IASET: Journal of General Engineering and A International Academy of Science,

Technology (IASET: JGET) 5

ISSN(P): Applied; ISSN(E): Applied ‘ ) Engineering and Technology

Vol. 1, Issue 1, Jan - Jun 2016; 25-34 Connecting Researchers; Nurturing Innovations
© IASET IASET g g

ASSESSMENT OF GROAT NUTRITIONAL ASPECT OF NEW DEVEL OPED
OAT HEXAPLOID LINES THROUGH INTERSPECIFIC CROSS WIT H
THE TETRAPLOID OAT A. MURPHYI

SAIDI N* A. HILALI 2 N. SHAIMI® C. AL FAIZ * & G. LADIZINSKY °
L3INRA, RU Plant breeding, Conservation and Valoi@abf Plant Genetic Resources,
RCAR-Rabat, Rabat Institutes, Rabat, Morocco
?University Hassan |, Faculty of Sciences and Tegines, Laboratory of Food Processing Industry, Séitarocco
“INRA, Avenue Ennassr, Rabat, Morocco
®Principal Investigator, USAID, Project No. TAMOU @53, Washington, D.C., U.S.A

ABSTRACT

Attempts have been made, to develop high groatpratontent lines of hexaploid oat through hybuadiian
work, aiming the transfer the tetraploid oat spede murphyi’'s high groat protein content into thforoccan common
oat cultivars. Derivative hybrid lines were subgettto pedigree selection, which yielded ten lineewsng a good
agronomic performance. Since the derivative lindsheg conceived for human consumption, selectaddiwere assessed
for groat protein content. Protein analysis revedlet this trait was improved for the developedkdi from 1 to 18% in

comparison to their hexaploid parents, respectively
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INTRODUCTION

Known to be the most popular cool-season cereaispgrown for forage [4], traditional breeding grammes
were emphasising on the determination of agrongmeidormance of oats mainly high grain yield, testight, straw
strength and tolerance/ resistance to diseaseshvthieaten oat cultivation. However, during thet ldscades, more
attention was devoted to other characters, mairdyngquality such as high groat protein content].[This is because
many epidemiological studies have revealed thatleegonsumption of oat, whole grains reduces rigksarious types of
chronic diseases, such as cardiovascular disegee2tdiabetes and some cancers [9]. Oats havédeoaisle amounts of
high-quality protein [26], which is approximatehyite the protein content of rice, and are a goagte® of vitamins and
minerals [18]. Furthermore, oats have a good tak¢eetic properties and an activity stimulatingtatmlic changes in the
body [2] and containing unique antioxidants (aveéheamides), various phenolic compounds [20], initaid to be
beneficial as a gluten-free diet suggested forviddal genetically susceptible for gluten [19 ; Epr all these features,
demands for oats for human consumption have ineceakiring the last decades. Therefore, most ofbtteeding
programmes are currently directed towards graitdyimprovement rather than forage yield in orderrétease new
cultivars with more protein of better quality inder to satisfy these demands [24]. A wild tetragphloat speciegwvena
murphyi Ladiz. (2n=4x=28) endemic to South of Spain, but encoeat@lso in the North of Morocco [13 ; 15] was found
to be interesting since its groat protein contemt reach up to nearly 40% and therefore higher thanof the existing

common oat cultivars [25 ; 16]. As it was reportad[3] that the value of introgressing wild oat m@tasm into the
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cultivated oat gene pool, in order to improve sraf economic importance, has been documentedmpte have been
made by the National Institute for Agricultural Rasch (INRA-Morocco) to exploit this valuable trait this taxon to
increase the nutritive value, mainly groat protsamtent, of three local common oat cultivars thtobhgbridization work,
aiming the development of new rich protein grodtiears which can be conceived for human consunmptiss it was
reported by [23], groat protein content is rankadtlze most important trait among grain constituehus to its high
nutritional value. Therefore, this study aims tsess the groat protein content of the new develafsrteexaploid lines,

derivatives from different combinations of the nsigecific crosses.

MATERIAL AND METHODS

Material

Two wild accessions dk. murphyi Ladiz. (45-55 and 50-52) collected in 1985 in the SodtBpain and Northern
region of Morocco, were involved in interspecifiosses with three Moroccan cultivarsfofsativa (Amlal, Soualem and
Tissir). The cultivars were used as female panetité first crossing cycle. F1 hybrids were backsea to their hexaploid
parents, respectively. The BC1 hybrids have bedijested to pedigree selection until reaching genstability [22].
Ten hexaploid lines were selected according ta timrionomic performance and analyzed for groatityual

Methods
Determination of the Weight of One Thousand Seed¥\(TS)

For each line, 1000 seeds were counted in threlicagpns and weighted individually. Average weighés

determined and expressed in grams [11].
Determination of Groat and Hull Proportions

Determination of the groat and husks proportionseweleased, according to [7] and [10]. This methodsists
in counting and weighting one thousand seeds ietheplicates and then proceeds to their hand ldefaind to weight
groat and hull separately. Groat and hull percargagere determined by measuring the mass of segglesarl he ratio of
the groat or hull mass to the total sample massgit®0.

