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Phenotype Genetic Diversity Analysis and Screening for Elite Germplasm
Resources in 465 OQat Accessions
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Abstract: To analyze the genetic diversity characteristics of the phenotypic traits and identify germplasm with
superior traits in oats (Avena sativa L.) , this study conducted a comprehensive evaluation of 24 phenotypic
traits in 465 oat accessions collected from 26 countries. The results showed that the coefficient of variation for
13 quantitative traits ranged from 13.19% to 46.70% , while the genetic diversity index for 11 qualitative traits
varied between 0.12 and 1.00. Correlation analysis revealed significant positive correlations (P<Z0.01)
between plant growth traits (e. g., plant height, stem diameter) and yield-related or panicle traits, whereas a
significant negative correlation (P<C0.05) was observed between lodging resistance and thousand-kernel
weight. Cluster analysis classified the accessions into six distinct groups: Group I, high-biomass hulled oats
suitable for forage breeding; Group II, accessions combining high yield and lodging resistance; Group III,
naked oats ideal for grain use; Groups IV-VI, accessions with distinctive characteristics, which can serve as a
specialized gene bank. Based on principal component analysis (cumulative contribution rate of 65.05%) and
comprehensive evaluation scores (F value), five elite accessions (174, Y586, Y1062, Y341, 150) with high
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yield and lodging resistance were identified, demonstrating potential as excellent parental lines or fundamental

research materials.

Key words: Oat (Avena sativa .. ) ; Phenotypic traits; Genetic diversity ; Principal component analysis; Cluster

analysis
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Table 1  Origin and number of oat germplasm accessions

JEL7= i Origin Jz2 /# Husk/Naked {340 Amount JEL7 H Origin Jz2 /# Husk/Naked {340 Amount

fi AR £ Argentina J Husk 1 5% 15 Mongolia J Husk 1
4 F| Chile J% Husk 16 [ 337 40 Pakistan B Husk 2
2% Finland J% Husk 1 W oy J¢ . Romania J% Husk 5
P .51 Israel J% Husk 1 AR FT Australia J Husk 5
75 [ France J%Z Husk 9 fif 2% Netherlands JZ Husk 1
+ HH Turkey J% Husk 4 32 [ United Kingdom J% Husk 2
18 Germany J Husk 6 Fii -1 Switzerland J% Husk 1
JF# Denmark J% Husk 150 104 2% New Zealand J% Husk 1
Fe A 1} Belgium K Husk 1 £ A I Bulgaria Jz Husk 2
i M Sweden J Husk 12 FETE W% 1K T Czechoslovakia J Husk 2
H 7 Japan J Husk 6 2% [# United States of America JiZ Husk 22

1 [ China J Husk 55 Jin%= K Canada J Husk 108
i Naked 7 i Naked 3

) 4 K] Hungary J% Husk 17 S Soviet Union J% Husk 22
# Naked 1 # Naked 1

TE : JRIE v v A v J8 T I s R

Note: The Soviet Union and Czechoslovakia are historical states
5cme TR I AT R A BB R AR 7R 5
5 7™ 7 5 M 1k 06 2 SR ) 3 R OK
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1 A 5 A BE AL PR IR 2 R B AR A bk, 3t
e 10 Bk BEAT I A o, 1S R PR CRL AR

B /R VR BT EIAR R R R A RE A
R T HE LSS MR B o ) A8 3 AT 0 RS
3, T RFRLE R 2R S 450 RE AR L SRR AR A5
(4 4 AN [, O T T R A A GE T o A, X
PR BE AT (BB A, LA TR F b o TF WL 35 25134
BRI CRLAE - bR 25K o DE R I I/ 5E
AN R O ae A DL SR YNNG 12 7 SN RS EP S
5 T RN AR, RLAS AR AR A A /N X 10 AR E
(Y P 2 08 A S 32 B SR 0L DM T S £ gt
VALl
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Table 2 Trait characterization and evaluation criteria for oat germplasm resources

PR Traits W 435 i Trait level assignment
J /# Husk/Nake/HN 1-7F B2 5 2-#87 1-Husk; 2-Naked
PPk Maturity/Mat. 1-fp L 2- R s s 3- v 3805 4 - 1 A

HLBER P Lodging resistance/LR
ZEMLE Stem thickness/ST
JHENT £ B Flag leaf angle/FLA
JEEF A E Flag leaf hardness/FLH
T 5 57 1k Panicle erectness/PE
/N ST 1 Spikelet erectness/SE
2k Awn character/ACh.

