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ABSTRACT

Upland rice grows on 19 million ha, about 15% of the world's rice plantation [2]. The
production of upland rice is crucial to agricultural economy of many countries [15]. The yield of
upland rice is very low with an average of about 1 t/ha. Drought is a major constraint to the
productivity of upland rice. In this paper, we present the results on mapping QTLs for root traits
related to drought resistance (maximum root length, root thickness, root weight to shoot and
deep root weight to shoot ratios) in upland rice using a recombinant inbreed (RI) population
derived from a cross between Vietnamese upland rice accessions. The first molecular linked of
Vietnamese upland rice were constructed. The map consists of 239 markers (36 SSR and 203
AFLP markers) mapped to all 12 rice chromosomes. This map covered 3973.1 cM of rice
genome with an average distance of 16.62 cM between the markers. Twenty three putative
QTLs were detected. Among them, four QTLs for MRL, four QTLs for R/SR, four QTLs for
DR/SR, two QTL for RN, two QTLs for RT, two for PH, and five QTLs for TN were recorded.
There are several SSR markers such as RM250, RM270, RM263, RM242, RM221 linked to
QTL regions. They could be very useful for drought resistant selection in rice. Some common
QTLs for maximum root length and deep root weight to shoot ratio were observed in different
genetic background (RDB09 x R2021 and IR64 x Azorean populations) and ecological
locations (IRRI and Vietnam). These QTLs could be very useful for precise locating drought
resistant gene(s) and marker-assisted selection.

1. INTRODUCTION

Upland rice grows on 19 million ha, about 15% of the world's rice plantation [2]. The
production of upland rice is crucial to agricultural economy of many countries [15]. The yield of
upland rice is very low with an average of about 1 t/ha. Drought is a major constraint to the
productivity of upland rice.

Drought resistance is a complex trait influenced by four general physiological mechanisms:
Escape, avoidance, tolerance, and recovery [4, 5, 8, 13]. In upland rice root thickness, deep
rooting, and root/shoot ratio are considered as the most important root traits for drought
resistance [21].
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The use of molecular markers (DNA markers) provides a more effective selection technique for
crop improvement and has an advantage over selection based on phenotype [5, 10]. Amplified
fragment length polymorphism (AFLP), and microsatellite or simple sequence repeat (SSR) are
PCR-based markers and proved to be very powerful tools for investigating genetic relationships
between plant species and genetic mapping.

Mapping QTLs for drought escape and tolerance using a set of random introgression lines of
rice was recently reported [19]. Mapping genes controlling root morphology and root
distribution in upland rice have been reported in a doubled-haploid population derived from an
indica x japonica cross using RFLP markers [20]. QTLs for root growth and root penetration
ability in upland rice also mapped in a F2 population derived from a cross between drought
resistant varieties Bala and Azucena using RFLP and AFLP markers [10, 11].

In this paper, we present the results on mapping QTLs for root traits related to drought
resistance (maximum root length, root thickness, root weight to shoot and deep root weight to
shoot ratios) in upland rice using a recombinant inbreed (RI) population derived from a cross
between Vietnamese upland rice accessions (one of which belong to japonica subspecies,
another is indica once), and SSR and AFLP markers.

2. MATERIALS AND METHODS
2.1 Materials

A population of 135 RI lines derived from a F6 progenies of a cross between two upland rice,
one belong to japonica subspecies RDB09 and another belong to indica subspecies R2021 was
used in this study. Both parents of the cross are Vietnamese local accessions.

2.2 Evaluation of root traits

Maximum root length (MRL), root thickness (RT), root numbers (RN), root weight to shoot
ratio (R/SR) and deep root weight to shoot ratio (DR/SR) were analyzed at Institute of
Biotechnology, Hanoi. The upland rices were grown in plastic tubes (one plant/tube) with 16 cm
in diameter and 1m in height and with hole for drainage. The RI lines were evaluated in
completely randomized design three replications of one plant per line. The samplings were
taken at 45 days after sowing. In addition, the measurement of shoot traits like tiller number
(TN) and plant height (PH) were also taken for investigation of relationship between root and
shoot parameters.

