-

View metadata, citation and similar papers atm brought to you byj: CORE

provided by Journal of Applied and Natural Science

Journal of Applied and Natural Science 7 (2) : 1057 - 1063 (2015)

Molecular breeding for resiliencein maize- A review

Asima Gazal*!, Z. A. Dar? A. A. Loné, |. Abiditand G. Alit

Division of Genetics and Plant Breeding, Sher-eHfais University of Agricultural Sciences and Techlogy of
Kashmir, Shalimar-190025 (J&K), INDIA

’Dryland (Karewa) Agricultural Research Station, Baoh- 190001 (J&K), INDIA

*Corresponding author. E-mail: asimagazal@gmail.com

Received: March 21, 2015; Revised received: August 18, 2015; Accepted: September 26, 2015

Abstract: Abiotic and biotic constraints have widespread yield reducing effects on maize and should receive high
priority for maize breeding research. Molecular Breeding offers opportunities for plant breeders to develop cultivars
with resilience to such diseases with precision and in less time duration. The term molecular breeding is used to
describe several modern breeding strategies, including marker-assisted selection, marker-assisted backcrossing,
marker-assisted recurrent selection and genomic selection. Recent advances in maize breeding research have
made it possible to identify and map precisely many genes associated with DNA markers which include genes
governing resistance to biotic stresses and genes responsible for tolerance to abiotic stresses. Marker assisted
selection (MAS) allows monitoring the presence, absence of these genes in breeding populations whereas marker
assisted backcross breeding effectively integrates major genes or quantitative trait loci (QTL) with large effect into
widely grown adapted varieties. For complex traits where multiple QTLs control the expression, marker assisted
recurrent selection (MARS) and genomic selection (GS) are employed to increase precision and to reduce cost of
phenotyping and time duration. The biparental mapping populations used in QTL studies in MAS do not readily
translate to breeding applications and the statistical methods used to identify target loci and implement MAS have
been inadequate for improving polygenic traits controlled by many loci of small effect. Application of GS to breeding
populations using high marker densities is emerging as a solution to both of these deficiencies. Hence, molecular
breeding approaches offers ample opportunities for developing stress resilient and high-yielding maize cultivars.
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INTRODUCTION Genomic selection (GS) is selection based on marker
. without significance testing and without identifgima
Plant development and production is affected by Sevyijori a subset of markers associated with thet trai
eral abiotic and biotic stresses all across theldvor (Bernardo and Yu, 2007). Except GS which is still a
(Wani et al. 2013; Pathak et al., 2014). Biotic and (e exploratory stage for plants, all these appresc
abiotic stresses that have widespread yield-reducin e widely and successfully used in the privatdcsec
eﬁects and should_ receive h|gh_ priority for maize (Cooperet al., 2006, Crosbiet al., 2006: Eathington
breeding research include breedln_g for do_vvny m|I-et al., 2007) but less so in the public sector, though
dews, banded leaf and sheath blight, turcicum leakhere is some limited use in advanced institutions

blight, post-flowering stalk rot, stem borers, Wé®V (pyjvedi et al., 2007; Ragot and Lee, 2007). Molecu-
and drought, water logging and acid soils (Gerpaciojy preeding has led to development of plants iezil

and Pingali 2007). Molecular breeding (MB) is the (4 \arious biotic (Roswarnet al. 2012, 2013, Yangt
generic term used to describe several modern brgedi al. 2013) as well as abiotic stresses (Gosal et al.,

strategies, in_cIuding marker a;sisted selection $YA 2009). The potential applications of MB in cropmia
marker assisted backcrossing (MABC), marker ¢ gevelopment disease resilience have been vgll d
assisted recurrent selection (MARS), and genomicgssed by Collard and Mackill 2008; Gupta et al.,
selection (GS) (Ribauet al., 2010). Marker assisted 500g: prasannat al. 2010b, Ibitoye and Akin-ldowu
Selection (MAS) is the selection of specific aliefer 5019 and Xuet al. 2013. Identification of several
traits conditioned by a few loci; Marker assistetl genes and quantitative trait loci (QTL) associath
crossing (MABC) is the transfer of a limited numbér  5pintic and biotic stress tolerance in plants amert
loci from one genetic backg_round to another, inicigd _ mapping has provided an abundance of DNA marker
transgenes. ~Marker ~ assisted recurrent selectioyait associations (Collard and Mackill 2008) ahéyt
(MARS) is the identification and selection of s&ler i only assisted conventional breeders to develop

