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Correlation analysis on multiple nutrition traits of Hordeum spontaneum
originating from different locations in Israel

LI Nian', RUAN Jingjun', YAN Jun?, XUE Wentao', LU Lei', ZHAO Gang’, CHENG Jianping'
(1. Institute of Triticeae Crops, Guizhou University, Guiyang 550025;
2. School of Pharmacy and Bioengineering, Chengdu University, Chengdu 610106)

Abstract: To investigate the effect of eco-geographical factors of the origin on nutritional traits of wild bar-
ley (Hordeum spontaneum) from different regions of Israel, the main nutritional components including total nitro-
gen, soluble protein and total starch contents of nine wild barley populations in 60 eco-type material grains were
measured by single factor variance analysis, correlation network analysis and Spearman Rho significant correla-
tion analysis. The results showed that there were significant differences in the main nutrient components among
the populations and ecological levels. The contents of total nitrogen, soluble protein and single grain weight were
significantly correlated with multiple ecological geographical factors (P<0.05). These results indicated that the
wild two-prism barley has gone through a long-term adaptation to the eco-geographical environment of the origin
under the pressure of natural selection, forming its unique genetic diversity.
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X 2 AN HiL X B PR ) B AR R B AR 2R 1 E A
MR, BEANAATES £ 8 a2 R, BHAN
isife 2= 5 E, RWHFEZMBESEE. BT
HFFME 2R, B4R FE ORI 2L
LA R 5 e ), HLoE B (3 Rt (gene pool)
BB F R ML FIE, fEREN# L. Y
1 DA R 384 o RS A AT AT B A LR 1 N
1 KB IR g R B AR K MR RRE 53R
iR A kSN, I, AR T LRI T LS 60
AN BY R AR R A RAT A AT A
JRALSVER BB I, R S R AR A
HURSEIAHOCE, DU B A K 22 8% 2 REPE AR
YiE NPT AR AR A

1 #MRERE

1.1 ##

Z 9 ANEHA 60 MESBIMEAE K KET
2012, 2013 F1 2014 ST 5 A8 22T ARk
WA, WS A G BICIF L. 22T
KA FTHAL 7R 2 1050557, AbZE 26°15, #E4K 1395 m,
IR R 1300 mm, AETLFER 301 d, FF

P H B2 1164.9 ho % 9 NEER 60 AN EZS Y EFAE
TR A S B W 1.

3 ANPREEH [A] SR FH BEATL X H HE 2 A,
HE 3R, BANESIEATIEN, K 1.5 m, &4
FERh 50 Kb, WWIAEE N 40 cm. FHAWNIIS—E
FAESHBGRT R — 4R NIEA— N F TP (Seed
bulk), FENMESMEFEMPIFEREE 3 K. WEkE
R A el G, FH T BEORE A0 AT (R A T
40°CHET, HITHREASE. vEtEEa &2
SR T ORE S U AE 40°CHCT I, BFES L i A
o
12 F&E
121 AMERLSEOMNE ZHSTIEES =
(I, ZIESCRE TP, H Foss BILER & &UX
8400 7 HlWsE 3 NIAEEH 60 AR AUF R 1) A
TE, BNMESHMESR 3R FEMIAR BRI
0.100~0.300 g TR MZ 41 0.190~0.210 g. fi & 44
0.900~1.000 g+ ¥KEREE 10 mL #J. £ 420 CE
1h, FFEMEEMMEE, AAEZRE LYLIE,
B RR AL HE 0.100 mol' L EhERARHEVAMR . 40 %&
FALENET S 1% IRRVE W 808K, IRG TR RN
0.1 %I HMEEAT 0.1 %FFEEL, 435LL 10 mL-L™
A7 mL-LANNE] 1 %l bR,

® 1 OMUBIEFE R ALRHFR IR SRR

Table 1 Eco-geographical data for nine populations of H. spontaneum in Israel
Y5 No. K Population Ln Lt Al Tm Ta Tj Td Tdd Ev Rn Rd Hul4 Huan