T Awn type/AT
{4 Awn color/AC

1-Extra-early maturing; 2-Early-maturing; 3-Medium-maturing; 4-Late-maturing
1-Br R s 2- PP IR 5 3-8 fR 1-Resistant; 2-Moderately resistant; 3-Susceptible
1-4 ;2- 91 % ; 3-4 1-Thin; 2-Medium; 3-Thick

1-8 5 2-m % 5 3-Bl /1 1-Acute angle; 2-Medium; 3-Obtuse angle

1-75 5 2-F475 5 3-4E 11 1-Bent; 2-Slightly bent; 3— Erect

1- B 57 ;2-2F H 7. 1-Erect; 2-Semi-erect

1-H 37 52-2F H 5T 3 3- T 2 1-Erect; 2-Semi-erect; 3-Drooping

0-J61% 5 1-55 714 5 2-5 1% 0-Awnless; 1-Weak; 2-Strong

1-#£ 1 ; 2-2 il 1-Erect; 2-Curved

1-11 453 2- B {4 1-White; 2-Black

1.4 HIEAEBERZEIT S

SD

ficient of variation, CVOITE AKX N . CV=——X

% H Microsoft Excel 2021 48314/ FE i Bl v
R B2 (Mean) | f5e KA (Max) | fiz/IME (Min) LA
J bR 2% (Standard deviation, SD) #1725 3 Z2 80 (Coef-

Mean
100% ; 3% /i Shannon-Wiener Z ¥ 455 (HD | i1 &
AR E S SRR P, 5 A .
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H'=—=2XP InP, HEERHI R MR R B
AR DU AE 9 Mean A SD, 8 45 A £5 i MR 1 % 224K
P4k 0.5 SD oA — B B N 1~1090 . HAK 7> Zibn
HEWT 19 : X<<(Mean—2 SD) ;2 % : (Mean—2
SD)<<X<<(Mean—1.5 SD) ; -+ ;9 2% : (Mean+
1.5 SD)<<X<(Mean+2 SD);10% : X>>(Mean—+2
SD), Hoit XA PEROMAE . THA & SR EP, )5,
WRIEAXH'=—2P, In PATE S RGEIEH H .
2541 B (Cluster analysis, CA) F1 3 5 4 43 Hr
(Principal component analysis, PCA) il 1 SPSS
27.0 58 1L, Horh CA SR Hl Ward # 22 °F J7 ik , #h 5t
[B] 35t 1% #E #2538 1 WX BE 25 (Euclidean distance) 11
B, PCA DURFEAE R T 1A% Jit ) 42 B 32 5l 43, 32
G384y Fai it SPSSHFR R . LA

F 52408 .
A 2, A, A,
FfZAFHrle1 2+7Z/1F3+7Z/1F4
AS A() A7
F,+ - F, F,
JrZA o 24 N 24

P AR5 A A R IEAE , S A S P 4 R
0 7 A R R IEAE Z M F R 5 A 8o 145
3o MG EITE 2 i 4fi F GraphPad Prism 8 58 i , [A]
N>R FH 0 A1 R K A6 56 4% B0 IR 2 B AT A IS
I3 .
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2.1 REMKRERESH

465 3 M 1) 11 A T 5 MR o b 2 B, iz M8 22 7 {1t
R S B (97,429 (I’ 1) o VIR B I 245
I3 A, DL Rl 32(68.82%) , BB 5 30. 96 %,
i S0 Y 5 R A CO. 22%0) o BLBIAR O T, AP El AR
R 54.19% , PLBEIR ALY 45.81% . ZEHLE ST %
B, 40 25 R 5 B e mg (52.47%) , ML 25 R )k >
(41.72% ) N ff B LLBE A Bk 32 (76.99%0) , 4l
f AL i 18.28%0; HE oMb E R DL HE OB Ok E
(54.41%) , WP 4R 5 27.31% , 25 il 74 (5 18. 28 % .
B PR B R LR (75048000, 2 L T A
i 24.52% , H AR M2 N E A mi/NEE S DT
TG P (92,47 %) o BRI AT R, JE TR
mi L 38 89. 8900 0 MITEAT o2 M Rk, S LA+ #Y 4
Bt FA, Ik 93, 62% 5 AN , A b R
72,340 R M BAT,

