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Abstract - The biodiversity research of barley, a functional food, is proceeding to conserve germplasms and develop new
cultivar of barley to improve its functional effects. In this study, with 25,104 barley germplasms in the National Agrobio-
diversity Center, South Korea, the biodiversity index of species was much lower (1.17) than the origins (24.73) because of
the presence of a biased species, Hordeum vulgare subsp. vulgare, but the species and origin of germplasms were
significantly different with regard to genetic traits. In the clustering analysis based on genetic traits, we found that 97% barley
germplasms could mostly be distributed between 1~7 clusters out of a total of 15 clusters; ‘normal and uzu type’, ‘lodging’,
and ‘loose smut’ were commonly represented in the 1~7 clusters and some clusters showed specific differences in five
genetic traits including ‘growth habit’. In correlation of each genetic trait, the infection of ‘barley yellow mosaic virus’ was
highly correlated to ‘number of grains per spike’. ‘1000 grain weight’ was weakly correlated with seven genetic traits
including ‘number of grains per spike’. Our analysis for barley’s biodiversity can provide a useful guide to the species’
phenotypes that need to be collected to conserve biodiversity and to breed new barley varieties.
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SEAFE A AP QIth(Kim et al,, 2020a, Park et al,,
2006). o] i3t Theet Aot nlE ARRIEE flsii= He
A vl Bejska HEsjor d B art 7ol s
Ae+ ‘-5 AAFAE] (National Agrobiodiversity Center,
National Institute of Agricultural Sciences, The Republic of
Korea) A= =] 54w, ofg|eujo}, $=, B)7] 52 &
et 9] 1027 =0l 3, 7EhRE oF 2vks 3 of Ahl(21d
71)¢] He| RS BEskaL glom, of Hrofl Alsk, o,
Eg =] i3t v AHUS Beskal 9tk (Bae et al,, 2021;
Kim et al, 2022), Z1&8]31 A 9-2-3)(https://genebank, rda, go,
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Tolbert et al,, 1979), wfetA] Be] fAAH9] B2 1 885
3t A0 54, 71573 tiAEE AR 913 F-8 2T,
7] 5-rAsto] T3]k QMg A ikt g, Rkt 5 I, 2
3718 Q5= 75| il Aol FEof gt o
T7F Mg Eojof h, o] 5 flelAE Sk YAk of

2

S orlu of o
[ed

2

jioat

:
g
1o

oA, Sold] FAL BAsle 7 9 7he)

oEaa w1

kS BAstAL ZHE §-a 4 (Effective number of crop

ENCS), Ald & thFe Z]4(Shannon—Wiener index),

=

% 76 = (Species evenness) &
ARt AH91e] Fe B Hols} 3t Ak of
2]3}o](Ehrlich and Wilson, 1991)
o] Fa} YAFA| 9] Zpolete]
Fxjof| whet 20 oS
o] 3

P

S
>~_|E

&
2_13

[l
c

ox
[ 32 e
S
i
=
O j‘m l'ﬂ-l
X
ox T
o ofx
N
o o ook
I

_|>i
e
1o
i
o
o
=
kel
ox

)

L

_|>i

rie

( mlo

Jn‘.

it

QL

2

Ol

°
=

o
T
o r
)
2L
i
ghs
1%
3_1:
Q
toglo
>
re
1o

TN

L&
ra ?P.T

[

AC)

o,
fljo
3
2_15
2
o
e

oA

2
ox.
Hoyg o pow
| fu
n
M
T
=2
-
Jo

', ﬁi ¢
il
of
:?i",
=
O.
3
jg & fr
-— ;%. J_'_J
~ N
e o
we o
2d —:":1
% B
X
e
it

N,
B
1
3
1o
H
s

d
—_

T
o4 I
oft,
N

do 4
=

O
5

-
]
N
P
ox
i
f
m \(
oo
I
-+
s
tlo
pay
|o
fru
N
)
rok
i

e

HE] AR REIF

SURAALAE oA HE S K| AR B4 &
Mo P aFIUAAAS A|Lfeh Ak 7Rt 190087
2021 71A] =4 W AR = 25 F(Species), 25,104 AHL-S
ez FAERT o] & R AREE o8E, Al
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oYX Hordeum vulgare subsp, vulgare’} 97.2% (24,412 A1)
2 gHES XA}l 9)=d|(Fig. 1A, Supplementary Table
1), ol ARk zM He|o) thix ] Fo g AfufE o] 7] uf
of 3ifg Foll 7|Rtet FAMIAE H HE 57159 I 5o
QIsto] H, vulgare subsp. vulgare?} the Ff Hl8j @ol 7]
HolZ AC® FYEHJakob et al, 2014), HFHo, YAHA]
(Origin)= =1Uf 25t of2} o €] 23] (ETH), 5=(CHN), ¥
7|(TUR) <&, 311} 1007H=22} =2 u}/ge] Ad(Unknown origin)
&= 323t of Ql=tl, 53] 4] wl ] AR Al QfahH =uiAt
o] 3,787AFA(15,1%) = 7P TaL L &f AHA] O] At T
HZ5]o] 9Jth(Fig. 1B, Supplementary Table 2). &3} YAFA]
+ 7}olAlF A7 (Chi—square test) ol A] 3} LAEx] 8] 2jo] 7}
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SR He) fAUE Ko nE
TP, MEE A, 2EAT 5 B7529] 2950] 9
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YA A (Flag leaf attitude), £4>7|(Heading date), 7H%
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Fig. 1. Distribution of Species (A) and Origin (B) of barley.
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@

