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Trends in breeding oat for nutritional grain quality - An overview
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Abstract: Oat is an economically important crop and ranks sixth in world cereal production after maize, wheat, rice,
barley and sorghum. It has been primarily utilized as livestock feed. However, the utilization of oats for human
consumption has increased progressively, owing to its dietary and health benefits which relies mainly on the total
dietary fibre and B-glucan content, which significantly reduces postprandial blood glucose, insulin and blood lipids,
especially serum total and low density lipoprotein cholesterol. Henceforth, enhancing Oat b-glucan content for
human consumption is desirable. As it is a polygenic trait controlled mainly by genes with additive effects,
phenotypic selection for greater b-glucan content would be effective for developing cultivars with elevated b-glucan
contents. Oat b-glucan concentration has been found to be positively correlated with protein content and negatively
correlated with oil content. B-glucan yield (i.e., Product of grain yield and B-glucan content) has been found to
correlate positively with both grain yield (r = 0.92) and B-glucan content (r = 0.66). Hence, this nutritional oat grain
quality has been improved through selection for improved grain yield as they both increase simultaneously. Among
wild accessions, A. atlantica genotypes have high B-glucan content (2-2-11-3%) and have been used in breeding
programmes for increasing the B-glucan content of adapted elite local germplasm. Besides conventional breeding
approaches, molecular breeding approaches have made possible to identify several molecular markers linked to
B-glucan rich regions across oat genome hence enabling mapping and dissection of $-glucan rich genomic regions
and accelerating the improvement in nutritional grain quality.
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INTRODUCTION formed by the cross between A. barbata and A.
Oat (Avena sativa) is the most important cereatiésd  strigosa. The ploidy levels include diploid (2nx=214),
crop grown in winter in north western, central bndi tetraploid (2n = 4x = 28) and hexaploid (2n = 642)
and is now extending to the eastern region. Oatsran levels. Species grown as crops of minor or regional
sixth in world cereal production following wheat, importance areA. byzantina (Cultivated red oat)
maize, rice, barley and sorghum. It is importamtai  (2n=6x=42. AACCDD)A. abyssinica (Ethiopian Oat)
forage in many parts of the world and is grown as(2n=4x=28, AABB),A. strigosa (Lopsided or Bristle
multipurpose crop for grain, pasture, forage oraas Or Sand or Black Oat) (2n=2x=14, AsAs) adnuda
rotation crop. In India, it is cultivated in Punjab (Naked Oat or Hulless Oat) (2n=2x=14, AsAgjild
Haryana, West Bengal, Jammu & Kashmir, Himachalspecies, called as oat-grasses includle barbata
Pradesh, Uttar Pradesh, Madhya Pradesh, Rajasthdslender oat)A. fatua (wild oat or common wild oat),
and Maharashtra. The total area covered under o2 sterilis (winter wild oat or wild red oat)A. brevis
cultivation in the country is about 5 lakh ha. Tdtep  (short oat)A. maroccana (Moroccan oat)A. occidentalis
occupies maximum area in Uttar Pradesh (34%),(western oat)A. pubescens (downy oat-grass). pratensis
followed by Punjab (20%), Bihar (16%), Haryana (meadow oat-grass) am spicata (poverty oat-grass)
(9%) and Madhya Pradesh (6%) (Pandey and Roy(Germeier, 2008). As oats have a high fat, proteid
2011). mineral content it was used for medicinal purposes.
Oat is a self-pollinated plant from family Poaceae, With the development in field of nutrition, oat was
native to Europe, Asia and Northwest Africa. Itas recognized as a healthy food in the mid 1980s fgigui
natural allopolyploid containing A, C and D genomes that a substance in it helped prevent heart disaade
therefore it became more popular for |human natriti
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Also oat is a staple in Germany, Ireland, Scotlamdi and antimicrobial activity. p-glucan’s immune
the Scandinavian countries (Battal., 2008). functions activate the langerhans cells which irduc
Quality traits of oat grain: Some of the desirable cytokine, particularly of interleukin-1 (il-1) anthat
traits required for an oat variety to be bred famlan  stimulates the proliferation of fibro-blasts (sldglls)
consumption and a variety bred for animal and synthesis of collagen, elastin and proteoglycan
consumption are listed in the table-1 below. Mafiy o Therefore, it is used in cosmetics too becauset# as