1 Mt.Hermon 3575 3328 1530 11 20 1 19 6 160 1400 70 52 58
10 Maalot 3527 33.00 500 17 23 15 10 150 785 55 50 64
20 Sede Boger 34.78 30.87 450 19 26 9 15 13 168 91 15 36 53
22 Mehola 3548 3213 -150 22 30 13 17 13 180 270 39 34 53
24 Akhziv 35.10 33.05 10 20 26 12 13 10 130 620 56 60 67
25 Atlit 3495 3270 50 20 26 13 13 133 500 48 65 72
26 Caesarea 3490 32.50 10 20 26 13 13 130 540 48 65 72
32 Ein-Zukim 3544 3174 -200 24 31 15 16 12 210 100 20 35 52
37 Evolution Canyon  34.58 3243 90 225 28 13 15 9 142 600 48 65 67

B Tm=4-F¥JESE The annual average temperature; Ta=/\ H V158 The average temperature in August; Tj= —F
“F15I8 % The average temperature in January; Td=Z57i{H % Seasonal temperature; Tdd=/87 &% temperature difference between
day and night; 7K Ev="EZX K & Annual evaporation; Rn=4F 4 & Annual rainfall; Rd=4[% X% On rainy days; Hul4=14
ROV 14: 00 average humidity; Huan=-F-12#E ¥ Average annual humidity; HPEAL#: Ln=%% Longitude; Lt=%5%

Latitude; Al=¥F4k Altitude.

122 THEREEARSEWNMNL KR EFTME
TR R AR B Bt Ko 40 H i, FREL
30 mg KEdh, BN 1.6 mL 0.1 mL-L™ (iS4
W, 7E 60 CHHIEEW 2 h, 10000 g &0 10 min,
1/ b 1 b 70 ST Y8 G g S U e A B

K Bradford #5403 Yt VAP, B 10 L ATy
BEFERDUK, HN190 uL 0.1 mL-L (A AL s
AN TF A 200 pL, FiN 600 uL PBS 22 (pH 7.4)
1800 L 1175 S 2 W5 S MR, 2 6 N Jig FH 58 Ak
A3 FETHINE ZE 595 nm AL FIWROGAE , FE I 4E LS
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FH 2 (bovine serum albumin, BSA) FrifEETRAFE IR
etz )s, IHEEEEOR S E. 3 NHEAA
fabrrNlE BEH 3 MESE, H3NEZNSAEZ
)38 7 REUNT 0.25%.
123 Expestyne BHEFGEMELTFIKR
0T AT BRAIT I b R 40 H 7, B 50 mg A 4h
i Megazyme 23 F] Ve # ik B Aar Ik 77 G0 2k A7
/—\E o
124 $aEae NSRRI
FEETFFRL 3~8 KL, A MR (B MNZIFE 0.0001
D) EERE, FitHEEEARE. 3 M5
FAMESHIANEE,
1.3 Gitoth

HIH] Excel 2007 #EATHdEH3 . ] IMP 6.0 3K
4 (SAS Institute) FATHFZETT Z 7541 (One-Way
ANOVA); Tukey-Kramer HSD il EE 44 18] 1 45 i+ 2
FERME (P<0.05); A R2.11 MEKFERIEFR
AH PR TE] 1) 52 JR R AH PR HFE  (Pearson correla-

tion matrix), JfF Cytoscape 2.7.0 #A{FXFAH I RE
[ 34T AH O I 2% 43 BT (correlation-based network
analysis, CNA) ; H 1 J& /K 2 B M X R #

(Spearmanp’s Rho Correlation) 43 #H71 K3 B %
AR T EE R S RN R S R R A
A R 2R 10 22 JT A M

2 ZHR5HR

21 FHEZRAEZIFNEFHRES
2, KEFRLAE. A A FRAE
WMEBEEBELT 1%, SR KEE RS M TE

Ry, Hoh g ik & 30%, fE R

FIE IRV . 3 FE FRIEIRAN R EAE 3 B
MZEFEVN, RIFRERKEERDREE LTS

SEIRAETAME, TSRO PR N . (R
AR B R L AMAZE SFREUR, (HE AT HME A
AR, X ATRER T AESNVE IRV R B ) B R
SEMITEOLS, ARLA RIS R A B 4 S 2

