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Abstract:

The results of testing the International Maize and
Wheat Improvement Center’s (CIMMYT’s) hybrid
combinations, developed from hybrid 790 F, . lines

and 10 parental lines, using two testers (CML451

and CLO2450) under optimal and managed drought
conditions in Ninh Thuan, Vietnam, show that the
average grain yield of the biparental (BP) groups of
heterosis groups A and B is, respectively, 2.58-3.65
tons/ha and 2.56-2.76 tons/ha in drought conditions,
and 4.24-5.02 tons/ha and 5.41-5.93 tons/ha in well-
watered conditions, respectively. By genotyping

eight BP populations with 39,846 single nucleotide
polymorphism (SNP) markers, CIMMYT experts
identified 15 important gene regions that regulate grain
yield associated with 15 SNP markers on chromosomes
3,4,5,6,7,8,9, and 10 which is useful for applying
molecular markers in breeding drought-tolerant maize.
On that basis, the Maize Research Institute of Vietnam
studied and genotyped three populations, including 450
F, families, with 96 SNPs using the Kompetitive Allele
Specific PCR (KASP) genotyping method. The result
was that 57 SNP markers related to drought tolerance
were found useful to these populations. In addition,

27 F, families demonstrating drought tolerance and
high grain yield were selected as primary materials

for breeding maize hybrids tolerant to stresses and
adaptive to climate change.
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Introduction

Maize (Zea mays L.) is one of the three most important
cereal crops after wheat and paddy rice. World maize
production amounted to 1,075.6 million tons in the
2017/2018 crop year (USDA, 2019). However, climate
change has become a considerable challenge for global
maize production and led to a 3.8% reduction in yield from
1980 to 2008 [1].

Vietnam is one of the countries most affected by climate
change, with a number of serious droughts occurring in the
2015-2017 period. With around 80% of the cultivated area
under rainfed condition, drought is considered the biggest
challenge for maize production in Vietnam [2]. Therefore,
the research and selection of drought-tolerant maize varieties
that have high grain yield and the ability to adapt to climate
change are of great interest to maize breeders. However,
drought tolerance is a low-heritability trait that is regulated
by multiple genes; it requires substantial money and time
to accomplish these daunting research and selection tasks.
Fortunately, genomic selection (GS) by means of mapping
quantitative trait loci (QTL) relating to drought tolerance
using molecular markers is an efficient and time-saving tool
in plant breeding. It results in the achievement of greater
breeding value through selection at the early stages of the
improvement cycle [3]. Currently, using single nucleotide
polymorphisms (SNPs) is becoming more common in plant
breeding through marker-assisted selection and is replacing
simple sequence repeats (SSRs) for crops, such as maize,
whose genomes have been completely sequenced [4].

Applying SNP markers using the Kompetitive Allele
Specific PCR (KASP), a technique for genotyping, has
been widely used in research because it is cheaper than
BeadXpress and GoldenGate platforms, more effective and
flexible in many applications, saves time, and produces
fewer genotyping errors [4]. Currently, KASP is used by
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CIMMYT for the global maize improvement programme
and in quality control QC analysis, QTL mapping, marker-
assisted recurrent selection (MARS), genome-wide
association studies (GWAS), allele mining [5].

Genetic selection based on SNP markers (KASP and
Tagman) is more than 2-4 times effective than the traditional
selection method that is based only on phenotype. In
drought conditions, the genetic gains in grain yield per
cycle using the GS method with KASP markers is 86 kg/ha,
without changing the traits of maturity and plant height [6].
Furthermore, F. Bankole, et al. [7] indicate that, in each
selection cycle using MARS with SNP markers, grain yield
increased by 7% in drought conditions, and the frequency
of favourable alleles increased from 0.510 at the original
population (C ) to 0.515 at the selection cycle C, of the
MARS population.

In Vietnam, the application of SNP markers by means
of the KASP method has been used to evaluate and select
maize materials tolerant to stresses, especially drought.
With the support and advice of CIMMYT’s experts in
cooperation programmes, the application of SNP markers
in MRI’s drought-tolerant maize breeding has been studied.