X 11 AN BT PR AR Y a5 1 2 R M A B R B,
Shannon-Wiener Z #3550 (H D/ T 0~1 Z [8] , H
H RS G ZHEEEER (R, BIEmE,
fT A PR35 HYE M 0. 53 Horp | R0 fifi i 25 4
B PUER M HE S, 4 512 1.00,0. 87,0. 79;
vk, e £ BE (H'=0. 66) V2V (H'=0. 63) Fl
B M (H'= 0. 56) 1 3845 Z2 FE AL T rpr 45 7K F 5 B
Ja 1M (H'=0. 38) /N 37 1 (H'=0. 30) \ 15 8,
(H'=0.29) F1+= % (H'=0. 26) & H'{& W) A7 %} %5 A%
H 8 HE AL U 0. 12,

2.1.2 HEBREFoAELLE SHEES T K
T 465 177 88 22 T 5T BF U 04 o K 3 A T R WY, 13 44K
MR A IS0 AR 5 R A A 3 2

2.1.1 RERREFHHALMSE SHEIN K RELED,
=3 REWREESHEESHT
Table 3 Analysis of genetic diversity for qualitative traits
FEIR Traits B K 43 A1 Frequency distribution/ % [P yT——
0 1 2 3 4
J /8 HN — 97.42 2.58 — — 0.12
Sk Mat. — — 30.97 68.82 0.22 0.63
HUEMRPELR — 43.23 2.58 54.19 — 0.79
ZHEST — 52.47 5.81 41.72 — 0.87
A FLA — 76.99 4.73 18.28 — 0.66
JE - B FLH — 18.28 27.31 54.41 — 1.00
S PE — 75.48 24.52 — — 0.56
INEE ST SE — 1.08 6.45 92.47 — 0.30
PPk ACh. 89.89 2.58 7.53 — — 0.38
AT — 93.62 6.38 — — 0.26
T AC — 27.66 72.34 — — 0.29
=" RREH
Note: “— " indicates a null value
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H R 28 7 R ECK 26. 1090, Hoh AR 7 R
B KA T E(CV=46.70%) , 78 S I% Z N
2.44~28.19 go BATEEE(CV=39.96 %, 4% 51 &

H1.60~14. 001 AR EER(CV=38. 21 %, L5
MR EE R 1. 00~8. 201 AW fif H (CV=37.05% , 48
SEIEFE R 8. 96~100. 92 @) FI/NEE(CV=33.62%,
AR SR EE A 10. 06~84. 00 ORI I AR S il
M58 (CV=28.57% , 8 FIEE# 0. 50~5. 44 cm) it
M (CV=20.79% , 2 S MR N 8. 54~31. 70 c) Fll
K (CV=18.31%,78 S i@ & >~ 12. 06~65. 32 cm)
B &R ZEH (CV=16.50%, A 5 I ¥ N
1.34~5. 81 mm) . THE(CV=16. 38 % , 728 S N
13.90~52.83 @) JJZH(CV=15.47% , 2 S IRE N
2.80~7.80)2) Kk E (CV=14.54%, % S i@ & N
69. 26~161. 76 c) A H: (CV=13. 19 %, 25 5 I &
3. 20~6. 80 FONIAHXS R AE

AL L2 REVE S AT s, 13 A B IR 1 P 3
Shannon-Wiener $8 $t (H') Ry 4. 17, & i £+
P (H'=6.03) , A9 it (T 3D K FiK
TR H B, 40 5ok 5.98(5.86),5. 74,
5.71 15,64, /NEE(H=5.18) M (H'=5.11D
A58 (H'=4. 15) /% Z FEdE R R th 4 RN,
M B BERL(H'=3.56) (A 8% 7 BEEL(H'=3. 00D |
BIZE(H =2.78) fint & (H'=2. 48) % 14 £ k¢
BAK . ALHEHE Y 45 2R 8 5 R 40w IR RN st A 2 AR
TEBORANAEBA 5 — 1

