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Construction of a Backbone Germplasm Bank Based on Phenotypic

Traits of Surimi Germplasm Resources
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Abstract: Broomcorn millet has many varieties and rich genetic diversity in China, which provides valuable parental resources for
the breeding of new varieties of broomcorn millet. However, there are few reports on how to construct core germplasm resources from
a large germplasm pool. In order to fully explore and utilize the germplasm resources of proso millets, this study took 490 proso
millets germplasm resources as materials, grouped them based on variety type and spike shape, and relied on the square root
proportion method to determine the number of samples, and within the group according to 20 qualitative and quantitative traits for
cluster analysis and random sampling method within the group for constructing the core germplasm. The representativeness of the
backbone germplasm of proso millets was evaluated using the indexes of mean, variance, coefficient of variation, genetic diversity and
proportion of traits retained, and confirmed by principal component analysis, histogram and correlation. The results showed that 55
proso millets core germplasms were constructed, accounting for 11.2% of all germplasm, including 26 local varieties (47.26%), 9 bred
varieties (16.36%), 9 wild varieties (16.36%), and 11 points foreign varieties (20.00%). The results of significance analysis showed
that the differences between the core germplasm of proso millets and all the germplasm in terms of mean, variance, coefficient of
variation and genetic diversity of phenotypic traits were not significant (P > 0.05), and the constructed core germplasm basically
retained the distribution range of all the germplasm. The results of correlation analysis showed that the significant differences in
phenotypic traits between the core germplasm and all the germplasm of proso millets were also generally consistent.
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Fz1 490 HEEFHEKIE
Table 1 Source of germplasm of 490 millets

Fr5 U ¥ P kU 1% FFs PR 1%
Code Source Number Code Source Number Code Source Number
1 T E 44 8 T i 19 15 o [ Bk 50
2 T L 36 9 LIy 6 16 SHEE 18
3 oh [ BRI 34 10 bR 3 17 hE 2
4 SHEEERN 25 1 SHEERE 4 18 o [ P 5 1
5 hEL T 17 12 th L 2 19 Bl & T 3
6 EE I 47 13 LRIESHIP 12 20 PR AE 1
7 hETE 34 14 SREENIp 68 21 BRI 1




R Heliih G R K R P Heliih (R

Code Source Number Code Source Number Code Source Number
22 NN 3 31 i 2 40 EEN 1
23 XL A 2 32 R W 1 41 Tt 1
24 2 W 1 33 T v s AR e 3 42 P55 Ta 2
25 PRI 3 34 5o % Hh T 3 43 THH 2
26 W= 3 35 Z e 3 44 5= 3
27 18I 2 36 FEH 2 45 PRIEF 3
28 it 3 37 e 3 46 ) 5 F 3
29 SR 3 38 S EF 3 47 PHLTE 2
30 W% T 4 1 39 JBT/R 2 48 KA 3
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Table 2 Assignment of quality traits in millets

PEIR Trait T {H Quantified value
EANE ) Ha =1, HREH=2
Seedling color

PR =1, H1=2, §5=3
Resistance to Grain Fall

ARk =1, BH=2, #H=3
Growth habits

R Migh=1, #ili=2, =3
Spike shape

MEHEH =1, ME =2, Er=3

Spindle straightening
FNE H=1, %3¥%=2, 34=3




Millet color

BT UNE=1, BE=2, KEH=3
Grain shape
A E26=1, whlAl=2, T2E=3
Leaf phase
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a3 AR B R 20 MR A . BAR A A, FESEH T R ik — R ETEIEE
SR TR =R ER .
2 BREHMH
2.1 BB T RE

W% 3 o, EFXAERREHT 490 0 BE A S IR AE Y, FEER A UPGMA VEFFHEAT BENLECRE, X
TG SRR AN 11.2%, FF4EXS 55 PR SL 1B TRl . Hor 20.0%, 3t 11 4y Fhsi & T 40 i 47.27%,



LIt 26 M At T SR 16.36%, it 9 fn)m TEF A AR 16.36%, ILit 9 fh)E T E LA i E T
PP EL S & R AR, ROy R 45 SRR R U TR SRR S DL BT RS KR AL (P=0.079) . 45& %K
FEAY 73 20T LUK B R0T 2 AR 33 £ (60.00%) , HUEEZAY 18 fy (32.73%) , ZAHM 4 47 (7.27%) .
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S
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Table 3 Varietal type, spike shape composition and its chi-square test for backbone germplasm and all germplasm