Materials and methods
CIMMYT’s hybrid combinations

One thousand five hundred and eighty hybrid
combinations developed by CIMMYT from 790 F . lines
and two testers (tester 1: CML451; tester 2: CLO2450) and
20 hybrid combinations (of 10 parental lines with these
testers) were evaluated for drought tolerance with five local
checks of LVN10, LVN61, VN8960 (MRI, Vietnam), NK67
(Syngenta), and C919 (Monsanto) in the 2013/2014 dry
season in Ninh Thuan.

Leaf samples

The 790 F,, families developed by CIMMYT by
crossing two drought tolerant maternal lines with eight elite
ones (divided into two heterosis groups) were collected for
genotyping with 1,250 SNP markers which were identified
from 1,536 SNP markers, as per Yan, et al. [8].

MRI’s three F, populations

These F, populations were developed from CMLI161
(one drought-tolerant female line) and the MRI’s three male
clite ones (TA6, P24 and G12). One hundred and fifty F,
individuals of each population were selected based on the
criteria of growth and development, drought tolerance, and
pest resistance in order to self-pollinate and form F, seeds;
the F, seeds of each population were planted in 150 rows
(row length: 4.0 m; distance between hills: 0.7 m). The F,
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families of each population (150 F, families per population)
were evaluated under managed drought conditions in Ninh
Thuan. Leaf samples of three F, populations including 450
F, families (6-8 plants per family) grown at MRI were
collected for genotyping with 96 SNP markers (7he physical
positions of these SNP markers was determined on the
maize genome chromosomes according to B73 RefGen_v2
at Maize GDB) using the KASP method to select F, families
capable of drought tolerance.

Methodologies of phenotyping

The experiments were conducted in field conditions
designed using Latin squares (Alpha lattices). For trials
testing CIMMYT's hybrid combinations: row length: 4.0
m; distance between rows: 0.75 m; distance between hills
in the row: 0.25 m. The experiments were evaluated under
managed drought and optimal conditions in Ninh Thuan
according to CIMMYT’s guidelines [9]. For testing MRI's
F, populations: row length of 4.0 m at a spacing of 0.7 m by
0.2 m; evaluated under managed drought conditions in Ninh
Thuan using CIMMY T’s guidelines [10].

Methodologies of the GWAS

Genotypic and phenotypic data on grain yield were
analysed using 55K models (56,110 SNP markers) and
GBS v2.7 (954,179 SNP markers). Genotyping with 55K
MaizeSNP50 from Illumina (www.illumina.com), while
the SNP marker positions of GBS and 55K were sourced
from Panzea 2.7GBS (http.//plants.ensembl.org/Zea_mays
/Info/Index). Based on standard requirements, a minimum
allele frequency >0.05 for 55K and >0.02 for GBS; 39,846
SNP markers from 55K chips and 435,975 SNP markers
from GBS were selected for genotying.

Methodologies of genotyping using the KASP method

KASP is a technique for genotyping with SNP markers
[4] and consists of three components: the KASP assay mix,
the KASP master mix, and DNA samples. The procedures
were conducted according to the instructions of LGC
Genomics Ltd (details at http://www.lgcgroup.com).

Phenotypic analysis

Analysis of variance of the genotype and phenotype
(ng and cszp) and heritability (h?) were calculated using the
formula suggested by Lush, et al. [11] with GenStat 12.0,
METAR 2.1, and Fieldbook software (CIMMYT, 2010).
The multivariate restricted maximum likelihood model
and SAS ver. 9.2 software were used to calculate genetic
variance and covariance.

Genotypic analysis

For GWAS with SNP markers, the multi-locus mixed
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additive model was used [12]. The genotypic analysis was
conducted with Variation Suite ver. 8.3.4 software.
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Table 2. Average grain yield of hybrid combinations (hetorosis
group B with two testers) in the 2013/2014 dry season under
managed drought and optimal conditions in Ninh Thuan.