R4 REMRARYEURNERSN

Table 4 Analysis of quantitative trait variation in oat germplasms

P Character e KAH Max Fe/MEMin - P {H Mean B ifE2E SD LRRBCV/Y% L ZRE R S H
Mk PH 161.76 69.26 125.48 18.24 14.54 6.03
254 SD 5.81 1.34 4.00 0.66 16.50 5.11

RATEERLTT 14.00 1.60 5.33 2.13 39.96 3.56

AT BERET 8.20 1.00 2.80 1.07 38.21 3.00
LB 6.80 3.20 4.70 0.62 13.19 2.48

MK FLL 31.70 8.54 19.72 4.10 20.79 5.74

JHER 5 FLW 5.44 0.50 1.40 0.40 28.57 4.15

Y EEEFW 100.92 8.96 38.49 14.26 37.05 5.98

A+ E DB 28.19 2.44 8.78 4.10 46.70 5.86
K PL 65.32 12.06 22.34 4.09 18.31 5.71

/N SN 84.00 10.60 39.41 13.25 33.62 5.18
e EHNSL 7.80 2.80 5.43 0.84 15.47 2.78
TR E TKW 52.83 13.90 29.61 4.85 16.38 5.66

T PH, B /K s SD, 22 /2K TT, B BERU/ AN ET A R BER/ A LB Mk /7 s FLL, HERH I/ JHK s FL W JEr: 5 /K G FW
AWt /50 DB AR T /5L PL, B /K SN /MBS s NSLL R 2R/ 2 TKW, TR /5. T

cem; FLW, Flag leaf width/cm; FW, Fresh weight/g; DB, Dry biomass/g; PL, Panicle length/cm; SN, Spikelet number; NSL, Number of
spikelet layers; TKW, Thousand kernel weight/g. This is applicable for the following figures and tables as well

2.2 FREMROHEXES
TEAST T A, X 8 22 B T 0% IR 0E A7 A O P K
0, & S 3% B 3t 22 A i 1Y) 9% AR PR IR () A e 4R

(5 35 SC IR (I 30 0 AR RMEIR (ki 0 8
OrBERC A O BER A N AR G B2 Ltk S
ZEHL B BE RS A O BERCE A R 3 IE A G (P



T 2L 465y e A T B R R S AT 2 AR TR S0 T B A S W U

845

%5 3 4]
a s Ji (L Frequency b s Ji % Frequency
e 60 —_2 s~ 80 _2
8 x B x
z 45t Z 6ot
e E e
SE sE
=8 301 =8 4or
2B &8
s I5F S 20F
3 3
z z A
0 0 e
60 80 100 120 140 160 180 1 2 3 4 5 6
%5 Plant height/cm 2441 Stem diameter/mm
e f
& 90 - }Ejﬁ( Frequency ¢ 100 - - ‘Hjﬁ( Frequency
= A K] -
e 60F e
KE RE 60F
= O = O
= & K o
&3 &% 4o
Z 30F -
= =1
3 3 20f
=1 g
< 0 < 0
3 4 S 6 7 0 5 10 15 20 25 30 35 40
-t Leaf biomass/Ji Ji#E}- | Flag leaf length/cm
i j
& 150 = WL Frequency ¢ 120 e Ji5( Frequency
3 2 90
B 100 e
&KE &KE
= B3 oof
) Oyt
S sot =2
E 5 30F
=3 =]
g g
< 0 < 0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
)T & Dry biomass/g Fi K Panicle length/cm
m "
& 100 - 'ﬁjﬁ Frequency
= e
% 80
BT ol
& g 60
= o
e 40
£
3 20F
z
0
10 20 30 40 50

-7 ¥ Thousand kernel weight/g

BB EL

BRI EL

e

c s Ji %L Frequency d e Jfi%Y Frequency
w150 - - 1201 =
= x B X
= 100 - e
E 3
% = & 60
2 2 or
= g
< <
0 0
0 5 10 15 20 0 2 4 6 8 10
Y EERL Total tillers/A4~ A7 %% 5y BERL Effetive tillers/)>
g h
& 1200 = JiiH Frequency oo SO e JiiE Frequency
E] - e -7
g ool g oo}
= e
x=
gg»b 60| = gf) 40k
] KB
£ 30f s 20
o o
g g
< 0 < 0
0 1 2 3 4 0 10 20 30 40 50 60 70 80 90100
Jii 9% Flag leaf width/cm 1Yyt # Fresh weight/g
k 1
« 80 = 8 Frequency o 10~ e Sk Frequency
E] - 2 st o
g o0F ]
a E-~4h
g ST
& 4OF =)
s we AT
€ L El
E 20 3 2
z 2
0 0
0 15 30 45 60 75 90 4 5 6 7