2.3 DNA isolation

Genomic DNA was isolated from 0.5 - 1 g of leave of the upland rice lines using CTAB method
described by Saghai Maroof et al., 1994 [8] with minor modification: DNA extraction by 1%
Cetyltrimetylammonium bromide (CTAB) solution in 100 mM Tris, 500 mM NaCl and 50 mM
EDTA. The crude DNA obtained after purification using chloroform: isoamylalcohol was
dissolved in 500 to 1000 pl of TE buffer. After RNase treatment (5 pl of 10 mg/ml solution) for
30 min at 37°C), the DNA was then purified by phenol: chloroform: isoamylalcohol (25:24:1).

2.4 SSR analysis

A total of 128 SSR primers (Research Genetics inc. USA) were screened with parental lines to
determine polymorphism between the parents. PCR reactions with SSR primers were performed
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in a volume of 20 pl containing 2 pul PCR buffer, 15 mM MgCl,, 0.4 pl of 10 uM each primer
05 pl Tag polymerase (5 U/ul) and 50 ng DNA. PCR reactions were performed on MJ PCR
machine (MJ Research, Inc., USA) with PCR profile: 94°C in 5 min, 35 cycles of 94°C in 1 min,
55°C in 1 min and 72°C in 2 min. The final extension was kept 7 min at 72°C. The PCR
products were electrophoresed using 4% of denaturing polyacrylamide gels. After
electrophoresis, gels were stained with silver nitrate. For silver staining, the gels were fixed in
fix/stop solution (10% acetic acid) for 30 min. After washing the gels (3 times) with distilled
water, the gels were stained in staining solution (0.2% silver nitrate, 0.05% formaldehyde) for
30 min and then the gels were rinsed with distilled water in 10 sec and transferred to prechilled
(4 - 10°C) developer solution (3% sodium carbonate, 0.05% formaldehyde, 0.0002% sodium
thiosulfate) until the bands are visible.

2.5 AFLP analysis

AFLP analysis was conducted at Plant Cell Genetics Laboratory, Institute of Biotechnology
(IBT) according to Vos et al., 1995 [17]. The selective amplified fragments were separated
using 5% of denaturing polyacrylamide gels. Electrophoresis was carried at constant power 100
W for 2 h. After electrophoresis, the gels were stained with silver nitrate.

2.6 Map construction

The linked map was constructed using Mapmaker 3.0 (Lander et al., 1987; Lincoln et al., 1990)
with LOD score of 3.0 and 8.0, and recombination fraction of 0.4.

QTL map was constructed using Mapmaker/ QTL 1.1 Program (Lincoln et al., 1992).

2.7 Statistical and QTL analysis

Analyses of variance were performed to determine the genetic variation between lines of the RI
population for all investigated traits using SAS program (SAS Institute, North California).

2.8 QTL comparison

The approximate common QTL regions for MRL and DR/SR, the most important root traits for
drought resistance, in our RDB09 x R2021 population and IR64 x Azucena [20] population
were compared using Temnykh’s map [16] as intermediate map to locate approximate common
chromosome regions.

3. RESULTS
3.1 Construction of molecular linked map

The preliminary map with 36 SSR markers and only 12 AFLP markers mapped on ten
chromosome (chromosome 1, 1 marker; Chromosome 2, 1 marker; chromosome 3, 1 marker;
chromosome 4, 1 marker; chromosome 5, 2 marker; chromosome 6, 1 marker; chromosome 7, 1
marker; chromosome 8, 1 marker; chromosome 11, 2 marker and chromosome 12, 1 marker)
covering 1499 cM of rice genome was accomplished at the end of RF 96001 #506; RF90075#5
Project [7].

In this work, 191 AFLP markers were added to previous map and the present map consists of
239 markers (36 SSR and 203 AFLP markers) mapped to all 12 rice chromosomes. This map
covered 3973.1 cM of rice genome. The average distance between markers is 16.62 cM (Fig. 1).
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Of 203 AFLP markers, 36 were mapped on chromosome 1, 12 on chromosome 2, 23 on
chromosome 3, 9 on chromosome 4, 15 on chromosome 5, 23 on chromosome 6, 2 on
chromosome 7, 33 on chromosome 8, 10 on chromosome 9, 13 on chromosome 10, 5 on
and 22 on chromosome 12.
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Fig. 1: A molecular linked map in upland rice using RDB09 x R2021 RI population
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3.2 QTL analysis

The QTL analysis was done for five root traits and two shoot traits using Mapmaker/QTL
(version 1.1) software. A total 16 QTLs for root and 7 QTLs for shoot traits were identified
(Table 1 and Fig. 2).