Results
Grain yields (tons/ha)
; ; ; ; Hetorosis group B~ Conditions
T:e:vtmg 0f hy brid coTnbmatwns develop ?df rom 79.0.F2:3 BPS x testers BP6 x testers BP7 x testers BPS x testers
families by CIMMYT in drought and optimal conditions
A . Drought 276164 275159 274158 2564164
in Ninh Thuan province, Vietnam
. . . F, XlesersiSid Optimal 5894154 565143 593159 5414125
Phenotyping results: through testing, it was shown that
. . . . . om0,
the grain yield of hybrid combinations developed from Reduion®s 5314 40 e o
crossing 790 F, . families, parental lines of heterosis group y Drought 000:697 000:118 000:591 0401639
A, and tal lines of heterosi B with two test tor
, and parental Iies or heterosis group b with two Lesters Optimal 020:957 0.00:857 053679 0.00:867
in drought conditions decreased from 27.23 to 54.16%, - o o 0 9
. ougl ) . d !
from 16.2 to 100.0%, and from 5.88 to 83.3%, respectively, .
compared to well-watered conditions (Tables 1 and 2). Opina 14 b 14 0%
.. . .. . Drough 1 . 4 1
Table 1. Average grain yield of hybrid combinations (hetorosis et v o i !
group A with two testers) in the 2013/2014 dry season under  * Optimel 075 000 067 031
managed drought and optimal conditions in Ninh Thuan.
Drought 012 034 035 012
i Grain yields (tons/ha) g
Hetaros ! Optimal 030 057 048 052
group Conditions ~ BPI X testers BP2 X testers BP3 X testers BP4 x testers
Drought 3.65£1.87 2.86£1.77 3.18£1.68 2.58£1.53 Pe x testerstStd PS x testers P6 x testers P7 x testers P8 x testers
FxCT:Sd. Opil 502415 4244171 46641 82 4582179 Drought 299138 075076 2734118 1434127
Reduction% 273 253 317 875 P
o Drought 0.30:6.89 0.00:6.32 0.00+6.54 0.00:6.22 Optimal 484043 4.49:0.74 6.270.74 5.0140.52
Valon il 0234 023786 0.00:76 000723 (CMLALS)
pima S s et R Reduction% 382 8230 5646 7146
. Drought 218 180 198 129
’ Optimal 130 1.80 119 147 Drought 3424104 268:0.93 0.83:0.71 317118
Pe x testers 2
. Do .. L] L9 U Optnal 3604079 5454018 43403 6364106
‘ Optimal 077 00 120 095 (CLO2450)
. Drought 029 031 03 055 Reduction % 588 508 8079 5016
Optimal 0 04 087 036 Pdr x testerstStd P10 x testers
Pe x testers+Std P1 x testers P2 x testers P3 x testers P4 x testers
Pex teser ] Drought 5562086 0.00:0.00 283191 097042 . Drought 112:063
; p P x testers |
(CML4IS)  Optimal 6294135 0230.11 48:083 3018231 Opina ST
Reduction% 1161 10000 4104 611 (CMLAIS)
Drought 462405 0.00£0.00 471063 1194070 Reducton % 7821
Pe x tester 2 :
(CLopssy Ovimd 584099 0534004 59737 386:0.69 o 31709
Reduction®% 2089 10000 2010 69,17 P tster ) :
Pdr x testers<Std P9 x Testers (CLOXS0) Optnal 635070
- ' Drought LITELD3 Reduction % 50.08
('CMfof;r Optimal 379126
: Dronght 290 260 260 260
Reduction %~ 42.74 1SD
Drought 4084122 " Optinal 240 200 240 190
Plrxtester) "ol 487407
(CLO2450) : e Drought 330 a9 4850 5190
Reduction % 1622 [a (%)
0 Drought 29 260 280 220 Optimal 2070 1830 2080 1800
08 : 5
Optnal M 0 20 20 Local checks LVNIO LYNS960 NK67 19 LVN61
vy D 4090 4710 20 8340
) Optimal 2280 31.60 23.60 2640 Conditions Drought ~ Optimal ~ Drought ~ Optimal  Drought ~ Optimal Drought ~ Optimal  Drought ~ Optimal
Local checks  LVNI0 LVN8960 NK67 919 LVN61