® 2 SHEHAEBRARIFNERMRESBNEFIERCHE

Table 2 Mean values and ranges of nutrition-related traits and SKW of wild barley in multiple environments

e ST )18 Mean JuF Range AR RE CV
Nutrient element 2012 2013 2014 2012 2013 2014 2012 2013 2014
MEE /% TN 265 264 263  1.93~3.69 1.97~3.65 1.71~3.80 13 12 13
ﬂmﬁmaﬁ /% TSP 878 8.02 894 557~13.56  553~1507 526~13.73 21 20 19
HUEM & E/% TS 3723 3796 37.10 17.27~51.04 20.77~51.95 19.02~50.69 16 16 15
Uk 8 /mg SKW 37.11 3756 3791 11.82~7833 13.13~66.67 11.53~70.75 37 37 40
3 INEAHFEZRATIFRNEE. FIANEARMBEMSE
Table 3 Summary of grain total nitrogen, Total soluble protein and Total starch of the nine H. spontaneum populations
% , N SEEEY% AV E AR % SE AR %
= ﬁﬁ:, i Total nitrogen Total soluble protein Total starch
No. Population Samples Mean+SE Range CV  Mean+tSE Range CV  Mean+SE Range (0\%
1 Mt. Hermon 5x3 2.6240.04°" 228291 6  928+044® 736~1356 18  38.13+1.00° 35.00~4232 5
10  Maalot 6x3 2.56+0.07% 194300 11 893+030° 644~10.73 14  37.53+1.19" 33.85-40.73 5
20 Sede Boger 6x3 2.6840.06  198~3.03 10 7.98+0.44™ 553~1294 23 30.1440.50° 17.27~4338 31
22 Mehola 6x3 2.78+0.08% 1.93~325 12 8.18+025% 657996 13 3744+122° 22.79-46.19 17
24 Akhziv 10x3 2.5140.05% 1.95~3.04 12 893+033° 625~13.73 20 3879+0.62° 27.57~51.10 14
25 Atlit 4x3 2.63+0.05 229298 6 1097+0.67° 7.86~15.07 21  34.79+04® 29.90~42.66 12
26  Caesarea 8x3 2.4340.05° 200~289 10  8.66+029™ 6.65~12.61 17 3893151 33.65-44.04 6
32 Ein-Zukim 10x3 2.9140.08* 1.71~348 15 7.40+£021° 526~1033 16  39.78+047" 29.35~51.95 17
37 Ezzngn' 5%3  260£0.06% 224302 8  826:041% 587~1177 19  37.644220° 3378-4134 6
JiZ53 T Anova <0.0001 <0.0001 <0.0001

Cx7 $E G BARFRRIR 9 MRS 235 2 A (Tukey HSD K25, P <0.05) .
“*”Different letters in bracket indicate significant differences (P < 0.05 by Tukey-Kramer HSD test).
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(%i*5 24). Maalot (4s*5 10) FI Evolution-Canyon
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Y5 Hh Kb A7 B 5
9 ANFEAAR B AR ORI FPRL AR B
VU HEE 7.40%~10.97% 8], FFARL AT VE 1t 2 1 )5
TEAAEVRHIRZER, BT Ein-Zukim (J
SADMEEA RN A EAR SR, N 7.4%;

% 329 4
)

AL 1 Atlit (ZR'5 25) BEARLATAEER A& =
B, 15F] T 10.97%. nEEEAR SRS A S
EWENZERALE (P>0.05); EMORHA EH
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BE A 8/% Total nitrogen ] ¥ & & /% Total soluble protein B IEF & &/% Total starch
1 60 MESBEFE “RAZIFREAR. TRAMEARMEEHNSELR
Figure 1 Comparisons of grain total nitrogen, total soluble protein and total starch of the 60 H. spontaneum ecotypes

9 MHARREF A Z R KRR VE R & &Y
FHI7E 30.14%~39.78% [, JEM&EE DA EE
BEMHK, MEEHEESTEREARSER
R AR, A ORFFAE E 77 [ 1R 70 TiC 11 K0
%, W Ein-Zukim (%5 32) BEKRA & IEE
mEEMREIRMKATEEEA R &,

Evolution-Canyon (%i*5 37) #l Caesarea (%' 26)
FiE R AR P AEh &8, HEEEARSE
K. VN TEEE IR e & & S s
EAEBEBERAIEF REF 50% /4. H2 Sede
Boger (4w'5 20) HHAARIEIER SRS NEEEA
R B R, P A A AR 40%, IXRAH]

ez

Ho

THFRLIANE FEY 1B
BRI ETENN R, 60 NEFAE B AEES

RIA 9 NEFAE ORI RHA SR AR AR

RIS EA BRI EEZR (P< 0.0001),

60 NAESB M ET A KRR A ARG

i RVER A B BITE 1.71%~3.48%, 5.26%~
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Kz ZAE FENEAR A AEAE A [F) 2 B2 1 2 35 A0 OC 1
(P<0.05), Hipz/REBAMRL BoR (K 3),
A THRELR. AEEEAR. SIER S EM
Hr YR AR S B R AN AR B A B
M (P<0.05).

