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Extended abstract

Introduction

Genetic diversity is crucial for the sustainability and improvement of plant species. Oats (Avena spp.) are globally
cultivated for human and animal nutrition, ranking sixth among cereals. Despite their importance, extensive
breeding practices have substantially narrowed the genetic base of cultivated oats, prompting efforts to reintroduce
diversity, specifically through the incorporation of genes from wild relatives. This diversity is crucial for
addressing challenges such as biotic and abiotic stresses, improving yield, and enhancing nutritional quality. This
study compares the genetic diversity of Avena sativa (common oat) and Avena fatua (wild oat), considering their
unique domestication histories and ecological adaptations. Common oat, extensively cultivated for grain
production, exhibits a narrow genetic base, while wild oat retains broad genetic diversity owing to its
undomesticated nature. Cross-breeding efforts involving hexaploid oat species are viable and important for
integrating beneficial wild genes into crops. This study seeks to evaluate the genetic diversity of these oat species
using SCoT (Start Codon Targeted) and IRAP (Inter-Retrotransposon Amplified Polymorphism) molecular
markers alongside chromosomal and phenotypic assessments. The insights gained aim to inform breeding
strategies and conservation efforts.

Materials and methods

The study assessed genetic diversity in 18 oat genotypes (common and wild) grown in a randomized complete
block design. Phenotypic traits, including plant height, flag leaf length and width, tiller numbers, floret numbers,
and 100-seed weight, were measured. DNA was extracted from young leaves for molecular assessment using SCoT
and IRAP primers. Chromosomal evaluations were conducted on twelve genotypes, examining various karyotypic
parameters. Data analysis employed Bayesian methods (MCMC), principal coordinate analysis (PCoA), and
analysis of molecular variance (AMOVA) to identify subpopulations and genetic structure. Genetic diversity
indices, polymorphism percentage, and marker index were calculated. Phenotypic data were analyzed using
ANOVA, correlation analysis, and heatmap clustering. The association between molecular markers and
phenotypic traits was assessed using Mantel's test, while principal component analysis (PCA) evaluated the impact
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of chromosomal parameters on genotype classification. t-tests were conducted to identify significant differences
between cultivated and wild species concerning phenotypic and chromosomal variables.

Results and discussion

SCoT primers generated 283 bands (198 polymorphic) with a Nei genetic distance of 0.039, while IRAP primers
yielded 117 bands (101 polymorphic) with a Nei distance of 0.093. IRAP markers demonstrated higher efficiency
(M1 of 1.78) than SCoT (Ml of 0.99) in detecting diversity. Molecular marker analysis revealed higher genetic
diversity in wild oat species compared to common species. These outcomes corroborate previous research pointing
to lower genetic diversity in common oats compared to wild genotypes. Identifying such diversity, particularly
from wild genotypes, is pivotal for breeding programs that target resilience and adaptability improvements.
Moreover, historical genetic diversity erosion in agriculture highlights an urgent need to expand genetic pools in
breeding endeavors. Population structure analysis using both markers identified subpopulations within oat
genotypes (three for SCoT, four for IRAP) but did not distinctly separate wild and cultivated species. AMOVA
indicated that most genetic variation existed within populations rather than between them, although IRAP data
detected significant diversity between species. This reinforces the genetic affinity between A. sativa and A. fatua,
likely due to shared genomes and extensive gene flow, a finding consistent with prior molecular studies and
phylogenetic analysis. Phenotypic evaluation revealed significant variations in traits such as plant height, flag leaf
length and width, tiller numbers, floret numbers, and 100-seed weight. Heatmap cluster analysis grouped
genotypes into three categories based on these traits. Molecular marker groupings didn't significantly align with
phenotypic classifications according to Mantel's test. Wild genotypes exhibited higher seed weights, suggesting
the presence of yield-enhancing genes valuable for crop improvement. Positive correlations were found among
most traits, except for seed weight, which negatively correlated with plant height. Chromosomal analysis of twelve
hexaploid oat genotypes showed variations in chromosomal parameters such as total chromosome length (TL),
centromeric index (Cl), and dispersion index (DI). All genotypes were classified as metacentric with no significant
differences between cultivated and wild species. Karyotypic symmetry assessment placed most genotypes in the
almost symmetrical karyotype category. Cultivated oats generally had more symmetrical karyotypes than wild
oats, though the difference was not statistically significant. Principal Component Analysis (PCA) of chromosomal
parameters explained 94.72 percent of the cumulative variance, with PC1 emphasizing centromere position and
PC2 highlighting chromosomal asymmetry. PCA of chromosomal indices identified three distinct groups of
genotypes but did not clearly separate cultivated and wild species.

