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resisiance is accomplished using conventional or

MSV tolerant maize plants have been developed
paper reviews the current

Saharan Afvica.

INTRODUCTION

Maize (Zea mays L.) is the third most popular
cereal crop worldwide (FAO, 2010) after wheat
and rice. It is a major food source in many

- developing countries of Latin Anierica, Africa and

Asia (Sofi et al., 2009) and ab®ut 15 % of the
global output is consumed annually. At global
level it accounts for 15 % of proteins and 20 % of
calorie intake (Sofi.ef al., 2009). Although maize

productivity is seriously threatened by over 32

viruses, the most economically important is the
Maize streak virus (Thottappilly et al., 1993).
Maize streak disease (MSD) symptoms are
influenced by several factors including the level
of resistance or susceptibility of the mai;e
genotype, age at infection, virulence of the strain
and environmental factors (Bosque—Pérez et al.,
1998; Salaudeen ef al., 2010, 2011). In suspﬁ:ptible
maize plants streak disease normally manifests as
minute, pale, circular spots on the lowest exposed
portion of the youngest leaves. As leaves expand,

-cunspicunus chlorotic streaks ranging from

broken to almost continuous streaks are evident
along the veins on most of the leaf laminae and.
since the virus is systemic, symptoms manilest on
the inoculated and subseq uent  leaves
(Thottappilly ef al., 1993). As infection advianccs
less streaks are found on the primary veins
compared to the secondary and tertiary velns.
[ esion colour is either white or yellow, but some

MSV strains induce red pigmentation on maize

leaves and abnormal shoot and flower bunching in
E !
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eeming population is a herculean task in sub-Saharan Afrfcq (S54), wher;e 3

! for millions of i

_ : mited by an array of biotic and abiotic fact > ' *
infecting maize. Maize strack vitws (RESY: y of _ f{.zc ors, Afn?n:g' the several viruses :
, genus Mastrevirys, Jamily Geminiviridg 2) is the most

economically important in the sub-region. Maize stredk virys induces
infected plants, necrosis, dieback,

white chlorotic streak|on the leaves of

ity. Incidence and yield losses vary from 0 to 100 %

gogenic genes. Of the various control Strategies recommendled, adoption of

the most cost-effective, efficient and sustainable Bregding for MSV
Marker-Assisted Breeding (MAB). In addltion, transgenic
g the mutated MSV replication assoclued gene. This =
ies for maize streak virus disease refistance in sub- =

grasses (Shepherd er al., 2010). THe streak pattem -
arises from the failure of chloroplasis to develop ~
in tissues surrounding the vakcular bundles
(Bosque-Pérez, 2000), and thi{ reduces the
photosynthetic ability of the plant|(Mesfin et al.,
1995). Immuno-histochemical |studies have
demonstrated that the virus is regticted only to |
vascular tissues and does not imfade the apical
meristems within the .shoot apex. [t -onversely, In
mature tissues which exhibit str¢ak symptoms,
MSYV is not limited to vascular tiss{ic (Lucy ef al.,
1996). Infection is more severe i| vounger than
older plants and early infection res\lts in stunting,
small sized ears or complete yield [loss. Infection

. of young plants can lead to plant d{ath (Shepherd

et al., 2010).

It 1s somewhat difficult to asse¢s the overall
economic importance of MSV 1h any region
owing to variation in disease inci¢ence between
seasons and the effect of growth siage at time of
infection on the magnitude c¢f yield loss
(Fajemisin ¢/ al., 1986a). However, |i' ranges from
0 to 100 % (Alegbejo er al., 2902). Infected
seedlings may die or produce no sefd and. plaﬂff
infected at the second, sixth and tcfth leal stages
suffer about 55 %, 40 % and 25 "« {osses 11 }grallj
weight, respectively (Bock, 1982, IBosque-Perez

ool 2001).

and Buddenhagen, 1999; Kail -’*"‘”"I i
Additionally, MSV outbreaks |resulling
; rted In J\ €l

economic yield losses have bt‘cﬂjtup ' T B
.'-~.! . 1 s =

20 countnes in Afiica (kim er ai
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Africa, yield reduction of about 33 — 56 % has
" been reported (Gutherie, 1977). Also, yield losses
of up to 100 % have been confirmed in many
countries of West Africa and Zaire (Fajemisin et
‘al., 1986b). Experiments conducted at the

- International Institute of Tropical- Agriculture
i (IITA) between 1978 and 1981 reported an
~average yield reduction of about 70 % to MSV
_infection (Kim ef al., 1981). o

‘Management of MSV is quite challenging owing
to the variability of the pathogen, susceptibility of
* locally adapted varieties and highly variable
_.J; - leathopper vector migratory and survival pattems.

. Control strategies include crop rotation, timely
. planting, chemical seed treatment, roguing,
"L insecticidal control of insect vectors and host
‘plant resistance. However, the use of resistant
maize genotypes which are cost-effective, safe,
=" sustainable and compatible with integrated disease
% . management (Pratt e/ al, 2003; Ngwira and
7 * Khonje, 2005) is the best option (Danson er al,,

g
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conventional approach  which 1s  often
_characterized by delay and association of
undesirable trait. There is a renewed attempt to
explore marker-assisted selection (MAS) (Foolad
and Sharma, 2005). It is an approach it which
selection of individual plants is based on their
genotype. Marker-assisted selection involves the
use of deoxyribonucleic acid (DNA) markers for
determining the presence of gene- (s) of interest
such as drought and disease resistance. Molecular
markers are tags or signposts indicating the
presence of gene of economic importance on the
chromosome of a plant. Generally, they help to
facilitate the development and availability of
desirable varieties (Mungo and Hoisington, 2001).
Marker-assisted selection can be wused for
mtrogression of major quantitative trait locus
(QTL) (Abalo er al., 2009). Therefore, this
‘strategy enhances the possibility of selecting
desirable genotypes more effectively. This paper

reviews the current status of breeding activities

for maize streak virus disease resistance in sub-
Saharan Africa.

