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Phenotypic and Genetic Diversity Analysis of 48 Pennisetum Germplasm
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Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: The features of ecological restoration, ornamental garden, and forage values are possessed by pennis-
etum plants. Research on the genetic diversity of pennisetum germplasm resources can be conducted to offer
theoretical basis for new variety breeding, development, and utilization. In this study, 48 Pennisetum germ-
plasm resources were used as materials. Through phenotypic trait determination and SSR molecular marker
technology, phenotypic characteristics, genetic diversity, and population structure were systematically evalu-
ated. The results showed that the coefficient of variation for four phenotypic traits was observed to range from
28.10% to 96.92% , with a genetic diversity index of 2. 49 to 2. 83, indicating rich diversity. Plant height was
found to be significantly positively correlated with leaf width, while tillering was observed to be significantly
negatively correlated with plant height and significantly negatively correlated with leaf width. Phenotypic clus-
tering was determined to be divisible into three categories. A total of 122 alleles were detected from 20 primer
pairs by SSR markers, with an average of 6. 10 per pair. Shannon’s diversity index was measured to range
from 0. 35 to 0. 64, polymorphism information content was measured to range from 0. 25 to 0. 79, and the aver-
age genetic distance was calculated to be 0.43. UPGMA clustering was divided into three to five categories as
the similarity coefficient was increased, and the population genetic structure was determined to be divisible into
three groups with significant differences in genetic background among groups. In this study, the genetic diver-
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sity and population structure of 48 Pennisetum germplasm resources were elucidated, and a theoretical founda-

tion was laid for subsequent germplasm identification and new variety breeding.
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Fig.1 Partial images of Pennisetum germplasm resources
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Table 1 List of Pennisetum resources

%' RS LT 4 oy

Number Resource list Latin name Species classification
1 RER 1 P. alopecuroides S IR B HE Pennisetum alopecuroides
2 TR 2 P. alopecuroides % LR B Pennisetum alopecuroides
3 TR 3 P. alopecuroides % + AR BB Pennisetum alopecuroides
4 WER 4 P. alopecuroides S LR B HE Pennisetum alopecuroides
5 WRHS P. alopecuroides % IR Pennisetum alopecuroides
6 R 6 P. alopecuroides 2 F IR W Pennisetum alopecuroides
7 WIEH 7 P. alopecuroides S HIR B Pennisetum alopecuroides
8 WREHS P. alopecuroides % FIR BT Pennisetum alopecuroides
9 R 9 P. alopecuroides S FR B Pennisetum alopecuroides
10 WEHR 10 P. alopecuroides 5 FIR B H Pennisetum alopecuroides
11 KFRE®1 P. longissimum KRR 5 Pennisetum longissmum
12 KIFMER 2 P. longissimum KPR B Pennisetum longissmum
13 [l P A 2 R 1 P. shaanxiense [ VG A & B Pennisetum shaanxiense
14 BEVRER 2 P. shaanziense B P9 AR B 5 Pennisetum shaanxiense
15 15 P. glaucumXP. purpureum ‘Bangde No.1’ IR E P. glaucum X P. purpureum
16 A 25 P. glaucumXP. purpureum ‘Reyan No.2’ Z BB P. glaucum X P. purpureum
17 i) 4 65 P. glaucumXP. purpureum ‘Minmu No.6’ ZRARB L P. glaucum X P. purpureum
18 ZL1 P. purpureum R P, purpureum
19 712 P. glaucumXP. purpureum Z BB P. glaucum X P. purpureum
20 7ZL3 P. purpureum LB P. purpureum
21 ZL5 P. glaucumXP. purpureum Je W BH P. glaucum X P. purpureum
22 716 P. purpureum G0 P, purpureum
23 ZL7 P. purpureum LB P. purpureum
24 ZL8 P. purpureum R P, purpureum
25 GG 411 P. glaucumXP. purpureum Z4 MR R P.glaucum X P. purpureum
26 WS (P americanum X P. purpureum) X P. purpureum‘ Guimu No.1” 2238 G ¥ (P. glaucum X P. purpureum) X P. purpureum
27 NE1%5 Purpureum * Chuanyu No.1’ B Pennisetum purpureum
28 HZTCK P. purpureum G Pennisetum purpureum
29 i P. purpureum G Pennisetum purpureum
30 B3 P. purpureum B Pennisetum purpureum
31 =1 P. purpureum ‘ Yunmu No.1’ G Pennisetum purpureum
32 EAu 30 P. purpureum G Pennisetum purpureum
33 LG Pennisetum purpureum ‘ Zise’ G5 Pennisetum purpureum
34 PI 295157 P. glaucum LM L Pennisetum glaucum
35 P1311273 P. glaucum FMIR R Pennisetum glaucum
36 PI 316663 P. glaucum F MR B Pennisetum glaucum
37 PI 316664 P. glaucum FEMIR R 5 Pennisetum glaucum
38 P1316665 P. glaucum FEWNIR & B Pennisetum glaucum
39 PI 320154 P. glaucum KM HE Pennisetum glaucum
40 PI 325965 P. glaucum FEMIR R 5 Pennisetum glaucum
41 P1 325968 P. glaucum FEWNIR & B Pennisetum glaucum
42 P1325975 P. glaucum FE NI WL Pennisetum glaucum
43 PI325983 P. glaucum FWIR B HE Pennisetum glaucum
44 P1 325520 P. glaucum F IR BB Pennisetum glaucum
45 P1331348 P. glaucum FE NI R W Pennisetum glaucum
46 PI 331350 P. glaucum MR B Pennisetum glaucum
47 PI 331353 P. glaucum F IR B H Pennisetum glaucum
48 P1526310 P. glaucum FENIR R ¥ Pennisetum glaucum
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Table 2 Information of 20 pairs of primers