genomic regions involved in the expression Of syess tolerant cultivars in less time but alsob&na
complex traits to ‘assemble the best performingogen gcientists to clone and characterize such gené& 6Q
type within a single, or across related, population
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for developing genetically modified stress tolerant 10; Ribaut and Hoisington 1998; Saliaaal., 2003).
plants (Kumaret al. 2013). This review discusses By using markers that flank a target gene (e.gs les
about the molecular breeding strategies and redent than 5 cM on either side), linkage drag can be mini
velopments and few successful examples related tenized. Since double recombination events occurring
development of stress tolerance in maize. on both sides of a target locus are extremely nare,
Molecular breeding strategies combinant selection is usually performed usingeast
Marker assisted selection: The use of DNA markers two BC generations (Frisckt al., 1999). The third

in plant breeding is called marker-assisted selacti level called as ‘background selection’ involvesesél
(MAS) and is a component of the new discipline of ing backcross progenies with the greatest propoufo
‘molecular breeding’. There are five main considera recurrent parent genome, using markers that are
tions for the use of DNA markers in MAS viz., reli- unlinked to the target locus (Hospital and Charebss
ability; quantity and quality of DNA required; tedh 1997; Frischet al., 1999) to accelerate the recovery of
cal procedure for marker assay; level of polymasphi  recurrent parent genome. Background markers are
and cost (Collard and Mackill, 2008). The last gear markers that are not linked to the target gene IL @T
have witnessed a continuous evolution of new melecuall other chromosomes, in other words, markers that
lar marker systems from morphological, biochemical can be used to select against the donor genome.

and DNA-hybridization based molecular markers like Marker Assisted Backcross Breeding (MABB) Advan-
restriction fragment length polymorphisms, random tages:

amplified polymorphic DNAs, and amplified fragment MABB can allow selection for all kinds of traits te
length polymorphisms to present-day popular markercarried out at seedling stage and it is faster mode
systems such as simple sequence repeats (SSRs), skccurate.

gle nucleotide polymorphisms (SNPs), and diversity MABB is not influenced by G x E, thus allowing the
array technologies (Dart). Advent of low-cost amghh  selection to be performed under any environmental
throughput sequencing technologies, commonly calledconditions (e.g. greenhouse and off-season nuserie
next-generation sequencing (NGS) technologies havéMABB using co-dominant markers (e.g. SSR and
increased the speed of SSR and SNP discovery. NGSNP) can allow effective selection of heterozygous
technologies in combination with restriction enzgme individuals.

are now ready for detecting genome-wide polymor-The presence of multiple genes governing a pasticul
phism and new marker systems like RAD-tag sequenctrait can be un-ambigously established.

ing, genotyping by sequencing are becoming popularMarker assisted gene pyramiding (M AGP): Marker

It seems that NGS-based marker systems will be domiAssisted Gene Pyramiding means assembling desirable
nating marker systems in future. These new emergingienes from multiple parents into a single genofigpre
marker systems are expected to facilitate enhanced specific trait. Marker assisted gene pyramidiag h
adoption of modern genetics and breeding approachefllowing advantages (Collard and Mackill, 2008).

like genome-wide association studies and genomegnhancing trait performance by combining two or
wide selection that generally require markers ghhi  more complementary genes.

density in crop plants (Mir and Varshney, 2012). Rectifying deficits by introgression of genes from
Marker assisted backcross breeding (MABB): other sources.

