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Germplasm Based on Phenotypic Traits
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Abstract: Based on "The Third National Campaign of Crop Germplasm Census and Collection", genetic
diversity analysis, correlation analysis, cluster analysis and principal component analysis were used to study and
evaluate 136 sorghum germplasm resources collected from 2020 to 2021 in Hebei province. The results showed
that there were abundant phenotypic variations in the collection. The diversity index of 15 phenotypic traits
ranged from 0.0844 to 1.9926, and the coefficient of variation ranged from 4.69% to 68.00%. The genetic
diversity of 1000-grain weight and the coefficient of variation of panicle shape were the highest. A significant
positive correlation between plant height and panicle traits was detected. These germplasms were divided into
three groups by cluster analysis, while three clusters didn’t correlate with the geographic collection sites. Cluster
I showed the best performance in panicle traits and could be used in breeding for technical purposes. The plant
height of cluster II was low, which can be used as dwarf resources in germplasm innovation. Cluster I1I showed

the best yield traits which can be used in breeding for higher grain production. Principal component analysis
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simplified phenotypic trait factors into 5 principal components, with the cumulative contribution rate of

60.182%. The plant height, the panicle and grain traits were the main factors contributing to the phenotypic

differences. Based on the comprehensive scores of 136 sorghum germplasms that ranged from 0.107 to 1.147,

the top 10 elite germplasm resources such as Suning sorghum, Changsui sorghum, Tiaozhou sorghum and

Luoshu were selected. Collectively, based on the evaluation of these newly collected sorghum germplasm

resources in Hebei province, this study provided insights for the mining of elite sorghum germplasm and the

innovative utilization of germplasm.

Key words: sorghum; germplasm resources; genetic diversity; comprehensive evaluation; survey and

collection
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Tablel General information of 136 sorghum germplasm resources

s Rl 5 44 B Lipiesi] i H

No. Sample ID Germplasm name Germplasm type City County
1 2021133041 R R H 7 d A BETT LR
2 P130632031 AN Hb T b A RE Lo
3 2021133034 [ H A fog i LR
4 P130632030 A= H 7 A Prog i Lo
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F1(4)