Grain yields (tons/ha) 3.15 479 4D 526500 612 447 701 476 736

Reduction % 8.02 12.15 13.05 3562 2035

Conditions ~ Drought Optimal Drought Optimal ~ Drought Optimal ~ Drought Optimal Drought Optimal
Gainyidds 315 439 425 s 5w 6 4@ 701 476 136
(tons/ha)

Reduction % 8.02 1215 13.05 3560 2035

Note: x: cross; £Std: standard deviation; +: variation between minimum and
maximum values; BP: Bi-parent; P: parental lines; P.e: elite lines (P1 to P8);
P.dr: drought tolerant lines (P9 and P10); reduction %: the rate of reduction
in grain yield in drought conditions compared with optimal conditions (%);
G¢: error variation; G2 genotype variation; CV (%): coefficient of variation;
LSD, ,;: least significant difference at a 95% confidence level.
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Note: x: cross; +5td: standard deviation; +: variation between minimum
and maximum values; BP: Bi-parent; P: parental lines; P.e: elite lines (P1
to P8); P.dr: drought tolerant lines (P9 and P10); reduction %: the rate
of reduction in grain yield in drought conditions compared to optimal
conditions (%); G¢: error variation; 62 genotype variation; CV (%):
coefficient of variation; LSD . least significant difference at a 95%
confidence level.
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In drought conditions, the average grain yield of hybrid
combinations of BP groups of heterosis group A with testers
reached 2.58-3.65 tons/ha, of which the combinations
developed from BP1 had the highest yield (3.65 tons/
ha) and the least reduction (27.23%) (Table 1). Hybrid
combinations created from F . families of heterosis group
B with these testers showed no differences in grain yield,
with the range of 2.56 to 2.76 tons/ha (Table 2).

In optimal conditions, the average grain yield of hybrid
combinations among BP groups of heterosis groups A and
B with testers reached 4.24-5.02 tons/ha and 5.41-5.93
tons/ha, respectively. The yield of hybrid combinations
of the two drought-tolerant lines (P9 and P10) with these
testers in drought conditions decreased by 42.74-78.21%
for tester 1 and by 16.22-50.08% for tester 2 compared
to those in optimal conditions. The results indicate that
hybrid combinations derived from P9 and P10 with tester 2
demonstrate better drought tolerance. In drought conditions,
the yield of hybrid combinations developed from elite lines
with two testers also decreased, by 27.23-43.75% for group
A and by 51.40-54.16% for group B, compared to those
in the optimal condition. Thus, the progenies of group A
showed a smaller reduction in grain yield than did those of
group B did in dehydrated conditions. In other words, the
hybrid combinations that originated in group A had better
tolerance to drought than did those that originated in group
B (Tables 1 and 2).

Compared to the grain yield of five local checks, the
highest yield of hybrid combinations developed from F,,
families with testers in drought and optimal conditions was,
respectively, 6.89 tons/ha and 8.29 tons/ha (for group A), and
7.18 tons/haand 9.57 tons/ha (for group B) - higher than these
of local checks (3.15-5.00 tons/hain drought conditions; and
4.79-7.36 tons/ha in optimal conditions, with a reduction in
grain yield of 8.02-35.62%) (Tables 1 and 2).

This result is significant because it was found that among
790 F,, families developed from eight BP lines, some
showed better drought-tolerance ability, were higher in
grain yield than their parental lines, and, especially, reached
a yield equivalent to the five local checks. These families
can potentially be selected as materials and germplasms for
a drought-tolerant maize breeding programme in order to
adapt to climate change.

Genome-wide association analysis for grain yield of
eight progenic populations F,

The MRI is a member of the project “Abiotic stress
tolerant maize for increasing income and food security
among the poor in South and Southeast Asia”. Experts from
CIMMYT conducted GWAS with 39,846 SNP markers
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for 790 F,, families of eight populations. As the result,
15 genomic regions controlling the trait of grain yield
in drought conditions were identified. These regions
associating with the SNPs markers include S3 151334181,
S4 224910359, S5 208101878, S6 67260174, S7 40327099,
S8 144372859, S9 88734345, S9 82359236, S9 154651413,
S9 151662859, S9 100305550, S9 96774495, S9 11501850,
S10 137460286, and S10 147354987 (from Panzea 2.7 GBS)
on chromosomes 3, 4, 5, 6, 7, 8, 9, and 10 (Table 3) and
can be significant for drought-tolerant maize breeding
programmes.