8
4 )25 Number of spikelet layers//Z

/NS Spikelet number//~

2 BEPEMERIYSHE
Fig. 2 Frequency distribution of quantitative traits in oat
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0.01), FEAERKMR bR m ML BT BEE A AL
SYBERO 5 A Y i (/T D BN S E A G
(P<0. 01 5 #F /=5 A1 25 AH 10 5 Bl AR IR CREAG /N il
B R JZEO B EARSC(P<<0. 0D, IWAh , 3K
Sy BERL S A HE I S Y 5 67 G (P<<0. 05) .
77 AR OGP AR (b N TR A W)
B AV TEONIERZINZ R R, AW
/D) 5 /NEECR M B A O (P<<0.01), /)
PR AR Wy 3 SRR PR R (R VR 2O B2
FIEA S (P<C0.01) o i bR O 4 A P 5D
54 ) fif H S AR 3 TR A OC (P<<0. 0D, 5§ TR E
BERFFEMHXRP<0.05 ;54 (ff&E/ T
O IEA S (P<<0.05) . ik, B MR (Bl
Ko HE )2 B B e /INVER BT M PN v B IR
K 5 /NEE R R B R B 2 E A G (P<<0. 0D

EAAREENE, LA S TR & 2 W A ¢
(P<<0.05), 5 ¥k M 2 1E A C 5 (P>0.05) , [A] i}
5 R R I X — S R A AR AR O R A
(P>0.05),

2.3 REMERMERD S

Xp 22 A~ B R AR 34T KMO £ 5 Fl
Bartlett £k B £ 55 , 45 5 8 KMO {H 4 0. 746 (P>
0. 600) , Bartlett BRJE J& K 5 1) 8% % 4 0. 000, 3¢ B A8
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Fr(&s,

FE T RAEE KT 1A SR, X 13 A4~ ot o P IR A
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PC,(BTHk 3 15. 3200 HRAEMH 3. 37) FZ iy /D EE %L .
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Fig.3 Correlations among traits in oat germplasm
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Table 5 KMO and Bartlett’s tests
K86 77 % Test method K56 {8 Test value
PORE 08 5 (1) KMO J¥ 8 KMO metric for sampling adequacy 0.746
Bartlett B ER I B 4G 16 T 77 i Near-Cartesian values 3896.898
Bartlett’s test for sphericity F1 H1 ¥ Degrees of freedom 231.000
I % Pk Significance 0.000
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Table 6 Eigenvalues and explained variance of principal components

[N F 843 Principal component
Character PC, PC, PC, PC, PC, PC, PC,
FEE(E CV 3.370 2.907 2.771 1.392 1.327 1.325 1.219
TRk R CR/ % 15.318 13.215 12.598 6.326 6.032 6.021 5.541
Zitmmk ACR/ % 15.318 28.533 41.130 47.456 53.488 59.509 65.051
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Table 7 Factor scores and comprehensive ranking based on principal components

ShAhgge HER AT 20 F 44543 Sorting the top 20 principal component factor scores 4 & {24y JE 7 4 iz /i HeJE
Code F, F, F, F, F, F, F, Score Origin Husk/Naked Grade
174 1.717 2.262 0.772  —0.371 2.559  —0.099 1.630  1.344  Jn# K Canada £ Husk 1
Y586 1.258 1.206 3.923 0.135 —0.179 —0.282 —0.289 1.247 % F| Hungary i Husk 2