A= EETE R Tl 4 5 Fil s A i H
No. Sample ID Germplasm name Germplasm type City County
5 2021133083 K3 Hb T it i PRt Lo
6 P130637022 [ b7 it i PRt i
7 P130637003 [ Hb 7 it i PRt i
8 P130921014 AL A A TN piowa"
9 P130921001 W A TN piowa"
10 P130921002 Tl A TN piowaY
11 2021132006 Filf A ZR L B0
12 2021132007 i 5 U A ZREL B0
13 2021132008 1w 5 CHICRE) U A ZR e B0
14 2021132009 e GEFT) A ZR e BRI
15 2021132168 i 5 A ZR e RO
16 2021138043 Fe Hb b A HIS s Tl R4 E
17 2021138009 TRy 5 Hb b A HIS s Tl R4 E
18 2021138022 SRR Hb b A HIS s Tl R4 E
19 2021138008 [ Hb b A HIS s Tl R4 E
20 2021132052 AN U A ZELE T T
21 2021132127 ST A A ZELEy T T
22 P130306023 ST H A ZELE T T
23 2021132099 i 5 A ZELE T T
24 2021132051 LR A ZELE T LT
25 P130306022 LR A ZELE T T
26 2021132050 R R 3 Hb b A ZELE T LT
27 2021132064 i 5 Hb b A ZELE T T
28 P131128014 B by Rl K B
29 2021133105 HTC ) Hb b A TE T BEH
30 2021133106 E gL Hb 7 b gt BER
31 2021133166 e B () Hb 7 b A PRE T BAER
32 2021133177 RS A TE T FApER
33 2021133139 ERSE Y U A BE T BAEH
34 2021133178 i 5 U A BE BApEH
35 2021133115 BoTE A TE T B
36 2021133170 S U A TE T BApER
37 2021133151 AW Al i B A
38 2021133007 [ U Al TET B
39 P131126008 K Al K fie8as
40 P130433002 B H 7 R HiHs Tl T b &
41 P130433001 [ Hb it A HiHs Tl T b £
42 P130432017 W = 5 H 7 H R T SRR
43 P130432018 EANE 2 Hb b A HEHs Tl SRR
44 P130432019 R S A HIS R i SRR
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s FE a4 5 il i 2 ik Tl 2 i H
No. Sample ID Germplasm name Germplasm type City County
45 P130924003 LLER Hb b A W (522823
46 P130924021 AL i 5 Hb b W T (522823
47 P130924004 e 5 Hb b A N T [(5228=0
48 P130984004 W MR R H 7 W T T i T
49 P130983002 ST H 7 povAiie] e
50 P130983003 ZI5EH H poviiie] e
51 P131103011 AN H 7 A K FH X
52 P131103023 AT H A K FM X
53 P131103010 N H 7 A K FM X
54 P130529003 IR AR T H A =i (SN 850
55 P130827026 TEARTT H A ARAE TOIA 5 AR £
56 P130827029 ARLOR 5 H 7 A ARAE T TOIA % AR £
57 P130827031 PRAF H 7 A ARAE T TOIA % AR £
58 P130522019 SCRYTAE TR H 7 =i It L
59 P130824017 HHBET H 7 ARAE T s
60 P130930014 KA 3 H 7 A WM ARt
61 P130930013 [ERGL H 7 A WM ARt
62 P130930002 Al Hb 5 bRl T by E
63 2021134100 i H 7 A =0 ME T
64 2021134061 U H 7 A = MET
65 2021134039 LI R H 7 A yiS=0 ME T
66 2021134040 e H 7 A =0 MET
67 2021134175 i H A =0 MET
68 2021134160 SRS H 7 A =0 ME T
69 2021134041 Bt H 7 = ME T
70 2021134104 AT H 7 =0 ME T
71 P130523017 e H 7 = =S
72 P130523016 EELa H 7 = P
73 P130528002 R H =i T
74 P130528011 o H 7 = T
75 P130532010 LI R H & R
76 P130532011 P H A &t R
77 P130532014 G H7 i &t V5
78 P130922003 i 5 H 7 A T HH
79 P130922012 UNEUN Hy T HH
80 P130922010 AN S H A T HH
81 P130922008 X6 B D T HH
82 P130922009 NS B D T HH
83 P130922011 AR H A W HH
84 2021137112 Hr R Hi 7 R e {850
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F1(4)
A= EETE R Tl 4 5 Fil s A i H
No. Sample ID Germplasm name Germplasm type City County
85 2021137156 PN U A His IHi8=]
86 2021137111 pAR=T A A HIHs 583
87 2021137181 Al R [Ep i HIHs 853
88 2021137130 TR A A His 853
89 P130634011 i Hb Tt i P i BH S
90 2021138171 PR o HIS s i it B
91 2021138139 KA A HIS S i it B
92 P131124023 [T Hb 7 it i K e bH
93 P130982011 N U A TN )
94 P130982021 Tt 5 A TN T )
95 P130582006 i G Hb 7 it A & faEn
96 P131182020 (LA A K TN T
97 P131182003 R A K TN T
98 P130926018 SR U A oA T
99 P130926019 i G A A TN T
100 P130926012 ST U A TN T T
101 P130926009 s S (RHAERRAS ) A TN T
102 P130631004 T A gt R
103 2021134004 RIS 1y S Hb 7 it i A %5
104 2021134019 KF b it i A %5
105 2021134148 /INHICH b it i A %5
106 2021134021 ST b it i A %5
107 P130828038 i S Hb b A it RS S e A R S
108 P131026008 KA A JER L5 i L
109 P131123003 KE=FH 5 RD K i
110 P131123004 BRFF 2 U Al K R
111 P131122013 Tl A K R
112 P131122012 LI U A K V=S
113 P130530015 [ A A BT
114 2020132100 [ U A FaE dEai) T
115 2020132101 e s () U A Fap daai) (R
116 2020132095 s (FERD A FaE i) (i
117 2020132093 () A AT (i
118 2020132092 Kl A FaE dEa) (i
119 2020132094 o S (RS B ) Al AT (i
120 2020132089 [SEACEL) H Al AT s
121 P130925026 ST A N T ENITR=S
122 2021137024 PR Hb b A Hiws Tl TKEEIX
123 2021137060 S Hb b A Hiws Tl TKEEIX