= :2006). Several sources of resistance to MSV have
2 " been reported in maize genotypes including Mex.
%}F 375 and Yellow Bounty (Etienne and Rat, 1973),
& TZ-Y (Tropical Zea Yellow), and IB32 (Kim er
@& al, 1989). Genetics of resistance has been
% . wvariously described as being monogenic or
- oligogenic (Kim ef al., 1989; Kyetere ef al., 1995;
I Pemnet ef al., 1999a, b) depending on the source
"~ and sophistication of the technique employed.

.~ " Development of resistant varieties makes use of

11
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‘MSV  contains. a single, co

Properties of Maize streak yirys
Maize sireak virus is a member -nf the gcnuﬁ |
Mastrevirus (family: Geminivirid e) (Willment et
al., 2001). Geminiviruses are plant viruses having
monopartite or bipartite circular |

single-stranded
DNA (ssDNA) genomes. They ate 2.5 — 3.0 kb

particles of 20 % 30 nm in size (Frischmulth and
Stanley, 1993). The Geminiviridae comprises four
genera (Mastrevirus, Curtovirus, Topocuvirus and
Begomovirus)  based on eir genome
organizations and biological properties (Fauquet
et al., 2003). The particle measures 18 x 30 nm in
size (Bosque-Pérez, 2000). Eacl virion of the
lently bound,
circular, ssDNA molecule of |about 2.7 kb
(Francki ef al., 1980; Rybicki et 4l., 2000) which
codes for four potential products (Isnard ef al.,
1998). Replication occurs through double-
stranded DNA (dsDNA) intermediates, using a
rolling circle replication mechanism (Laufs ef al.,
1995a, b). Geminiviruses do not encode their own
DNA polymerases but rely on the nuclear DNA
replication machinery of the host (Munoz-Martin
el al., 2003). Recent studies haye proved that
‘recombination—dependent replication’
mechanisms are also involved in Geminivirus
replication (Jovel et al., 2007).| In replicative
dsDNA molecules, genetic expresdion arises from
both strands, and diverges froml an intergenic
region containing the virion — gense origin of
replication. Rolling circle replicalion begins by
binding of the virus replicatioy — associated
protein (Rep) to the virion—strand origin of
replication, where the protein begins and
terminates virion strand DNA synthesis (Stenger
et al., 1991; Willment ef al., 2007). Maize streak
virus Rep consists of two compl¢gmentary sense
open frame (ORFs), Cl and C2. Sgliced transcript
(Rep) or unspliced transcript (Rep |A) is produced

" from the C1:C2 containing an infron. Although

MSV replication is facilitated by Rep alone (Liu
et al., 1998), Rep A plays a variely of important
additional functions during its life cycle. Such
activities include the modulation of host cell cycle
regulation, and probably other| development
pathways (Gutierrez, 1999). Also|present in the
MSYV genome are the movement prptein (MP) and
the coat protein (CP). The forme} enhances _the
movement of the virus from the sitg of replication
(nucleus) to adjacent cells (Boulton, 2002).
Conversely, CP is responsible for the
encapsidation of the wviral nucieic ﬂﬂ_ld and
determines virus — vector interactid{nﬁ (Briddon ef
al., 1990). Additionally, MSV QP'bfnidsl n?;;
specifically to both ssDNA and dsDNA; 1t 153; 2
required for cell-to—cell and systfmwd&prfﬁam
the virus in plants (Liu ef al., 2001); and 1M -
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specifically with MP to move virus DNA out of

the nucleus.

Genetics of MSV disease resistance

Investigations into the genetics of plants
resistance to MSV started in South Africa using
the cultivars Peruvian yellow (Fielding, 1933) and
cv Arkell’s Hickory. A hybrid (P x H) of these

two cultivars was later used as an MSV -resistance

dm?m (Rose, 1936). In P x H inbred lines,
resistance was found to be mainly controlled by

an incompletely dominant gene, deviation fiom |

theoretical segregation ratios being attributed to
modifying genes (Storey and Howland, 1667).
However, other workers ascribed MSYV resistance
to simple inheritance with apparently strong
dominance component (Fourie and Piennar,
1983), and five dominant genes (Engelbrecht,

1975) of quantitative inheritance (Rose, 1938;

Gorter, 1959; Lazarowitz, et al., 1989). Soto et al.
(1982) found that resistance in inbred TZ-Y was
simply inherited, but Kim e al. (1989) reported
that resistance in inbred IB32 was quantitatively
mherited through additive action of several genes.
Rodier ef al. (1995) found that resistance in CVRj;
— G, nvolved loci with major genes controlling
‘high to complete resistance, and a locus with
minor genes controlling partial resistance. The
major ‘system’ was said to be monogenic or
oligogenic. Conversely, the ‘munor system’ was
speculated to be polygenic. Similarly, Pernet ef al.
(1999a, b) identified a major QTL in the same
genomic location on chromosome 1S, and
postulated that MSV resistance was under the
control of two genetic systems: one arising fmn? a
major gene on the short arm chromiosome 1 m}rlth
dominance effect (Msv-/). and with other minor
genes on chromosomes 2, 3 and 10 that confer
quantitative resistance. Additionally, Kye:tr:l.'e et
al. (1999) used molecular markers to identify a
single, partially dominant gene on the short arm of

chromosome 1 (Msv-1) in Tz4. Since there was
no other genomic region associated with MSV

resistance, it was described as bemg monogenic.