Determination of Groat Protein Content

Determination of groat protein content consistdétermining the total grain nitrogen using the sileel Kjeldhal
method [6]. One gramme of oat flour (Pe) was weaidghin two replicates and each sample was placea $pecial
container. One Kjeldhal tablet (0.3 g CuSO4 + 3kKP&04) in addition of 12 ml of H2SO4 was addede Thntainer was
placed for 45 min in the mineralization unit preaterl at 420°C, until obtaining the green coloratiéfter cooling the
mixture, 50 ml of distilled water was added. Thetainers in addition to the check (VB) were plagedhe distillation
unit and 50 ml NaOH 40% were added. After disiiatthe residue for 5 min (200 ml of distillate) 20 ml H3BO3 4%
and added to Rm and Vb. Titration of the distillates carried out using HCL 0.1 N (VHCL).

Calculation Method for Total Proteins
MAT = [(V heL — V) X NyeL X 0.014 x 6.25 x 100] / (Pe x MS)

MAT = [(V e — Va) X 0.875] / (Pe x MS)
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RESULTS AND DISCUSSIONS
Weight of 1000 Seeds (WTS)

Analysis of 1000 seeds for the derivative hybridsrf different combinations ofA({ sativa x A. murphyi) x A.
sativa has revealed that individuals issued from comimnaf7 (Amlal x P45-55) x Amlal had a WTS rangingr 36 g
to 39 g. Hence, this weight is lower than that ofhbtetraploid parent P45-55 (52 g) and hexaplaickpt Amlal (42 g)
(Figure 1).
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Figure 1: Weight of One Thousand Seeds (WTS) of thH@enotypes Derivative from
(A. sativa x A. murphyi) x A. sativa) Combinations

T5 (A. sativa (Tissir) xA. murphyi 45-55) xA. sativa (Tissir)
T6 (A. sativa (Tissir) xA. murphyi 50-55) xA. sativa (Tissir)
A7 (A. sativa (Amlal) x A. murphyi 45-55) x A. sativa (Amlal)
A8 (A. sativa (Amlal) x A. murphyi 50-52) x A. sativa (Amlal)

For combination A8 (Amlal x P50-52) x Amlal, WTS thfe two maintained individuals varied from 35 6 @
lower than that of the tetraploid parent P50-52¢¥8and the hexaploid parent Amlal (42 g) (Figuye 1

Derivative hybrids from the cross T5 (Tissir x P8%&) x Tissir had a WTS of 30 g lower than that offbTissir
(32 g) and of P45-55 (52 g) (Figure 1). As for erd$ (Tissir x P50-52) x Tissir, derivative hybridad a WTS of 32 g
similar to that of Tissir but lower than that oBB-52 (Figure 1). In general, crosses between heixbpultivars Amlal /
Tissir and the tetraploid accessionsfofmurphyi P45-55 and P50-52 respectively, had yielded iddiais with a WTS

lower than that of the tetraploid parents and loareequal to that of their hexaploid parents.

Groat and Hulls Proportions

For all combinations A7, A8, T5 and T6, comparisointhe multiple range test with the least significa
difference method (LSD) has revealed a high sigaift difference (P<0.001) between derivative irdlrals and their

parents respectively concerning these traits.
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Analysis of the groat and hull proportions for dative lines of the combination A7, realized betweenlal and
P45-55, revealed that groat proportion has reaéBetb 74 %, exceeding that of both P45-55 (58 %) Aamlal (66 %).
Also, hull proportions varied from 26 % to 32 % lewthan that of both P45-55 (42 %) and Amlal (34(Fyure 2).

For combination A8, performed between Amlal and-B30the two derivative individuals had a groatgandion
of 67 to 70 %, respectively, compared to that ofldin(66 %). The derivative line A08-14 has a grpegportion of 70 %

compared to that of the tetraploid parent P50-822%§. Hulls proportion of the two derivative linesnged from 30 to
33% and hence lower than that of the hexaploidmakenlal (34 %) (Figure 2).

