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A Core Collection of Sorghum Landraces Formed by Taking Use of
Agronomic Traits in Shanxi Province
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Abstract: This study attempted to build up a core collection of 1285 sorghum germplasm accessions at
Shanxi Gene Bank. These accessions were historically investigated for the phenotypic variations 18 agronomic
traits, and these datasets were subjected for tests using the combinations on sampling methods, sampling
proportion and clustering methods. A pipeline combining multiple cluster deviation sampling method, 15%
sampling proportion, euclidean distance and complete method was used. By pairwise comparison of phenotypic
datasets in core collection ( 192 accessions ) to all samples, the mean difference percentage ( MD ) was 0,
the variance difference percentage ( VD ) was 83.33%, the coincidence rate of range ( CR ) was 97.45%, and
the variable rate of coefficient of variation ( VR ) was 119.63%. Furthermore, eight accessions with particular
characters were incorporated. This core collection including 198 landraces has been proposed, followed by tests
using t-test, extreme value, standard deviation, the t-test of Shannon-Weaver diversity index, as well as principal
component. As a result, 198 sorghum landraces are representative on the diversity of sorghum landraces hosted by
Shanxi Gene Bank, and this collection might be useful in practical uses for sorghum breeding.
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Table 1  The collection sites of sorghum landraces in Shanxi province
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Table 2 Evaluation parameter of 288 primary core collection subset (%)
p P M
Z RIS ZR RIS L LRI S R
Hukt: . e Multiple cluster random sampling ~ Multiple cluster preferred sampling Multiple cluster deviation
B WKk .
A&l method method sampling method
Genetic Cluster —~
Sample o WDE 5k MOE BRR O OMEDE R GO BRR WMEDE iRk WO BRE
ratio SEHS FES FEE B FaS Ras 6% Bt REg RAS A% Bt
HMD VD CR VR %MD VD CR *%VR XMD VD CR *VR
5 FREGHE R S Eifeik  16.67 7222 9335 12793 2222 61.11 100.00 12828  27.78 66.66 95.53 136.20
IR 0 27.78 8829 113.38 5.56 61.11 100.00 121.24 0 7222 9552 133.34
PR 1111 5.56  83.44 106.40 5.56 50.00 100.00 119.39 0 61.11 93.83 122.77
Ok 5.56  33.33 89.85 109.94 16.67 55.56 100.00 122.94 11.11 4444 93.82 118.44
BB SNN 0 38.89 89.38 111.10 0 50.00 100.00 119.31 556 61.11 93.62 130.67
ARSI 0 27.78  87.75 112.82 0 55.56 100.00 122.28 556 61.11 93.80 129.49
AR 0 2222 90.19 11243 5.56 55.56 100.00 126.40 0 7222 9357 130.52
BETVITIE 0 50.00 91.98 113.55 11.11  50.00 100.00 122.71 0 61.11 94.15 130.07
IREER i 27780 6111 9246  123.31 2222 61.11 100.00 128.52  27.78 7222 93.54 137.98
(oSS EI-AN 5.56  38.89 88.42 114.30 5.56 61.11 100.00 121.24 556 77.78 93.82 129.99
] B 5.56 27.78 87.76 110.43 0 55.56 100.00 123.56 2778 5556  90.79 130.27
EERSES 5.56 50.00 91.70 120.15 16.67 66.67 100.00 128.57 2222 7222 92.07 132.11
FFHk 0 33.33 88.00 113.98 5.56 61.11 100.00 124.82 0 7222  92.69 132.65
AR 0 27.78  86.76 111.72 0 61.11 100.00 123.68 5.56 66.67 94.64 132.93
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F2(4)
ZURRASHH LI ZUREAR IR ZURRIAR S B IRk
‘ Multiple cluster random samplin; Multiple cluster preferred samplin, Multiple cluster deviation
?[igj e RIOnk ' method o ' meihod o s:mpling method
Genetic Cluster