124 2021137059 FAR I 5 HBHRTIT TRAEIX
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F1(4)

s FE a4 5 BT 44 B Liies] i H
No. Sample ID Germplasm name Germplasm type City County
125 2021137082 Bk H7 A g s TKAEIX
126 P131023010 TR Hb b A JER Ly AKiEH
127 2020131012 Ll g B H 7 R AR R
128 P131121002 B Hi 7 R kT AL L
129 2020133173 i H 7 A AR e85
130 2020133171 BE L H 7 A AR RxXE
131 2020133175 NS H AR e85
132 2020133172 = 7 A ARET o821
133 2020133174 [ Hb A AR e8]
134 P130731020 TRB R H 7 skFR A B
135 P130731021 FILH Rk e 5 H 7 A kR AT B
136 P130731017 FIAR Rl e H 7 KE L B

1.2 REHE

IR 2022-2023 AE4EFPFE R AL A TR & TH
T E/NRER SR A AL A5 5, 217 X,
3B 171 6 m, 17 50 cm, K FH 7%, 7B
15 cmo 3~4 M8 B, B0 1 bR . FE R ET I 2
A ME(N:P:K=20:10:10)600 kg/hm?, & 17 1} 2 Hh ek
HALLTE I )7 5K 11k

PR R A2 T et R ™ e R oy e o o 9%
TR A RS B ARAE) > BT . B BRI E R L
A A R REIE REE  R/INE rh  Jee IR e R AT
W s TEHTIR Y 5 PRS2 AR MR , 10 B A RS
TR AR AP RS R R Bse Pk
PR 453 TR YA G R N T 7 NI i N
B B TR oo, 15 IR AR
Bt , Horh 25 55500 1000 467 2 S s se R
b7 b A 8GR .
1.3 HEAER ST

] FH Microsoft Excel 2016 X & il % g ¥k 17 %%
PR, NIRRT AR, BRI (S B WK 2;
HI I SPSS 26.0 HEATYIE /3B L 205320 Ar AHOGAE
S BT R, 12 F RIE TS 1Y ggtree FE P AL b1 7
R4 Mr, A H Arcmap 10.3 5 Graphpad prism9
T2

FI FHl Shannon-weaver 2 ¥ P 5 $i iy 1t 15t % &2
FEER RN A :H =P LnP,, H' it f4 £
FEVETREL, PR HE—VRIRES 1 GO N AR B0 Sy
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SRR BE 52 IR AR OG, A8 S R AU/, SRR Y
22 SN PR AR E R R B CV (%) =hrifE 2
(3)AFIIE(X)*x100% .

Zx B A R R T A 0 s, DARRAE )
SONACEE A A 1 R R R R K R By F
R bR Ak 2R TP TR BN 5 R I 3 o0 TR R 8K
AT IAR T T IRAF BRI BT 45 A~ A3 1975 4
(F,), PR 5 3 i B -1 s R AR AR (V)
T TR e AR, e ARG B R R G 25 15
S3(F o) B F =V F +V,F 4V F,.

®2 fREERRE

Table 2 Assignment of morphological traits

PR Traits WA Assignment
S 14352 %
Coleoptile color

TEAR AR AR 1205300

Panicle branch extension
1: 5520 53 il 4
LRI 2: 958 3. )8 4. FE ;5. m B
Lol 152: 40953 2442055 21406 9%
7R 8: K5 9: TR IK

T Panicle type
¥ Panicle shape

Fireh Glume color

% Burr trait K2 3:4;4: 08550
FireuphEg 1:4252:3/4;3:1/2;4:1/4

Hull coated degree

Rt L5 2: I3 M54 5 5: 2156 414

7:H 8

1:%3%;2:%3%;3:3}/5;4:{(}}/5

Grain color

FiJE Grain shape
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Table 3 Diversity analysis of morphological traits
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Fig.1 Distribution of the 136 sorghum germplasm

resources collection sites
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VAN A E 43 (%) Distribution percentage SRME SR

