff D. W., Helentjaris T.
and Lander E. S. 1992, Identipcation of genetic factors
contributing te heterosis in a hybrid from two elite maize
inbred lines using molecular markers. Genetics, 132:
832-839.

16.

17.

18.

18.

20.

21.

22.

23

24,

25.

28.

27.

28,

Identification of QTL for blast resistance in rice 109

Hittalmani $., Shashidhar H. E., Prashanth G. Bagali,
Ning Huang, Sidhu J. 8., Singh V. P. and Khush G. S.
2002. Molecular mapping of guantitative trait loci for plant
growth, yield and yield related traits across three diverse
locations in a doubled haploid rice population. Euphytica,
125: 207-214.

Jackson M. L. 1973. Soil Chemical analysis. Prentice Hall
of India.Pvt.Lid. New Delhi.

Lincoin S., Daly M. and Lander E. 1893. Mapping genes
controlling quantitative traits with MAPMAKER/QTL L.L.,
Whitehead Institute Technical Report (Manual). 2nd
edition.

SAS Institute Inc. 1996. SAS/STAT user's guide. Version
6, 4th ed. Gary, NC.

Mackill D. J. and Bonman J. M. 1992. Inheritance of blast
resistance in near-isogenic lines of rice. Phytopathology,
B2: 746-749.

Yeh W. J. and Bonman J. M. 1986. Assessment of partial
resistance to Pyricularia oryzae in six cultivars. Plant
Pathol., 35: 319-323.

Prashanth G. Bagali. 1997. RFLP mapping of quantitative
trait loci (QTL} controlling yield related traits and field
resistance to leaf blast disease in rice (Oryza sativaL.). M.
Sc. (Agri) Thesis submitted to the University of Agricultural
Sciences, GKVK, Bangalore 560085, India.

LIZ., Pinson S. R. M., Stansel J. W. and Park W. D. 1995,
|dentification of quantitative trait loci (QTL) for heading date
and plant height in cultivated rice (Oryza sativa L). Theor
Appl Genet., 91: 920-927.

Paterson A. H., Damon 5., Hewitt J. D., Zamir D.,
Rabinowltch H. D., Lincoln S. E. and Tanksley S. D.
1891. Mendelian factors underlying guantitative traits in
tomato: comparison across species, genegrations and
environments. Genetics, 127: 181-197.

Xiao J., Li J., Yuan L. and Tanksley S. D. 1996,
ldentification of QTL affecting traits of agronomic
importance in a recombinant inbred population derived from
a sub-specific rice cross. Theor Appl Genet., 92: 230-244.,

Bagali P. G., Hittalmani S., Srinivasachary and
Shashidhar H. E. 1998. Genetic Markers associated with
leaf and neck blast resistance in rice across locations. Rice
Genet Newslett, 15: 128-131.

Hittalmani S., Parco A., Mew, T. V., Zeigler R. S. and
Huang N. 2000. Fine mapping and DNA marker assisted
pyramiding of the three major genes for blast resistance in
rice. Theor. Appl. Genet, 100: 1121-1128.

Ramalingam J., Vera Cruz C. M., Kukreja K., Chittoor J.
M, Wu J. L, Lee 5. W, Baraoidan M. R., George M. L.,
Cohen M., Hulbert 5., Leach J. E. and Leung H. 2003.
Candidate resistance genes from rice, barley, and maize
and their association with gualitative and guantitative
resistance in rice. Mol. Plant-Microbe Interact., 16: 14-24.