Sample distance method ¥iflizz mEE hE BRFR O WfE FEE WERS BRFR O OWMHZE FEE WEN ERER

ratio SES FAS AR Bk SEg RASG &% B RA FEa A% BTk

AMD EVD CR #®VR HMD #VD CR #VR HMD EVD CR %VR

AR 0 2222 8475 109.88 0 61.11 100.00 121.06 556 66.67 94.01 132.64

B2V AE 0 2222 9213 11254 556 50.00 100.00 122.15  11.11 7222 93.94 133.54

10 FREGHE S faiEesik 2778 6111 9379 118.36 16.67 66.67 100.00 121.26 2222 77.78 97.54 127.54

wEKHEE 0 3333 91.52  110.90 0 50.00 100.00 115.35 0 66.67 9592 124.24

FRlEIFEES Y 556 1111 89.40  105.89 556 50.00 100.00 110.61 0 61.11 94.67 11824

HLE 556 2222 9234 104.44 556 38.89 100.00 108.08 0 3889 9456 114.42

BSOS 0 3333 9227 108.85 0 50.00 100.00 114.70 0 66.67 95.63 121.01

AL 0 3333 90.03  109.20 0 4444 100.00 114.03 0 7778 9524 122.82

AJAR: 0 3333 91.31  109.07 0 50.00 100.00 117.90 0 7222 9491 121.66

BT IAE 0 50.00 9320 110.65 0 55.56  100.00 113.55 556 7222 95.15 122.80

LCHER Rk 2778 5556 9623 11743 3333 66.67 100.00 12225 2222 77.78 97.83 129.36

KB 556 2778 89.35 11035 0 44.44  100.00 114.87 0 7222 9629 121.70

hEEEEE 0 2778 89.81 107.69 0 55.56  100.00 113.70 556 61.11 9298 12233

HOE 0 3333 92.37 108.01 2222 5556 100.00 115.49 556 66.67 96.09 121.00

gk 0 2778  89.03  109.88 556 5556 100.00 116.79 0 7222 9486 12322

AL 0 1111 90.79 107.39 556  61.11 100.00 115.54 0 7222 9511 122.82

A AR 0 2778  87.79 107.73 0 38.89  100.00 113.90 556 66.67 9541 12281

BEFITRE 0 2778 92.92 11082  11.11  50.00 100.00 113.81 556  66.67 9538 123.62

15 FRIGHE S faifsyk 2222 5556 93.86  113.42 16.67  66.67 100.00 116.13 2222 77.78 9821 122.59

RKEEDL 0 3333 92.74  109.05 0 44.44 100.00 112.12 0 83.33 9745 119.63

hiaiEE 0 11.11  91.94 103.79 0 38.89  100.00 107.58 0 5556 95.45 11381

Tk 0 2222 9371 103.67 0 38.89  100.00 106.07 0 4444 97.04 112.29

FT-Hyk 0 3333 9331 107.04 0 38.89  100.00 109.54 0 7222 9572 117.71

AL 0 27.78  90.03  106.77 0 33.33  100.00 109.76 0 7222 9524 117.92

IS 556 16.67 92.86 105.69 556 55.56  100.00 113.23 0 7222 96.03 11822

BT HAL 0 3333 9424 108.07 0 50.00 100.00 110.31 0 7778 96.11 11822

TG Rk 2222 4444 9678 112.81 2222 5556 100.00 116.04  27.78 77.78 98.50 123.08

RKEEZE 556 3889  91.89 108.44 556 5556 100.00 111.34 0 7222 9629 11827

PlEEEE 0 2222 90.83 10676  11.11  44.44 100.00 109.65 556 61.11  94.66 117.44

GIRIISZS 556 2778  92.68 10650  16.67 4444 100.00 111.34 0 61.11  96.09 11723

FT 0 27.78  92.40 107.59 0 44.44  100.00 110.94 7222 9625 117.26

AARSSPHEE 0 111 91.65 105.66 556 50.00 100.00 111.19 0 7222 9548 118.00

ARk 0 2778 91.75 107.04 0 44.44  100.00 111.41 556 8333 9645 119.41

BETAE 0 3333 9328 109.52 556 50.00 100.00 111.36 556  66.67 96.81 11841

20 FRECH R faiisssk 2222 4444 9584 11088 2222  61.11 100.00 111.82 2222 7222 99.24 118.93

kKlEEE: o 38.89  96.10 107.38 0 50.00 100.00 108.92 0 7222 98.86 11557

hEFEEE 0 2222 9495 103.92 0 16.67 100.00 105.33 0 55.56 9629 111.90

LA 0 2222 93.82 103.11 0 27.78 100.00 105.53 0 50.00 97.98 111.51

BSOS 0 16.67 9333 105.88 0 38.89  100.00 107.75 0 7222 96.61 113.68

AL 0 2778  95.83 105.76 0 3333 100.00 106.86 0 83.33  96.58 114.58

A AE 0 2778 93.84 10545 0 5556 100.00 110.10 0 83.33 9658 114.33

BEEIME 0 3333 9424 106.49 556 44.44  100.00 108.02 0 83.33  97.12 115.01