AL R ESHIT L BT R
Type/Composition All germplasm Backbone germplasm
AR [ 41l Foreign variety 68 (13.88%) 11 (20.00%)
Species type H 5 Local variety 316 (64.49%) 26 (47.27%)
¥ 4 5 Rl Wild species 63 (12.86%) 9 (16.36%)
H B i Bred variety 43 (8.78%) 9 (16.36%)
P{f P value 0.266
Y 7 Side spik 328 (66.94%) 33 (60.00%)
Spike shape i Semi standing 142 (28.98%) 18 (32.73%)
#f# Crawling 20 (4.08%) 4 (7.27T%)
P{f P value 0.137

22 BETEBMERSETMETFEEMSGZEEIFMN

RARY, BETE T 20 MRAER P, pukkitt, MR, MEMSHE. A, Ko,
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Table 4 Comparison of means and variances of 20 traits between all germplasm and backbone germplasm

FHI{H Mean 75 % Variance
PEIR Esip L B AR T EsiT L B R
v
Trait All Backbone All Backbone F-{H P {H
significance
germplasm germplasm germplasm germplasm

A

1.99 2.00 NS 0.014 0.000 0.778 0.378
Seedling color
ARSI

2.09 2.07 NS 0.156 0.180 0.040 0.841
Growth habit
kR
Resistance to grain 1.44 1.47 NS 0.423 0.402 0.000 0.996

fall




AR

Leaf phase

Rz

Spike shape
Rk
Spindle
straightening
pkit)

Grain shape
K

Millet color
EHH
Reproductive
period

BROY B
Effective tiller
number
TN
Number of nodes
of main stem
FHK (em)
Spikelet length
Frmr Cem)
Plant height
FZEM (mm)d
Main stem
thickness
FEH Cem)
Spikelet neck
length

DS

Leaf number
HMREEE (g
Spike weight per
plant

HRRLE (g)
Grain weight per
plant

HREE (@)
Grass weight per
plant

THE (@
1000-grain weight

1.90

1.37

1.65

1.32

2.98

92.02

3.51

7.24

29.66

121.42

5.05

23.34

7.24

19.89

11.52

14.56

6.52

1.47

1.42

89.55

3.49

29.39

117.24

22.81

20.23

11.09

14.01

6.30

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.509

0.316

0.528

0.519

0.020

254.184

1.019

3.615

40.667

1398.054

2.428

47.240

3.689

65.706

30.663

78.578

1.425

0.473

0.402

0.446

0.655

0.053

260.697

0.893

3.311

41.945

1275.764

2.512

49.203

3.467

62.251

28.534

82.762

1.523

0.405

1.221

0.000

1.110

3.206

0.806

0.043

0.451

0.002

0.265

1.236

0.048

0.509

0.213

0.183

0.086

1.164

0.525

0.270

0.996

0.293

0.074

0.370

0.836

0.502

0.963

0.607

0.267

0.826

0.476

0.644

0.669

0.769

0.281

23 VMRS FTTHERE . TREAKK Shannon-Weaver iE{& SR RIAIELER
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(P25, HE RHEAELE B2 128 55 R %(P=0.969).
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Table 5 Comparison of extreme variance, coefficient of variation and genetic diversity index between all germplasm and backbone

germplasm
%7 Range BREH (%) CV WL SRR B HY

LERTN BT L HFRR eI HFh BT FF R
Trait All germplasm Backbone All germplasm Backbone All germplasm Backbone

germplasm germplasm germplasm
EANEE ) 1~2 2~2 5.99 0.00 0.07 0.00
Seedling color
ARSIk 1~3 1~3 19.09 20.46 0.53 0.59
Growth habit
PR 1~3 1~3 45.37 43.05 0.85 0.86
Resistance to grain fall
AR 1~3 1~3 37.55 37.44 1.04 1.01
Leaf phase
TRz 1~3 1~-3 40.76 43.05 0.76 0.86
Spike shape
HEREE 1~3 1~3 4435 39.95 1.00 0.96
Spindle straightening
pikit) 1~-3 1~3 55.08 57.08 0.50 0.59
Grain shape
Kt 1~3 2-3 4.77 7.78 0.08 0.21
Millet color
EHMW 53~128 56~126 17.41 18.03 2.01 2.01
Reproductive period
ARG B 1.20~8.20 2.20~7.20 29.43 27.10 1.88 1.77
Effective tiller number
FENH 3.20~10.80 3.20~10.00 26.29 25.87 1.99 1.96
Number of nodes of
main stem
FHEEK (em) 11.80~49.20 15.40~40.20 21.63 22.03 2.03 2.03
Spikelet length
e (em) 39.22~197.40 46.80~174.40 30.98 30.47 2.03 2.00