. wH (%)
Traits

1 2 3 4 5 6 7 8 9 H' cv

ZE#Y {4 Coleoptile color 30.9 69.1 0.6183  27.46
FEA il RS 0.7 98.5 0.7 0.0844  6.10
Panicle branch extension
T Panicle type 32.4 9.6 14.0 44.1 1.2264  49.04
T#JE Panicle shape 48.5 5.9 2.9 22 40.4 1.0707  68.00
5 {4, Glume color 6.6 6.6 33.8 8.1 17.6 20.6 3.7 0.7 22 1.7164  42.85
=V Burr trait 21.3 132 1.5 15.4 48.5 1.2987  46.72
BTCAHFE Hull coated degree 40.4 25.0 33.1 1.5 1.1417  45.56
%, Grain color 8.1 0.7 14.7 13.2 12.5 27.2 19.9 3.7 1.8448  37.37
$iJE Grain shape 34.6 9.6 35.3 20.6 1.2852  48.14
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23 SRMRFEHEHERSEESHEEST
X SR 6 B AR A T st AR ZRE M AT
BRBVEREM AR E NS (R4 K 2), %
RAIVEARAE 53 A JE R DB 136 1 s SRAEAE )
2 G 2R . MRETE 215.256~230.481 cm Z [f]
i %, G 2917, o b 21.3%; 25 RLTE 11.727~
12.015 mm 1 12.592~12.881 mm Z [8] /3 A #: 22 , /%
B 24 03, 4515 HE 17.6%; FEKE 38.077~41.973 cm
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Table 4 Diversity analysis of quantitative traits

£ 64.002%~65.905% Z [0) 53 Aii i 2, 247 68 3, fi
6 50%. 6 B YRR 19 28 S5 RAUTE 4.7%0~22.8%
Z 0], P30 13.44% , R BN/ INHE i LR vk A it
> T 7 B> T AR > PR 2 > 50 8> 250 AR
BAE 1.3464~1.9926 Z [1] , - 354 1.8732, N K F| /)
HEFF 5 R U kTR E >R >R > 20 > e >
FEoR . HILATAL, 136 0w S p 2 B e Rk
M RFE 5 RBEAR, b H 2R 2K
AR, TR K BN AR AR St 24
PEACE 3818 T 47K bk st AL Z R AKCE S s
SRR TR .

[E27N S bRz /IMA o NIE] R R ARE(%)
Traits Mean SD Min. Max. H' CcV
Pk #5 (cm)Plant height 245.705 30.449 179.150 344.700 1.9539 12.39
261 (mm) Stem diameter 12.304 0.577 11.225 13.725 1.9788 4.69
1< (em )Main panicle lengt . . . . . .
FiK (em)Mai icle length 34.181 7.793 15.725 50.650 1.9794 22.80
HER K (cm) Ear stem length 50.392 8.664 23.775 68.875 1.9880 17.19
Tk (g) 1000-grain weight 25.001 4.405 14.256 35.149 1.9926 17.62
g g g
15027 (% )Hulled grain ratio . . . . . .
#55% (%)Hulled grain rati 64.002 3.806 54.750 80.250 1.3464 5.95
o 35 30 g 3
2 30 § 25 g 30
g 723 S S5 25
= 20 5 20 g 20
E 15 = 15 i 15
= 10 =10 # 10
o 0 0 0
O o NN XD DO Q A X S > S Y o
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¥k (em ) Plant height

NSNS

ZEH (mm ) Stem diameter

4 (cm ) Main panicle length
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8 2 3 20 N
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Fig.2 Histogram of frequency distribution of quantitative traits



it

570 oW

%

7

Ay,
=

T £l 25 4%

24 tEXMESH

136 13 2 5 119 15 R AP RAE M 43 B7 (1 3)
KW, ZARFEMEIR Z AAETE B AE e . bk
S AR R R A 2 IR O s T
RS ERK Y AR AR B 2 E A OGSk
e AR ) A 2 | UM O AR
FEE R S I 2 T A OC B S O S A

3=

Plant height
CZM| -0

Stem diameter

R

Main panicle length

EU N

Ear stem length

TR HARTS

Panicle branch extension
Panicle type

i

Panicle shape

0.07

0.04

0.02

BRI, Sk BT gs B e . Bi5e
OB UPE | TR B NG, e S
PSR TR A R 2 AR G TR S
Fe PR A FIEAN S . ARSI i Al LR
SR RE OS5 AR PRI oA 5 5
F, HARB MR RS R 2% A2

1.0

-0.04 -0.15

0.01

g ==
FNTT
Glume color

0.02

0.5
0.08

=4 024"

Burr trait

-0.08

021

A BRE -0.21

Hull coated degree

0.10

021

HE

Grain color

0.08 -0.10 | 0.07 | 0.07

0.11

0.07

i
Grain shape

0.01 -0.04 | -0.06 | 0.04

-0.11

-0.10 | -0.14 -0.07 | -0.08

-0.05 | 0.02 | 0.08 | -0.11 | -0.04

FHE
1000-grain weight

-0.02

20.08 | 020 -0.08

0.22”- 0.04

0.16 | 0.10 | -0.03 | 0.06 | 0.09 0

Hulled grain ratio

0.09

0.07 [ -0.01 | 0.09 | -0.01 [ -0.09 | -0.04 | 0.08

FHE %R
Coleoptile Plant Stem Main Ear
color  height diameter panicle stem JRZS €

length length Panicle

2 B WK RBW R R

{fiH Panicle Panicle Glume

ype

branch extension
#HP* 3 B FIRAE P<0.05 F1 P<0.01 /K- T B AR K
* and ** indicate significant correlation at the levels of P<0.05 and P<0.01, respectively
3 REMREXESHT