the physical characteristics of milling and feetsaae  an anti-aging, skin soothing agent, film forming
similar, large differences exist in chemical cheastics.  substance, moisturizing and U-VA protectant.
Oats used for human consumption has a breedinyiscosity related properties @§fglucan can be used in
target of highp-glucan while as feed oats has a the bakery industry in products such as biscuitd an
breeding target for lower levels ffglucan (Winfield  pastas. Its use could also include frozen desserts,
etal., 2007) (Table 1). breakfast foods, beverages, meats, non-dairy crsame
Oat g Glucan: B-glucan is a cluster of soluble fiber and canned soups, especially as fat replacer. The
derived from multiple sources, including cerealat¢o cheese industry can benefit frofirglucans which
and barley), mushrooms, yeast, algae, phyto-plamkto optimize the process of raw material and improves t
fungi and gram negative bacteria. Each source hasheese structure. The combination of inuline and
different shape and linkage as, cereals Hayg&—3), B-glucan also has very interesting properties that c
(1—»4)D glucan, Lichens have B-(1—3),(1—»4)D be used as fat-replacers in products such as lbigda
glucan Yeast havep-(1—3),(1—6)D glucan and creams. This has been proved to be very successful
Algae, laminarin have B-(1—3),(1—»6)D glucan. (UBIC, 2010).

B-glucan in oat is distributed through the endospermHEALTH BENEFITS OF OATS: Just as we enter
and is located in the endosperm cell walls cortgtiju ~ our thirties and forties every one among two is
about 75% of the endosperm cell walls shown inrBgu suffering from hypertension, high cholesterol, s

1. It is also present in the aleurone cell walkégghan  and many other disorders. Having oats, a wholengrai
in endosperm (Miller et al., 1995). Figure 1 shows food, which is one of the richest dietary sourckthe
B-glucan content in the seed and along the alueronsoluble fibrep-glucan as a part of our daily diet can
layer of both the check variety and highglucan  help reduce these disorders as it has varfieghican
mutant variety (Olsson, 2011) health related benefits.

Chemistry of oat b-glucan: Oat b-glucans are non Blood cholesterol and oat B-glucans: The
starch polysaccharides. Like starch, they are ceegpo hypo-cholesterolemic properties of oats were first
of long chains glucose molecules, but the bindingdemonstrated in 1963. Oats were reported to be
between glucose monomers differs from starch. Insignificantly hypo-cholesterolemic, lowering totahd
starch, the glucose monomers are connected bylow density lipoprotein) LDL-cholesterol by 2 t@%
a-bonds viz., amylose hag-(1>4) bonds, whereas and they further improve lipid profiles by increagi
amylopectin, in addition to long glucose chainshwit blood concentrations of high density lipoprotein
a-(1>-4) bonds, also has-(1>6) bonds that initiate (HDL) cholesterol as well as apolipoprotein A-l, a
side chains. The twa-bonds in starch are easily major component of HDL (Ripsiet al., 1992; Gloreet
digested by enzymes in the intestine. Cellulosglde  al., 1994).Infact, the health benefits of oat rely mainly
a polysaccharide and is composed of long chains o0bn the total dietary fibre angtglucan content, which
glucose molecules bound By(1>4), which produces lowers blood lipids, especially serum total and LDL
a straight molecule. The intestine does not containcholesterol (Kerckhoff&t al., 2003). LDL cholesterol,
enzymes that can digest theBg1l>4) links. Oat which contains the highest concentration of
b-glucans, like cellulose, are linear glucose p@ssn  cholesterol, damages blood vessels because of its
but oat p-glucans have botif-(1>4) and p-(1>3) tendency to infiltrate and accumulate within agkri
links, creating a cellulose chain wifht(1>4) links  walls. LDL-cholesterol, and especially small, dense
interrupted byB-(1>3)-linked glucose units as shown LDL-cholesterol, is also more susceptible to stceit

in figure 2. Approximately 70% of the links are modifications including oxidation and glycosylatjon
B-(1>4), and the rest afg(1>3). The distribution is  which play major roles in the development of
not random, the (£3) linkages always occur singly, atherosclerosis. High concentrations of HDL are
and most of the (£4) linkages occur in groups of protective against Coronary heart diseases (CHD),
three or four. The intestine does not contain erym since HDL may scavenge and remove excess
that can digest odt-glucans, so they are by definition cholesterol in the arterial wall and also prote€&ilLL

a fiber (Wood, 1993). against oxidation.