Sources of resistance genes to maize streak
virus disease | |

Following the discovery of MSV resistance in the
maize genotype P x H and SA31 (Fielding, 1_933;
Rose, 1936), Gorter (1959) n_?pnr’u:d resistant
varieties including 3NA (Rhodesia), 29-29A-5-4,
Max 37-5 and Vrg. 54, and *Y?l]ﬁﬂw Bqunty‘.
Additionally, some maize lines of Lulnmblgand
Mexican origin were identified to have combined

sistance to rust and MSV infection (Rubaihayo,
- Thece lines were LlSE‘d 1O dE‘VE’l{Jp the

« AT AN
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variety “White Star”. In Kenya IRAT and KAF
found resistance in ‘La Revolution’. This sourc
of resistance has been demonstrated to }
generally effective. In West Africa, efforts f
identify sources of MSV/| resistance began |
Nigena in 1970s, following thw epidemics of 197
(Fajemisin er al., 1976). Although some plan
were observed to show an appreciable level ¢
tolerance, they could not be fixed as resistaric
sources due to lack of reliable artificial screenin
technique. In 1975, IITA | scientists selected
source of resistance from [the population TZ-
developed from a cross between Planta Baja [fror

the Centro Internacional de Mejoramiento d
Maiz y Trigo (CIMMYT)] and some East Afric

germplasm. This source was maintained throug
continuous selfing under ar;ﬁcial streak 1nfectio
and named IB 32. It has since been widely utilize:
at [ITA and in many national and regiona

programs across Africa to improve the susceptib]
varieties (Fajemisin et al., 1984). '

Breeding metkods for nesistance to maiz
streak virus disease
From time immemorial, breeding crop cultivar
that are resistant to diseaser has been the majo
goal of the plant breeders| Breeding activitie:
designed to improve grain yjeld in MSV endemi
regions usually require a [good knowledge o
combining ability of the breding materials to be
used (Gichuru et al., 2011), Breeding for MSV
resistance began in tropical| Africa in 1960s. Ir
Nigeria, attempts to develop treak resistant maize
cultivars started at IITA in| 1975 and by 1979
usable resistance had been identified and tested or
a large scale (IITA, 2012). [The strategy adoptec
was based on avoidance of virus strain specificity:
large scale vector rearing and field infestation tc
enhance early infection; [selection only for
tolerance when infected; and not separating virus
resistance selection from simultaneous selection
for yield; adaptation and |resistance to other
diseases of importance in jeach target ecology
(Buddenhagen and Bodque-Pérez, 1999).
Breeding for MSV resistance is being conducted
al conventional and molecylar levels. In 1966,
breeding for MSV resistance commenced and‘b}‘
1975 some prominent research institutes including
IITA, the National Agricultural Research Systems
(NARS), and later ,MMYT; (Centro
Internacional de Mejoramiento de Maiz y Trigo)
were keenly involved. This was ﬂ!mﬁd to det’f‘lP}l?
maize varieties that combine MSV resistance wit
other desirable agronomic ch{iracters {I:'akn:'edﬁ el
al., 2001). Currently, markqr assisi€d brfedu;f
(MAB) is being explored| to speed up |
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.dcvelopment of resisiant maize genotypes, at

reduced costs (Abalo et al., 2009).

f Conventional breeding for MSV resistance
" Selection criteria: The first task is to select plants
~ with phenotypic resistance to MSV. During the

early growth stage seedlings are inoculated with

. the virus. The imfected resistant plant is retained

while the uninfected or highly susceptible plant is
removed from each stand. Where both plants
exhibit MSV symptoms the more tolerant is

- retained. Also, where both plants are not infected,

the more vigorous one is retained (Fajemisin ef
al., 1984). At tasseling, plants exhibiting
resistance to MSV and desirable agronomic
characteristics (low ear-and plant-height and
resistance to other prevailing diseases) are

selected. Recurrent selection scheme is then

undertaken.

Recurrent selection scheme: It is a  two-phase
method involving population formation and
improvement. During the population formation
susceptible selected germplasm is crossed with the
streak resistant variety with minimum of 200 ears.
At the IITA, Ibadan, Nigena, Tropical Zea Streak
Resistant-W-1 (TZSR-W-1) and Tropical Zea
Streak Resistant—Y-1 (TZSR-Y-1) were the first
streak resistant populations with a broad genetic
background ever developed (IITA, 1981; Kim ef
al., 1981), and used as MSV resistance gene
donors. In practice, the F, is planted as a balanced
bulk and selfed to produce also a minimum of 200
ears. These are then grown ear- to row and half-
sib recombination done under MSV disease
pressure. The product is further subjected to one
to three more cycles of half-sib recombination in

order to ensure a complete recombination (Efron
eral., 1989).

Population improvement

T'he populations formed are subjected to recurrent
selection through multi-location international®
testing tnals. Several MSV resistant populations
have been maintained and improved under this
technique. The procedure was designed by
CIMMYT but later modified by IITA for a
number of reasons mcluding high costs and highly
x-anabl.e data generated. It 1s a two-year scheme
comprising  formation of reciprocal full-sib
famihies (normally 250 full-sibs) dunng the first
seasorn of the first year, and international testing in
six locations using two replications per location,
in the second season. Activities in the second year
include within — family improvement of selected

Journal of Agriculture and Agricultural Technology 6(1), 2015

families across locations through self-pollination
of selected plants in each full-sib| family in the
first season, and half-sib recdmbination of
selected S, families to re-synthesize the
population for the next cycle of improvement in
the second season. After each intémational full-
sib testing, experimental varieties ae obtained for
recombining the best 10 families of each testing
site, together with one variety based on selected
families across all the progeny testing locations
(Fajemisin et al., 1984; Efron et al., 1989).

Intra—pnpuiation improvement

- This is usually done where some resistance can be

found even at a very low frequency in high-
yielding and locally adapted ;:J:}pulatinns or
varieties. The resistance level and frequency 1is

" then increased gradually withouf altering the

genetic make-up of the popylation. Intra-
population improvement can also be employed
even if MSV resistance gene canndt be identified
within the population in the variety. This is
carried out if only a small pmgﬂ-urtinn of the
population is being crossed with an appropriate
streak resistance donor. Few resistafit progenies of
such a cross can be released into th¢ population to
initiate the gradual build-up of resistance (Efron ef

al., 1989),
Backcross
The backcross conversion program [began in 1980
at IITA, Ibadan. It basically involves evaluation of
maize varieties under MSV diseas¢ pressure and
several other environments under streak free.
conditions. The wvarieties developed after the
backeross 2 (BC,;) and backcross 4 (BCy)
generation are compared with the| recurrent and
dornor parents (Efron ef al., 1989). It is possible to
obtain streak resistant varieties afjer the second
backcross, under streak pressuge conditions.
Investigations have shown that wlien an open -
pollinated i1s being upgraded by }aclccmss, four

backcross generations are adequpie but more
backcross generations might be required if better
recovery of the recurrent parents gdne frequencies
is intended (Efron er al., 1989).