Elk/ oA

5| ¥ ¥ % Primer sequence

Primer number

IEMG1% F Forward primer

1151 R Reverse primer

Ps-12 CTTTACCCAAACAGCCCCTC TCTGGATTAACCACTTCGGC
Ps-17 GACCAGTCGCTCTCGACC TAATCCACCTTCCAAGCCAG
Ps-36 CCGCTGTAACTCTCAGCCAC CACTCCTTCACTCAGCCTCC
Ps-40 TTCCACATCTCCGCTTCTCT CCTTGAACTTCTCCTCGTCG
Ps-42 GAGGCCTCTCCCTCTCTCTC GACCAAACCCAAACCCAAC
Pa2 ATCCCCTACAGCATCAGCAC CGGCGGAGAGATCTTATTCA
Pa4 ACGCCGTTTTCGTGTAGTCT TCCACAAGGTGACCTCACTG
Pa5 CTGCATTGCAACATCCTCAC AACCTGCAGTGGAAGCAATC
Pa6 TGTGCCACAGCTTGTTCCTC CAAGCAGCCAGTTCCTCATC
Pas8 TGGCTTCCAGACTAATCATCAC TTATTTTAGCGGCGAGATTGAC
Pa9 AGCAGCCCAGTAATACCTCAGCTC AGCCCTAGCGCACAACACAAACTC
Pal0 TTGGACGATTTGGAAGCATAG GAGGAAAAGAGCCATACAGAGAC
Ppl ATGCAAAGCTCGCTCACCT TCTGCCTTATCTGCCCACTCT
Pp2 CCAAGGCGTCGAAGGCTATA CAAAGGTTTCCTCGCAGTCA
Pp3 ACCGTGTTCCCTCGGGTCTAAT TGGAGCCACAGTCGCAAAAG
Pp4 GCGTCTCGTGGTCGTAGTAGTT GTCGCAATCGCCATTCAA
Pp5 AAAAGTCCACCACCATAGCAGC CGTCCGATTCCAGGCAAGTAT
Pp6 TTCAGGAGTCAGGAGGAGTAGC CTAAAGCAAACGGAGGTGGA
Pp7 GCTGTCTCGGCTGCATTTT CCTACGCAAGTATCCCATTTCT
Pp8 CGGAGGGAGTAGCATTTGGA TGTTAGGGAACTTGGCATTAGG
Z &7 B % & (Polymorphism information con- 2 ZER545H