Benefits from p - glucan: B - glucan is an Mode of action: The viscous oat B-glucans
immunomodulator, it binds to surface receptors andencapsulate bile acids, resulting in their excrefio
thus causes activation of macrophages, white bloodhe faeces. Bile acids generally are recycled, they
corpuscles (WBC), phygocytosis of neutrophil and are taken up in the lower part of the intestine ased
activation of lymphocytes thus stimulating antitumo again. Through excretion in faeces, the body lhdes
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acids and has to synthesize new ones, which is ithone short chain fatty acids, e.g., butyric acid, thextve as
the liver. The building block for bile acids is nutrients for mucosal cells (Malkki and Virtanen,
cholesterol, which the liver extracts from the po 2001).

decreasing blood cholesterol levels (Marlett al., Oat p-glucans and weight managementSatiety is a
1994). sensation which signals that the stomach is full &n
Fermentation of soluble fiber by bacteria in thegéa is time to stop eating. When consumed 20 to 30
intestine produces propionate (Lia, 1997). Theminutes before eating a meal, daglucans form a
propionate is then absorbed by the colon cellsgas$  thick viscous fluid in the stomach and small intest

to the liver, where it is thought to have an effeat  that stimulates the sensation of satiety and Héipis
cholesterol synthesis appetite. By reducing the desire for food intakes t
Diabetes and oat B-glucans: Foods rich in effect can help in weight control when combinedhwit
carbohydrates have high glycemic response ora healthy, balanced diet and adequate exercisea As
glycemic index (Gl) which cause rapid secretion of result of the extended period of digestion, nutseare
insulin from pancreas. Low GI- diet prevents dialset utilized by the body over a longer period and, thus
cardiovascular disease, metabolic syndrome andnay contribute to a longer period of satiety in girti
obesity. Water-soluble ofitglucans exert their effects management programs. Fiber may impart a textural
mainly by increasing viscosity in the small intesti  quality that increases chewing time. Fibers hawe al
during digestion, resulting in an extended digestio been reported to prolong gastric emptying, smakldio
period. Delayed digestion increases blood sugatransit time, and the digestion and absorption of
slowly, causing a low insulin response. The oatcarbohydrates and fat. These actions, which effelgti
B-glucans forms a protective layer along the intedti  alter glycemic response, have been shown to irfiensi
wall that acts as a viscous barrier, slowing fopthke  satiety and aid in the control of energy intake.ale
from the intestine (Jenkinat al., 2002; Mckeownet enriched with beta-glucan elevate plasma levels of
al., 2004). cholecystokinin  (CCK), a hormone that mediates
Blood pressure and oatp-glucans: High blood fat-induced satiety. Fiber may also increase faecal
pressure (BP) is defined as having a systolic BPenergy excretion. Oat protein has also been foor t
greater than 140 mm Hg or a diastolic BP great@nth more satiating than isoenergetic amounts of
90 mm Hg. Due to the increasing internal pressure o carbohydrate or fat (Ludwig, 2000).

the artery, hypertension contributes to endothelialOat and celiac disease: Celiac disease is an
injury and increases CHD risk by enhancing theautoimmune hereditary disorder of the small intesti
infiltration of LDL particles. Hypertension also a that occurs because of sensitivity to gluten indfoo
ccelerates the transformation of fatty streaks intoNormally the lining of the small intestine has affiy
fibrous plaques by enhancing smooth musclevelvety texture, but in celiac disorder it becomes
proliferation. Oats may help maintain healthy blood smooth and flat. This reduces its ability to absorb
pressure by improving the glycemic and insulinemic nutrients, including sugars, proteins, vital mirter@nd
profiles. The DASH (Dietary Approaches to Stop vitamins from food. When persons with celiac digeas
Hypertension) study demonstrated that a diet high i take foods containing gluten, their immune system
whole grains, fruit, vegetables and low fat damnd responds by damaging the small intestine liningyTi
restricted in fat, lowers BP in hypertensive indivéls.  finger like protrusions, called villi are attackbg the
Dietary consumption of oats is consistent with theimmune system and are eventually destroyed.
DASH recommendations, and may confer a benefitMalnutrition occurs without these villi, no matteow
due to its fiber content (Hars&hal., 1999; Contreras much food a person consumes because the nutrients
et al., 2000). from food pass the gut without being absorbed (mal
Oat B-glucans as prebiotics:The lower part of the absorption), leading to diarrhoea, vitamin and mahe
intestine, the colon, has been identified as adtggn  deficiencies, anaemia, osteoporosis and intestinal
affecting general health. The growth and metabolismcancer. Presently, the only effective treatmertediaic