Conclusion

This comprehensive study of common (A. sativa) and wild (A. fatua) oat species using molecular markers,
phenotypic evaluation, and chromosomal analysis has provided valuable insights into their genetic diversity,
population structure, and potential for crop improvement. The research consistently demonstrated higher genetic
diversity in wild oat populations compared to their cultivated counterparts, highlighting the importance of wild
germplasm as a reservoir of beneficial traits. While the study revealed close genetic relationships between
cultivated and wild species, it also identified subtle differences that could contribute to observed phenotypic
variations. These findings underscore the potential of wild oats in breeding programs aimed at improving crop
productivity and resilience. The study emphasizes the need for conservation of wild oat populations and their
strategic utilization in oat improvement programs to address the challenges of genetic bottlenecks in cultivated
varieties and to enhance overall crop performance in the face of changing environmental conditions.
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Table 3. Characteristics of SCoT primers, including band size, polymorphism percentage (PP%), marker index
(M), effective size (Ne), expected heterozygosity (He), and polymorphism information content (PIC), in the
genotypes of two oat species, Avena sativa and Avena fatua

b Sl s el - M Avena sativa Avena fatua
Primers Bands size (bp) Ne He PIC Ne He PIC
SCoT1 1000-3000 0.83 0.89 1.61 0.33 0.26 1.56 0.31 0.24
SCoT2 300-1500 0.33 0.24 1.32 0.16 0.12 1.24 0.14 0.11
SCoT7 300-2400 0.60 0.64 1.27 0.17 0.14 1.24 0.17 0.14
SCoT10 350-2200 0.83 1.73 1.58 0.32 0.25 1.47 0.27 0.22
SCoT12 300-2100 0.71 0.61 1.36 0.21 0.17 1.32 0.21 0.17
SCoT17 400-1300 0.38 0.22 1.20 0.11 0.08 117 0.10 0.08
SCoT20 250-1700 0.91 1.97 1.64 0.36 0.28 1.48 0.27 0.22
SCoT22 400-1700 0.75 0.93 1.46 0.25 0.19 1.52 0.29 0.23
SCoT25 600-2800 0.75 0.82 141 0.25 0.20 1.37 0.23 0.18
SCoT29 400-3000 0.85 1.80 1.47 0.26 0.20 1.50 0.29 0.24
SCoT30 250-2500 0.55 0.58 1.28 0.16 0.13 1.26 0.16 0.13
SCoT31 500-3000 0.88 0.91 1.45 0.26 0.21 1.37 0.21 0.17
SCoT33 400-1700 0.71 0.92 1.67 0.35 0.26 1.64 0.34 0.26
SCoT34 500-2700 0.80 121 1.48 0.28 0.22 1.44 0.25 0.20
SCoT35 250-1500 0.78 121 1.38 0.21 0.17 1.50 0.27 0.21
SCoT36 600-2000 0.75 0.81 1.37 0.23 0.19 1.39 0.23 0.19
SCoT70 500-2700 0.50 0.37 131 0.19 0.15 121 0.14 0.12
SCoT2/7 150-800 0.50 0.62 1.40 0.22 0.17 1.42 0.22 0.17
SCoT2/70 200-2000 0.88 0.85 1.64 0.34 0.26 1.68 0.38 0.29
SCoT10/20 200-2000 0.64 0.85 1.45 0.24 0.19 1.29 0.19 0.15
SCoT12/31 100-1500 0.55 0.83 1.37 0.22 0.17 1.50 0.26 0.20
SCoT12/33 200-1500 0.89 1.38 1.45 0.26 0.20 1.52 0.27 0.21
SCoT12/35 100-3000 0.92 212 1.35 0.20 0.16 1.60 0.34 0.27
SCoT17/70 200-2700 0.79 1.85 151 0.28 0.22 1.49 0.29 0.23
SCoT22/34 350-2000 0.85 1.35 1.39 0.23 0.19 1.35 0.20 0.16
SCoT23/29 200-1700 0.75 154 143 0.23 0.17 1.58 0.31 0.24
SCoT23/31 200-2000 0.58 0.86 141 0.23 0.18 1.32 0.19 0.16
SCoT29/31 400-1500 0.38 0.14 114 0.10 0.08 113 0.07 0.06
SCoT33/35 100-1200 0.44 0.37 1.23 0.13 0.11 131 0.17 0.13
Mean 0.69 0.99 141 0.23 0.18 141 0.23 0.19