The convectional is said to be time ¢onsuming and
very depended on environmental ¢onditions, the
use of MAS is very essential. For instance, n
conventional method 8 — 12 years jre required t.n
breed a new variety (Abalo ¢ al.. 2009).
Conventional breeding for MSV rel;istance 15 less
preferable because more than on€ guchr..mfers
resistance and due to association of L::1c|5~5_1Frnhie
traits with resistance (Shepherd ¢ @/ 20070L)

Molecular breeding for MSV reslrlnce

-
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Undoubtedly,  molecular breeding 'wnijld
contribute  significantly to food security in
developing countries (Ribaut ef al., 2010).

However, the success of MAS for complex traits

requires an accurate identification of OIL
position and the magnitude of their effects
(Willcox et al., 2002). The QTL is then mapped at
specific regions of the susceptible maize
genotypes (Redinbaugh ef al., 2004). Marker-
assisted selection operates on the principle that it
1S possible to predict the availability of a gene
from the presence of a marker that is tightly
linked to the gene. Thus if the marker and the
gene are widely Jocated on the chromosome there
1s less likelihood of being transmitted to the

offspring, owing to  double Crossover
recombination (Drini¢ ef al., 2004). |

Studies have shown that the presence of several
strains or races of a pathogen could impede the
application of MAS. There is no consensus
regarding the number of genes controlling MSV
resistance. Where resistance is conditioned by a
single dominant gene MAS is simplified but such
resistance may not be durable if case of
emergence of a severe strain of the pathogen. On
the other hand, where resistance is conferred by
several genes, gene pyramiding could be
undertaken. Therefore, molecular marker
technology offers the tools needed to identify,
select and combine favourable alleles via
genotypic selection (Sanford et al., 2001).
Marker-assisted breeding could be wused to
maintain virus resisiance alleles even in the
absence of infection (Redinbaugh er al., 2004).
Molecular markers are useful in identifying and
pyramiding of unique genes governing disease
resistance. Also, they can be used to define the
number of genes influencing a trait, the rnagnitude
of their effects, and serve as a strong point for
map-based cloning. Abalo ef al. (2009) re:p:;:rtad
that MAS method was cheaper than conventional

selection by 26 %.

Several marker systems have been employed for

tic analysis including restriciion fragment
genet ) RSO, o

length  polymorphisms
amf]iﬁed polymorphism  DNAs (RAPDS),
amplified fragment length  polymorphisms

(AFLPs), and simple sequence repeats (SSRs).For
instance, Mafu er al. (2014) LlSi:i'd SS.ng to
genotype some maize ]tnf;s for MSV resistance
genes. Much of the QTL analyses ﬁ::rr_ MSV
resistance genes relied on the application of
RFLPs (Welz, 1998; Kyetere ef al., 1999), S.SRS
(Danson er al. 2006, Lagat ef al., 2008). Single
nucleotide polymorphisms (SNPs) have been used

14

~polymorphisms are quit
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 extensively in QTL genotyping for a number

traits (Ribaut er al., 2010) i maize, includi

resistance to MSV (Nair al, 2015). Sing
nucleotide pu]mnrphi{m refers to {]
polymorphism occurring between DNA samp
with respect to single base (Jehan ar
Lakhanpau], 2006). gﬂqgle nucleotic
abundant molecul,
markers in plant genome. ]t has been documente
that on the average, two ndomly sampled maiz
DNA sequence has one SN every 104 base pai
(bp) (Tenaillon, 2001). Isewhere, it has bee
(discovered that in maize genome there is one SN
per 20 bp. Therefore, SNPs have become th
marker of choice due tJ:: their abundance i
genome, and ability to proyide basis of a superio
and highly informative genotyping assay (Jehas
and Lakhanpaul, 2006). imhermur:, SNPs ar

less mutable as compared to other markers
particularly microsatellites| Thus, the low rate o
genetic mutation make them evolutionarily stabl
and excellent markers for studying compley

- genetic evolution, A.lth{iud;h SNPs require higt

quality DNA, they are |easy to use, highly
automated, reproducible, and cost effective. |

Single nucleotide polymorphisms detection and
genotyping within a genetic locus can be
accomplished using severa] techhiques including
Cleavage assay (Huang ef|al., 2002), reduced
representation shotgun S) (Altshuler er al,

2000),  elecrophoretic  assays, temperature
modulated  heteroduplex | assay (TMHA),
fluorescence resonance. erfergy transfer, alpha

screen, capillary array electrophoresis (CAE),
electrochemical detection | of mismatches in’
nucleic acids (EDEMNA), | microarrays, genetic:
bit analysis (GBA), padlock probes, pyTO:
sequencing, and invader | assay (Jehan and
Lakhanpaul, 2006). Maize jtreak virus resistant’
maize genotypes have also been developed using'
dominant negative mutants of the virus’ |
replication-associated  profein  gene  (Rep).
(Shepherd et al, 2007a, H, 2014). The MSV
resistance inherited was effective up to the T;
generation. Such plants were able to delay
expression of streak symptom when inoculated
with the virus.