of the many individual bacterial species inhabitthg  disease is a prolonged gluten-free diet. The iojigi
colon depend primarily on the substrates available constituent of wheat in patients with celiac digesa
them, most of which come from the diet. Oat a-gliadin in the prolamin fraction of wheat glutébats
B-glucans, which are indigestible in the small itites  do not contain gliadin and its counterpart is ameni
but are fermented by bacteria in the colon, areOats improve the nutritional value of the gluteaefr
prebiotics. Prebiotics are nondigestible food diet without any negative effects on nutritionatas
ingredients that selectively stimulate the growth o and are appreciated by the patients. Inclusioratd m
activities of bacteria in the colon. They benefigia the gluten free diet is advantageous, since oasaar
affect a series of intestinal functions by modulgtthe  good source of dietary fiber and of several vitanin
structure, composition, and metabolic activity of and minerals (Huttner and Arendt, 2010).

mucosa and micro flora in the colon. The end prtgluc Additional benefits of oat: In addition to a high
created from prebiotic fermentation in the coloe ar content of both soluble and insoluble fiber, oats
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contain lignans, a type of phytoestrogen. They haventeraction (Kibite and Edney, 1998). Heritability
vasoprotective effects and may reduce the risk forestimates fof-glucan content range from 0.27 to 0.58.
dyslipidemia, hypertension, diabetes, and obe€its  (Cervantes-Martinez et al., 200B}Glucan content is
provide a unique blend of antioxidants which inglud less affected by environmental factors, including s
wax alcohol, acid esters, avenanthramides and oatitrogen level and precipitation (Humphrewes al.,
saponins. These oat extracts have been shown t9994). Although genotype environment interaction
inhibit the formation of reactive oxygen species in sometimes is a significant source of variation for
vitro, which oxidize and promote the atherogenicify  B-glucan content, the ranking of genotypes is gdiyera
LDL-cholesterol. Compared to other cereal graiméso consistent over environments (Petersbal ., 1995).
contain higher fatty acid content, comprised priiyar

of linoleic, oleic and palmitic fatty acids. Thipid  BREEDING METHODOLOGIES FOR OAT
profile, which contains a higher proportion of - GLUCAN

polyunsaturated  fatty  acids  (linoleic) and selection:Genotypes having high-glucan content are
monounsaturated fatty acids (oleic), may alsoselected and bulked from the source population.
contribute to the hypocholesterolemic and hypotensi Replicated trails for quality and other charactarss
effects of oats. Oats also possess an amino acigre carried and superior ones are carried forward.
composition (low lysine to arginine ratio) which yna  Genotypes with highp-glucan are then released.
also be cardioprotective and hypocholesterolemic ingelection for greater b-glucan content improvesngra
their effects (Handelmaet al., 1999; Andersort al.,  yjeld simultaneouslyp-Glucan yield (product of grain
2000). . o yield and p-glucan content) is positively correlated
Oat health claim: A health claim is a statement on a wjth both grain yield (with correlation coefficiefr} = 0.92)
food label which links a food substance to a dieeas andp-glucan content (r = 0.66) (Cervantes-Martieez

Few claims are discussed below (Duss, 2005): al., 2001). b-glucan concentration is found to be pesit
Generic oat health claims: _ correlated with protein content. b-glucan conceitra
Approved health claims in the United States. Faudi a s found to be negatively correlated with oil conite
drug administration (FDA) 1997. (Kibite and Edney, 1998). Phenotypic selection for

Soluble fiber from foods such as oat bran, rolled, 0 greater groat b-glucan content will be effective fo
whole oat flour as part of a diet low in saturaf@and  developing cultivars with elevated b-glucan corgent
cholesterol, may reduce the risk of coronary hearty_gjycan concentration is amenable to early geioerat
disease. The claim is based on a daily intake 0639 selection (Cervantes-Martineet al., 2001) Early
oatp-glucan and the food product must contain at leasigeneration selection by determinatiorfeaglucan content
0.75 g per serving. is done by following methods:

Approved health claims in Sweden. Voluntary code of gnzymatic method: The most accurate and commonly
practice (SNF) Swedish nutrition, Swedish food preferred method foB-glucan analysis is an enzymatic
federation, Swedish food retailers federation) 2001 method, based on a bacterial enzyme [(1-3, fBhglucan

