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ABSTRACT. The aim of this work is the construction of a genetic map and identification of quantitative
trait loci (QTLs) that control characteristics of the root system of rice. We evaluated a F,; population
composed of 150 families from the cross between the varieties IAC 165 X BRS Primavera. Genotyping was
performed in the F, population using 3,742 SNP (Single Nucleotide Polymorphism) markers. The
evaluation of the root system in the F; population was performed through a large-scale phenotyping
method based on image generation with a CI-600 root scanner and on quantification through the
WinRhizo® software. The experiment was arranged in a randomized block design with three replications
performed under greenhouse. The variables analyzed were root length, root surface area and root volume
at the depths of 5 to 25 cm and 25 to 45 cm. The SNP markers analysis allowed the construction of the
genetic map with a full length of 1424 cM. The linkage group with the largest coverage area was number 3
with 270 ¢cM (100 SNPs), followed by linkage group 1 with 249 cM (170 SNPs) and linkage group 2 with
163 cM (99 SNPs). The genetic analysis allowed the detection of QTLs for all the characteristics.

Keywords: genomic, Oryza sativa L., DNA chip, QTL mapping, abiotic stress.

Identificacao de QTL para caracteristicas do sistema radicular em arroz de terras altas por

meio de microarray

RESUMO. Este trabalho objetivou a constru¢io de um mapa genético e identificacio de locos de
caracteristicas quantitativas (QTLs) que controlam caracteristicas do sistema radicular do arroz. Foi avaliada
uma populacio F,; composta de 150 familias a partir do cruzamento entre as variedades IAC 165 x BRS
Primavera. A genotipagem foi realizada na populacio F, utilizando 3.742 marcadores SNP (Polimorfismo
de um Unico Nucleétido). A avaliacio do sistemna radicular nas populacdes F, foi realizada através de
fenotipagem em larga escala baseada na geragio de imagem com scanner raiz CI-600 e na quantificagio
através do software WinRhizo®. Foi realizado experimento em delineando blocos casualizados, em casa de
vegetagio com trés repeticdes. Foram consideradas as varidveis comprimento, drea de contato da raiz e
volume nas profundidades de 5 a 25 cm e 25 a 45 cm. A anilise dos marcadores SNP permitiu a construgio
de um mapa genético com comprimento total de 1424 cM. O grupo de ligagio com maior drea de
cobertura foi o nimero 3 com 270 cM (100 SNPs), seguido pelo grupo de ligacio 1, com 249 cM (170
SNP), e 2 com 163 cM (99 SNP). A anilise genética permitiu a detecgdo de QTL para todas as

caracteristicas estudadas.

Palavras-chave: gendmica, Oryza sativa L., chip de DNA, mapeamento de QTL, estresse abidtico.

Introduction

Upland rice is responsible for approximately
21% of Brazilian agricultural production. However,
the lack of water throughout its production process
has a major negative impact on the culture.
According to Toescher, Righes, and Carlesso (1997)
and Stone (1985), drought occurrence impacts
mainly nutrient absorption by the root system,

negatively  affecting  the crop  productivity.

The understanding of the genetic mechanisms
associated with the rice root system development
aiming selection could help with the optimization of
water absorption, and this strategy seems to be
essential for breeding of the culture.

In this context, DNA markers have supported
plant breeding in the orientation of crosses,
formation of base populations, development of
divergent populations (Li-Na, Gui-Lan, & Long-
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Zhi, 2013), construction of genetic maps (Jun-Zhi,
Xiao, Chao, Ke, & Yan-Jun, 2009), identification of
quantitative trait loci (QTL) (Uga, Okuno, & Yano,
2011) and identification of functional markers
(Andersen & Liibberstedt, 2003), as well as in
marker assisted selection (MAS) and genomic
selection (GS) (Steele, Virk, Kumar, Prasad, &
Witcombe, 2007; Uga et al., 2013).