(" -
PHY TP
Sezal

FITA MRS IE BB Z KT (P<0.05); =MIBAEHE
R, IETT AR BUBARE IR, HRAENE
TURM; 5 R A FRELRARIER Z 18 A R SR
RIEMR: RAARELIALG: TS: R EWEH: TSP: AIE
PEEADG TN: 8% TF: &3EEM; TP: &M Pi:
WU

All the correlations reach significant levels (P<0.05) in
Network; Circles and square represent the grain nutrition traits
and anti-nutrition traits, respectively; the edges between nodes
indicate positive and negative correlations by solid and dotted
lines, respectively; TS: Total starch; TSP: Total soluble protein;
TN: Total nitrogen; TF: Total flavonoids; TP: Total protein; Pi:
Inorganic phosphorus

E 2 ZANEFMREME DT

Figure 2 Network analysis of multiple nutritional traits
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M, SR SEE. FFHEE. 8 AR
E. 1 APIRE. FRE. BRREMNEER
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e &40 R E #4755 1% Nonparametric: spearman’s p
Variable by variable Spearman p Prob>p| -8 -6-4-2 0 .2 4.6 38
E& Total nitrogen (%) Ln 27 0.1830 0.0140
EE Lt 5E -0.2619 0.0004
B Al R -0.1773 0.0173
BE Tm FFHRE (°C) 0.2048 0.0058
B Ta8 HFIZEE (°C) 0.2635 0.0004
B Tj 1 AFEEE (O 0.1638 0.0280
B Td Z=TEZE (°C) 0.2764 0.0002
B Tdd BETERZE (°C) 0.2590 0.0004
B Ev E£E %€ (mm) 0.3798 <0.001
BE Rn FEME (mm) -0.2581 0.0005
BE Rd FEMRE -0.2648 0.0003
BE Hul4 14 5 FEE%E (%) -0.3218 <0.001
BEER Huan EFIRE (%) -0.3702 <0.001
T % E 5% Total soluble protein (%) Lt & 0.3824 <0.001
RAEEAR Al #ER 0.2700 0.0002
HEEEOR Tm FEFHRE (°CH -0.2959 <0.001
HEEEOR Ta8 AFRE (°C) -0.3476 <0.001
HAEEESR Tj 1 H¥HEE cC) -0.2511 0.0007
FAEEEAR Td Z=TEZE (°C) -0.1875 0.0117
HEEEOR Tdd BTGRE (°C) -0.2919 <0.001
RAEEEAR Ev =73k E (mm) -0.3203 <0.001
HEEEOR Rn EEME (mm) 03244 <0.001
HEEEOR Rd FREM AL 0.3549 <0.001
RAEEEAR Hul4 14 SFHEE%) 02766 0.0002
RAEMEAR Huan FFIEE (%) 0.3540 <0.001
B FIE Single kernel weight (mg) Ln &E -0.3468 <0.001
BRE Lt E 0.4874 <0.001
BRE Al #ER 0.3684 <0.001
BRIE Tm FEFHEE (°C) -0.3156 <0.001
BRIE Ta8 AFERE (°C) -0.4534 <0.001
BRE Tj 1 A¥HEE (°C) -0.2415 0.0011
BRIE Td Z=EE (°C) -0.4598 <0.001
BRIE Tdd BTGRE (°C) -0.5751 <0.001
BRE Ev 73Kk E (mm) -0.6622 <0.001
BRIE Rn EEME (mm) 0.5010 <0.001
BRIE Rd FREM AL 0.4950 <0.001
BRE Hul4 14 BfFHRE (%) 0.6496 <0.001
BRE Huan FFITEE (%) 0.7066 <0.001

E 3 RA. AMERRMANESERESHIERERNHIKREREEZE X

Figure 3 Spearman’s Rho significant correlation among total nitrogen, total soluble protein and single kernel weight and

eco-geographical factors of the origin place
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