tent, PIC) 2 Bt DNA 75 5 8 Ff | J2& 1 5 4 F 2 5 1k
) — A ZE AR AR, RO LR DNA 2 8 &K,
PIC i H 2 A6 T %) 25 57 56 DXL A 5 E R A 0 0 =%
O3 R

PIC=1— Z;P,ﬁ“”

oL LR A A B 1 N L F I R e AR

FIH Structure 2. 3. 45X A MREA AT HEMA
i % 45 K 43 BT, 3 B K=1~10, Burn-in ] 2 5000,
MCMC (Markov Chain Monte Carlo)% & 100 000, &F
AN KAEZE AT 20, I i A AK . MRy EK
{E 285 X BE AR 3845 S5 M AT AR 18

2.1 REMERSH

2.1.1 ARAEAESHEMELN 4S8R E TR M
B A A 2 MR Ok i i 4 BED AT 5
e ZREPE M BT (6 3. K ), 45 1 TR B PR Y 8t 1%
ZREVETR BN T 2.49~2.83 Z ], S 2. 66,
AR IR B9 A8 S R EAE 28.10%~96.92% , 41
BE B 728 S BB R, 96.92% , IR B 3 A4 BE KK
W%, 1804, S (E N 47. 60 ; K il A8 53 2 KU
AN, R 28.10%, C FBAR 15 kK R R, Ol 116. 20
cm, PI 325983 Wy it fie /I, 2 42. 20 em, F- ¥ {E Ky
77.66 cm. R R JE FhOTT BT R () AF AR W Y AL
2550 8 S BRI AL R R

£3 REMKREESHEEILER

Table 3 Comparison of genetic diversity of phenotypic traits

PR Trait e KAH Max e /IME Min % 2 Range - #5{6 Mean brifE 2% SD TRREBCV/%
Pk Plant height/cm 271.00 88.73 182.27 171.48 50.43 29.40
4 Leaf length/cm 116.20 42.20 74.00 77.66 21.79 28.10
& Leafl width/cm 5.25 0.70 4.55 2.91 1.34 46.00
43 BE Tillering/piece 180.00 11.00 169.00 47.60 45.69 96.90

2.1.2 RAMEXESH  XR ARG 4
AR IEAT M CAE Hr (E 2) . Hhbhm S

g AR T IE A 6 (r=0. 64, P<<0.01) ; 4 B
kw2 B ERAMEE(r=—0.44, P<0.05), 5
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Table 4 Phenotypic data and analysis of variance of 48 Pennisetum Materials