Margalef's Species richness (Dmg) =s—1/log>i_n,
®)

Species evenness = H /log(s) ®)

ENCS= !l (4)
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1%, B, 759 8o whet AR ghofl it 247}
a1 P gof wpeh A2 (Null value)5 HAs|oF Sh= A7}
QItHRawal et al , 2017), wheha] E A Lo Al W
7} =S thA O 2 cacGMS (Clustering Analysis for Cate—
gorical genetic traits of germplasms in Genebank Mana—
gement System) &2 &-S 0831, A i ¢} j 7t LA}

EQH7}FE(C)o]| g5t v &2 AAKA] 5)3F QA (5)E

% 543

=5 =
ALHR(D, 4] 6)2 Waksto] A AU 2L 2t 2
o] ST S 2B (Yu er al,, 2022).
S, n(C, = C)/N,; ()
D, —1-385; (6)

PHS- HIELO 2 cacGMS= Ward2 HHS- o|-&
1 E]Z(Murtagh and Legendre, 2011)} o
EAA| 7|4F &18]&9] K—medoids (Park and Jun, 2009)2
ARk, 2t el zel Bast A91e) 27 4 9ol 7|
Ao @S 1, o) AU I FE AT A
(Average Silhouette Index)7} 7} =& &3] & A3}
o}, 2} dae]Eo] 93t #4342 Newman’s modularity X
(Newman, 2006) 2.2 £315}31, PowerCore (Kim et al , 2007)
of o3l 29 HUYES HTORM AU ZUE HE
2o 2 A%t rhFig. 2). L& PowerCore= 5757t &
29| 272} SSR (Simple sequence repeat), SNP (Single
nucleotide polymorphism)i} Z-& AR HHE o]-25}0]
SRR AL = Q) AR RS Q1e) A
o eb Hej=o AT 4 Ik, 2 Aol FepE o
pe BB 9 QTR0 vzt WY S4wsL A

%

Clustering Clustering

“ 7

E Newman'’s modularity algorithm ]

b

Germplasms mmp| Ensemble | mmp | Ensemble*

t

Core
Collection

{ Hierarchical ’ [Representative-based}

Fig. 2. Process of cacGMS algorithm.

2 ppos ST AT

AH9le] AR Ael B4L 22 EYH0 R A% 5
W, 254 7b0] Ao ofa) A4E|E Tt wreb 2t
X4919] B chat Ak 1517 SJstel e
292 TR BE Belo] B4R AR B
skttt S} 2] el b 24 E—A1F B
= Pearson Correlation Coefficient, X & -5 (S ¥
23] —2=2]8)-& Polyserial correlation coefficient, Z12]11 H3
-5 A= Cramer’s V coefficient®'H © & R—project 2}
o]

B E A8 THBenesty et al, 2009; Dessau and Pip—
per, 2008; Olsson et al , 1982; Prematunga, 2012). “L&]a1 &
£ AJIA|S (correlation coefficient)= A UGk 2-8-510] A
529] HI9IE 00l|A] 1A}0] 2 5 Y5SiTt,

2 It

%, 94A ] B FAAE G
?4 TRl tigh F oS ARE o, T oY
A4=0.16, 2 FHREL 237, 2 F55= 0,052 Ve ¢
ARx| 2} HIJL?HQ'IH - A bt o m| AE thelde &jv]
e AE S JSE 1178 e =28 HYtHTable 1), o]=
Fig. 1014 Aggh vk} Zo] Fofl QlojA| H vulgare subsp.
vulgare7} AA) AFRAL] 97 %S AA|SIAL QUL Q= Wk LAt