For such  purposes, single
polymorphisms (SNPs) have been highly used in
genetic analysis because they are stable, widely
distributed in the genome and allow for automation,
which facilitates high-throughput genotyping and
QTL detection. Since 1995, QTL mapping has been
conducted in rice cultivation for both temporary and
permanent  populations  (Sabouri,  Sabouri,
Jafarzadeh, & Mollashahi, 2011; Liang, 2013; Liang,
Zhen-Hua, & Jie-Yun, 2013).

Drought tolerance is very dependent on the root
system. This dependence on the root system in turn
influences other important agronomic traits in
upland rice, such as efficiency in nutrient absorption
and resistance to pests and root diseases (Oliveira,
Freitas, Fitiza, Menezes, & Dotto, 2010; Henry,
Gowda, Torres, Mcnally, & Serraj, 2011; Uga et al.,
2013). For
frequently studied given the potential for the
stabilization or increase of productivity under
adverse conditions (Topp et al, 2013; Gamuyao
etal., 2012).

DNA microarrays are a very useful tool for QTL
identification, Marker Assisted Selection (MAS) and
genomic selection (GS) studies because they provide
greater genome coverage. Related to MAS, it is

nucleotide

such reasons, the root system is

particularly important to have an adequate linkage
map saturation to detect more accurate QTL
positioning and its effect estimation, as it is then
easier to associate it with a causative gene.
Considering the importance of the root system for
rice cultivation, this work sought to evaluate a
segregating F,; population of upland rice to
construct a linkage map aiming QTL identification
for root system traits by means of DNA microarrays

technology.

Material and methods
Genetic material

The genetic material evaluated in this
experiment was constituted by a segregating
population (F,;) derived from a single F, plant
obtained from the cross between the varieties of
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upland rice (tropical japonica subspecies) IAC 165
and BRS Primavera, composed by 148 families and
its two genitors.

IAC 165 is a commercial variety of upland rice
developed by the Agronomic Institute of Campinas
from the cross between "Dourado Precoce" and IAC
1245. It has a moderate resistance to lodging, strong
root development, tolerance to water deficit,
relatively short cycle and long and thick grain. BRS
Primavera is a commercial variety released for
cultivation in highlands and was developed by
Embrapa Rice and Beans. It is derived from the
cross between IRAT 10 and LS 85-158 cultivars, has
intermediate size (average of 100 cm), medium
tillering, low lodging resistance and early cycle
(average of 100 days). It presents average
productivity, susceptibility to drought, long and thin
high quality grains, and shows a very narrow harvest
stage.

Root phenotyping

The root phenotyping was performed in the
experimental field of Fazenda Palmital, of
EMBRAPA Rice and Beans, in the municipality of
Goianira, Goiis State, Brazil, from October 2012 to
June 2013. The experiment was installed in a
randomized block outlining with three repetitions
and was performed under controlled conditions in a
greenhouse. The experimental unit was constituted
by a polyethylene pipe with an internal diameter of
30 cm and a height of 80 cm and was filled with a
clayey red latosol that presented constitution of: 19.0
g dm™ M.O., pH 5.4, 0.5 g dm™ P(Mel.); 0.24 cmol,
dm? K, 2.0 cmol, dm™ Ca, 0.8 cmol, dm™ Mg, 0.0
cmol, dm™ Al, 2.5 cmol, dm™ H+Al; 590.0 g kg™
sand, 120.0 g kg silt, 290.0 g kg clay, with an
added 250 grams of 5-25-15 fertilizer. Installed
inside of the experimental unit was an acrylic tube
of 6 cm of internal diameter with rubber covers for
protection against the entry of soil, water or organic
waste.

Around the acrylic tube, three rice plants were
transplanted with one week of emergence. Two
weeks after transplantation, the generation of the
images was initiated at the depth of 5-25 cm, and
three weeks after transplantation, imaging at the
depth of 25-45 cm was performed. The images were
digitalized using a scanner (CI — 600 Cano Scan)
inserted in the acrylic tube, which scanned the
surface around the tube. The evaluations were
performed weekly for until the plans were eight
weeks of age.