Fig.3 Correlation analysis of phenotypic traits
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Table 5 Mean analysis of quantitative traits of sorghum in different cluster
HKHEEL Cluster | JHFIL Cluster 11 JBEIL Cluster 1
Traits TR RME heRfE THIE BoME RKE PE heME RBORE
Mean Min. Max. Mean Min. Max. Mean Min. Max.
¥k (cm) Plant height 256.20 214.85 344.70 216.81 179.15 260.08 254.98 191.23 314.83
224 (mm) Stem diameter 12.26 11.25 13.45 12.29 11.23 13.73 12.38 1133 13.50
K- (cm)Main panicle length 40.81 21.75 50.65 28.13 19.98 43.60 29.37 15.73 41.10
FEH K (cm) Ear stem length 57.36 33.53 68.88 45.43 33.73 59.53 44.11 23.78 57.83
Tk (g) 1000-grain weight 24.48 17.61 32.89 2491 14.26 35.15 25.86 14.30 34.99
#5722 (%) Hulled grain ratio 63.34 55.00 70.25 65.23 60.00 80.25 63.94 54.75 70.25
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Table 6 Principal component analysis of phenotypic traits
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Fig.5 Distribution of three groups

T
120°00"E

FE A3 Principal components

PEIR Traits
1 2 3 4 5

i {4 Coleoptile color 0.109 0.157 0.109 0.790 -0.105
Fk i Plant height 0.593 0.225 -0.181 0.011 -0.025
2£H] Stem diameter -0.092 0.323 -0.319 -0.302 0.078
i Main panicle length 0.932 0.097 —0.045 -0.037 0.024
TR Ear stem length 0.857 0.198 -0.128 -0.013 -0.036
AR 1 AR Panicle branch extension -0.246 -0.020 0.113 0.052 0.409
T Panicle type 0.826 0.092 0.066 -0.111 0.075
FEJE Panicle shape 0.821 0.045 0.167 -0.086 0.086
7  Glume color 0.088 -0.538 0.427 -0.048 0.247
4% Burr trait -0.322 0.414 -0.043 -0.155 0.405
FFAPEE Hull coated degree -0.322 0.692 0.296 0.052 -0.215
i {8 Grain color 0.156 -0.057 0.684 0.031 -0.372
HiJE Grain shape -0.068 -0.106 -0.536 0.228 -0.472
T-HiEE 1000-grain weight -0.162 0.729 0.252 -0.148 -0.114
%53 Hulled grain ratio 0.106 0.235 -0.058 0.547 0.531
FEEA Eigenvalue 3.674 1.780 1.304 1.142 1.127
TiHk% (%) Contribution rate 24.491 11.865 8.696 7.616 7.514
TR (%) Cumulative contribution rate 24.491 36.356 45.052 52.668 60.182
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Table 7 Top 10 comprehensive evaluation results

Py FER GRS i £ T 24 R FK (em) FAR K (em) THiH (g) LRt
No. Sample ID City County Germplasm name Main panicle length Ear stem length 1000-grain weight Scores
94 P130926012 T R [R5 45.500 67.450 24.14 1.147
126 P130926018 M T & R 43.550 65.675 25.46 1.133
113 P131128014 ffi/kii HIRE B 43.375 68.875 22.94 1.127
112 PI31126008 Kl ek KAtm % 40.625 61.775 31.14 1.097
39 P130930013 @Ml FATE [ERGE S 48.725 67.600 21.18 1.078
93 PI131122012 ffizkii sk SLHE 41.100 47.900 21.04 1.068
28 P131023010 JEEdih AKiEE b= 50.650 62.700 28.88 1.066
110 P130924021 il g4 H S 41.500 53.600 28.40 1.063
98  P130532014 JHAEH FL R LS 47.975 67.550 23.45 1.062
100 P131122013 fipkii @i il S 42.825 52.125 28.79 1.054
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