Table 3. The list of 15 genomic regions controlling grain yield
for BP populations of the F,, generation through GWAS of each
chromosome.

OWAS Marker L0t
DD-dd  location

Minor ~ Allele ~ Major
PR PP P P P PSR ppplg Alee frequency all

IS1334181 CIC CC GG CG CG CG Ccccac ac 6 ol €
W39 cerrTTITCTTTOCCCCC oc T 00 C
N810L87 TTTTTTTGTT TTTIGTITIT GG G 0% T
67260174 CIC CIC CIC CACACAANAAACC CC A 05 C
4032709 G/G GG GG GA GG GIG AAGAGG GG A 08 G
gy TTcececceccTrrree oro T 03t C

SNPmarkers ~ Chr

§3151334181 3 0.9

S 241039 4 830

§5.208101878 5 7.3
§6.67260174 6 0.3
§T4032109 7 1%
8 14437859 8 199

9 88734345 9 870 88T ANAANANANANAAGAAANAANA GG G 00 A
9885923 9 78 8INB6 CCacccCAccccceccc o AA A 09 C
S9 IS46413 9 430 154651413 AACIC CC ACAAANAANACCAA CC C 08 A
80151662859 9 264 151662859 TT TT AATT TATT TT TTTT TT A 006 T
§9 100305550 9 550 100305550 GG TT TT TTTT GGGGTGTT TT G 08 T
096714495 9 554 96774495 GIG AA AAAAANAGGGGAAAA AA G 08 A
SO 11501850 9 585 10L& CCoOCcccaccccceeaeeC ¢ 6o 00 C
S10_137460286 10 0.02 137460286 GIG CIC GG CG GG CG CC CGCC CC G 0% C

S10_147354987

10187 734987 TICTT CCTCTT CCTT TCTT CC C 046 T

Note: P: parental lines; BP/P: populations developed from parent pairs;
DD-dd: homozygous.

Identifing materials tolerant to drought with SNP
markers by means of KASP method

Based on the results of phenotyping and genotyping
with SNP markers of the cooperation programme with
CIMMYT, the MRI conducted initial research on identifying
materials tolerant to drought with SNP markers by means of
the KASP method and evaluated their drought tolerance in
Ninh Thuan in the 2018/2019 dry season.

Results of phenotyping three populations including
450 F, families: it has been shown that the yield of three
populations in drought conditions, in which had been
selected 27 F, families with grain yields equivalent to
local check DK7328 and higher than the yield of NK67,
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Table 4. Results of evaluating the grain yield of three populations
(including 450 F, families) under managed drought conditions
in Ninh Thuan.

Statistical Grain yields (tons/ha)

Indices CMLI6I x TA6  CMLIGI x P24 CMLI161 x GI2
F£Std 1.20+0.52 1.3340.52 1.00+0.45
Variation 0.01+3.14 0.00+3.25 0.66+3.40

0} 3.01 4.83 4.12

0? 0.13 0.14 0.10

0; 1.67 3.44 3.08

h? 0.56 0.71 0.75

LSD, 1.02 1.03 0.88

CV (%) 4291 39.64 45.41

Parental lines CML161 TA6  CMIl61 P24  CMLI61 GI2
((t};flisr}hyslds 0580 0247 0948 0368 0812 0513
Local checks NK7328 NK67 NK7328 NK67 NK7328 NK67
((f;‘f;hyglds 2455 2327 2801 2618 3.041 2.803

Note: x: cross; Std: standard deviation; 6% phenotype variation; ¢ error
variation; 03 genotype variation; h% heritability; CV (%): coefficient of
variation; LSD,: least significant difference at a 95% confidence level.
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varies from 1.00 to 1.33 tons/ha (Tables 4 and 5). The
heritability (h?), which was from 0.56 to 0.75, showed that
the relationship between phenotype and genotype of these
populations was positive. Genotypic variance (cré) on
grain yield in drought conditions ranged from 1.67 to 3.44,
leading to the conclusion that variation in grain yield was
mainly affected by male lines (TA6, P24, and G12).