Backcrossing is a plant breeding method most com4ncreasing the durability of disease resistance.

monly used to incorporate one or a few genes into a For overcoming the limitations of MAS, MABB, par-
adapted or elite variety. In most cases, the parsedl ticularly when multiple QTLs control the expressiain

for backcrossing has a large number of desiralidat complex traits new approaches like Marker Assisted
utes but is deficient in only a few characteristics Recurrent Selection (MARS) and Genomic Selection
(Allard, 1999). The method was first described 922  (GS) are used (Bernardo, 2010).

and was widely used between the 1930s and 1960Marker assisted recurrent selection (MARS): Phe-
(Stoskopfet al., 1993). The use of DNA markers in notypic recurrent selection involves cycles of sele
backcrossing i.e., marker-assisted backcrossinggMA tion, evaluation and recombination that aims at in-
can be described (Holland, 2004) in three levalstly creasing the frequency of favorable allele withie t
the ‘foreground selection’ were markers are used inpopulation. If the same is based on markers iaied
combination with or to replace screening for thgéhh  as marker assisted recurrent selection (MARS). In
gene or QTL (Hospital and Charcosset, 1997). TheMARS, markers associated with trait of interest are
second level ‘recombinant selection’ involves siter  first identified and selection is based on several ge-
backcross progeny with the target gene and recambin nomic regions involved in the expression of complex
tion events between the target loci and linkedkiliag traits to assemble the most superior genotype mvhi
markers. This reduces the size of the introgressith  population (Ribaugt al., 2010). MARS is a scheme
linkage drag’ (Hospital, 2005). Using conventional which allows performing genotypic selection anaint
breeding methods, the donor segment can remain vergrossing in the same crop season for one cycle-of s
large even with many BC generations (e.g. more tharlection. Therefore, MARS enhances the efficiency of
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phenotypic recurrent selection (Fig.1) and accedsra GS in plants was less studied and large-scale emapir
the progress of the procedure particularly helpstie- studies are not available in public sectors fompla
grating multiple favorable genes/QTLs from diffearen breeding (Janninlet al., 2010), but it has attracted
sources through recurrent selection based on a-multmore and more attention in recent years (Bernardo,
pleparental population. 2010; Bernardo and Yu, 2007; Gebal., 2011; Heff-
MARS involves estimation of marker effects from neret al., 2010, 2011; Lorenzana and Bernardo, 2009;
genotyping k or F; population and phenotyping, F  Wong and Bernardo, 2008; Zhorey al., 2009). In
derived R or Fprogenies, followed by two or three plants, GS was first demonstrated for Maize
recombination cycles based on presence of markethaliana and Barley by Lorenzana and Bernardo
alleles for small effect QTLs (Eathingtehal., 2007).  (2009). Studies indicated that in all cases, aaiesa

In the first step of MARS, de novo QTL identificati provided by GS were greater than might be achieved
is carried out initially, i.e. QTLs are identifidd the on the basis of pedigree information alone (Janetnk
breeding population itself, generally derived from al., 2010). Also, in plants, the importance of genera
good x good crosses. Subsequently, the lines carryi tion time varies between crops, but the goal oficed
superior alleles for maximum QTLs are crossed toing cycle time remains. In maize, a crop that ukas
pyramid superior alleles in one genetic background.bled haploids and off season nurseries, test gess
Recombined lines are then subjected to a final ghen formance selection still requires at least two gear
typic screening to select the best lines for multi- (Bernardo and Yu, 2007), providing an opportundy f
location field testing to release them as varieties GS to reduce unit time per selection cycle by retyic
MARS is particularly useful for capturing the seader the need for progeny test data in every cycle.

genomic regions especially to target more number ofMolecular breeding for bictic stresses in maize:
minor as well as major QTLs. Therefore, genetimgai Various biotic and abiotic stresses have widespread
achieved is higher by MARS as compared to theyield-reducing effects on maize (Gerpacio and Hinga
MABC program (Bernardo and Charcosset, 2006). 2007). QTLs that have been utilized in resilience
Genomic selection (GS): Genomic selection (GS) is a breeding programmes are discussed below with few
form of marker-based selection, which was defingd b examples from turcicum leaf blight, Polysora rust a
Meuwissen (2007) as the simultaneous selection fodrought tolerance.