The combination T5, undertaken between Tissir a#s-$5, the derivative lines T05-15 and T05-92 réecta
groat proportion of 66 % to 70 %, respectively, eeding that of their tetraploid parent P45-55 (58 @nly the line
T05-92 had a groat proportion exceeding that ofttbeaploid parent Tissir (69 %). As for the hull®gortion of both
issued lines, it ranged from 30 to 34 % and heoeet than that of P45-55 (42%). For line T05-1%s thait was off 34 %,

exceeding that of Tissir (31 %). For line T05-92I$ proportion was off 30 % and therefore lowearththat of the
hexaploid parent Tissir (Figure 2).

The combination T6, which involved Tissir and P30)-Bad yielded two lines T06-74 and T06-107 présgra
groat proportion of 62 % and 71 %, respectivelye Ti®6-74 had a graot proportion (71 %) exceediag afi both parents,
while that of T06-107 (62 %)was lower comparedi$cioth parents (Figure 2).

Hulls proportion for T06-74 (29 %) was lower thdrat of its both parents (31 %) For T06-107 recordelis
proportion was higher (38 %) than that of both ptse(Figure 2).

In general, for the crosses realized between Aondlissir and both tetraploid accessionsfofmurphyi P45-55

and P50-52, respectively, there was an improvemigtoat proportion and a decrease of hulls praponnainly for the
derivatives of the crosses with P45-55.
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Figure 2: Proportions of Groat and Hulls and for Deivative Lines from
Different Combinations of (A. sativa x A. murphyi) x A. sativa
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T5 (A. sativa (Tissir) xA. murphyi 45-55) xA. sativa (Tissir)
T6 (A. sativa (Tissir) xA. murphyi 50-55) xA. sativa (Tissir)
A7 (A. sativa (Amlal) x A. murphyi 45-55) x A. sativa (Amlal)

A8 (A. sativa (Amlal) x A. murphyi 50-52) x A. sativa (Amlal)

Groat Protein Content

For all combinations T5, T6, A7 and A8, comparisointhe multiple range test with the least significa

difference method (LSD) has revealed the existasfca high significant difference (P<0.001) betweba derivative
hybrids and their parents respectively regardiigttait.

Analysis of groat protein content for derivativalividuals of the combination A7 realized betweenlalinand
P45-55 has shown that groat protein content ofthsdrids A07-13 (14,61 %), A07-20 (14,54 %) and7/A8® (14,52 %)
was improved by 3 to 4 %, compared to the oncéeif hexaploid parent Amlal (14,03 %) (Figure 3).

For combination A8 involving Amlal and P50-52, grgaotein content for the issued hybrids A08-14,793%)
and A08-28 (12,98 %), was lower than that of tieith parents P50-52 (18,39 %) and Amlal (14,03 &) therefore, no
genetic enhancement regarding this trait was aetigiwough this cross (Figure 3).

For T5 combination involving Tissir and P45-55, treat protein content of the hybrids was lowemtkizat of
their tetraploid parents P45-55 (23.69 %). In corngoa to their hexaploid parent Tissir (14 %), thve derivative hybrids

T05-92 and T05-15 had a groat protein content ¢59.86 and 15,94 %, respectively, enhanced in coisgrato Tissir
from 14 to 18 % (Figure 3).

For T6 combination undertaken between Tissir an@-%5 the groat protein content of the derivatiybrids
T06-74 (14,18 %) and T06-107 (9,97 %) was lowenttieat of tetraploid parent P52-55 (18 %). Only bybrid T06-74
had a groat protein content of 14,18 % enhancet dythan that of Tissir (Figure 3).
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Figure 3: Proportions of Groat Protein Content (%) in the Derivative Lines Issued from
Different Combinations of (A. sativa x A. murphyi) x A. sativa
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T5 (A. sativa (Tissir) xA. murphyi 45-55) xA. sativa (Tissir)
T6 (A. sativa (Tissir) xA. murphyi 50-55) xA. sativa (Tissir)
A7 (A. sativa (Amlal) x A. murphyi 45-55) x A. sativa (Amlal)
A8 (A. sativa (Amlal) x A. murphyi 50-52) x A. sativa (Amlal)

According to the above results, we can conclude rtbagroat protein content improvement was notifmedhe
derivative hybrids of the cross A8 realised betwheraploid cultivar Amlal and the tetraploid par&&0-52. However,
for the cross A7 achieved between Amlal and P45f@5most of the yielded hybrids there was an eobarent of the
groat protein content of 3 to 4 %. On the otherdhdor one derivative individual from the cross Tealized between
Tissir and the tetraploid accession P50-52, theas an increase of around 1 % of groat protein cortempared to its
hexaploid parent. However, the important genetltamsement of the groat protein content was achidvedigh the cross
T5, which involved Tissir and P45-55. The groattpio content of the derivative lines was enhancgdl®é to 18 %
compared to its hexaploid parent. Thus, for thessee realized between the tetraploid parent P4&ithSeither hexaploid

cultivars Amlal or Tissir, we have succeeded inamding the groat protein content of the progeny.