A 54 F7jol) BFHA gk Fuke ¥ 5 9k,

23 A B2 FH I opy 1A
57} Q2] ole} Hela A chepy A 2451
Sfstod, % 207)0] 47} 2o thste] EAsiglt. £

i 2eel, eld, B, olARY, v, A
g, SN, BelrEnAte| oy, AR IHe Al 1] @

5, Aol cha el wh S Aol 187) 3
o] F9]%1 9] Ao (P—value € 0.05)5 H YO 22Xk

Table 1. Diversity of barley's germplasm

Type Species Origin
Species/Origin 25 102
Shannon-Wiener index 0.16 3.21
Species richness (Margalef) 2.37 9.97
Species evenness 0.05 0.69
ENCS 1.17 24.73
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FEY, A2 Aol A

vulgare subsp, vulgareo| X AFE AAY 54 LA o Aqt

47t ARS 2T B HAR

i} sjefehe Aee 5
9] B} 414 ok, wel

A]
H
A PG LR ZAREE THY, olAo], AR, 1de, 2

S

e P chpe] BAH 24

N HBIA] SF=THH, H|Z Table 28} o] EA412] §-0)4)o] &t
, AR HQIE AA517]7} of

AR} 0] EAJH 7} FHE 20

FAFEZ] 2] Aoz & 4= QIGlLk, ol istod o 2 WS thdoR & AR RSt 225 2R
o7F fle AR v Wy oA, HelrEnAlela  uf, FAX R oA Ajo|7h ERlE Tkl SlHeke ZAMET
g IES YAl Histel Zfol7t Sl A o] M= HE B SRk Mol e & 4 A3ITHSupplementary
AIE Holal Ql=tl, S AR f2] o)A AA S a1 Fig. 1), ufebA] A1 9] B3 S0l w41 1ot wAlsks
Fe o Foll disto] AV Al AeR 34T 4 Qlok 3t 219 EAH7E FES AlQfsh MFES der
e 253
He| {FARL] uidT} Sl e S4E7 S dde = o B Al 24
TAFOR A7 FAFAL 75, BEY, it 52 - A S A4 A= 53 o] F=3} " 1570
EPoh= 74 alo] osto] 2zo] FHo] Malsh= 7|E W5 54487t EH*OLE PowerCore®] 2J3f| 27 3
9] &J5L(Hallsson and Bjorklund, 2012)°f w2t =28 EAIH A 2371 A cacGMS ¢alg|Zo] o) & 1572
7} @5 digh #5232 o)A (outlier) 2 Al FAI 2] 273 A= et 4 A °ﬂ gt Aef F2E ERIFE wl, HA)
Table 2. Statistic test for genetic traits with species and origin
Genetic traits Germplasms Method (I?-Iileailejz) (P(_)‘Z‘(i:z)
Culm length 24,912 Kruskal-Wallis HEE ok
Spike length 24,169 Kruskal-Wallis HHE ok
1000 grain weight 5,363 Kruskal-Wallis o howok
No. of grains per spike 2,440 Kruskal-Wallis oo Hokk
Crude protein 101 Kruskal-Wallis N/A +
Growth habit 22,007 Chi-square HrE ok
Flag leaf attitude 21,344 Chi-square ok ok
Spike type 23,624 Chi-square ol hoxok
Spike erectness 22,376 Chi-square ok ok
Grain type 19,769 Chi-square ok oo
Normal and uzu type 8,180 Chi-square * ok
Rough/Smooth Awn 9,600 Chi-square xRk
Spike shape 940 Chi-square Hoxk
Cold damage 11,787 Chi-square ok ok
Lodging 6,221 Chi-square ok o
Vernalization degree 98 Chi-square N/A N/A
Powdery mildew 100 Chi-square N/A ok
Leaf stripe disease 100 Chi-square N/A ok
Barley yellow mosaic virus 4,688 Chi-square + oo
Loose smut 686 Chi-square N/A ok

“p-value: *** <0.01; **, <0.05; *, <0.1; +, > 0.1, and N/A: Not Available.
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AHA2 9797} 154 T 3ol BRI = o] AT Table 3).
E3H 157 A o= T YAl o dfsted ZolAlE A

Fat LA

WO I yulgare subsp. vulgareo| ATt EHO1E]91&
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Table 3. The number of germplasms and relative genetic traits
in each cluster

2% (Rough) 0] th=2] AFloj| A HQIE|$ItHTable 5, Supple—
mentary Fig, 2, Supplementary Table 3), w80 3lojA 3%
2| 0. 2= 1ol o] W) (Normal), =5AFE] o] F=%(Nothing),
27119] S (Nothing)o] SIS, 2 o] et 5
o|8 402 B4} AR 23] olo} B, 59 1
I} 31 2 ghaflol| A Z12F 21~40%, 41~60%, TH w512 A8
5730014 a2l F(prostrate) E4go] UEFGTHTable
5). L FolA 53] 5¥ A2 (W
3(61~80%), T (type 3, THe] 15), 1)1 Hejr2mat
o) WA E(~5oIN THE T APEEhs Bol4e
2,