CONCLUSION

Maize i1s a staple food sou
eople 1n  sub-Saharan .
grnguctivity 1s seriously constrained by Marzf
streak virus. Although s¢veral managemfn[
strategies are being employec the use of FESISIEE_-
genotypes remains the most v able and sufsra];;aq ’
measure. Breeding of maize germplasm for M=

rce for millions of
Africa. However,
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resistance 1s of high priority in research institutes
mcluding IITA and CIMMYT where resistant

| Briddonﬁ R. W., Pimner, M. S

, Stanley, J. &

donor varieties are used to

improve the
susceptible genotypes. Such breeding efforts now

give preference to MAS in order to save the long
time and high costs associated with conventional

breeding. '

REFERENCES |

Abalo, G., Tongooma, P., Derera, J. & Edema, R.

(2009). A comparative
conventional and

Science, 49: 509.520

analysis of
marker-assisted
selection methods in breeding Maize

- streak virus resistance in maize. Crop

Alegbejo, M. D, Olojede, S. O, Kashina, B. D. &

Abo, M. E. (2002). Maize streak
Mastrevirus in  Africa:  distributi on,
transmission, epidemiology, economic

N el Sy
v

45,

_. v
S Y 2
o L] ’

Altshuler, D., Pollara, V. J, Cowles, C. R, Van
Etten, W. J, Baldwin, J., Linton, L.&
Lander, E. S. (2000). An SNP map of the
human genome generated by reduced

representation shotgun sequencing. Nature,
407:513-515.

-Bnck, K. R. (1982). Geminivirus diseases in
tropical crops. Plant Disease, 66: 266-
270.

Bosque-Pérez, N. A. & Buddenhagen, 1. W
(1999). Biology of Cicadulina leafuoppers
and epidemiology of Maize streak virus
disease in West Africa. South African
Journal of Plant and Soil, 16: 50-55.

Bosque-Pérez, N. A, Olojede S. 0. &
Buddenhagen I. W (1998). Effect of Maize
streak virus disease on the growth and
yield of maize as influenced by varietal
resistance levels and plant stage at time of
challenge. Euphytica,101: 307-317.

Bosque-Pérez, N. A. (2000). Eight decades of
Maize streak virus research.
Research, 71:107-121.

Virus

Boulton, M. 1. (2002). Functions and interactions

of Mastrevirus gene products.

Physiological —and  Molecular  Plan
Pathology. 60: 243-255

significance and management strategies.
Journal of Sustainable Agriculture, 19: 35-

#

R-fal'klham, P. G. (1990). (Geminivirys coat
prot_fjln E€ne replacement ajters insect
specificity. Virology, 17 : 85-94.

Buddenhaggen, 1. W &Bosque\-?érez, N. A
(1999). Historical overview of breeding
for durable resistance fo Maize streak

virus for Tropical Africh. South African
Journal of Plant and Soil] 16:106-111.

Danson, J, Lagat, M., Ininda, J, & Kimani, M.
(2006). Application of imple sequence
repeats (SSRs) markers to study the
resistance of locally |adapted maize
hybrids to damaging mdize streak virus

disease. African Journal of
Biotechnology, 5: 1430-1434.

Drinié, S. M., Mici¢, D. I, Erié| 1., Andelkovié,
V., Jelovac, D. & Konstantinov, K.
(2004). Biotechnglogy in maize
breeding. Genetika,|36: 93-109.

Efron, Y., Kim, S. K., Fajemisin, |. M., Mareck, J.

H., Tang, C. Y., Dabrowski, Z. T.,
Rossel,. W. Thottappilly, G. &
Buddenhagen, I. W. ( 1981). Breeding for

resistance to Maize streak virus: A

multidisciplinary team approach. Plant
Breeding, 103: 1-36.

Engelbrechi, G. C. (1975). Streak,/a major threat?

South Africa Department|of Agriculture
Technical Service Technical
Commuiricatior, 132: 101-103.

Etienne, J. & Rat, B. (1973). Le Stnpe: Une

maladie impoitante du maifs a la Reunion.
Retrieved 23 September. 2015

Fajemisin, .J. M., Debrowski. Z. 1.. Effion, Y. &

Kim, S. K. (1986a). Weather factors
associated with recurring maize streak
epidemnics. Proc. of th¢ semnar on
agrometeorolgy and crop protection in the
lowland, humid and sub4hunud tropics.

Cotonou, Benin, pp. 267-276.

Fajemisin, J. M., Bjarnasaon, M., Effron, Y, Kim,

S. K., Dabrowski, Z. T. 4 Tang, s ,Y'
(1986b). Yield loss estinjates Df_ maize
streak virus disease. Papgr presented at
natiori-wide conference on malze. M:fr.::h,
1986, University of Ife [le-lfe. Nigena.

Scanned by TapScanner



- el o o gl - Ll % L il e - - all B = il

.
Journal of Agriculture and Agricultural Technology 6(1), 2015
Fayemisin, J. M., Cook. G. E., Okusanya, F. & ' J
Sll'loymka,r ‘S. A: (1976). .ﬂffml'ze streak Frischmuth, T. & Stanley, J. (1993). Strategies f,
virus  epiphytotic in  Nigeria. Plant the control of Geminivirys diseas{:

Disease Reporter, 60: 443-467. Seminars in Virology, 4: 329.333

Fajemisin, J. M, lum,_ 5. K., Efron, Y. & Alam, Gichury, L., Njoroge, K., inda, J. & Peter, [, |
M. v (1?84}. Brﬂeding for durable | (2011). Combining bilir; of grain }’EEId"'
dlseqse reésistance 1n tropical maize with and agronomic fraits in diverse maj
special reference to Maize streak virus. lines with streak virys resistance for E::
15“';4.29-};’:;&:1! Production and Protection, Africa region. Agri¢ulture and Biology *