Plant height




EZEM (mmd 1.58~9.06 2.04~7.56 31.05 33.37 2.06 2.01
Main stem thickness

K (em) 5.60~43.40 8.64~40.30 29.75 30.75 2.08 1.95
Spikelet neck length

LR 3.20~11.00 3.20~10.00 26.56 26.60 2.00 2.02
Leaf number

HRHE (@) 1.59~48.02 3.23~36.03 41.01 39.00 2.07 2.08
Spike weight per plant

FPRRIE (g) 0.67~31.91 1.77~24.27 48.39 48.17 2.05 2.04
Grain weight per plant

HREE () 1.08~56.03 1.69~46.67 62.18 64.94 1.92 1.91
Grass weight per plant

ThE (@) 2.05~9.53 3.60~8.84 18.43 19.57 2.06 1.96
1000-grain weight

FIME 31.80 31.74 1.45 1.44
Mean

P 0.969 0.989

2.4 BT ETFMHERARTRIETEN

H13% 6 AN, LRI 6 NS KL, B T R I T ZE S N 0, WHER A7 H W
N0, WEREHRN 79.53%, ULUIE TR BT AR T A R R A IR . 5Aiir s, &
TR AL S R BAAR . B ARARECAR AR OR B L1 70 7 98.74%. 103.87%7A1 91.28%, ULHIH T

FRRIE R, HALS P fl R s A 7 .

& 6 MRS EF TR 20 MEKITTEN S LI
Table 6 Comparison of evaluation parameters for 20 traits between all germplasm and backbone germplasm

PEIR Trait WEERT  TEERO

B aRo)  BRRNEMEG)  ERIBELE (%) HHRERLE 0
HEK)  AER)

CR VR DR RPR

MD VD
R 0 0 0.00 0.00 0.00 50.00
Seedling color
ARSI 0 0 100.00 107.18 111.32 100.00
Growth habit
Uk RLE 0 0 100.00 94.90 101.18 100.00
Resistance to grain fall
] 0 0 100.00 99.70 97.12 100.00
Leaf phase
i) 0 0 100.00 105.62 113.16 100.00
Spike shape
FEHEE 0 0 100.00 90.07 96.00 100.00
Spindle straightening
pkit) 0 0 100.00 103.63 118.00 100.00

Grain shape




Kt 0 0 50.00 163.08 262.50 66.67
Millet color

EHM 0 0 93.33 103.54 100.00 100.00
Reproductive period

BROY B 0 0 71.43 92.09 94.15 80.00
Effective tiller number

TN 0 0 89.47 98.42 98.49 88.89
Number of nodes of

main stem

FHEEK (em) 0 0 66.31 101.85 100.00 90.00

Spikelet length

e (em) 0 0 80.67 98.35 98.52 80.00
Plant height
EZH (mmd 0 0 73.80 107.49 97.57 80.00

Main stem thickness

MK (em) 0 0 83.76 103.36 93.75 100.00
Spikelet neck length

% 0 0 87.18 100.13 101.00 90.00
Leaf number

FEREE (¢) 0 0 70.66 95.12 100.48 100.00
Spike weight per plant

HERRE (g) 0 0 72.03 99.54 99.51 100.00
Grain weight per plant

FHREE (g 0 0 81.84 104.44 99.48 100.00
Grass weight per plant

TRE (g 0 0 70.05 106.20 95.15 100.00
1000-grain weight

SR 0 0 79.53 98.74 103.87 91.28

MD: mean difference percentage; VD: variance difference percentage; CR: coincidence rate of range; VR: variable rate in coefficient
of variation; DR: variable rate of Shannon's diversity index; RPR: the ratio of phenotypic retention.
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Table 7 Comparison of principal component analysis of 20 traits between all germplasm and backbone germplasm

TS RHIEAR TURRZE (%) T TTEREE (%)
Principal Eigenvalue Contributive percentage Cumulative contributive percentage
Component Eostiv il BRI EHirL B B BRI

Number All germplasm Backbone All germplasm Backbone All germplasm Backbone




germplasm germplasm germplasm

1 7.79 7.76 85.71 85.97 85.71 85.97
2 2.10 2.26 6.82 6.50 92.53 92.47
3 1.72 1.99 3.82 3.57 96.35 96.04
4 1.30 1.43 131 1.50 97.66 97.54
5 0.97 1.14 121 1.21 98.87 98.75
6 0.95 1.04 0.68 0.76 99.55 99.51
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Fig. 1 Distribution of principal components of samples from all germplasm(A) and 11.22% sampling proportion of backbone
germplasm(B)
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Fig. 2 Correlation analysis between all germplasm(A) and backbone germplasm(B)
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The light blue histogram represents the distribution of all germplasm quality traits; The dark green histogram represents the



distribution of quality traits in the core germplasm
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Fig. 3 Histogram of phenotypic frequencies of eight quality traits for all germplasm and backbone germplasm
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The light blue histogram represents the distribution of all germplasm quality traits; The dark green histogram represents the
distribution of quality traits in the core germplasm
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Fig. 4 Histogram of phenotypic frequencies of 12 quantitative traits for all germplasm and backbone germplasm
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