#1 %} Material ¥k 5 Plant height/cm 14 Leaf length/cm 5 Leaf width/cm 43 BE Tillering/ /4~
S LRED 1 122.3846.42 83.234:7.83 1.4340.15 82.0048.49
SLRER?2 125.50412.34 94.38+7.57 0.9040.14 133.004:7.07
R 3 124.00+7.62 70.20+4.03 0.90+0.08 180.00+2.83
S+ MRER 4 110.90+5.94 71.6843.49 0.88+0.10 134.00+38.18
S LMRRERS 121.7545.93 62.05+£9.11 0.9840.19 95.504-7.78
% +REHR 6 100.005.07 57.608.53 0.9540.13 72.5042.12
S RERT 124.75+5.67 55.05+4.98 0.80+0.08 98.00+26.87
S HMRERS 88.734-13.70 57.4847.01 0.7040.08 91.00424.04
Z+RERY 121.0544.78 81.88+13.56 0.9040.18 105.00466.47
Z HAREH 10 125.0849.97 75.3547.83 0.8840.19 123.0045.66
KPR 1 173.50411.70 65.7543.10 1.6340.10 132.0045.66
KIFRER 2 192.88+16.67 73.186.68 1.7840.19 119.0045.66
e PG AR 2 A 1 193.7548.30 60.1344.24 1.6040.18 124.004-9.90
e PG AR 8 i 2 193.7543.50 59.88+2.10 1.61+0.09 81.50420.51
FH1Y 168.25+8.85 116.20+£8.49 5.2540.93 18.0042.83
A 2 5 203.2549.74 101.03£6.75 4.4340.46 13.50£3.54
i) 44 6 5 209.25422.75 112.88+3.48 4.034-0.43 14.50+£6.36
711 235.754-40.26 99.5343.61 4.48+0.63 16.00+5.66
712 263.0010.95 97.084-5.29 3.5040.50 15.00£1.41
ZL3 267.25410.59 99.904-7.24 3.80+0.34 16.50+2.12
ZL5 271.00+11.60 101.2546.08 3.7040.50 12.50+2.12
716 244.50420.27 88.504-8.89 3.9340.25 13.50£4.95
ZL7 259.04-16.33 99.384-1.84 3.88+0.43 15.50+0.71
718 188.25+11.15 108.78+11.54 3.4040.22 26.00+1.41
GG 2411 222.004£11.28 96.0549.45 3.7340.53 23.004-0.00
g 15 156.25417.35 94.4346.64 3.9040.54 15.004.24
JIE 1% 264.00+7.62 96.7542.25 4.0040.32 24.5+3.54
HZTCK 198.00420.93 106.9345.66 4.1840.21 18.54-0.71
[IEE 191.75417.58 102.00+9.46 4.004-0.14 21.00=4.24
3 152.0049.90 108.20+2.30 3.8540.55 23.00411.31
1 251.25+17.46 99.4346.75 3.4340.68 11.004-1.41
EALE 8 163.75419.62 100.00=13.64 4.5540.56 20.004-1.41
g 209.75+12.84 92.18+13.28 4.334-0.13 16.004-1.41
PI 295157 130.00423.33 43.50+14.85 2.65+0.92 8.00+2.83
PI311273 154.384+11.14 59.384-5.92 3.1340.22 7.7541.50
PI 316663 177.75+14.69 59.6348.93 3.45+0.33 7.75+2.22
PI 316664 170.00413.44 58.004-4.24 3.2540.21 7.0041.41
PI 316665 176.00412.59 56.884-8.43 4.63+0.73 6.00+1.83
PI 320154 117.38413.05 48.4547.17 2.2840.46 7.75+1.26
PI 325965 146.25+35.93 51.0347.76 3.0540.78 10.75+2.36
PI 325968 175.1848.05 65.884-4.31 4.0040.29 8.75+4.35
PI 325975 135.83+12.33 55.8343.25 2.17+0.21 4.67+0.58
PI 325983 111.38434.94 42.204+12.8 2.48+1.04 7.5041.29
PI 325520 172.674+17.27 72.6745.11 4.4340.42 5.6740.58
PI 331348 162.5049.55 51.38413.22 2.63+0.50 11.54+1.73
PI 331350 100.5845.28 49.754+4.99 2.2840.13 8.75+0.96
PI 331353 150.504-19.94 56.804-8.51 2.9340.25 6.5041.91
PI 526310 127.004+10.58 60.0042.60 3.73+0.72 8.00+1.00

MR BN G (r=—0.24), 50 5 £ 8
A (r=—0.81, P<<0.01) ., R J& B Jii % A

L3RS VU1 SN o Nl L S Y 1 N SR N 3 4
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Fig. 3 Clustering heatmap of 48 Pennisetum varieties based on phenotypic markers
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Table 5 Genetic diversity parameters of Pennisetum accessions