178 IR/ B G S A G- S SO 22 45
F2(4)
ZURRAHH LI ZUREAR I ZURRIAR S B IRk
Hurt: " L Multiple cluster random sampling ~ Multiple cluster preferred sampling Multiple cluster deviation
ALl e RSOk method method sampling method
Genetic Cluster
Sample distance method Yiaze Jrzez WeE BRAR O WEZE X WER BRAR D OMEE ik WMER TRA
ratio SES FAS AR B FEa RAS0 &% B RA FES A% BTk
AMD EVD CR #®VR HMD #VD CR #VR HMD EVD CR %VR
LICHEE  EJEEEESYE 2778 5000 97.05 11136 3333 66.67 100.00 113.39 2222 7222  99.51 119.23
KB 556 3333 9569 107.30 0 44.44  100.00 109.22 0 7778 96.90 115.76
i EEESE 0 16.67 94.02 105.68 0 3333 100.00 106.79 556 66.67 94.67 115.01
qik 0 2222 9276 10429  16.67 38.89 100.00 108.82 0 61.11 96.88 114.47
HFHk 0 556 93.84  104.92 0 4444 100.00 109.57 0 7222 97.82 114.29
RSP HEE 0 2222 92,68 105.41 0 33.33  100.00 108.07 0 7778 9720 116.06
AR 0 38.89 9427 106.83 0 4444 100.00 109.58  11.11 83.33 96.79 116.73
B0 3889 9471 108.36 556 3889 100.00 108.15  11.11 7222 97.92 116.81
25 WRICHE®ES  HJEifgsyk: 556 3889 9748 10839 2222 5556  100.00 109.09 111 7222 9924 115.69
RKEEDL o 2222 9649 105.16 0 4444 100.00 107.24 0 66.67 98.86 112.82
Pl EEEE 0 11.11  96.80 102.89 0 2222 100.00 104.64 0 5556 9629 109.76
ik 0 16.67 9449 103.39 0 2778 100.00 104.18 0 50.00 98.78 110.10
HHyk 0 2778 9428 10629 0 4444 100.00 107.03 0 7222 9745 112.88
RSP HEE 0 0.00 9635 103.29 0 33.33  100.00 106.89 0 7222 96.83 110.82
AR 0 556 93.92  102.68 0 50.00 100.00 108.87 0 7222 96.83 110.81
BZEITRE 0 16.67 9441 104.13 0 4444 100.00 107.49 0 7222 9738 111.24
IR R 1667 4444 9719 108.03 16.67 5556 100.00 110.79  27.78 7222 99.51 115.90
KB 556 1667 9569  104.99 556 5556 100.00 108.15 0 61.11  96.90 111.87
hlEEEE 0 11.11 9431 104.91 0 2778 100.00 105.46 556 66.67 96.77 11257
ik 0 16.67 9438  104.31 556 38.89 100.00 106.70 0 66.67 97.50 112.06
HTHyk 0 2778 97.00 106.33 0 4444 100.00 108.27 0 7778 97.98 112.72
RSP HEE 0 556 92.68 102.62 0 33.33  100.00 106.74 0 61.11  97.20 111.60
AR 0 556 9427 104.65 0 4444 100.00 107.96 0 61.11  97.04 112.84
BZEFIOTRE 0 3333 9471 106.69 0 38.89  100.00 106.91 0 61.11  97.92 112.52
30 FREGHE S I EiEssik 556 4444 97.65  107.13 16.67 61.11 100.00 107.18 556 66.67 99.24 112.17
RRKEEDL o 2222 9738 105.38 0 38.89  100.00 106.32 0 66.67 99.10 111.55
RS o 11.11  96.80 102.67 0 2222 100.00 104.84 0 5556 97.16 109.19
ik 0 556 9449 101.99 0 2222 100.00 104.27 0 4444 9877 108.35
HFHyk 0 1111 9428 103.51 0 2778 100.00 105.32 0 61.11  97.45 110.09
RSP HEE 0 0 96.35 103.29 0 33.33  100.00 105.42 556 66.67 99.03 11122
AJAE 0 16.67 9671 10433 0 38.89  100.00 107.59 556 66.67 99.03 111.31
B2EFOTRE 0 16.67 9441 104.13 0 4444 100.00 106.59 0 66.67 99.03 111.05
IREEE R 1667 4444 97.62 107.05 11.11  61.11  100.00 109.15 0 7222 99.51 113.05
KB 556 2778 9745 105.64 0 44.44  100.00 107.06 0 7222 9830 111.76
thlE R 0 1111 9439  102.67 0 1111 100.00 104.75 556 66.67 9753 110.99
HLE 0 16.67 9599 103.38 556 11.11  100.00 104.37 0 66.67 98.12 111.14
HFHyk 0 16.67  94.54 10491 0 38.89  100.00 106.70 0 61.11 9826 110.09
RSP HE 0 111 92,76 104.24 0 38.89  100.00 106.27 0 66.67 99.32 111.85
AJAR: 0 2222 9427 10493 0 3333 100.00 106.65 0 66.67 9837 112.21
B2EFITRE 0 3889  97.84 106.72 0 3333 100.00 106.37 0 7222 9838 112.37