A nutritionally balanced diet rich in oat fibre 4 glucanohydrolase] produced by Bacillus subtilis.
(B-glucan) can reduce the risk of cardiovascularpowder from single seed can be assayed with this
disease or atherosclerosis and must contain 00y method. This method measures solutfieglucan

-glucans per normal serving, or provide 3glay  content of seeds. For example, contenf-gfucans in
Approved health claims in the United Kingdom. (doin oats was found 1.73g to 5.7g (100dry weight) by
health claims initiative UK) 2004. Havrlentova and Kraic (2006Qther methods include:

The inclusion of oats as part of a diet low in saied  Micro enzymatic method: A 96 well plate and laser
fat and a healthy lifestyle can help reduce bloodmicroplate reader that measures the light absoebnc
cholesterol. Claims relate to oat bran: 5.B%lucan  each plate that reflects the amounteglucan in the
soluble fibre, rolled oats: 4%-glucan soluble fibre, sample.

whole oat flour:  4%p-glucan soluble fibre. Daily Near infrared reflectance spectroscopy (NIRS):
intake: 3 g day suggested. This method is cheap, fast (less than 1min safple
Product specific oat health claims: and several components determined at same time but
ProFIT ® bread (4 slices, providing 3eplucan day* its establishing cost limits its applicability.

from OatWell® oat bran). For lowering cholesterol aytomated flow injection analysis (FIA): The
levels in blood (made in Holland). method is based on measurement of intensity of
Primaliv® yogurt [Yogurt (200g) provides 4f3glucan  flyorescent absorption of a dgeglucan complex. FIA

from OatWell® oat bran]. For lowering blood glucose procedure gives consistent sample readings but is
levels, for diabetes (made in Sweden). costlier method.

GENETICS OF OAT B- GLUCAN Calcoflour flow injection analysis (FIA): Specific
binding of calcoflour to-glucan results in increased

b-glucan content in oat is a polygenic trait coltd  fluorescence intensity which is directly proportibito
mainly by genes with additive effects and no iné®ig  the concentration. But this method is not for low
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Table 1.Breeding oat gain quality traits for human and aticonsumption.

Trait Breeding target for human Breeding target for animal
consumption (milling) consumption (feed)

Oil per cent Low High

B- glucan (Unique) High Low

Grain protein per cent High High

Starch gelantinisation High -

Hectolitre weight High High

Taste Not bitter -

Groat per cent High High

Grain plumpness High High

Ease of dehulling High High

Hull lignin per cent - low

Grain hardness High -

Grain colour, brightness High High

molecular weighg-glucans. (SSD) saves time, resources, and rapidly advances

Pedigree method: Genotypes having higB-content  homozygosity. Each J plant which is a unique
are crossed and from, Fgeneration individual plant combination of two diverse parents is carried ttik
selection is continued till the progenies becomeend population. But the disadvantage of this meikod
virtually homozygous and show no segregation forthat the size of the end population is very smiadl ao
B-glucan content. Selection is done among the piegen selection is carried till the plants become congilet
because there would be no genetic variation witthén  homozygous so the variation is carried as sucherAft
progenies. At each stage a record of parent-offgfs Fs or R selection among progenies is done and then
kept that is why the method is referred to as peéig the superior ones are evaluated for quality aneroth
selection. Seeds from superior genotypes are bulkedharacteristics such as preliminary yield trialyTB)

and then released for multi-location testing, Isiag, and coordinated vyield trials (CYTs) are done anst be
seed multiplication and cultivar release. genotypes released for seed multiplication.

Backcross method:Genotypes globally identified as Use of wild species in breeding programmestor
donors for higlB-glucan content are used in back crosscultivated A. sativa, groap-glucan content usually
programmes eg, Marion has highglucan content ranges from 1.8 - 6% (Cervantes-Martinetz al.,
(Kianian et al., 2000). HiFi oats which are having 2001). GroaB-glucan concentration showed very wide
about 50% greatep-glucan content than other oats variation inA. atlantica, A. damascena andA. murphyi
(bred by USDA and NDSU) are also used in backgenotypes (2:2 to 11-3%). The highdgsglucan
cross programmes to increase fhglucan content of concentrations were found in genotype®\oétlantica
other local adaptable elite cultivars. In each beeés  (Welch et al., 2000). Henceforth,A. atlantica
generation discard ~50% of first back cross gefmrat genotypes may be useful source for increasing the
(BCy) and visually select BCprogeny that resemble f-glucan content of cultivated oats. Complete and
recurrent parent along with having high quality. regular chromosome pairing affinities of intersfieci
Process repeated until BGo that recurrent parent hybrids involving the newly discovered species
genome is recovered. Additional back crosses ard us A. atlantica with A. sativa are described due to the
till the linkage drag is minimized. If conditiondaawv AsAs genomic group.