Reminding what was quoted by [8], weight test, gnomportion and its constitution mainly oil andotgin
contents are the most important grain quality drditr oats. Thus, derivative hybrids yielded byfatént cross
combinations between hexaploid cultivars and wldaploid accessions & murphyi respectively, were analyzed for the
targeted traits.

Derivative lines issued from different combinatiasfs(A. sativa x A. murphyi) x A. sativa cross had shown a
WTS lower or equal to that of the hexaploid pareffitsus, no genetic improvement for this trait wakieved for the
progeny, compared to the lines, derivatives ofdfuesses realized with. Magna, for which this trait was improved [23].
This leads to conclude that Magna is genetically close enough to the cultivated camnroatA. sativa rather than any

other oat species [21].

Groat proportion is a determinant trait for oat lgyaeconomic value and it is positively correlataith seed
yield [8]. Thus, the derivative individuals oA.(sativa x A. murphyi) x A. sativa, groat proportion was improved for only
the hybrid derivative of the combinations that ilweal Amlal and the tetraploid accessionsfofmurphyi. However, in
comparison to the derivative individuals from tlerbinations of the cros#\(sativa x A. Magna) x A. sativa previously
achieved under the same environmental conditior]28ly there was an increase of groat proporticth @adecrease of hull
proportions in comparison to their both hexaploittl detraploid parents. This leads to conclude that high groat
proportion of the tetraploid parents were trangf@ro all derivative hybrids of\( sativa x A. Magna) x A. sativa, and to
half of the progeny of the crosA.(sativa x A. murphyi) x A. sativa. This confirms what was reported by [7], that groa

proportion is an inheritable quantitative trait myva large heritability varying from 36 to 92%.

The nutritionally desired constituents of oats @acentrated in the groat [5]. In addition to grpadportion, oat
grain quality is also determined by groat proteaid @il contents [25]. Groat protein content is mofeen ranked as the
most important trait among grain constituents beeaof its high nutritional value [8]. Thus, anadysif groat protein
content of the derivative individuals of the crd8ssativa x A. murphyi) x A. sativa, we have succeeded in increasing the
groat protein content of the derivative hybrids by6 to 18 %. This leads to conclude that the tadydtait was
successfully transferred from the tetraploid pantnurphyi to the progeny through hybridization work. Thisfioms
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what was reported by [14], that the improvementhef groat protein content of cultivated oats bysfarring this trait
from either the tetraploid speci@s murphyi to the hexaploid cultivars, is very promising besm the genes controlling
this trait are apparently localized on homologoushi@mologous chromosomes of both hexaploid an@pkiid species.
According to [17] and [27], these genes have aeladyditive action with a partial to total dominaricelow groat protein
content. Hence, the genomic regions associatedhigti groat protein content and their specific nalar markers are of
great use for genetic control of this trait, andl piovide assistance to breeders in order to mdatp this trait aiming the

improvement of oat cultivation [27].

Reminding that the main objective of this studytasdevelop new hexaploid lines, having high graimldy,
especially high groat protein content exceeding tifathe cultivated hexaploid cultivars; and acéogdto the above
results, 6 lines derivative of the crogs &ativa x A. murphyi) x A. sativa namely A07-13, A07-20, A07-36, T05-15,
T05-92 and T06-74 were maintained. Because of theiat protein content which exceeded that of theixaploid

parents, the maintained lines can be suggestdukfog conceived for human consumption.
CONCLUSIONS

Wild relative species are a mine of valuable gemelsich can be exploited by hybridization, aiminge th
improvement of a targeted cultivation. The obtainesllts from the undertaken hybridization workdlwng accessions
of the wild tetraploid oat ofA. murphyi and the different hexaploid oat cultivarsAfsativa respectively confirmed this
hypothesis. The targeted trait by this study washigh groat protein content of the tetraploid pardssessment of the
derivative hybrids yielded by different combinatofor groat protein content has revealed an acbkptdegree of
improvement of this trait ranging from 1 to 18% quared to their hexaploid parents. This result isoenaging to boost
new breeding programmes, targeting the developmEnew oat cultivars with high groat nutritive valand therefore
responding to the accurate demand of the popuktmanse oats for human consumption. Thereforegémetic progress
achieved byA. murphyi remains relatively lower than that achievedAyMagna as reported by [23]. Furthermore, the
previous hypothesis stating thatMagna is close enough to the cultivated oattokativa rather tharA. murphyi is again

confirmed by this study.
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