The generated images were analyzed using the
image quantification software WinRhizo, version
2008, which makes available, among other variables,
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the total length of the roots (COM) measured in
centimeters (cm), the estimated contact area of the
roots (ACR) measured in square centimeters (cm?)
and the total volume of the roots (VOL) measured
in cubic centimeters (cm?).

DNA Microarray Genotyping

For the genotyping of population F,; a
microarray composed of SNP-type markers was
used. For the microarray construction, genetic
sequencing data from eight varieties of upland rice
(japonica  subspecies) were employed whose
characteristics related to the root system are
described in Table 1.

A total of 3,742 SNP markers were developed
and distributed along the 12 rice chromosomes.
These markers were submitted to the DNA
microarray technique (Schena, Shalon, Davis, &
Brown, 1995). Any SNPs that did not present a
polymorphism, had not been evaluated in at least
80% of the population, or that presented segregation
distortion by the chi-square test at 5% probability
level were eliminated on the basis of the genetic
map’s construction and the QTL identification.

Data analysis
The phenotyping process was performed
through the WinRhizo™ software (Arsenault,

Pouleur, Messier, & Guay, 1995). The areas under
the growth curve (AUC) were estimated for each
root variable over the weeks of evaluation using the
trapezoidal method. The data from the AUC were
submitted to variance homoscedastic testing
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followed by joint variance analysis. Considering the
two depths, the AUC was used to estimate a value
closer to the real growth rate of the root system
(Boyer, 1996) rather than using only an average
calculated from the data collected along the eight
weeks of this study. The variance was estimated
from data of each genotype AUC related to the
genotype’s averages. The analysis aimed to verify
significant differences within the population for the
analyzed characteristics of the root system. The
GENES software (version 2013) was used in this
step (Cruz, 2013).

The construction of the genetic map was
performed through the IcIMapping QTL software
(version 2012 3.2), considering an LOD Score of 3.0
for QTL identification (Collard, Jahufer, Brouwer,
& Pang, 2005). For the identification of QTLs
related to the root characteristics, the simple interval
mapping method was performed using the Windows
QTL Cartographer software (version 2.5 011, 2012)
(Basten, Weir, & Zeng, 2004).

Results and discussion

The phenotypic information showed variance
homoscedasticity and the joint variance analysis for
the two depths (p < 0.01), which is presented in
Table 2. The results demonstrated great variability as
well as significant differences for all variables and all
(genotypes, depth  and

considered  factors

interaction).

Table 1. Upland rice varieties (japonica subspecies) and their characteristics related to the root system.

Variety Characteristics related to the root system

Azucena
stress of drought and toxic aluminum.

Variety from the Philippines, known in the international literature as a genotype of good root development and tolerance to the

Moroberekan Variety from West Africa, also known in the international literature as a genotype of good root development, good root penetration
capacity on soil, tolerant to drought and toxic aluminum.

Chorinho Traditional variety collected in the state of Minas Gerais, Brazil, with intermediate tolerance to stress by water deficiency in the
field, with tall plants.

Puteca Traditional rice variety collected in the state of Goids, Brazil, susceptible to stress from water deficiency, with tall plants.

IAC 165 Commercial rice variety developed by the Campinas Agronomic Institute, with high rusticity, good root development and tolerance
to the stress of drought.

BRS Primavera Commercial variety developed by Embrapa Rice and Beans, presenting susceptibility to drought stress, whose plants are of
intermediate size (average of 100 cm).

Catetdo Traditional variety collected in the state of MatoGrosso, Brazil, tolerant to drought stress, with tall plants.

Ligeiro Traditional rice variety collected in the state of Maranhio, Brazil, tolerant to drought stress, presenting a short cycle and low

productivity.

Table 2. Variance analysis for the variables of the root system: length (COM), contact area (ACR) and volume (VOL) of the roots in the

depths of 5-25 cm and 25-45 cm.