| ' ' Journal of the North America, 2: 432-439
4
4 =P . ' i |
. _Fakor@EMAjg; .B§ Fgm-zs% n: réa.,léad;%%ll Gorter, G. 1. M. A (1959). Breeding maize j
D, s 5 U, & kam, 8. K, (2001). resistant to streak. Eu}}hynca, 8:234-240. j
evelopment and regional deployment of | ;
streak'wms resistant maize germplasm; an Gutherie, E. J. (1977). Virus|diseases of maize in |
overview. Plant Virology in sub-Saharan East Africa. In: Williams L.E., Gordon
Pﬂ*lca:. Proceedings of a Conference D.T., Nault L.R. (eds.). Proc. Int. Maize
organized by IITA 4-8 June, 2001. - Virus Disease Colloquium and Workshop,
| | Wooster, Ohio. Agricultural Research and
FAO (Food and Agriculture Organization). (2010).0). Development Centre,| Pp 62-68.
Maize. http://wwv.faostat. Org. Retrieved 22
September, 2015, Gutierrez, C. (1999). |Geminivirus DNA
. replication. Cell jfnfecu!ﬂs and Life
Fauquet, C. M., Bisaro, D. M., Briddon, R. W., Science, 56: 313-329, -
Brown, J., Hamson. B. D., Rybicki, E. P.,
Stenger, D. C. & Stanley, J. (2003). Huang, ], Kirk, B, Favis, R|, Sousst, T., Paty, P,,
Revision of taxonomic cnteria for species - Cao, W.& Barany, F| (2002). An
demarcation in the Geminiviridae family, endonuclease/ligase | based  mutation
and a new updated list of Begomovirus scanning method ¢gspecially suited for
species. Archives of Virology, 148: 405- analysis of neuplajic tissue. Oncogene, "
421. | 21:1909-1921. |
Fielding, W. L. (1933). Field cxperimental work IITA (Intemational Insfitute of . Tropical:
on rotation crops. In: Empire Cotton Agriculture) (1981) Annual Report for
Growing Association. Progress Report, 1981. IITA. p.168. |
1931-1932, pp. 10-14. 4
[ITA (International Institute pf Tropical
Foolad, M. R. & Sharma, A. (2005). Molecular Agriculture) (2012)./Maize genetic
maricers as selection tools 1n tomato improvement for enlanced productivity
Breeding. .4cra Horticulturae, 695: 225- gains. ‘
240. - http://rddreview.org(2012/05/maize-
i genetic-improvemert-for-enhanced- ]
* Piennar. J. H. (1983). Breeding productivity-gains-in-west-and-central-
Fﬂunejf::'- isf:tancf to Maize . streak viius: A | | africa/. Retrieved 23 September, 2015
n  the Vaalharts breeding
- ;E‘;?amn?e. In: Proceedings of the Fifth Isnard, M., Granier, M., Friitos, Ro, Reynaud, _Bs-
1 South Afr. Maize Breeding Symp., 23-24 & Petterschmitt, M/ (1998). Q“ﬂSl_SP‘;E‘cs
| 3 March, 1982, Potcliefstroom, South Africa nature of three Maije 'srreak VIFUS :lm atsf
| Department  of Agriculture  Technical obtained through d;fff.-renl ‘Em Esgsess
Communication. pp. 44-30. selection from a P{’l’“]‘m”” b ml o
response to infectign ?f maize E-L'l tn{»:;;-
Francki, R. 1. B, Hatta. T., Boccardo, G, & : Journal of General | irology, 79: 3
Randles. J. W. (1980). The composition 3099.
“Woris striate niosaic  Virus, a i - - byt o
Gi’miij:irus. Virology, 101, 233-241. Jehan, T. & Lakhanpau :; ff”“;*;m:j}“‘l-'f
from Africa. Planr Disease, 79:652-660. nucleotide  polyrmjuiptitss

Scanned by TapScanner




_—____'—"H-‘\_L

_Journal of Agriculture and Agﬂcultural Technolﬁgy b(l) 2015

methods and  applications in plant

X, genetics: A review. Indian Jowrnal of
2 Biotechnology, 5:435-459,
 Jovel, J., Preiss, W. & Jeske H (2007).
- Characterization of DNA intermediates of
di;- an arising Geminivirus. Virus Research,
e: -~ 130:63-70.
it

Kamsha G. C. (2001). Some virus diseases of
'. crop plants in Zambia, Plant Virology in
g hsub -Saharan Africa (PVSSA) Cﬂnference
G Proceedings published by IITA, p. 51.

Klm S. K., Effron, Y., Singh, J., Buddenhagen, I.

n W, Asnani, V. L, RﬂSSE:] H W,
n - E_}arnason, M. & Thnttapplll_y, G. (1981).
B Recent progress on rmmaize streak
resistance breeding program at 11TA.
4. Paper presented at the 3rd OAU/STRC
workshop on maize and cowpea held at

IITA, Ibadan, Nigeria, February 23-27,
Ao 1981.

* Kim, S. K., Efron, Y., Fajemisin, J. M. &
Buddenhagen, W. (1989). Mode of gene
action for resistance in maize to Maize

srreak virus. Crop Science, -29:890—894.

n
o -Kyetere D., Ming, R., McMullen, M. D., Pratt, R.
g C. Brewbaker, J., Musket, T., Pmley,K V.
T4 & Moon, H. G. (1995). Monogenic
- tolerance to Maize streak virus maps to the
| 2 short arm of chromosome: 1. Maize
S Genetics Cooperative  News  letters,
69:136-137.
Kyetere, D. T., Ming, R.. McMullcn M. D., Pratt,
P B Brewhaker J. & Musket, T. (1999)
Genetic analysis of tolerance to Maize
streak virus in maize. Genome, 42: 20-26.
Lagat, M., Danson, J., [imani, M. & Kuna, A
2008. Quantitative trait loci for
resistance to maize streak virus disease In ~
maize genotypes used in hybnd
development. African Journal of
3. . Biotechnology, 7: 2573-2577.
5
*S Laufs, J., Schumacher, S., Geisler, N, Jupin, 1. &
f Gronenborn, B. (1995a). Identification of
'S the nicking tyrosme of Geminivirus Rep

proten. FEBS Letrers. 377: 258-262.