{5 Locus A7 HEP Na A7 2055 (564 Ne  Shannon’s Z 5 HF G 8T Nel’ s ZRVEIREH 280800 F PPB ZH(F A& & PIC

Ps-12 7 7 0.35
Ps-17 10 9 0.48
Ps-36 7 7 0.58
Ps-40 7 7 0.55
Ps-42 5 4 0.37
Pa2 6 6 0.43
Pa4 10 10 0.54
Pa5 3 3 0.61
Pa6 10 8 0.41
Pa8 3 3 0.61
Pa9 7 6 0.45
PalO 6 6 0.60
Ppl 7 7 0.62
Pp2 8 8 0.64
Pp3 4 4 0.62
Ppd 5 5 0.60
Pp5 3 3 0.65
Pp6 5 5 0.59
Pp7 5 5 0.59
Pp8 4 4 0.62
YI{H Average 6.1 5.85 0.54

0.22 100% 0.79
0.30 90% 0.62
0.39 100% 0.39
0.36 100% 0.42
0.24 80% 0.62
0.28 100% 0.77
0.36 100% 0.33
0.42 100% 0.69
0.27 80% 0.45
0.42 100% 0.65
0.29 85.7% 0.51
0.41 100% 0.61
0.43 100% 0.37
0.45 100% 0.25
0.43 100% 0.69
0.41 100% 0.58
0.46 100% 0.73
0.40 100% 0.70
0.40 100% 0.70
0.43 100% 0.71
0.37 96.8% 0.60

M12345678910111213141516171819202122232425262728293031323334353637383940 4142434445464748

300 bp
200 bp

100 bp

B4 514 Ppl dF 22 4 B 7 6 B B R L R
Fig.4 Non-denaturing polyacrylamide gel image of primer Pp1
T 1~48 Hy A8 AR VE IR IF 5 5 R L MBHR 5 ——X$ . M marker

Note: The lanes 1-48 stand for 48 accessions corresponding to Table 1. M represents the marker
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Fig.5 UPGMA clustering analysis of 48 accessions of Pennisetum spp.
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Table 6 Construction of SSR fingerprint profiles for 48 Pennisetum accessions

e B4 R 8 808 SSR 8 8 El % P B AR T8 88U SSR 8 8 El %
Number  Resource name  Fingerprint data ~ SSR fingerprint map Number Resource name Fingerprint data  SSR fingerprint map

1 ZERER 1 0000010001 EL YT 25 GG 2R 0001000110 EAn
0011000001 & 0101101101

2 S 1RER 2 0000010001 26 145 0001000100
1011000001 0101011001

3 S 1RER3 0000010000 27 JIE 15 0001000100
0011000001 0101111101
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436
A2 IR AR T8 88 SSR#& 4L &l i A2 R R 8 B8 SSR#& 4L &l i
Number  Resource name  Fingerprint data ~ SSR fingerprint map Number Resource name Fingerprint data  SSR fingerprint map
4 S RRER 4 0010000001 copuE 28 HZTCK 1001000100
0011010000 0001001001
5 g LREFS 0000000001 29 fift G 5 0001000110
0011000101 0001101101
6 2 LREF 6 0000000001 30 HE 3 0001000100
0111000100 0101011011
7 S HRERT 0000011001 31 =1s 0001100000
0011000111 0001101111
8 2 HRERS 0000010001 32 PAIE 0001010100
1001100000 1101011001
9 S HMRER9 0000000000 33 E b 1011100101
0011000001 0001101101
10 2 +RER 10 000001001 34 PI 295157 0011110001
001100001 0001011001
11 KRB 1 0001010000 35 PI 311273 0101100001
0011000001 0101011001
12 KFRE2 0000001011 36 PI 316663 0001110001
1011000111 0101000001
13 B VG R R 1 0001001011 37 PI 316664 0011110001
1011111101 0101110000
14 BETHAR B 5 2 0000001010 38 PI 316665 0001100001
1011010000 1101110011
15 BiF15 0101010101 39 PI 320154 1001110001
1101001001 0101110000
16 Hwt 25 0001001100 40 PI 325965 1000100001
1101001001 0101100000