(M) Slss jaxls (PP%) JISodior Lo s (Band size) LU go3lul Lol IRAP gls ST Sl gat —8 J s

64.:; EE 6&%};5 BLl (PIC) ‘_;b\/.z.,\.a; CJLS‘«)U&‘ 6\}:’”’ 9 (He) )LE...:\ S0 W}iﬁ)jﬁ.ﬁ ;(Ne) jsj.a 60)‘.)\4\
<Y, (Avenafatua) o>, 5 (Avenasativa) s,

Table 4. Characteristics of IRAP primers, including band size, polymorphism percentage (PP%), marker index
(M), effective size (Ne), expected heterozygosity (He), and polymorphism information content (PIC), in the
genotypes of two oat species, Avena sativa and Avena fatua

S5l s ol - M1 Avena sativa Avena fatua olumn8
Primes Band sizes Ne He PIC Ne He PIC
Gaga 500-3000 100.00 2.53 1.47 0.29 0.23 1.42 0.27 0.22
5LTR 400-1500 71.43 0.65 1.33 0.21 0.18 1.25 0.16 0.13
LTR6150 400-2700 90.00 1.78 1.45 0.27 0.22 1.45 0.27 0.22
3LTR 150-1900 100.00 3.60 1.59 0.33 0.26 1.66 0.37 0.29
Nikita 300-3000 84.62 221 1.54 0.30 0.23 1.42 0.24 0.19
Sukkula 100-2000 75.00 1.53 1.40 0.23 0.18 1.33 0.19 0.15
Gaga-LTR6150 200-1500 75.00 1.15 1.46 0.24 0.18 1.44 0.25 0.19
Gaga-3'LTR 500-1400 83.33 0.87 1.42 0.23 0.18 1.33 0.19 0.15
Gaga-Sukkula 100-1500 87.50 171 1.18 0.10 0.08 1.64 0.36 0.28
LTR6150-3'LTR 250-1000 100.00 111 1.44 0.28 0.23 1.68 0.40 0.32
LTR6150-Sukkula 100-1700 90.00 2.19 151 0.29 0.23 1.62 0.35 0.27
3'LTR-Sukkula 250-2000 76.92 2.01 1.33 0.19 0.15 1.54 0.31 0.25
Mean 86.15 1.78 1.43 0.25 0.20 1.48 0.28 0.22
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Table 5. Analysis of molecular variance (AMOVA) based on SCoT and IRAP data, as well as their combined dataset

Al S et me b3l am s Ol o Kl bl PhiPT
Marker S.0.VvV Df MS Variance
$lesS 053 1 45.44 4.71% 0.047"
SCoT Betwm\egn species
SIS 16 35.26 95%
Within species
$lesS050 1 30.38 7.61% 0.076"
IRAP BetWt\egn species
Sl 16 17.82 92.39%
Within species
$lesS050 1 70.35 5.33% 0.053"
CoT & IRAP BetWt\egn species
Sl 16 52.97 94.67%
Within species
S0l 53 la pme Sl pme b (Se R0l L S F M
"sand *: Indicate non-significant and significant at the 0.05 level, respectively.
a
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L aesloen Waomo 15 3Mad et 51, AK slie (©) IRAP

Figure 1. Classification of 18 oat genotypes into three, four, and three subpopulations based on SCoT (a), IRAP
(b), and SCoT and IRAP combination (c) data using STRUCTURE software, respectively. Based on SCoT,
IRAP and their combination data, the AK values were estimated to specified the number of groups in the wheat
genotypes.
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Figure 2. Clustering of 18 oat genotypes using Nei's genetic distance and Principal Coordinate Analysis (PCoA)
based on SCoT (a), IRAP (b), and combined SCoT-IRAP (c) marker data.
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Table 6. Analysis of variance using a randomized complete block design for traits including plant height (PH), flag leaf
length (FL), flag leaf width (FW), floret number (FN), tiller number (TN), and 100- seed weight (W100).