Table 1: QTLs for root and shoot traits as identified by interval mapping (MapMarker/QTL)

Trait Interval Chrom# Length® Position® Variance Additive LOD®
(%)° effect
Plant AVM26.9-AVM26.4 1 254 25.0 9.7 11423  2.12
height ~ AVM9.18-AVM3.7 1 10.7 5.0 19.2 11.025  5.02
Tiller AVM84.19-AVM65.3 3 12.0 5.0 11.3 1.0119 2.85
number  AVM10.26-AVM22.6 4 30.0 250 23.3 -1.8511  3.43
AVMB87.13-RM131 4 56.5 10.0 14.8 -1.3587 2.29
RM50-AVM29.2 6 25.2 10.0 34.7 -2.5765 3.28
AVM3.5-AVMS86.16 12 15.7 0.0 9.8 0.9658  3.01
Root AVM65.11-AVM10.26 4 25.6 15.0 13.5 0.0702  2.28
thickness AVM75.2-AVMS87.13 4 24.5 15.0 14.8 0.0738  2.76
Root AVM22.7-AVM8.12 1 87.2 5.0 9.6 10.966  2.26
number  AVMS84.19-AVM65.3 3 12.0 5.0 13.0 11.709  3.29
Maximum AVM43.1-RM250 2 32.1 30.0 8.5 -4.2222 220
root length AVM56.2-AVMS.6 3 13.8 5.0 9.1 44586 2.28
AVM62.5-AVM77.7 9 30.2 0.0 12.1 -5.0608  3.72
RM270-AVM28.17 12 64.5 0.0 7.2 3.7784  2.17
Root AVMS.1-RM263 2 14.1 10.0 13.4 23027 3.24
weightto  AVM42.10-AVM43.18 8 21.8 10.0 18.0 3.2824  2.78
shoot ratio Aynf12.3-AVM7.4 9 14.9 0.0 10.5 -2.0362  3.17
RM242-RM288 9 3.6 0.0 10.2 -2.0394  3.12
Deep root AVM38.9-RM221 2 7.4 5.0 16.1 -0.4871  4.17
weightto  AVM123-AVM74 9 149 0.0 8.9 -0.3622  2.67
shootratio Ay 5-AVM77.7 9 30.2 0.0 11.3 -0.4192 3.44
AVM65.9-RM242 9 29.5 25.0 12.5 -0.4331  3.13

* Interval between the two flanking markers (cM) where QTL is located; °: QTL position from
the first marker (cM); ©: Phenotypic variation explained by each QTL (%); % Additive genetic
effect and the negative sign meant that P2 allele reduced the trait; °: Maximum likelihood LOD
score for the individual QTL.

Two QTLs for root thickness (RT) were located on chromosome 4, one flanked by the AFLP
markers (AVM65.11-AVM10.26) and the other flanked, also, by AFLP markers AVM75.2 and
AVMSE7.13. These QTLs explained 13.5 to 14.8% of the phenotypic variation with low additive
effect (0.07) from RDBO09 parent.

Two QTLs for root numbers (RN) were identified, one located one chromosome 1 (AVM22.7-
AVMS.12), and the other located on chromosome 3 (AVM84.19-AVM65.3). Both QTLs have
high additive effect from RDB09 parent.
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Four QTLs were identified for maximum root length (MRL). One QTL on chromosome 2
flanked by AFLP marker AVM43.1 and SSR marker RM250; two QTLs on chromosome 3 and
chromosome 9 flanked by AFLP markers AVM56.2-AVMS8.6 and AVM62.5-AVM77.7,
respectively; the QTL on chromosome 12 flanked by SSR marker RM270 and AFLP marker
AVM28.17. The positions of these QTLs are very close to the flanked markers (2.1 cM from
RM250, 5 cM from AVMS56.2, 0 cM from AVM62.5 and RM270).

For root weight to shoot ratio, there are four QTLs were located: two on chromosome 9, one on
chromosome 2, and one on chromosome 8. The explained per cent of phenotypic variation
ranged from 8.2 to 18.0. Most of the QTLs regions were very close to the flanked markers (4.1
cM from RM263, 0 cM from AVM12.3 and RM242).
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Fig. 2: A QTL map for root traits related to drought resistance in Vietnamese upland rice

Of four QTLs for deep root to shoot ratio, three QTLs (AVMI12.3-AVM7.4; AVM62.5-
AVMT77.7, AVM65.9-RM242) were located, one on chromosome 9 explained 8.9 to 12.5 % of
the phenotypic variation, and positioned close to AVM12.3, AVM62.5 and RM242. One QTL
(AVM38.9-RM221) located at 2.4 cM from RM221 marker on chromosome 2 and explained
16.1% of the phenotypic variation.