marker assisted backcross breeding (MABB) can beMolecular marker assisted selection breeding
used because MABB allowsfficient and accurate (MAS): MAS is much precise and easier as compared
selection of target loci of gene of interestduces to conventional plant breeding. In MAS breeding,
linkage drag and accelerating recovery of recurrentightly linked markers to the target loci or genk o
parent thus enablingffective use of resources. interest are utilized. Therefore, there is an ¢iffecand
Single seed descent method (SSOBenotypes having accurate selection of genotypes having target doci
high B-glucan content are crossed in a crossing blockgene of interest. By this method genotypes can be
and in B generation seed from each single plant isselected at the seedling stage and therefore, ibere
bulked and grown for next generation. Process iseffective usage of resources. In conventional plant
carried till i or K till the individual plant progenies breeding phenotypic selection takes place in figds
become completely homozygous and are referred to aand glasshouse trials for many generations which is
recombinant inbred lines (RILs). In each vyear, time consuming and is less effective for accurate
two-three generations may be raised in off seasorselection of genotypes having the gene of inteoest
nurseries or mostly in greenhouses. Thus, this adeth target loci. In MAS breeding the only limitation @
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Fig. 1. Localization of g-glucan in oat seed kernds visualized by: Chalcoflour staining of seed cross sections.. Calcofluor-stained
[-0lucan appears blue. (Top Left) Seed cross-section of the commercial cultivar SW Belinda. (Check) (Top Right) Seed cross-section
of the high S-glucan mutant CT828. (Bottom Left) Magnified view of the aleurone layer in SW Bedlinda. (Bottom Right) Magnified view
of the aleurone layer in CT828.

high cost. identified in both populations and over environnsent
Quantitative trait loci (QTL) mapping: Comparedto  Genetic analysis of-glucan content in KO identified
other crops like wheat, rice and barley, mappinthef 8 QTLs on the 7 LGs (KO3+38, KO6, KO11-41+20,
oat genome lagged behind. This was partly duedo thKO13, KO14, KO17 and KO19+27). KM map
large genome size of oat and its polyploid natbna- includes regions homologous to the K@glucan
ticularly, unlike wheat, oat lacked a complete skt content QTL regions and five genomic regions that
either nullisomic or nullitetrasomic lines, whicrakes  affect p-glucan content are identified (on KM?7,
it difficult to localize molecular marker loci tgscific KM11, KM14, KM5X and KM10X) (Kianianet al.,
chromosomes. First molecular linkage map was2000 and Grohet al., 2001). Molecular marker
developed by O’'Donoughuet al. (1995), using (RIL)  recombination maps for Terra x Marion (TM) have
population from a cross betwe@nbyzantina C. Koch also been developed five genomic regions are
cv Kanota andA. sativa L. cv Ogle (Grohet al., 2001 lidentified in TM population associated with glucan
and Wightet al., 2003). The first QTL analysis for oat (TM5, TM18, TM 21, TM29 and one unlinked AFLP
B-glucan content was conducted by Kianiah al. marker) (De Koeyeet al., 2004). Many markers have
(2000). Two recombinant inbred populations shagng been mapped t8-Glucan QTL regions in Oat. Total
common parent (Kanota x Ogle (KO) and Kanota x 18 markers have been identified that are tightikdd
Marion (KM)) were used to identify genomic regions to the target loci (<5 cM) (Orr and Molnar, 2008).

that influencep glucan content in cultivated oat. An alternative approach for QTL detection are ge@om
Regions influencing B-glucan content on linkage -wide association studies (GWAS). This approach is
groups 11 and 14 of the oat KO RFLP map arealso dependent on the level of Linkage disequilitori
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Beta 1,4 Linkage

H
Beta 1
Fig. 2. Typical oat soured $-glucan shape.