Mean square

F. V. GL COM ACR VOL

Block 2 7943175.93 227320.49 4224
Genotypes(G) 149 645107.39 *x 17818.13 Hx 3.56 *x
Depths(P) 1 44593404.61 *x 2080284.10 Hx 550.40 *x
GxP 149 596237.47 *x 16523.02 Hx 3.18 *x
Residue 598 179663.06 5420.12 1.23

Average 1657.23 275.73 3.69

Average depth 1 1879.83 323.80 4.48

Average depth 2 1434.64 227.65 291

CV (%) 25.57 26.70 30.07

**Significant at the level of 1% probability by the F test.
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Genetic map based on the F, population from the cross
between varieties IAC 165 and BRS Primavera

Having identified significant differences in the root
system characteristics, genomic analysis was then
performed by constructing a genetic map and QTLs
detection for such characteristics. SNPs that did not
cover 80% of the segregating population, were not
polymorphic, or that presented segregation distortion
evaluated through the chi-square test
(p < 0.05) were eliminated from the analysis. Then,
1,061 polymorphic markers were considered for genetic
analysis. The genetic maps were constructed based on
these 1,061 polymorphic markers, considering an LOD
score of 3.0 and a maximum recombination frequency of
0.3. The mapping process allowed the construction of 12
linkage groups (Figure 1), reconstituting the number of
chromosomes of rice species considered, according to
Cheng, Buell, Wing, Gu, and Jiang (2001).

The markers on the genetic map presented the same
ordering presented in the physical map from which the
SNPs were selected, based on the database available by
the Gramene portal (Jaiswal et al., 2006). Linkage groups
1 and 7 presented the highest number of markers (170
SNPs on each chromosome), followed by linkage
groups 11 (130 SNPs) and 3 (100 SNPs). The smaller
linkage group was group 9, with only 18 SNPs markers.
Many markers presented were completely connected,
having been omitted from the linkage group (Figure 1).
Opverall, the markers presented good distribution along
the chromosomes, with the exception of chromosome 9,
which had a total length of 6 ¢cM. This result is
corroborated by Sabouri et al. (2011), in whose work on
Oryza sativa L. also reported the shorter length of this
chromosome in relation to others. The longest length
was found in chromosome 3, with 270 cM, followed by
chromosome 1 with 249 ¢M and by chromosome 2
with 163 cM. The total length of the genetic map
constructed was 1,424 cM. The size of the genome
obtained is similar to that reported by other authors in
several works for the species O. sativa L. (Liang, 2013).

According to Uga et al. (2011), the characteristic
COM is governed by a smaller quantity of genes when
compared to other characteristics of the root system,
such as growth in depth and the angle of growth of the
roots. For the characterisic COM, QTLs with a
significant effect associated with the two depths
evaluated were detected in 5 to 25 cm (Figure 2) and 25
to 45 cm (Figure 3), as these are positioned at the linkage
groups 3 and 1, respectively. For the depth of 5 to 25 cm,
the QTL was positioned in the distal fraction of the
linkage group 3, at the position 258-260 cM. This QTL
was identified between the markers OsC1r3_18199829
and OsC1r3_18195592 with a LOD of 3.22. For the
depth of 25 to 45 cm, the QTL was positioned in the
proximal fraction of the linkage group 1, positioned
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between the markers OsClrl 142021996 and
OsC1rl_141152310 with a LOD of 3.37.

The characteristic ACR, in turn, is intimately
associated with the capacity to absorb water and soil
nutrients, a quality of great importance for the growth
and development of plants. For this characteristic, at the
most superficial depth (5 to 25 cm,), one QTL was
detected, as well as in the distal fraction of the linkage
group associated with chromosome 3, positioned at 256-
260 cM, between the markers OsC1r3 18199829 and
OsC1r3_18195592 with LOD = 3.02 (Figure 4). It is
possible that this QTL has a pleiotropic eftect for root
characteristics because it is located in the same region of
the QTL detected for COM characteristics. The same
happens for the second QTL detected for this
characteristic in the depth of 25 to 45 cm (Figure 5),
detected at the beginning of the linkage group 1, at a
distance of 5-8 ¢M  between the —markers
OsC1r1_142021996 and OsC1lrl_141152310. The
LOD associated with this QTL was of 3.06.