many (tens or hundreds of thousands of) markersPowny mildew resistance: High priorities are given
which cover the entire genome in a dense manner sto downy mildew resistance development and several
that all genes are expected to be in linkage dilbgu QTLs governing downy mildew resistance have been
rium with at least some of the markers. In GS geno-identified and significant one mapped on chromosome
typic data (genetic markers) across the whole genom6 using a RIL set developed from crosses betwe8&n Ki
are used to predict complex traits with accuradfi-su (resistant) and CML139 (George, Prasanna, and Ra-
cient to allow selection on that prediction aloSelec-  thore 2003). In the Asian Maize Biotechnology Net-
tion of desirable individuals is based on genonsiti-e  work (AMBIONET) study, 135 RIL families were
mated breeding value (GEBV) (Nakaya and Isobe,evaluated for downy mildew reactions (during year
2012), which is a predicted breeding value caledlat 2000 and 2001) at different locations, viz., Mandya
using an innovative method based on genome-widgsouthern India) against sorghum downy milde®v (
dense DNA markers (Meuwissehal., 2001). A flow  sorghi); at Farm Suwan (Thailand) against sorghum
diagram of a genomic selection breeding program isdowny mildew P. zeae); at Maros (Indonesia) against
described in figure-2. GS does not need significantJava downy mildewR. maydis); at Udaipur (western
testing and identifying a subset of markers assedia India) against Rajasthan downy mildeR. heteropo-

with the trait (Meuwissesmt al., 2001). In other words, goni); and at Southern Mindanao (Philippines) against
QTL mapping with populations derived from specific Philippine downy mildewR. philippinensis). AMBIO-
crosses can be avoided in GS. However, it does firsNET study identified three SSR markers viamcli,
need to develop GS models, i.e. the formulae forumc23a, and umcl13 linked tightly to the QTL on
GEBYV prediction (Nakaya and Isobe, 2012). In this chromosome 6, suggesting their possible use for MAS
process (training phase), phenotypes and genome-wid(Prasanna and Hoisington 2003). In India, QTL each
genotypes are investigated in the training popafiaa = on chromosome 3 and 6 were identified and validated
subset of a population) to predict significant tiela from backcross mapping population developed by a
ships between phenotypes and genotypes usingdistatis cross between NAI116 (Sorghum downy mildew resis-
cal approaches. Subsequently, GEBVs are useddor thtant) and CM139 (Nair, Prasanna, and Garg 2005).
selection of desirable individuals in the breeding Marker assisted backcross breeding generated sorghu
phase, instead of the genotypes of markers used idowny mildew resistant line (CM139) and significant
traditional MAS. For accuracy of GEBV and GS, ge- number of QTL-NILs which would be further used to
nome-wide genotype data is necessary and requirdevelop resilient maize cultivars (Prasanna 2009a).
high marker density in which all quantitative trkdti Identification and mapping of major QTLs helps in
(QTLs) are in linkage disequilibrium with at leasie developing DNA marker trait associations (Collandl a
marker. Mackill 2008) which help in developing resilience i
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Fig. 1. Recurrent Sdection Scheme (comparison between
Phenoypic recurrent sdection and marker assisted recurrentse-
lection), (Source: Bernardo, R., and A. Charcosset. 2006. Use-
fulness of gene information in marker-assisted recurrent se-
lection: a simulation appraisal. Crop Sci. 46: 614-21).

susceptible cultivars and also chances for suagessf

(Ines have already
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Fig. 2. Flow diagram of a genomic selection breeding pro-
gram. Breeding cycle time is shortened by removing pheno-
typic evaluation of lines before selection as parents for the
next cycle. Model training and line development cycle length
will be crop and breeding program specific. (GEBV = ge-
nomic estimated breeding value) (Heffner et al., 2009).

application of MAS for resistance development are R15 (resistant) and 478 (susceptible) were useokeio

better when QTLs are identified in the germplasm.
Turcicum leaf blight and polysora rust: Molecular

QTLs conferring resistance to BLSB. Four QTLs out
the eleven significant QTLs for resistance (locaded

marker assisted pyramiding of major genes governingchromosomes 2, 6 and 10) were stable across loca-

resistance to turcicum leaf blight and Polysora s
elite five Indian lines viz., CM137, CM138, CM139,

tions, accounting for 3.72-10.35% of the phenotypic
variation (Zhaoet al. 2006a, b). In another study in

CM140 and CM212 has been achieved at Indian Agri-India, a F2:3 mapping population was generatedgusin

cultural Research Institute (Prasang@aal. 2010a;
Prasannat al. 2009b). Turcicum leaf blight resistant
genes i.e.HtnlandHt2 along with a QTL RppQ) for
Polysora rust from four resistant donors viz., NAI7,
SKV 21, NAI 112 and SKV18 were pyramided to-
gether by generating seven different backcross lpepu
tions.