[aufs, J., Traut W.. Heyraud, F., Maizeit, V.,
Rogers, S(.J Stheil ). & L_;mnf:nbum B.

a ey el itra ~leaviaos and tnnmiinog  at

the _vlrgI orgin of replication by the
replication initiator pratein of tomato
yellow leaf curl virus Proceedings of

National Acad
3883 emy of Sﬂﬁnces 92: 3879-

Lazarowitz, S. G. Pmder A.J., Damsteegt, V. D.
& Rogcrs 8. G (1989) Maize streak
Virus genes essential for systemic spread

~and  symptom develn?ment. EMBO
Journal, 8: 1023-1032.

|
L, H., Lucy, A. P., Davies, ]. W, & Boulton, M.
I. (2001). A single amind acid change in
the coat protein of Maize streak virus
abolishes systemic infection, but not
interaction with viral DNA or movement

protemn. Molecular Plant Pathology, 2:
223-228.

Lw, L., Davies, J. W. & Stanley, J. (1998).
Mutztional analysis of Bean yellow dwarf
virus, a geminivirus ¢f the genus
Masirevirus  that  1s | adapted to

dicotyledonous plants. Joignal of General
Virology, 79: 2265-2274.

/

Lucy, A. P., Boulton, M. [, Davies, J. W. &
Maule, A. J. (1996). Tism.)E specificity of

Zea mays infection by Maize streak virus.
Molecular Plant-Microbe
- 22-31.

Interactions, 9.

Mafu, N.. Naidoo, R., Fato, P., Danjson, J., Derera,
J. & Laing, M. D. (2014). Genetic
diversity of maize germplagm lines and
implications for breeding Maize streak
virus vesistant hybrids. South African
Journal of Plant and Soil, 3|1: 77 — 86.

Mesfjn, T., Den Hollander, J. & Markham, P. G.
( 1995} Feeding activities of Cicadulina
mbila (Hemiptera: Cicgdellidae) —on
different  host-plants.  |Bullerin of

Entomological Research, 83: 387-396.

Mungn S. & Hoisington, | D (2001)1;
Biotechnology for the lmprmemcntﬂ?
maize for resource poOOT farmers ) T
CIMMYT Approach. Pap:l PlESETIE :f
the Second National Maize Workshop

Ethiopia, 12- 16 Noveniber, 1’001.
o0s. E. .-'
Munoz-Martin, A., Collin, S. .iierni: M~
Mullineaux, F. M., Fermandcs ..

of MSV and

Fenoll, C. (2003). Regulatiof bty

mote¢rs D)
WDV virnon-Seise pro ¢

Scanned by TapScanner




Journal of Agﬁcﬁlturc and Agricultural Technology.'ﬁ( l.)', 2015

el e T. S
o ol i i | wla okl

'_noﬁ-strdctural prdtcins: a fole for their
retinoblastoma protein-binding motifs.
- Virology, 306: 313-323, Lid

Nair, §. K., Babu, R., Magorokosho. C., Mahuku,

i S_g_mg,ﬁ., Beyene, Y., Das, B.,
S!.aﬂmh..ﬂ Lava Kumar, P., Olsen. M.

1, D, Lav
& Boddupalli, P. M. (2015). Fine mapping

of Msv1, a major QTL for resistance to
Maize streak virus leads to development of

production markers for breeding pipelines.
Theoretical and Applied Genetics,
128:1839-1854.

Ngwira, P, & Khonje, P . T. (2005). Managing

maize diseases through breeding under
Malawi field conditions. African Crop
Science Conference Proceedings, 6: 340-

345.

Pemet, A.D., Hoisington, J., Franco, M., Isnard,

M., Jewel, C., Jiang, C., Marchand, J. L.,
Reynaud; B., Glaszmann, J. C. & Gonzalez
de leon, D. (1999z). Genetic mapping of
Maize streak virus resistance from the
Mascarene source I. Resistante in line
D211 and stability against different virus
clones. Theoretical and Applied Genetics,

09:524-539.

Pernet, A. D., Hoisington, J., Dintinger, D., Jewel,
C., Jiang, C., Khairallah, M., Letourmy, P.,

Marchand, J. L., Glaszmann, J. C. &
Gonzalez de leon, D. (1999b). Genetic
mapping of Maize streak virus resistance .
from the Mascarene source II. Resistance
in line CIRAD390 and stability agamst
across germplasm. Theoretical and Applied

Genetics, 99:540-553.

Pratt. R., Gordon, S., Lipps. P., Asea, G., Bigirwa,
G. & Pixley, K. (2003). Use of IPM in

the control of multiple diseases in maize:
strategies for selection of host resistance.

African Crop Science, | 1:189-198.

Redinbaugh, M. G., Jones, M. W. & Gingery, R.

E. (2004).The genetics of resistance
in  Research. 34" Conference. Am. Seed

Trade Ass., Washington D.C. ppl6-24.

¢ J-M., de Vicente, M. C. &_D-clannayt X.
' (2010). Molecular breeding in dtvclupmg

countries: challenges apd perspectives.
Current Opinion Plant Biology, 13: 1- 6.

Ribau

odier, A Assie, J., Marchand, J-L. & Herve, Y.
R 1= -
(19

" Rose, F. M. (1936). Rotati

Rose, F. M. (1938). Rotatio

95). Breeding maize lines for complete

18

{

and partial resistance to Maize .i;rreak wru.r
(MSV). Euphytica, 81:57 70,

Cotton Sowing Associagjon.
Report, 35:20-24.

bl‘l-l .. .

crops. Empire
- Progress

Cotton Growing Assocjation.
‘Report, 1936-1937: 21-25}

Rubaihayo, E. B. (1974). A review of breeding for -
disease resistance in maize (Zea mays L.)
in Uganda. Presented atl the OAU/STRC
Conference on breeding for disease and
insect resistance in [ereals, Ibadan,

Nigeria, 1-5, 1974.