For the characteristic VOL a QTL in linkage group 3
was detected at the depth of 5 to 25 (Figure 6). This
QTL is located at the position 96-104 cM, between the
markers OsC1r3 129673798 and OsC1r3_ 132585678,
with a LOD of 2.73. Two QTLs for the VOL
characteristic were located at the depth of 25 to 45 cm in
linkage group 1 (Figure 7). The first QTL at the
proximal fraction of the linkage group was detected at
the position of 5-9 cM between the markers
OsC1rl_142021996 and OsClrl 141152310 with
LOD of 2.99. The second QTL was detected at the
position  67-76 cM  between the  markers
OsC1rl_128642534 and OsClrl_124653796 with a
LOD of 3.05.

The identification of two regions controlling a
quantitative characteristic suggests an inheritance of
polygenic control for the VOL characteristic. This
finding allows us to infer information about the
existence of more genes involved in the VOL control
that would allow the plant to reach the deepest regions
on the soil (Uga et al., 2011). This author highlights
that such genes would allow the plant to stimulate root
growth in a vertical way through, for example,
clongation of the root cells. Other works conducted
with rice (O. sativa L.) also identified QTLs for
characteristics, such as COM, ACR and VOL, in these
same chromosomes, corroborating with the results
found in the present research. Courtois, Shen,
Petalcorin, Carandang, and Mauleon (2003) studied a
population of endogamic lineages from the cross
between the varieties IAC 165 (O. sativa L. subesp.
Jjaponica) and Co39 (O. sativa L. subesp. indica) and
found the existence of a main QTL on chromosomes 1
and 4 for root system characteristics, results similar to
those obtained by us. This is possibly due to the genetic
pool used because the IAC 165 genetic material is a
common genitor in both studies.