St pe s Sl e 5SSl
S.0Vv @slst Mean of Squares
DFf PH FL FW FN TN W100
s
M 2 125.63" 7.26m 0.15m 987.17" 128.46™ 0.46"
Block
S0 17 1110.54™ 65.07" 0.52"** 1091.06™* 97.17™ 0.65*
Genotype
o
34 166.51 9.99 0.057 229.03 20.95 0.28
Error
St e 2
(1) 14.86 18.04 19.19 24.19 22.25 14.48
CV (%)

#% # NS
[33

A/e) ge/e) o/v0 Ch“): D3 x5 Jls pme f (GodasOLis s
. Indicate non-significant and significant at the 0.05, 0.01 and 0.001 levels, respectively.

ng * **x

., Tand ™
A Jlees d@w 53 (LSD) I3 pxe Sl Plas 55, 5l eslazad L (W100) ailsds O35 5 (TN) 4y slias «(FN) =l

Table 7. Comparing oat genotypes using averages of plant height (PH), flag leaf length (FL), flag leaf width
(FW), floret numbers (FN), tiller numbers (TN), and 100- seed weight (W100) traits, assessed by least
significant differences (LSD) at the 0.01 significance level.

b 5 PH FL FW FN TN W100
Genotypes
F1 90.77bcdef 18.43bcde 1.10¢defg 41.00 12.67¢f 3.30%
F2 92.03zbedef 7.83¢ 0.83¢f0 37.67¢ 11.67f 2.97%
F3 55.57 11.90¢f 0.63¢ 49.33bcd 12.33¢f 3.15%
Fsanl 60.909" 10.67% 0.73f9 57.67bc 14,670 3.83
F115060 75.67%feh 19.802bed 1.2Qbedef 76.33 18.000def 3.04%
F115055 91.8(Qbedef 24.00° 1.47bed 79.00P 24,332cd 2.47°
F27611 115.002 23,77 1.67° 68.000cd 29.00 3.752
F27589 90.20becdef 18.50bcde 1.17bcdef 57.00b¢d 24.002¢d 3.33%
Fsan2 59.73% 12.83¢%fg 1.43bcd 54,33bcd 20.33bcdef 3.38%
Fsan3 64.93feh 12.47¢f0 4.70bed 58,670 21 G72bodef 3.422
Fsan4 68.47¢fan 16.00¢def 1.500¢ 74.67 22.33zbcde 3.558
S1 120.502 22.67%¢ 2.20 118.672 26.332¢ 2.560
S2 105.572¢ 18.20bcde 0.86¢0 50.67bcd 31672 2.43b
S3 86.30°fg 18.00bcde 0.70f9 76.67° 19.00bedef 2.45b
$91098 84.10cdefah 18.30bcde 0.940%fg 74.33b 19.00Qbodef 2.40°
S115014 98.93cd 21.60%¢ 1.67° 43.67¢ 26.00%¢ 2.82%
$115020 96.672bcde 20.37%¢ 1.600¢ 57.67bc 19.00bcdef 2.91%
S53 105.80%¢ 19.972¢ 1.30bede 50.67bcd 18.33¢def 2.728
LSD (0.01) 28.78 17.02 0.53 33.75 10.21 1.19

Identical letters indicate no significant differences.
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Figure 3. The heat map illustrates the relationships among 18 oat genotypes and plant height (PH), flag leaf

length (FL), flag leaf width (FW), number of florets (FN), number of tillers (TN), and hundred grain weight

(W100) traits. The colored dendrograms on the right indicate the number of groups. According to the legend,
blue colors signify the maximum values of each trait, while red colors denote the minimum values.
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Table 8. Average chromosomal parameters and Romero-Zarco indices investigated in oat genotypes of cultivated
and wild species.