There were two common QTL regions for R/SR and DR/SR, one flanked AFLP markers
AVM12.3 and AVM?7.4, the other closed to SSR marker RM242. For MRL and DR/SR, there
was, also, one common QTL region flanked to AFLP markers AVM62.5 and AVM77.7.

From obtained results, we found that there are several SSR markers such as RM250, RM270,
RM263, RM242, RM221 could be very useful for drought resistant selection in rice. However,
the further test needs to be carried out to confirm this.

In addition to QTLs for root traits, two QTLs for plant height (PH) on chromosome 1 and five
QTLs for tiller numbers (TN) were, also, identified. Among the QTL for TN, the regions
flanked by AVM84.19-AVM65.3 on Chromosome 3, AVM10.26-AVM?22.6 on chromosome 4 ,
RM50-AVM29.2 on chromosome 6, and AVM3.5-AVMR86.16 on chromosome 12 were
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positioned not far from the flanked markers (5 cM and lest).

3.3 Comparison of QTLs for maximum root length and deep root per shoot ratio detected
in RDB09 x R2021 and IR64 x Azucena

Yadav et al., 1997 [20] used a DH population of 105 lines derived from a cross between IR64
(irrigated indica) and Azucena (upland japonica) and identified some QTL regions for
maximum root length (MRL) and deep root to shoot ratio (DR/SR) on chromosome 1, 2, 5, 6, 7,
8, and 9. In our work with RI population of 135 lines derived from a cross between RDB09
(upland japonica) and R2021 (upland indica), the QTLs for MRL were located on chromosome
2,3,9, and 12; the QTLs for DR/SR were located only on chromosome 2 and chromosome 9.
There are three common regions for MRL on chromosome 3 , 9 and 12 . The common regions
on chromosome 3 flanked by CDOS87 marker (in IR64 x Azucena population), and AVM56.2-
AVMS8 (in RDB09 x R2021 population), these regions located bellow marker RM16. On
chromosome 9, the common QTL regions for MRL located near RZ12 marker (in IR64 x
Azucena population), and AVM62.5 (in RDB09 x R2021) flanked by RM242 and RM288
markers. On chromosome 12, the region between RG341 and RG958 (in IR64 x Azucena
population) and region near to RM270 (in RDB09 x R2021) are common QTL regions for
MRL. For DR/SR, there are common QTL regions on chromosome 2, these regions flanked by
PALI-RZ58 and AVM38.9-RM221 markers, respectively. (Fig. 3, Table 2.).

AVMS. 1
s RZ394 RMI156
” " —— RMI156 AVM69. 8
130 _ e f»ﬁ\m AvMn L R — RZ304 kmm\
RM263 AVMT5.9 AVM4, 11\77
AVMT5. 20 AVM30.6
157 — DAVMJS.9 /txm;:;x:’
RM221 AVMS =5
MO Rzss RZ58 ot AA\\%%:};\:??#‘@
AVM14. 6 —138
N VMSﬁ.Z 41
e —iss
20cM 20cM 20cM AVMS.6 1L
(Temmykh et al., 2000) IR64xAzzucena (DH) RDB09xR2021 (RI) -6
- i
(Yadav et al., 1997) Z s L
——+ CDO87 ——+— CDO87
15cM 15cM 15eM
77771 Maximum root length e [ —
(Temmykh et al., 2000)  IR64xAzzucena (DH) RDB09xR2021 (RI)
1 Deep root per shoot ratios (Yadav et al., 1997)
AVM35.3
AVM43.9 =36
+f Rza2 _AVM62.5 41 4 R(};ygdl
é — 302 "
AVMILT L 1 RG341 7 -
Rz AVMTZS e s [
| /Rz228 AVM65.9 | |©
== rz2 1L Rz 4 RM28\ | | - RGoss ?
I+ RG667 “++ RG667 AVM30.5 11— b - RGI58 2
30cM 30cM 30cM
— I — 30eM 30ecM 30cM
(Temmykh et al., 2000) IR64xAzzucena (DH) ~ RDB09xR2021 (RI) (Temmykh et al., 2000) IR64xAzzucena (DH) ~ RDB09xR2021 (RI)
(Yadav et al., 1997) (Yadav et al., 1997)