Results of genotyping three populations including 450
F, families and parental lines: through genotyping 450
F, families and four parental lines with 96 SNP markers
using the KASP technique combined with CIMMYT’s
researched data, the initial results showed that there were
57 meaningful SNP markers in these populations of 450
F, families and that these markers could be related to yield
in drought conditions (Table 6). The trait of grain yield is
controlled by many genes and the interaction among major
and minor loci that affect this trait in drought conditions.
Hence, potential SNP markers identified through the KAPS
method can be useful for breeding drought-tolerant maize.

Table 5. Selected families of three populations under managed drought conditions in Ninh Thuan.

F, families Pedigree GY (tons/ha) F, families Pedigree GY (tons/ha)
Population 1: CML161xTA6 Population 2: CML161xP24

BP1_110 (CML161xTA6)-110 3.14 BP2 188 (CML161xP24)-188 3.25
BP1 107 (CML161xTA6)-107 2.92 BP2 181 (CML161xP24)-181 3.10
BP1_101 (CML161xTA6)-101 291 BP2_239 (CML161xP24)-239 3.08
BP1_127 (CML161xTA6)-127 2.80 BP2_177 (CML161xP24)-177 3.06
BP1_102 (CML161xTA6)-102 2.80 BP2_226 (CML161xP24)-226 3.00
BP1_7 (CML161xTA6)-7 2.55 BP2_275 (CML161xP24)-275 2.99
BP1_93 (CML161xTA6)-93 2.45 BP2_196 (CML161xP24)-196 2.96
BP1 33 (CML161xTA6)-33 2.34 BP2_207 (CML161xP24)-207 2.94
NK7328 Local check 1 2.46 BP2_203 (CML161xP24)-203 291
NK67 Local check 2 2.33 BP2 281 (CML161xP24)-281 2.85
LSD, 1.02 BP2_295 (CML161xP24)-295 2.79
CV (%) 4291 BP2 227 (CML161xP24)-227 2.79
Population 3: CML161xG12 BP2 166 (CML161xP24)-166 2.76
BP3 344 (CML161xG12)-344 3.40 BP2 271 (CML161xP24)-271 2.71
BP3_335 (CML161xG12)-335 3.32 K7328 Local check 1 2.80
BP3 301 (CML161xG12)-301 3.27 NK67 Local check 2 2.62
BP3_307 (CML161xG12)-307 3.20 LSD, 1.03
BP3 331 (CML161xG12)-331 3.12 CV (%) 39.64
K7328 Local check 1 3.04

NK67 Local check 2 2.80

LSD, 0.88

CV (%) 45.41

Note: x: cross; GY: grain yield; CV (%): coefficient of variation; LSD, : least significant difference at a 95% confidence level.

MARCH 2020 ¢ VOL.62 NUMBER 1

£ Vietnam Journal of Science,

i Technology and Engineering



m LIFE SCIENCES | AGRICULTURE

Table 6. The list of 57 SNP markers for drought tolerance useful to MRI’s populations using KASP method.