Rybicki, E. P., Bisarg, D. M., [Briddon, R. W,,
Brown, J. E., Fauquet, C. M., Maxwell,
D. P., Harmison, B. D., kham, P. G., =
Robinson, D. & Stanley, J. (2000).
Geminiviridae. In: Fduquet, C. M.,
Bishop, D. H. L., Carsten, E. B., Estes, M.
K., Lemon, S. M., |[Mayo, M. A.
McGeoch, D. J., Pringle, C. R. and
Wickner, R. B. Virus Takonomy , pp.285-
297. Seventh Report of|the International
Committee on Taxonomy of Viruses. Eds.

Academic Press, San Diggo.

Salaudeen, M. T., Menkir, A., Atiri, G. 1., Hearne,
S. & Kumar, P. L. (2010). [Resistance to
Maize streak virus in testcrosses of early
generation lines of maize. Phytopathology,

100: S113.

Salaudeen, M. T., Menkir, A., Atiri, G. . &
Kumar, P. L. (2011). Studies on Maize
streak virus infection and yield
attributes in F1 maize
Phytopathology, 101: S158.

Sanford, D. V., Anderson, J., Costa, J., Cregan, P,
Griffey, C., Hayes, P. & Ward, R. (2001).
Discovery and deploymeént of mulcr:plar
markers linked to Fusarium head blight
resistance: an integrated pystem for wheal
and barley. Crop Science, 4 '638-644.

! L
Shepherd, D. N., Dugdale, B., Martin, D. , :
- Varsani, A., Lakay, F. M, Bezuidenhoul,

1 Al L'F
M. 5., Mosyen’, (2014). Inducible

resistance to maize sired 2
ONE 9(8): €105932. doi|lU 1371.
journal.pone 0105932 H

, ck. E. P. P
Dale, J. & Rybic } virus. PLoS H

\ i I Faa .F K5
§ . ,
5 bt i il i sl L - lmm-l."‘._w."” | I]:H & i FE'lri :_ ‘= i'
. L3

_ ..4

)
1
|

Thomson, J. A, ‘,

]

¢
L]

M

ybrids. 3

Scanned by TapScanner




ﬁ er-\,..j.,, ;I ;

i A § -f_-l-.q. el PR By .Ip-ﬁi e | % & -.. e g O

Journal of Agriculture and Agricultural Technology 6(1), 2015

- virus of streak disease i East Africa.

~ Annals of Applied Biology: 59:429.436
Tenaillon, M. 1 (2001). Patierns of DNA
sequence - polymorphism along
chromosome 1 of majze (Zea mays ssp.
mays L.) Proc.Natl. A‘hd.Sci., USA.

Shepherd, D. N., Mangwende, T. Martin, D, P.
¥ Bezuidenhout, M. Thomson, J. A &
- Rybicki, E. P. (2007a). Inhibition of
- Maize streak virus (MSV) replication by
- transient and transgenic expression of

MSV  replication-associated protein 98:9161-9166.
~ mutants. Journal of General Virology, 88:

Thottappilly, G., Bosque - PErez, N. A. & Rossel,

S | i | - H. W. (1993). Viruses and virus diseases
- Shepherd, D. N., Rybicki, E. P. & Thompson, J. of ‘maize in Tropical| Africa. Plant

- A.(2007b). Maize streak virus transgenic Pathology, 42:494 — 509.

g oo maize:  a o fitst  for  Afca - -
lﬁp://ww.lsb.vt.cfiufnews/2007/art§_pdf/ Welz, H. G., Schechert, A., Pernet, A., Pixley, K.
oct0701.pdf. Retrieved 23 September. V. & Geiger, H. H. (1998). A gene for
2015 resistance to the maize striak virus in the

_ African CIMMYT maize inbred line
- Shepherd, D. N., Martin, D. P., Van de Walt, E., | CML202. Molecular Breeding, 4: 147—
Varsami, K. D. A. & Rybicki, E. P. 154.
. -(2010). Maize streak virus: an old and | o J
complex ‘emerging’ pathogen. Molecular Willcox, M. C., Khairallah, M. M/, Bergvinson,
- Plant Pathology, 11: 1-12. | D., Crossa, J., Deutsch, J.|A., Edmeades,
| | " G. 0., Gonza'lez- de-Leon, D.,
_Sofi, P. A, Wani, S. A. Rather, A. G. & Wani, S. Jiang, C., Jewell, D| C., Mihm, J.
> H (2009). Quality protein maize (QPM): A., Williams, W. P. & goi'singtﬂn, D.
Genetic manipulation for the nutritional (2002). Selection for residtance to
fortification of maize. Journal of Plant ‘southwestern corn borer using marker-
Breeding and Crop Science, 1: 244-253. ‘assisted and conventional
* ‘backcrossing. Crop Scienge, 42: 1516—
- Soto, P. E., Buddenhagen, I. W. & Asnani, V. L. 1528.
(1982). Development of streak virus- -
resistant maize populations through Willment, J. A., Martin, D. P.,| Palmer, K. E.,
improved and selection methods. Annals - Schnippenkoetter, W. H.,|Shepherd, D. N.
of Applied Biology, 100: 539-546. : & Rybicki, E. P. (2007) [Identification of
- ' long intergenic region sequences involved
Stenger, D. C., Revington, G. N., Stevenson, M. ‘in Maize streak virus replication. Journal
C. & Bisaro, D. M. (1991) Replicational of General Virology, 88:1831-1841.
release of geminivirus genomes from o
tandemly repeated copies: evidence for Willment, J. A., Martin, D. P. & Rybicki, E. F.
rolling-circle replication of a plant viral (2001). Analysis of the dl\’#FSIr)"qﬂf
DNA. Proceedings of National Academy African streak Mastrevir (5eS USIng PCR-
of Sciences, 88: 8029-8033. generated RFLPs and pariial sequence
data. Journal of Virologi¢al Methods, 93:
Storey, H. H. & Howland, A. K. (1967). 75-87. |

|
Inheritance of resistance in maize to the |

Scanned by TapScanner