Northern corn leaf blight resistance (NCLB): Stud-
ies on resistance to NCLB point to a complex geneti
nature with many quantitative trait loci distribdtge-
nome wide (Van Inghelandét al. 2012; Polandet
al. 2011). Genomic selection in maize for predictién o
northern corn leaf blight resistance was employgd b

CA00106 (BLSB-tolerant) and CM140 (BLSB-
susceptible). Phenotyping was undertaken usindi-arti
cial BLSB inoculation at three locations (Delhi,rta
nagar and Udaipur) which are ‘hot spots’ for the-di
ease. QTL mapping revealed location-specific QTLs
for BLSB resistance, with most of the favorable QTL
alleles contributed by the resistant parent CA00106
The study also led to identification of three QTos
chr. 6, 8 and 9) with significant epistatic interans
(Garget al., 2009). The studies on BLSB in Asia have
so far revealed a high degree of genotype x environ
ment interaction, and complex nature of inheritante
resistance to the disease. It is important to Bifgn

Technow, Burger, and Melchinger 2013 by using &fforts to identify stable and additional sourcéses
training sets combining both heterotic groups thgre ~Sistance to BLSB and improve the disease resistaince

increasing prediction accuracies.

Genomic BLUP present maize hybrids.

model was used to predict genotypic values of 100Molecular breeding for abiotic stresses in maize

dent and 97 flint lines which were genotyped wiidphh

-density SNP marker and phenotyped for NCLB resis-

tanceper se.

Banded leaf and sheath blight (BLSB) resistance:
The BLSB disease, caused Rlyizoctonia solani Kuhn

in maize, is one of the most destructive and ingurt
diseases of maize in South and Southeast Asia. Ve
few sources of resistance to this disease have be

drought tolerance: Breeding drought tolerant maize is
the most focused research worldwide as maize is
highly sensitive to drought mainly during reproduet
stages. Marker assisted backcross breeding wasased
incorporate several QTL alleles for short interbal
tween anthesis and silking (ASI period) from Ac7643

;grought-tolerant) donor to CML247 (Ribaut and

agot 2007). A major QTL, Root-ABAL1 identified by

found. In China, a mapping population consisting of Giuliani et al. 2005 is related to root development

229 F2 individuals derived from the cross of intsred

along with abscisic acid levels in leaf under water
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stress and with stomatal conductance. Recent trendte soil surface (ARF-SS) under flooding conditiorese

and advances in molecular breeding in India anech&hi
(Prasannat al. 2009a; Hao, Li, and Xie 2008; Xiao,
Li and George 2005) have led to identification &flL@
associated with tolerance to drought toleranceifterent
chromosomes (Prasanefal. 2009a). QTLs identified
from recombinant inbred lines (RILs) on chromosdine
2, 8 and 10 were found to influence specific traitsler
drought stress. Also, a digenic epistatic QTL ferriel
number per eaunder drought stress was identified
(Prasannat al. 2010b). Analysis of a mapping popula-

undertaken in the seedlings of 317 ;BCprogenies de-
rived from a cross between elite maize Mi29 anditte
Zea nicaraguensis (Mano et al. 2009). From interval
mapping analysis and single point regression th&sQT
for ARF-SS were detected on chromosomes 3 (bin),3.04
7 (bin 7.04) and 8 (bin 8.03) (Mambal. 2009). Six QTL
(ph6-1, sdw4-1, sdw7-1, tdw4-1, tdw7-1 and rl1-2,) were
identified at seedling stage associated with pheaight,
shoot dry weight, total dry weight root length aadt dry
weight, detected at three stages viz., the periodg O to