Acta Scientiarum. Agronomy

Maringd, v. 38, n. 4, p. 457-466, Oct.-Dec., 2016



QTLs identification for upland rice characteristics 461

cM C1 cM M C3 cM C4 cM cM C6
L — CsCir_14ueiad o0 OsCr: 125855745 L 051 maasm L 00 L O oscis 1z
20 %omn_\mmm 00 OSCIrZ 125801006 10 05CTR_! 0g 20 10 O5C1I6_1Z3919266
40 \_ CaCAr_ 142457631 o0 T 1236151 10 oscn.umws 0 A0 20 OsCIm_1424713
70 \_ CsCAr 142523627 20 130 3 40 X 20 10 I OsC1m_124127569
100 CECAr_141152310 150 1o 40 370 10 - OSCHE_124124423
130 CsCir_13ae72sa L 70 50 E- 10 - OSC1m_12420755
300 80 70 60 \ ET 50 - OSC1E_124246421
310 T 350 60 { | e 50 - OC1m_124022005
EL] 300 470 70 EL 50 I OsC1r_t242580
50 320 500 E \ 10 0 - OSCHIE_124160757
a0 340 50 a0 | E 60 OsC1G_12433584
450 350 210 110 X EEL 0 O5CIE_IZ4451745
=0 350 oo 10 CsC1H 132676172 e 0 OSCIE_124417341
6040 350 1220 10 \_{f - osC1r4 132612070 EL @
o 350 1430 120 400 70
&0 350 7o 0 = 20 0
100 R 30 123384354 2050 2o =t 20 30
1320 I~ CsC1r_124138244 3T QLR 123153741 200 130 £50 a0
1320 - CeC1r_124430830 E- QLN 12230054 0 130 N 40 100
1330 - CsCirt_t2es3sees 300 CeCr2 120816052 2080 130 { | 450 A 10
1340 - OsC1r_124553583 e QLR 127451 M50 130 450 QLN 1812121 120
170 - OsCr_tz3040004 00 J- OsCir_t20479452 030 120 X 450 TN 1ST4503 130
1400 - OsC1r_1 2070837 4o OsCr 12058345 2100 130 . - osCird_131358831 40 QECrS_ 120617101 130 R
1420 - CEC1r 112673871 o QLN 12034578 210 150 :f L1 7476 a0 130 OsCIm_14247719
1430 - CsC1r_113160436 550 DECr2 11951394 2110 180 CsC1n_130712250 430 130 OsC1ire_124250855
1540 - C=C1r_114638779 0 QLR 16305257 220 0 CaCIH_TRTE1ES a0 "o O5C1NG_124266350
1570 CsCAr_113131030 00 QTN 116252735 2120 0 CsC1r_130276779 500 "o OsCIG_124218571
1590 CsC1r_11283525% T CECIR_111317452 2120 0 CsC1r_12520474 530 150 O5C1G_124245640
1590 CaCAr 112990721 i 2140 0 CsC1N 125776782 540 150 OsCI_124215162
1620 CaCAr_113188763 o 2140 E-EIE CsC1rd_129356843 sS40 150 OSC1ire_{24178287
1690 CsCAr_1 14674624 300 2140 21 - CsC1r 12590824 540 150 OsCIm_1M42383
1750 CsCrl_113686242 w20 2180 240 T CsCird_zTatizse 550 150 OsCiG_124220221
790 CaCAr_1 1362800 50 230 40 {f ) cscind_tomesiana 550 150 OSCIG_I124206436
1300 CsCAr_113606326 1000 2300 40 CsC1r 125852575 550 150 O5C1G_12407855
1230 CsC1r1_1135888%6 1020 X 0 240 CsC1n_{25T40728 50 150 OsC1re_124208844
1350 CsCAr_113530105 1020 QLR 10311118 2340 40 | [Fo— CsCird_12532019 ET 150 OsCIG_124266055
1360 CsCAr_113454559 1030 QeCIr_ a1 270 240 CsCrd_124205605 560 150 OsCiNG_124206334
130 CsCAr_113456432 1030 470 =0 o CsCird_12385834 150 OsC1E_12420049
1w CaCAr_14756045 1040 2550 150 OsCim_123883741
1390 CaCAr_1 11738501 107.0 %10 150 OsC1NE_124638%
130 CsCAr 11272869 1080 30 150 OsCIG_124477435
130 CaCAr_13510343 100 2630 150 OsCire_t24407852
1950 CsCAN_IT278807 Mo 60 150 OsC1_124541265
00 CaCAN_IT483335 120 w70 150 OSCIG_124477224
M0 CaCAN_{7350755 1280 %70 150 OsCire_t24427581
W60 CaCAN_IT265572 1220 0 051313151651 150 OsCI_12431800
270 CaCAr_{726a787 1300 X 2680 OsCir_ta1773 150 OsCire_24967013
W70 CCAN_IT352717 1330 QLT 1BH106TT 700 O5CIr_IB16M0 150 OsCim_125178
W80 CaCAN_I730078 1520 QLT 15763295 700 150 OsCI_14317274
2100 CsCAN_{73553% 1630 CeCr2 19398234 2700 150 OsC1rE_125004187
130 CsCAr_IT456383 150 OsCIm_1I5051735
2130 CaCAN_{7574425 160 OsC1ire_125045300
2480 CaCAr_IT500340 160 OsC1_124354579
2480 CaCAN_17258570 160 OsCIG_124334719
2480 CsC1r_{gs%n8 170 OsC1rE_125030010