MD: Mean difference percentage, VD:

Variance difference percentage, CR: Range coincidence rate, VR : Variation coefficient change rate
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RN 5 RBULACE 358 0.83.33%.97.45% FiI
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R A8 AR AT 14 S BURE SR MK 326 HH 1Y) 192 143 49
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RAIRAE R AP B 98 U5, B 240 5 198 17 i
BEUR AL A L P A 2 S by i AR A O R, BURE
15.4%.
2.3 BubFBRATEN
23.1 FrEHARMZOTHRHE REREERER
S OB TR FEAR 18 AR BRI {E
26 K (3R 3), 22 R A B i K, A (E
R T BRSO 2 A RE k4B,
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Pairwise comparison on 18 phenotypic characters between all samples and core collection

LEZIN Jia REAE- 4 1E Rt T B4 (B i P{d
Traits Average of all samples Average of core collection t value P value
¥k (em ) PH 262.11 258.76 0.58 0.56
22Kl (ecm ) SD 1.39 1.40 -0.11 0.91
FHKE (em ) MPL 26.32 26.77 -0.57 0.57
FREE S (em ) PL 43.84 43.57 0.29 0.78
WK # (g ) GWPS 52.12 50.97 0.61 0.54
THhiHE (g) TGW 24.84 24.50 0.73 0.47
2EFHH (d)PD 111.55 110.94 0.60 0.55
% (% )EC 48.19 49.37 -0.49 0.62
F7H (% ) GSP 22.40 2321 -0.41 0.68
Hifa GCOL 0.65 0.62 1.61 0.11
I PS 0.43 0.47 -1.42 0.16
Fire s GC 0.61 0.61 0.12 0.91
Fl7 PT 0.56 0.57 -0.64 0.52
e E Geov 0.64 0.65 -0.89 0.38
SrBEME TI 0.44 0.44 0.00 1.00
Tkt MvC 0.38 0.40 -1.64 0.10
R0 CC 0.89 0.87 1.52 0.13
it LCS 0.59 0.57 0.94 0.35

PH: Plant height, SD: Stem diamete, MPL: Main panicle length, PL: Peduncle length, GWPS: Gain weight per spike, TGW : Thousand grain
weight, PD: Period of duration, EC: Endosperm corneous, GSP: Glume seed percentage, GCOL: Grain color, PS: Panicle shape, GC: Glume

color, PT: Panicle type, GCOV: Grain covering, TI: Tillering, MVC: Medium vein color, CC: Coleoptile color, LCS: Leaf color of seedling.The

same as below

232 FTERERMZOMBRESEEST W
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B, REME N TR L 1 i A% 0o o i 9 B R 1 I
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FER VLKA B AR R T T A AR 2



180 oY o fF o W O MR 22 4

R4 FARERSROFMBRERBEIREES LR

Table 4 Contrast of extreme value and standard deviation between all samples and core collection

LGN A FEA All samples L FT Core collection

Traits I KAH Max. Fe/IME Min. FrifE2s SD R Max. e/ ME Min. FrifE2% SD
P (em ) PH 519.90 76.00 60.05 519.90 76.00 76.46
2501 (em ) SD 2.31 0.84 0.18 2.31 0.84 0.25
TR (em ) MPL 79.50 8.20 8.26 79.50 8.20 10.55
F A SE (em ) PL 93.80 2.90 9.67 93.80 2.90 12.65
R E (g) GWPS 135.40 10.20 19.37 135.40 10.20 25.29
TR (g) TGW 53.60 9.30 477 53.60 9.30 6.28
2EFW (d)PD 155.00 84.00 11.59 155.00 84.00 13.38
FAli#E (% )EC 100.00 0 28.22 100.00 0 31.31
e (% ) GSP 100.00 0 25.29 100.00 0 27.77
#iff, GCOL 1.00 0.13 0.18 1.00 0.13 0.21
THIE PS 1.00 0.13 0.36 1.00 0.13 0.38
Hrets GC 1.00 0.14 0.18 1.00 0.14 0.23
TR PT 1.00 0.20 0.29 1.00 0.20 0.30
Fre g E GCoOV 1.00 0.20 0.15 1.00 0.20 0.18
SrBEPE TI 1.00 0.25 0.15 1.00 0.25 0.17
Fkt MvC 1.00 0.33 0.15 1.00 0.33 0.18
ZE {0 CC 1.00 0.33 0.21 1.00 0.33 0.23
4 LCS 1.00 0.33 0.32 1.00 0.33 0.32