tion (F,.3) derived from the cross between drought tolerant3 days, 3 to 6 days and the period during 6 toy3 d&

line X178 and B73 [at the Chinese Academy of Ad¥icu
tural Sciences (CAAS)] (Xiao, Li and George 200apH
Li and Xie 2008) at different locations in centeatd
southern China resulted in detection of a major @arL
ASI (anthesis silking interval) and ear number jplant

waterlogging by Osmaet al. 2013.
Conclusion

Molecular Breeding offers opportunities for plamedx-
ers to develop cultivars with resilience to dissaséh

under drought stress on chromsome 1 (bin 1.03) angyrecision and in less time duration as discussedeab

chromsome 9 (bins 9.03-9.05), which corresponaioes
major QTLs identified in different experiments on
drought stress worldwide (Tuberosa, Salvi and &li
2007). Such ‘consensus QTLs' identified in maize fo
drought tolerance would be utilized in marker-dedis

MB approaches like MAS, MABB, MARS and GS have
provided various new avenues and opportunitiepléort
breeders which are quite evident from the adoysiot
success of these approaches in many cases in almost
every crop. MB is an efficient approach to incregse

breeding programmes as good candidates to improv@etic gain per crop cycle. Hence, efforts of planeeders,

maize production and productivity under droughtdion
tions (Prasannd al. 2010b). Almeidat al. 2013 evalu-
ated three tropical bi-parental (CML444 x MALAWI,
CML440 x CML504; CML444 x CML441) populations
under well-watered & water-stress treatments inylden
Mexico, and Zimbabwe to identify genomic regions re
sponsible for grain yield (GY) and anthesis-silkinggr-
val (ASl). Meta-QTL (mQTL) analysis identified one
genomic region for ASI and seven regions for GY.

molecular biologists and scientists in meeting fibed
requirements on a sustainable basis for ever isioga
population are not hampered. Molecular breeding and
conventional breeding are complementary in mosdre
ing programmes as there are various issues ank-bott
necks which hinder MB strategies especially in dleve
oping countries like high cost, non availabilitydan
complexity of molecular platforms, reliability of
marker profiling and scoring, limited markers aret d

Among these six mQTL were expressed on chromosomegree of polymorphism, gene / QTL x E effects, latk

1, 4,5 and 10 for GY were across treatments avidoen
ments. One mQTL on chr.7 for GY and one on chr3 fo
ASI were found to be ‘adaptive’ under stress camakit
These mQTL regions can be effectively used in tHe&M
and MARS programs for developing drought tolerance.
Excess soil moisture (ESM) tolerance: Excess Soil
Moisture affects over 18 per cent of the total mgrzo-
duction area in South and Southeast Asia, causing p
duction losses of 25 to 30 per cent annually (Zetici.
2010). In India, water logging is the second mesibsis
constraint for crop production after drought. Sfigant
QTLs have been identified for waterlogging tolemat
seedling stage (Qiu et al. 2007). Maahal. (2005) identi-
fied QTLs on chromosomes 3, 7, and 8, for adveunsti
root formation under excess soil moisture condifiom

F, population of a cross between a maize inbred B6d,
and teosinteZea mays ssp.Huehuetenangenss). Simi-
larly, Manoet al. (2009) identified QTLs controlling con-
stitutive aerenchyma formation under flooding ctiods

on chromosomes 1, 5, and 8 from cross betweeneamoth

teosinte accessiorZéa mays spp. Nicaraguenss) and
maize inbred line B73. The production of NILs wétich
QTLs in maize would be beneficial for improvemeht o
tolerance towards excess soil moisture. QTL arslysi
map the genes controlling adventitious root foramatn

equipment, resources, technical expertise and ddck
application gap. Thus, to meet these challengesan
lecular breeding, platforms (policies) need to beeat
oped to reduce cost and to optimize MARS and GWS
procedures to identify high-yielding, resilient asic-

ble genotypes (with low G x E x M). The emergente o
public—private partnership platforms for acces3ug
tools with support services and ever increasingatem
for improved disease resilient varieties to courer
food crisis throughout the globe predict that MBEats-
gies will have a significant impact on crop impreve
ment breeding programmes prevailing in developing
countries.
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