7Zz7) Maximum root length

1 Deep root per shoot ratios

Fig. 3: Comparison of common QTL for maximum root length and deep root to root ratio with
IR64 x Azuzucena DH population
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Table 2: Common QTLs in RDB09 x R2021 and IR64 x Azucena

Trait Common Chromosome Location of common QTL
QTL Chr.  RDBO09 x R2021 % Var. IR64 x Azucena % Var.
3 AVM56.2-AVMS.6 9.1 PGI-1-CDO87 ?
MRL 3 9 AVM62.5-AVM77.7 12.1 RZ12-RG667 9.0
12 RM270-AVM28.17 7.2 RG958-RG341 ?
DR/SR 1 2 AVM38.9-RM221 16.1 PALI-RZ58 ?

The percentage of phenotypic variance explained by the common QTLs rather high (12.1 to 16.1).
Thus, these common QTLs observed in different genetic background and ecological locations could
be very useful for precise locating drought resistant gene(s) and marker-assisted selection.

In our map, there are several root QTLs flanked with SSR markers such as RM250, RM270
(for MRL), RM263, RM242, RM288 (R/SR), and RM221, RM242 (for DR/RS), these SSR
makers could, also, be useful for marker-assisted drought selection.

4. DISCUSSION

Genetic map provides a mean for studying the genes controlling a trait, the location of genes
along the chromosomes and the effects of variation in gene expression on the trait, the
evaluation of genes regulating phenotype in different populations. Genetic mapping provides the
information for map-based cloning of genes and marker-assisted selection. The molecular linked
map is a map of chromosome showing distance between molecular markers (DNA markers)
based on genetic recombination distances between them. The first molecular linked map of rice
was reported by McCouch and coworkers using restriction fragment length polymorphic
markers (RFLP) [6]. The QTL map is the map showing the linkage between a quantitative trait
loci and genetic markers. This map provides the basis tools for the study of the variation
underlying quantitative traits. QTL map of drought escape and tolerance in rice was recently
reported [19]. Mapping genes controlling root morphology and root distribution in upland rice
have also been reported [20]. We report here the first molecular linked map and QTL map for
root traits related to drought resistance in Vietnamese upland rice. The map consists of 239
markers (36 SSR and 203 AFLP markers) mapped to all 12 chromosomes. This map covered
3973.1 cM of rice genome with an average distance of 16.62 cM between the markers. Twenty
three putative QTLs were detected. Among them, four QTLs for MRL, four QTLs for R/SR,
four QTLs for DR/SR, two QTL for RN, two QTLs for RT, two for plant PH, and five QTLs for
TN were recorded.

AFLP markers are highly reproductive and give high level of polymorphism, therefore they are
increasingly using in the construction of linkage maps. The disadvantage of the AFLP markers
is that once a marker identified to be linked with a trait it needs to be converted to an easy
usable PCR marker for marker-assisted selection such as sequence tagged site (STS) or
sequence-characterized amplified region (SCAR). In our map, along with AFLP markers we
have used several SSR markers. There are several SSR markers such as RM250, RM270,
RM263, RM242, RM221 linked to QTL regions. These markers could be very useful for
drought resistant selection in rice, as they are ready to use without any conversion.

The common QTLs found in different populations and different environments are very useful in
term of basic research and practical application, in particular, for marker-assited-seletion. The
common QTLs for root penetration index (RPI) were identified in two populations R64 +
Azucena [22] and IR58821 + IR52561 [1], the common QTLs for MRL were found in Azucena
+ Bala F2 population [11] and IRAT109 + Yuefu double haploid population [3]. Three common
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QTL regions for RN have also been found in CO39 + Moroberekan [18] and IRAT109 + Yuefu
[3]. In the present work, we have, also, identified some common QTLs for MRL (AVMS56.2-
AVMS.6, AVM62.5-AVM77.7, RM270-AVM28.17) and DR/SR (AVM38.9-RM221), on
similar regions of different genetic background (RDB09 x R2021 and IR64 x Azucena
populations) and ecological locations (IRRI and Vietnam). These QTLs could be very useful for
precise locating drought resistant gene(s) and marker-assisted selection.
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