3 Linkage

(LD) ie., the non random association of alleles atof interested QTL alleles and the introgressiothete
different loci, but, unlike linkage mapping, it demls  favourable alleles from exotic germplasms into one
on historical LD generated prior to any experiménta process by delaying QTL analysis until an advanced
work and broken down by many generations ofgeneration like Bg or BG. There are several
recombination. Thus, chromosomal regions thatadvantages utilizing this method for QTL analysis a
remain in LD span shorter distances and have theutlined by Tanksley and Nelson (1996):

potential to deliver high-resolution mapping. Phenotypic selections can be conducted in early
Additionally, because GWAS utilizes populations of generations hence reducing the frequency of
lines unrelated by any specific crossing designu@h  undesirable alleles from the donor and major negati
al., 2008); the allelic diversity sampled is likely be QTLs.

greater than two alleles per locus as is the case f The advanced generation is skewed towards alleles
linkage mapping. The resolution for GWAS is notyonl from the recurrent parent, reducing the possibily
dependent on the extent of LD but also the markerQTL detection with epistatic interactions, but malte
density. Recent advances in marker technology d&br o easier to detect additive QTLs which will still fztion
have led to the development of Diversity Array in the nearly isogenic background of the recurrent
Technology (DArT) markers (Tinkeet al., 2009). parent.

DArT development, have been utilized in genomic The mean performance of the advanced generation is
selection for oatp-glucan and yield (Asorat al., skewed towards the elite parent, making subtle
2011). The marker density that has been gained wittpleiotropic effects easier to be detected.

development of the DArT marker system also enable€Only few additional backcross generations will be
the application of GWAS to detect QTL controlling needed to create nearly isogenic lines with sefecte
B-glucan content in oat. Identification of QTL QTLs. Such QTL-NILs (Quantitative Trait Loci- Near
controlling B-glucan content has been limited in oat Isogenic Lines) will be potential candidates fomne
(Kianian et al., 2000; De Koeyeret al., 2004). varieties with enhanced attributes.

Fortunately, a comparative genomics approach carmILLING (Targeting Induced Local Lesions IN
give some insight into candidate genes from otherGenomes): This method combines high frequency
grass species (Fincher, 2009). First identifiebarley = mutagenesis (with a chemical mutagen viz., Ethyl
(Han et al., 1995) and later identified on chronmeo Methane Sulfonate) along with molecular based, high
seven of rice (Burton et al., 2006), the CsIF geneprecision selection technique that identifies srighse
family is known to haveB-glucan synthase function. mutations in a target gene. TILLING is a good
Thus, this gene family is an important candidate fo alternative to more direct DNA modifying techniques
QTL detection for increasdttglucan content in oat. since seed mutagenesis is easy to apply and ediativ
Other approaches independent of genome size and organization
Advanced backcross — Quantitative trait loci (AB-QT) (Henikoff and Comai, 2003). In a case study, oat
analysis: It is a directed approach to introduce QTLs population of 2600 mutagenised M2 lines, producing
for b-glucan content from a gene bank accessiold (wi 2550 M3 seed lots was developed and the mutation
species) into elite cultivar breeding programmesfrequency determined. Chawadet al., 2010
(Tanksley and Nelson, 1996). In a case study,demonstrated the potential of the oat TILLING
segregation forp-glucan content was evident from population by identifying ten different mutatiomsthe
three BGF; populations consisting of 98, 73 and 67 cellulose synthase-like (AsCsIFg)glucan biosynthes
lines from “litis x [AH611-447(high B-glucan  gene - key gene in theglucan biosynthetic pathway.
donor)” (Jianzhonget al., 2004). To overcome the Since p-glucans are becoming very important
drawbacks in conventional QTL analysis, Tanksleyfunctional food ingredients, an oat variety with
and Nelson (1996) reported a novel strategy: adsénc increased or modifiefl-glucan content in the seed will
backcross QTL analysis. They combined the mappingsignificantly increase the value of the crop.
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Gene transfers: Gene transfers of microbial 1,533lucan
synthases (Inouet al., 1995). In a case study this was
accomplished by using particle bombardment (Wan
and Lemaux, 1994).

Conclusion

Oat is considered 100% whole grain food, as it

provides carbohydrates, protein and is one of the

richest dietary sources of the soluble filfrglucan.
Many health related benefits of oats result frora th
high viscosity of the solublf-glucan. Viscosity is the
thickness or resistance to flow of a liquRl- glucan
accomplishes its nutritional functions by incregsi
the viscosity of fluids in the gut. Therefore, @shbeen
proposed as a target trait in oat breeding progrsmns
as to double its concentration. b-glucan is a geatyc
trait controlled mainly by additive genes hencdfort
phenotypic selection for high b-glucan content is
effective for developing cultivars with high b-ghrc
contents. Oat b-glucan content has been found to b
positively correlated with protein content and
negatively correlated with oil conterfi-Glucan yield
(i.e., Product of grain yield anglglucan content) has
been found to correlate positively with both grgield