SNP markers Chr Maker location Alleles SNP markers Chr Maker location  Alleles
S10_10246089 10 10246089 A G S3 220896526 3 220896526 C T
S10 122267546 10 122267546 G C S3 220901626 3 220901626 A G
S10 136938361 10 136938361 A T S4 10217574 4 10217574 A T
S10_139313697 10 139313697 G A S4 123979624 4 123979624 A G
S10 139318575 10 139318575 C T S4 229316522 4 229316522 A T
S10 139321312 10 139321312 G A S5 11882524 5 11882524 T G
S10 139321315 10 139321315 T G S5 167585338 5 167585338 A G
S10_145942320 10 145942320 A G S5 179010958 5 179010958 A C
S10 19372348 10 19372348 G A S5 179024804 5 179024804 T ©
S10 19372355 10 19372355 C T S5 212872911 5 212872911 C G
S1 182392227 1 182392227 A G S5 213035501 5 213035501 A T
S1 182423684 1 182423684 C T S5 39454290 5 39454290 A G
S1 182423923 1 182423923 T C S5 42746321 5 42746321 A T
S1 183911148 1 183911148 A G S5 42746324 5 42746324 T C
S1 188224557 1 188224557 C G S6_105833772 6 105833772 G A
S1 21714481 1 21714481 T G S6 105833891 6 105833891 T G
S1 288696288 1 288696288 A © S6 106407839 6 106407839 A G
S2 118910398 2 118910398 A G S6_106736814 6 106736814 T C
S2 15997107 2 15997107 T @© S7 13851342 7 13851342 G A
S2 213597045 2 213597045 @ G S7 157204971 7 157204971 A G
S2 51286162 2 51286162 G A S7 19272803 7 19272803 G T
S3 1467367 3 1467367 G C S8 160298809 8 160298809 A G
S3 1467368 3 1467368 G A S8 75390111 8 75390111 T C
S3 156797754 3 156797754 A © S8 94438283 8 94438283 T C
S3 169044562 3 169044562 A G S9 116356519 8 116356519 C T
S3 187437395 3 187437395 A C S9 152528782 9 152528782 T G
S3 187712524 3 187712524 A G S9 20311986 9 20311986 A C
S3 187712599 3 187712599 @ G S9 22106256 9 22106256 T A
S3 220888091 3 220888091 T C

The identification of significant SNP markers will support
and improve breeding drought-tolerant maize. Based on the
application of these SNPs at major gene regions associated
with drought tolerance, materials tolerant to drought can
be found. Through genotyping with 96 SNP markers and
phenotyping under managed drought conditions, it was
initially shown that the drought tolerance of 450 F, families
is inherited from the female line (CML161), twenty-seven F,
familes with these SNP markers related to drought tolerance
and the grain yield from 2.34 to 3.40 tons/ha, equivalent
to the local checks of DK7328 (2.46 to 3.04 tons/ha) and
NK67 (2.33 to 2.80 tons/ha) were found through testing in
the field. These families could be primary materials for the
MRI’s drought-tolerant maize breeding in the future.

Discussion

Through cooperation programmes with CIMMYT,
studies on applying SNP markers in drought-tolerant maize
breeding were conducted with the participation of scientists
from the MRI, which helped the institute gain access to
modern research technologies.
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A number of good materials with drought tolerance, that
are adapted to climate change, and that moreover improve
the research capacity of MRI scientists regarding the
application of SNP markers in maize breeding and towards
mastering maize breeding technology with SNP markers
have initially been developed.

Based on CIMMYT’s results pertaining to genotyping
materials with SNP markers in the course of the Affordable,
Accessible Asian Drought Tolerant Maize and Abiotic Stress-
Tolerant Maize for Increasing Income and Food Security
among the Poor in South and Southeast Asia projects, and
with advice and support from CIMMYT experts, the MRI
studied and genotyped 450 F, families with 96 SNP markers
using the KASP method. Fifty-seven SNP markers related
to drought tolerance were found useful in these populations.
The research results also show that the allele call rate was
87%, which is equivalent to that in studies that currently
apply SNP markers using the KASP method, which have
found a rate of 50-97% [13, 14].

This research can be used as a guideline for the MRI
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breeding maize tolerant to stresses by combining traditional
and biotechnological methods in accordance with current
conditions in Vietnam. At the same time, in order to
develop drought-tolerant materials that are adapted to
climate change in hybrid maize breeding programmes, it is
necessary to continue research that applies SNP markers to
the MRI’s existing germplasm and to enhance cooperation
with CIMMYT and other international institutes regarding
the application of SNP markers in maize breeding.

Conclusions

Based on CIMMYT cooperation programmes involving
phenotyping and genotyping with SNP markers by means
of QTL mapping and GWAS, the MRI initially carried out
genotying three populations including 450 F, families with
96 SNP markers by KASP method, it was shown that 57
SNP markers related to drought tolerance were found useful
to these populations and, through testing them in drought
conditions, 27 F, families with drought tolerance and high
yield were selected as primary materials for breeding stress-
tolerant maize hybrids that are adapted to climate change.
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