FEVESR B, bR BL 0 RE BT (6 R Fire 3, BT (ORIBC LR B0 AR AR s e
BORE IPBENE BN ONEFR O OB 2RSS (3R 5), RUILOAIRIR B T 3 2 1R B AR,
Bos T REAR JOP P BEVE M AR IR B . BB RO AR

RS5 EARBERNZOTRSFEREELE

Table 5 Comparison of diversity index of core collection and all samples

PEAR JI B FEAR Z VAR AL AW UTTEZ S2 it t{H PiE
Traits Diversity index of all samples Diversity index of core collection t value P value
Bk PH 2.0707 2.0858 -0.3635 0.7165
254 SD 2.0661 2.0227 0.8591 0.3911
FRKE MPL 1.9122 1.8808 0.6162 0.5383
FHAR S PL 2.0333 2.0099 0.4781 0.6330
AR F GWPS 2.0665 2.0163 1.3048 0.1931
T-hifE TGW 2.0554 2.0509 0.1017 0.9191
2EFI PD 2.0687 2.0002 1.7639 0.0788
I EC 2.0217 1.9660 1.9108 0.0572
Fi5¢% GSP 1.5038 1.4701 0.5332 0.5943
Bt GCOL 1.2500 1.3475 -1.3357 0.1828
FEIE PS 1.4440 1.4848 -0.6016 0.5479
Fires GC 1.0844 1.3530 -3.8496 0.0001”
TR PT 1.5639 1.5832 -0.9139 0.3616
e E Geov 1.0854 1.2830 —4.2001 0.0000”
JYBENE TI 0.8771 0.9744 -1.9894 0.0477"
FEJka MVC 0.3909 0.4998 -1.6054 0.1097
i CC 0.7023 0.7826 -1.3768 0.1698
HrEint €5 LCS 0.6666 0.6478 0.7616 0.4471

T ZFIAF] 0.05 BEKE, T ZFIEF 0.01 BB E K

" shows that difference is significant at 0.05 level, ~ shows that difference is significant at 0.01 level
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Table 6 The principal component analysis of all samples and core collection

F T FEA All samples

# O Core collection

Component FRIEAR Uk (% ) SR (%) FRIEAR DT (% ) S TR (%)
Eigen value Variance Cumulative proportion Eigen value Variance Cumulative proportion
1 3.406 18.924 18.924 3.428 19.043 19.043
2 2.965 16.470 35.394 2.868 15.933 34.976
3 1.731 9.616 45.011 1.684 9.357 44.333
4 1.559 8.660 53.671 1.621 9.005 53.337
5 1.071 5.952 59.623 1.097 6.095 59.433
6 0.946 5.253 64.876 1.041 5.784 65.217
3 g AR . RIS S5 > AL B b e Ay
AR EL 47 S
31 BRI R 25 8 5t R T LU VG 5 5 A D A BT o

U R AR e T A P R R Ao il
(FTHE) W DNA AR R K 8472 S s
PEAFRIFSE , MK 2 TR PR A it A 2 R R A TAZ O Ff
SRR BT o PR 3, AT 4 AR A H B
I3, %IJFH 12 T 25 Motk A 3 10078 7 IR B
PEHAT R T /N0 Pl 5 A 2
*ETEMEF%&%?E SR 21 AR AR BRI
STl AR A Lol B 5 RIS A5 R RN 2 1Y
T, WHRRE L) BRURE D7 ik st AR R B F R e R 2%
4 AN TR T LR IR A AZ O T

Ll P2 S SRR KA, 43 4G A R
R, ZREMAE S EE T R FsE
ZFEVE, B [v] b B R 22 8] A7 76 B AH A B s
B2 PRI, AN RIS SR S 3 4 A% Ol R 7
2, LA 5 18 A A 2R AR X A1 B EA T SR 24y
4, A A R B A 00 B 5 T AR () 349 2 5
HAHRR 0 FEZFHSHN 83.33% MZEFH
BN 97.45% 5 R BB FEN 119.63%, Ui 2
FHIC 5 A A% O R AU PR B T BT FEA I 2
IR
3.2 BobHBIEN FERHFE
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rh i H A B AR A IS R A E AR B Fh
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