Genotypes

ToWPES s L TL AR r-vale F% DRL% Cl TF% XCl S% CVdl Ovi DI Al A2 ST Range
FI 451 713 1164 16 065 3873 263 039 3827 023 6128 1698 1465 141 035 017 2A 66156
Fsanl 545 865 1409 162 066 3869 294 030 3894 022 6106 1681 2023 129 033 017 2A 50

F115060 553 7.7 1323 141 074 4193 298 042 4136 017 5864 1555 1459 109 027 016 2A %1:;,

F115055 583 89 1472 155 067 3057 301 04 3956 021 6044 2074 1744 103 033 021 2A ygé
F27611 608 923 1531 155 067 3074 22 04 4034 019 5966 1916 1565 101 031 019 2A S5
SL 481 752 1233 157 065 39 288 039 3898 022 6102 1931 1444 115 035 019 2A o7
S2 522828 135 163 065 3868 312 039 3867 023 6133 1644 1837 138 035 016 2A o
S3 541 848 1389 173 066 3894 261 039 3893 023 6107 1801 2729 128 034 018 2A f-zzé
SUL098 473 707 12 150 067 3979 21 04 3977 022 6023 1989 2358 108 032 02 2A oo

S115014 381 54 921 141 073 4146 313 042 4141 017 5859 1933 1444 088 027 019 2A 95-188

S115020 571 881 1452 157 067 3935 258 04 3938 021 6062 1479 1519 142 033 015 2A Iézgé
S53 349 511 86 149 071 4054 304 041 4058 018 5942 1425 1522 128 029 014 2A if’;

Mean 505 7.70 12.75 156 068 39.70 2.77 040 3968 021 6028 17.61 1759 119 032 0.18

I a5 FU% (S/IL) s sk ir-value (L/S) 454 e AR (IS r}jy}; Jsb iTL cads g3 L b S 6536 :S
S IS a3 TF% ((SITL) X 100) 5 o5 Sl yasl Cl (TLMIN/TLMAX) X 100) s I b 55 DRLY <35 505 5
2 CVCH cps5 505,85 dgb Sl s i CVEL ) a3l :S% (s 05 il nKils S la XCI (ES/XTL) x 100)
O pas yals A2 (g5 4058 0955 0)B pas pasla AL (AL + A2) 12) Susty jasls Dl gyl jasli Ol i

il gale Jsb ST (255505 5
S: Short arm, L: Long arm, TL: Total chromosome length, AR: Arm ratio (calculated as L/S), r-value: Relative
length (calculated as S/L), F%: Form percentage of chromosome, DRL%: difference of relative length
(calculated as (TLmin/TLmax) x 100), CI: Centromeric index (calculated as (S/TL) x 100), TF%: the total form
percentage (calculated as (3.S/Y TL) x 100), XCI: Mean centromeric index, S%: Symmetry index, CVcl:
Coefficient of variation of chromosome length, Cvci: Coefficient of variation of centromeric index, DI:
Ddispersion index (calculated as (Al + A2) / 2), Al: Intrachromosomal asymmetry index, A2:
Interchromosomal asymmetry index, ST: Satellite length.

LA Jsdor) A5 sdalie S53C 55 s A= /)6 lie DI%) SXS|,; Lastls s p i b S1150200 5 53
5l s s ol sasS 53 sl t Ogesl Sl eslizad peS b S115014C 545 5 cp 5ozl (V/EY L iy
Ll 60 S )13 s das0 p00305,S S ull (ann L3 g 8 SOORe gLls (Ao 3 /M) DI% s
CEI 5 g s (405 pme sl 48 53w Bl ) ) 2A S s s 25 DY Gla S8 (Gaen

.(P>0.05) 25 S 13 (ST jstal (gusins (O Mo Lo &5 o p01S)
shls oy Yy glacsss ojlse S1 s S8 pde G35 s sl (Stebbins, 1971)
Slacs s c el 4 cad ool glacs 28 Romero Zarco, ) S,li-5,09, A2 5 Al la esli
Gloanes el lul o bl ssg pieg Y R 3 e a8 0l S eslinal 55 (1986
wlin aiws K s Y a5 Gaen Gl 53 A= Y0 e S L 95509 S 055 Dt
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Figure 5. Principal component analysis (PCA) was performed using 16 chromosomal parameters from 12 oat genotypes.
These parameters included: S (Short arm), L (Long arm), TL (Total chromosome length), AR (Arm ratio), r-value
(Relative length), F% (Form percentage of chromosome), DRL% (Difference of relative length percentage), Cl
(Centromeric index), TF% (Total form percentage), XCl (Mean centromeric index), S% (Symmetry index), CVcl
(Coefficient of variation of chromosome length), Cvci (Coefficient of variation of centromeric index), DI (Dispersion
index), Al (Intrachromosomal asymmetry index), and A2 (Intrachromosomal asymmetry index).
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