3256 ¥ oM ¥ #® %34 %
24 6
ha) B 44 Bk 5 LU SSRf& 4 % 75 IR AR EEESAE SSR$& L[l %
Number  Resource name  Fingerprint data ~ SSR fingerprint map Number Resource name Fingerprint data  SSR fingerprint map
17 1 44 6 = 0001000100 EFAR R eE 41 PI 325968 0011110001 i i o
0101001111 1101110010
18 711 0001000111 42 PI 325975 0001110011
0101001011 1101100000
19 712 0001000110 43 PI 325983 0001110001
0001101111 0101100111
20 713 0001000110 44 PI 325520 0001110001
0001101101 1101100001
21 ZL5 0001000110 45 PI 331348 0011110001
0001101111 0101110011
22 716 0001010100 46 PI 331350 0001110001
0101001011 0001100001
23 ZL7 0001000100 47 PI 331353 0001100001
0101101101 0101100011
24 718 0001010101 48 PI 526310 0000110001
0101101011 1101100111
3 it BRI T B U R
AT TE A8 1y AR R A 5 B R A IR 2 R
RIPERIEHE Y N & B F) AR EEI R R 1R8O 2. 49~2. 83,%?IW?%[ZG'MT%EE@“%

BN R S B A e R B AR S R OB R R
TR 2R — AN EH B AR . AT 0 R AL MR )
Br SR AR R AN BE Rk A R BE 4 A MR Y
AR BN 28.10%~96.92% , Hirp 2 BERY 5 7 &R
Bl K, 0 96.92% . 5 224 2%E 31 45 41 R b
JoT ¢ R Y W 9 (2 S R 10,16 %0~51.5120) A
Ko sl ik 5 A0 2w 4k a8 FOACEE IR R & e b
(5.90%~21. 05% ) AH kb , A AF 5 I A5 1) 14 4R A8 S5
FHE R SN S i'%@%lﬁﬁtlﬁz%ﬂmg 3 b4 kH EL AT BT
FE R B R R AR 5T AR R T RE AR
%ﬂﬁfjﬂ%iﬁé@ﬁz#ﬁ%é [ Fof A 38 A ) 5 R R
R N R R, SRR B RS 2R
PE B 2 REE R S R S R A

M % A AR R (1. 321, 44) , F— 45 ENIE T ABF
FERBHE R b 2R Z!—‘ﬁﬁﬁEF'éLSﬁME
2 BB IR AR R E R AR OC A BE 5 AR
W E A OC, SR RN B G, SR
e i 2 AR OC . 5T WE ST A P B0 S Bk R Y A
O fr R I 25 B I AS [ 0T R T AR R R T

i 1T 5T ORI A 22 S, b B g A% 23
R, A o LT B 2R AR 8 TBC 45 08 S R O 2 AR T
i’%ﬂﬁzjﬁo

5 R ARMER A L, 23 T hR 0 AR 58 BEORS 0 b 3k
YO0 50 % U5 0 3 A% 15 8L 0F — 2B DA PR 4 )23 T 4 7
TR R R Y s A 2R . ASHIESE 20 X5
Wi PIC V- Y9 {8 K 0.6, & T 2535 1& 4% JF & 1



ER LA AT A8 (R WL AR R L R s A% ZAE TR 3257
a Delta K
150
3
100
V4
8
©
a
50 |
0F . -—o—'/.\- .
12 3 4 6 7 8 9 10
b 1.00
0.80
0.60
0.40
0.20
0.00

12345678 9101112131415161718192021222324252627282930313233343536373839404142434445464748
Elo 48MMREEMRFRERMBESERSN
Fig. 6 Population structure analysis of 48 accessions of Pennisetum spp.
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