2480 CaCAr_13503408 70 O5C1IG_125050040
2480 CsC1r_11653590 170 OsCHm_IGTI16
70 OsC1G_11451510
70 OsC1m_HEEITT
170 OsCIm_IGTOES
120 OsCIm_12254305
cM ™ C9 c10 oM c11
o o0 DCr_ 120813240 o0 = OECIN1_124494344 08C1r12_123499631
6 0 CeCrs_12107EE8 = 12308TE 40 ] | oscir s OsC1riz 123220083
i a0 el 121125153 if_\i CEC1MD_122B08618 40 [ CsCir1_t2saamstt CEC1rz_ 123306058
110 10 0sCr8_121130812 _/ OsC1rid_120218042 0 = O8Cirz 123285235
o 0 el 121135735 CECMD_120271968 e = OsC1rZ 121500857
i1a 10 | | - oscir tatas - - CsCir_f20150250 120 —3 05CINZ_17114255
20 w2 el 121145278 T I CSCIr_119842255 130 j OsC1rz_ 11831069
130 20 eCirE 121152021 q I cscing_t1asere 140 OsC1r2 19952875
150 30 T OSCIm 121152808 B |- CsC1r1a_118414378 20— CsCirz 11222598
50 B el 121154578 E - cscin_t1aaae 20—~ cscin_126s CsC1Nz_ 1239773
150 40 OsCira_ 121135085 4 rcmno'usmws 20— —— CECIN1_1213%525 0SCr12_112895348
160 40 e 3 - C5C1ri0_f12258021 0 CeCr_121388015 CsC1rz_ 13759597
60 40 OeCrs 121155285 1 - CsC1r_113253836 530 CECAM_{21371356 OsC1rz_ 13350048
170 40 QsCrE 12175307 N[l osciriassssisn 30 b O=CAr1_121415480 OSCIMZ_1400955
B D B = b~ CsC1r 113351665 540 CECN_{24516 CECINZ_ 114348122
210 50 OsCira_ 121178535 - OsCAM_13148233 540 OSCIN1_121322084 0SCTMZ_114TT1TIS
no a0 CeCrs 121130043 - csciro_assT 1 CECr_{2089732 CsC1rz_ 11458838
330 60 T OsTire 12123 k- cscin_t13izTs 1 sCIr1_120771608 CsCiri2 11534279
3L - coctno 11ammes 20 EC1r11_12030050 CECIMZ_1EMI
420 [ s 1zsassts - csciro_1iswmens 610 0BC1rt1_121048879 CECr1Z_197E0948
&0 DsC1rT_125357433 - cscin ez (1] CECIr1_121014102 OBCIrZ_17423335
&0 QsC1r7_125100255 - CsCAMO_11736107 1] QeCIr1_121058267 O5CIr2_ 17299004
0 OSCINT_1TAI6 QsC1M_1E301E 60 CECIA1_12110311 OsCIr2_118261
a0 O=Cir_{23420455 CECMD_t16530502 640 CaCArt_121103867 CeCiri2_110831750
e O5C1r10_T16588436 640 ©&C1r12_10862055
810 CCINQ_TI67EST22 &0 OsCr1Z_10320565
830 OsCAr0_16527819 (=1 OsCir2_ 10255735
a0 O&Cr0_1653073T 670 ©&C1r12_13538530
B0 OsCird_11T145302 630 OsC1iri2_19534086
=D CEC1r0_TE4s 9.0 CsC1rZ_17813541
50 i CSCIN_TI6S3ITe 700 QEC1r1Z_14473647
830 I OsCAr0_115272868 TR CECrZ_14134326
eo A %: QECINQ_ 131146 0 B CsCirt 13858831
20 /_ 0sC1r7_122679119 E— 0sCirig_113085389 700 QeCir1_116357554 OsCir12_1350m64
240 /_DSCWJWW =T cscinn_1msss T CsC1r1_t178380%2 CsC1rZ_1262076
=0 /_ DsCIrT_122531774 s 113050766 TS CECIr1_11721208 0BCArZ_1233510
%60 0sCHr7_122625810 k, OsCAM0_11737478 a0 OECIr1_11757632
%0 N CsCAr_ 11758512 90 QeCArH_T1TB0E14
250 0sCHrT_120807.220 OsC1rd_11836481 800 QeCir1_116351333
fozl [~ oscirr 120841324 x CsCING_TH7ET1 a0 0EC1r1_19091518
" — e csen T esizz 0 ECArH_17347120
1aa CaCANI_ T2 a0 QeCr1_19085310
1z .= QsCrD_11911606 0 CeC1ri1_19022385
1240 OsCirD_140554 a0 OsCAr1_19065505
1250 CECIN0_13676147 00 CEC1r1_19045541
1278 05C1r10_13703826 W00 ————— OsCIr_1901215
a0 — T~ Cscirg 1268430 10— CsCiri{_f9023
1300 ~ CsC1r)_12290710 18— | osCir
1310 | CsCir_ 1214333 130 — [ -— osciri_1amemss
1310 I~ CeCirio_1zasied 150 =] L~— oeCir 1015553
1318 ' CsCr_12350631 6D —— = CsC1rt_{5455453
faz | CsCAr mss.ﬁ“ 1170 :7’ \cemm_tmaas
1320 170 _/: QeCArH_1288540
1330 1130 _/ \_ CECArH_12620857
1410 A 1210 QeCArt_12538806
1430 OSCHNT_UTEET4 1220
1450 OsCIT_HERMTI 1220 12530358
"o QeCArH_12377083
1410 CECArH_12301743
120 QeCArH_11783375
7o _\_/_ DeCArt_11567661
uro :\—f QeCAr_11335629
1450 QeCArH_1150053
a0 _\:/_ eCIr1_t14T20m
1430 < — OeCir 12408412