2t PRI UrEf 2] HES SIS 1), 2E P
TE2X 0T [ yulgare subsp, vulgare’} EE 0] QIA+=H,
5] tieel Alo] TRl G 19TH YA
bulbosum®} Hordeum sp,, H vulgare?} H]= HIE(Freque—
ncy) &] Afol= QAN FF A o2 FxslGIrkFig, 3), Z2F 3]
o|Aje] Eolx HEBL 5| 19 AN H arizonicum,
H bogdanii, H chilense, H jubatum, H procerunm’} ¥1%
(Frequency)7} 7P #9kaL, 29 20 H, lechleri®] W=7}
Vg e 5 vkl YET) S o) SheIEisic 1 o
8H~15H Ao M= H vulgaresubsp, vulgare’} F& Hl =

1} semi—smooth), 3t

Table 4. Chi-square test for clusters with genetic traits of barley

Genetic traits Statistic DF P-value?

Cluster no. Germplasms Genetic traits
1 4,497 14
2 4,374 15
3 4,304 15
4 3,366 13
5 3,047 13
6 2,751 15
7 2,070 13
8 394 12
9 141 14
10 92 14
11 41 11
12 13 2
13 9
14 7
15 2
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Growth habit
Flag leaf attitude

16777.07 24 ok
6066.22 24 ok

Spike type 18381.10 36 kK
Spike erectness 11593.53 44 Hokesk
Grain type 10572.42 13 kK

280.23 12 ok
129642 22 ok
275.85 20 ok
6872.13 60 ok

Normal and uzu type
Rough/Smooth Awn
Spike shape
Cold damage

Lodging 866.73 55 o
Vernalization degree 4278 28 HrE
Powdery mildew 9.49 15 +
Leaf stripe disease 9.49 15 +

463.21 55 ok
175779 40 ok

Barley yellow mosaic virus

Loose smut

“p-value: *** <0.01; +, > 0.1.



Table 5. Representative Genetic traits of each cluster over 97% cumulatively

Cluster 1 2 4 5 6 7
ITs 4,497 4,374 4,304 3,366 3,047 2,751 2,070
Growth habit Erect Intermediate  Intermediate Intermediate Erect Intermediate  Prostrate
Flag leaf attitude Intermediate Intermediate Intermediate Erect Erect Intermediate Intermediate
Spike type Two rows Two rows Six rows Six rows Six rows Six rows  Six rows
Spike erectness Semi-erect Erect Erect Erect Erect Horizontal ~ Semi-erect
Grain type Husked Husked Non-husked ~ Husked = Non-husked = Husked Husked
Normal and uzu type  Normal Normal Normal Normal Normal Normal Normal
Rough/Smooth Awn Rough Rough Rough Rough  Semi-smooth ~ Rough Rough
sphestape Y e e sded e et sded
Cold damage 21%~40% ~20% 41~60% ~20% 61~80% ~20% ~20%
Lodging Nothing Nothing Nothing Nothing Nothing Nothing Nothing
Vernalization degree NA Type 4 Type 4 Type 4 Type 3 Type 4 Type 4
Powdery mildew Nothing iI[?fel;:iti; iI[?fel;:iti; NA NA Nothing NA
Leaf stripe disease Nothing ~1% ~1% NA NA Nothing NA
i‘i‘gl:ayicngzzv ~1% ~1% ~1% ~1% 1%~5% ~1% ~1%
Loose smut Nothing Nothing Nothing Nothing Nothing Nothing Nothing
H. vulgare var. hexastichon || E4971 5 79 A4S
R 480 FEFALS B3 % 14 Gl 2Jaf A4

H. vulgare
Hordeum. sp.

H. secalinum

H. procerum -I.

H. murinum subsp. murinum .
H. murinum subsp. leporinum ‘

H. murinum subsp. glaucum Frequency
H. murinum 1.00
H. marinum subsp. marinum | || ‘ 0.75
H. marinum subsp. gussoneanum ‘ 0.50

H. marinum ‘

H. lechleri Lok
H. jubatum 0.00
H. chilense

H. bulbosum
H. brevisubulatum subsp. violaceum
H. brevisubul subsp. brevi:

o
H. brevisubulatum
H. brachyantherum
H. bogdanii I

H. arizonicum
A% X6 6A %9
Cluster

C. iranicum

Fig. 3. Distribution of Species in each cluster.

2 HI39L Eo|A O R Critesion iranicum 9 TR0

Aol A A=A theFel Jej & Zleksk=d], 22k 3
2 A2 SYHoIAY T2 AT A IA 7} tHJung et al,
Table 52} Fig. 39} o] He] &

AU 2R 0] U 2FO R BFE, 2 BAo] 7
Ankh fol7} gl 7, AU 0] %, kAol e fe)
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