Y1062 0.498 2.052 2.506  —0.353 1.841 —0.189 —0.064 1.133 F1# Denmark Jz Husk 3
Y341 2.182 —0.302 1.779  —0.592 4.393 —1.128 0.007 1.043 47 Denmark 2 Husk 4
150 1.439 1.544 0.374  —0.832 1.182 1.352 1.608 1.016 %K Canada J2 Husk 5
161 0.656 0.327 2.783  —0.619 1.852 0.411 0.923 0.988  J#& K Canada  J Husk 6
338 1.616 1.310 0.876 1.139 0.003 1.023 —0.409 0.987  Ji# K Canada 2 Husk 7
Y756 0.232 0.926 1.288 1.494 1.837 1.942 —0.507 0.944 F+42 Denmark J7 Husk 8
Y390 2.156 0.817 0.669 1.684 0.231 —0.515 0.024 0.943  J% K Canada Jz Husk 9
129 0.470 1.157 1.524  —0.936 0.808 1.212 2.203 0.925  Ji# K Canada J2 Husk 10
Y1135 0.330 —0.979 4.965 1.781 0.275 —1.510 0.244 0.920  Jm# K Canada J7 Husk 11
Y91 2.457 —0.447 1.550  —0.505 2.562 —0.165 —0.850 0.889 £ f| Hungary  } Husk 12
Y366 2.224 —0.119 —1.280 0.957 0.711 3.216 1.309 0.820  F}7 Denmark Jz Husk 13
Y326 2.728 —0.462 1405  —0.280 —0.016 0.076 0.222 0.818 1 [ China J Husk 14
Y1023 0.415 1.427 0.986 1.326 —0.808 1.306 0.613 0.806 42 Denmark J Husk 15
Y642 0.501 —0.269 0.859 0.516 0.860 3.167 1.742 0.802 44 Denmark JZ Husk 16
Y706 1.969 0.577 0.481 0.220 0.257 0.568 0.339 0.801  J}# Denmark  J% Husk 17
Y966 1.447 —1.459 1.474  —0.457 1.289 2.757 1.607 0.797 44 Denmark 2 Husk 18
Y253 —0.625 1.896 1.888 4.022 —0.569 —1.087 —0.665 0.784 [ China JZ Husk 19
183 0.553 1.699 0.844  —0.555 1.328 0.149 0.410 0.757  Jn#& XK Canada  } Husk 20
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Table 8 Quantitative traits of different groups
[E3N FE ¥ Germplasm groups
Character 1(4184)) (1843 12 4y) V(o) V(5 4) VI(3H)
s Mean/cm 125.51 130.93 112.26 138.21 124.86 97.59
PH CvV/% 14.59 8.38 14.58 10.33 11.60 19.95
Ey il Mean/mm 4.02 4.01 3.59 4.43 3.29 3.50
SD CvV/% 16.42 16.71 13.93 19.41 13.98 4.57
M BERL Mean//> 5.25 6.67 5.17 5.07 7.04 7.20
TT CV/% 39.62 43.48 24.56 38.46 31.39 44.44
R BERL Mean//> 2.74 3.40 3.10 3.09 4.20 2.87
ET CV/% 37.96 41.76 26.45 33.66 28.81 44.95
it Mean/ i 4.69 5.06 4.57 4.89 4.56 4.60
LB CV/% 12.79 16.80 10.50 15.34 28.73 20.00
< Mean/cm 19.93 19.28 16.55 19.54 14.44 15.95
FLL CV/% 20.07 19.14 22.42 31.83 32.20 21.94
JHE - 58 Mean/cm 1.42 1.21 1.14 1.35 0.90 1.01
FLW CV/% 28.17 26.45 19.30 29.63 38.89 28.71
AL/ Mean/g 38.70 41.80 27.24 43.86 32.39 22.84
FW CV/% 36.64 37.42 25.92 35.89 39.80 54.42
YT Mean/g 8.77 9.65 6.57 11.57 7.40 5.63
DB CV/% 46.86 41.45 31.96 44.43 20.00 16.87
SN Mean/cm 22.32 24.87 19.39 24.71 19.29 18.85
PL CV/% 15.68 43.18 10.68 19.10 23.33 15.28
/N Mean//> 39.98 36.84 25.10 48.84 27.04 19.67
SN CV/% 32.54 34.64 25.74 30.81 36.46 35.89
LY=L Mean/)Z 5.45 5.54 4.47 5.96 4.84 4.73
NSL CV/% 15.05 13.36 11.86 21.98 20.45 10.57
T Mean/g 29.84 29.08 26.44 27.14 24.93 28.11

TKW CV/% 15.92 14.92 18.23 23.80 28.36 17.54
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