Figure 1. Genetic map of Oryza sativa L. based on a segregating population derived from the cross between the varieties IAC 165 X BRS
Primavera, composed of 1061 SNP markers. The distance between each marker is given in ¢M on the left, and the name of the marker on
the right, with full coverage of 1424 cM.
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Figure 2. QTL associated to the characteristic COM at the depth of 5 to 25 cm in a F,3 population of rice on the chromosome 3 by the

Composed Interval Mapping analysis. The critical value of LOD of 2.5 is represented by the horizontal line.
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Figure 3. QTL associated to the characteristic COM at the depth of 25 to 45 cm in a F,; population of rice on the chromosome 1 by the

Composed Interval Mapping analysis. The critical value of LOD of 2.5 is represented by the horizontal line.
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Figure 4. QTL associated to the characteristic root contact area (ACR) at a depth of 5 to 25 c¢cm in a F,; population of rice on the
chromosome 3 by the Composed Interval Mapping analysis. The critical value of LOD of 2.5 is represented by the horizontal line.
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Figure 5. QTL associated to the characteristic root contact area (ACR) at the depth of 25 to 45 cm in a F,; population of rice on the

chromosome 1 by the Composed Interval Mapping analysis. The critical value of LOD of 2.5 is represented by the horizontal line.
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Figure 7. QTL associated to the Volume of the roots at the depth of 25 to 45 cm in a F,; population of rice on the chromosome 1 by the
Composed Interval Mapping analysis. The critical value of LOD of 2.5 is represented by the horizontal line.

The limited progress for drought tolerance in
rice culture has been attributed, in part, to the large
quantity of genes involved and the large
environmental influence associated with this

characteristic expression. Uga et al. (2013), however,
were able to develop a rice variety that was
productive even when submitted to water stress.
The lineage was developed through backcrossing,
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using MAS to monitor the gene drol. This gene,
located on chromosome 9, is reported to be
responsible for the elongation of root cells.

In rice culture, many of the QTLs identification
work related to root system characteristics have been
performed through crossings between subspecies of
genotypes O. sativa indica with O. sativa japonica
(Steele et al., 2007; Uga et al., 2011; Courtois et al.,
2003; Ping et al.,, 2003). In this type of crossing,
there is a huge segregation, enabling the study and
detection of QTL for certain characteristics, given
the knowledge of contrasting genitors. The crossing
of such genetic materials results in the segregation of
smaller amounts of characteristics, which enables
both the most refined molecular study and cultivar
development. This study, in turn, allows for the
identification of genes and their subsequent use in
SAM operational procedures, such as those used by
Uga et al. (2013).

Conclusion

The resulting segregating population from the
cross between the varieties JAC 165 and BRS
Primavera presented wide variability for the root
characteristics studied.

The DNA microarray technique allowed for the
construction of an upland rice genetic map with
broad genome coverage and a total length of 1,424
cM, covering all chromosomes of the species.

The linkage groups 1 and 3 presented QTLs
related to the characteristics COM, ACR and VOL
of the root system.
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