(n = 0.92) andp-glucan content (r = 0.66). Also,
heritability estimates fog-glucan content ranges from
0.27 to 0.58. Therefore, selection for higher graeid

in oat varieties improves B-glucan content
simultaneously. Several breeding methods like
phenotypic selection for greater groat b-glucaneon
and also early generation selection by determinaiio
B-glucan content at only seedling stage, pedigré® S
and back cross are utilized to breed for oat bayluc
content. Wild accessions viz., A. atlantica haghbst

Asima Gazakt al./ J. Appl. & Nat. Sci. 6 (2): 904 - 912 (2014)

Shirley, N.J., Medhurst, A., Stone, B.A., Newbignin,
E.J., Bacic, A., and Fincher, G.B. (2006). Cellulose
synthase - like CslIF genes mediate the synthesislbf
wall (1, 3; 1, 4) $ —d - glucanscience, 311: 1940-1942.

Butt, M.S., Nadeem, M.T., Khan, M.K.l., Shabir, R.dan
Butt, M.S. (2008). Oat: unique among the cereals.

J. Nutr., 47: 68-79.

Cervantes-Martinez, C.T., Frey, K.J., White, P.J,

Wesenberg, D.M. and Holland, J.B. (2001). Correlated

responses to selection for greafeglucan content in

two oat population<Crop Science, 42: 1730-1738.

Chawade, A., Sikora, P., Brautigam, M., Larsson, M.,
Vivekanand, V., Nakash, M.A., Chen, T. and Ols<0n,
(2010). Development and characterization of an oat
TILLING population and identification of mutatiorns
lignin and B-glucan biosynthesis geneBMC Plant
Biology, 10: 86-98.

Contreras, F., Rivera, M., Vasquez, J., De la Pbtt8, and

Velasco, M. (2000). Diabetes and hypertension patho

physiology and therapeutick.Hum Hyperten., 1: 26-31.

Koeyer, D.L., Tinker, N.A., Wight, C.P., Deyl,, J.

Burrows, V.D. and O’Donoughue, L.S. (2004). A

molecular linkage map with associated QTLs from a

hulless x covered spring oat populatiofheortical

Applied Genetics, 108: 1285-1298.

Duss, R. (2005). Oat bran: proven and advancectioatfor
your heart Innovations in Food Technology 19: 128-1

Fincher, G.B. (2009). Exploring the evolution of @&,1, 4)
-B-D-glucans in plant cell walls: comparative genanic
can help!Curr. Opin. Plant. Biol., 12: 140-147.

Germeier, C.U. (2008). Global strategy for the etu si
conservation of oats (Avena spp.) federal centre fo
breeding research on cultivated plants (BAZ) Quédiig,
Germany, pp. 10.

Glore, S.R., Van Treeck, D., Knehans, A.W. and Guid
(1994). Soluble fiber and serum lipids: a literatur
review. Journal of American Diet Association, 94: 425
-436.

De
e

B-glucan concentrations (2-2-11-3%) and thus, can b&roh, S., Zacharias, A., Kianian, S.F., Penner,.GChong,

used in breeding programmes for increasing the

B-glucan content of elite, adapted, local germplagm

backcross programmes. Besides, conventional
breeding methods, molecular breeding (MB)
approaches viz., MAS, MABB, AB-QTL and genome
wide association studies (GWA) along with
mutagenesis (TILLING) have made possible to
identify and dissectB-glucan content rich regions

J., Rines, H.W. and Phillips, R.L. (2001). AFLP puotd
homology in comparative mapping in two hexaploitl oa
| populationsTheortical and Applied Genetics, 102: 876
Han, F., Ullrich, S.E., Chirat, S., Menteur, S.stite L.,
Sarrafi, A., Hayes, P.M., Jones, B.L., Black, T.K,
Wesenberg, D.M., Kleinhofs, A. and Kilian, A. (1995
Mapping of beta-glucan content and beta-glucanase
activity loci in barley grain and maltTheor. Appl.

across oat genome. Hence, such approaches have Genet., 91: 921-927.
enabled to map and to dissect these genomic regionsiandelman, G.J., Cao, G., Walter, M.F., Nightingld).,

accelerating improvement in oat grain quality and
increasing the nutritional value of the crop fomtan
consumption.
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