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Phenotypic diversity evaluation of medium indica rice germplasm resources
based on principal component analysis and cluster analysis
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Abstract: [Objective] To systematically evaluate the genetic diversity of medium indica rice germplasm
resources, and enhance the scientificity and efficiency of parental selection and utilization in medium indica rice
breeding. [Method] A total of 35 medium indica rice germplasm resources were analyzed, and 14 key
phenotypic traits were systematically evaluated using statistical methods of coefficient of variation, genetic
diversity index, principal component analysis, two-dimensional ordination analysis, and stepwise regression
analysis. [Result] The coefficients of variation for the 14 traits ranged from 9.31% to 78.39%, with genetic
diversity indices ranging from 4.82 to 5.12. The resources ‘Beitiandao’ ‘Zaohuaqiu’ ‘Wukexiang’ and

‘Shiyueqing’ clustered closely in two-dimensional sorting diagram, suggesting their potential as breeding parents
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or intermediate materials. “Wukexiang’ ranked the first in overall trait performance. Stepwise regression analysis

identified the six key traits, including plant height, flag leaf length, falling grains per panicle, shriveled grains per

panicle, 1000-grain weight, and grain width, as the critical indicators for comprehensively evaluating medium

indica rice germplasm. Hierarchical cluster analysis based on the square sum of deviations method grouped the

35 accessions into three distinct clusters with obvious differences in trait performance among clusters.

[ Conclusion] The studied medium indica rice germplasm exhibits a high level of phenotypic genetic diversity.

These findings provide a theoretical basis and valuable materials for the identification of elite resources and

rational parental combinations of new medium indica rice, and offer an important support for the development of

new medium indica rice cultivars.
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Table 1 Codes, names, and origins of the tested medium indica rice germplasm resources

TS ey i S 95 E2 kel I HHK RU5E
Code Name Origin Code Name Origin Code Name Origin

1 fi FH 51 LA M T 13 &#ls IR 25 WRezyy  JUARAETM
2 B5eAy IR R 14 EEESS REME 26 HEMREGE TAREWRAT
3 IR WA R T 15 B J7RART T 27 BRELH8S  JURAMLT
4 BRAK IR WM T 16 MLy JURETM 28 HAEE JTREGN
5 FAERK WL M T 17 s JTRAETMT 29 ERELH2S JTRASMW
6 SPA 1 T AR 18 gz JURETMN 30 KBS IR
7 =HERLAK WA IR 19  FEY JTARAT M 31 S IR
8 R T4 WL M T 20 FURRS JTRAETMT 32 fEfleY TTARAETTMT
9 BMF s e M 21 BIFzyy  JURBETMN 33 R3S TTRAMN
0o +H#E LA M T 22 BREE JTRATIMNW 34 32T TRATM
11 e J7RATT M 23 BR#YE  JTRAIM 35 HggEEE REMN
12 Y SR 24 FubEEs JTREM

B MR % E AT A i SR 4% IR ORFE T B2 IR 1A
TS A B bR e AT . EE W E MR
14 MRV bR S, B K, Rl
FEVERLEL BRSO A RS B, 4553, bk
AREEL TR AR, AR R A
BRI BE L
1.3 HiELE

i | Microsoft Office Excel 2007 B F {46 %
P, FETHE AN AR ZAER T I ME | bR 2= AR
REEE, BB A A Z MR Shannon-Winner 15
AT R Z RS0 #, FIH DPSvs7.0 #E4T 2 4%
PEE BT AT, BE T 3R e BT 45 AT B
SR REUE, I HELZEEVEAN DR, VR ORI A

TR VEAL 25 A Origin2021 50 2 IR 1
Euclidean V- /5 #0885 3117 Ward 35047

2 BRGTH
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Table 2 Phenotypic genetic variation analysis of medium indica germplasm materials

ny
Chartifristic Ptl/cm Pt2/cm Pt3/cm Pt4/cm Pt5 Pt6 Pt7 Pt8/% Pt9 Ptl0/g Ptll/g Pt12/cm Pt13/cm Ptl4
B/ME Min.  102.00 24.65 3225 2275 050 7327 8.64 59.96 4.00 1400 224 0.70 020 1.75
A Max.  172.80 59.00 68.60 42.60 9.64 263.50 92.63 93.37 19.00 3020 631 1.00 0.40  5.00
T8 Mean  131.54 37.37 46.17 2845 205 161.06 4523 79.12 13.63 21.39 421 0.83 027 3.25
FRUEZE SD 2192 7.65 1050 494 1.61 37.17 2292 848 3.57 377 098 0.77 0.62 0.81
77 % Variance 480.57 58.52 110.17 2437 2.59 1381.69 525.54 71.93 12.75 1423 095 0.59 039  0.66
BRAK%CV  16.67 2047 2273 17.35 7839  23.08 50.68 10.72 2620 17.64 2322 931  23.15 25.05
FHXT AR Z RR 0.69 139 1.13 0.87 18.28 260 972 056 375 116 1.82 043 1.00 1.86

1) Ptl: # &, Pt2: &l vt %, Pt3: 48] == &, Ptd: 48K, PtS: A2 X 4540, Pt6: A-AR SE 544, Pt7: AR 54, Pt8: 45 52 & Pt9. £
A RARS, PH10: T 475, Ptl1: 24808, Pt12: 54K, Pt13: 547, Ptl4: S KTk,
1) Pt1: Plant height, Pt2: Flag leaf length, Pt3: The second leaf length, Pt4: Panicle length, Pt5: Falling grains per panicle, Pt6:

Filled grains per panicle, Pt7: Shriveled grains per panicle, Pt8: Seed setting rate, Pt9: Effective panicles per plant, Pt10: 1 000-grain
weight, Pt11: Single spike weight, Pt12: Grain length, Pt13: Grain width, Pt14: Grain length-width ratio.



474 Ll K224 (https://journal.scau.edu.cn)

i 46 5

RCRE T 1R AH o A 22 K, S st 8 v D 3G R
7o FEHCRIFE & Fhrfr, B R0 VR R RN 25 SR R
2\ B SEEUD BFR T SRR, DARRAR B R R
72 i I XU

BifE ZREVEIR A (D) FISR R R R BUEIR 1 18 4%
ZREEIKE, BiE 2 FEVERRBOOR, B 2 FETERR
JEE R, PR PRI 3 S RE ) R 14 SERAY
PEAR B Z REPETE BN 4.82~5.12, “T-13 5.07, @
N o B ARTE R BN IR B RN 2 FEE R AU T
5.00. BRI (5.12). 4553 (5.10) FIFEE (5.09)
(383 4% 2 FE IR HiuR my, RETIX 3 MR gL 2
FEWECNFE, G ERR. BAARSKRE, FoRIiREF
JRGIRAE R AR B — e e 2R, N E
FRPRAE T 35 IR AL o
22 FRIEMRERREMKNERS DT RLE

A1FEM
22,1  PARASH R TR AR KRG RS0 X
ORI FE R BRI 14 AR EAT s i, 4
Rk 3 Fro. 81 7 A FE o Bk vk Rk #

91.17%, ¥ H4w 4% PC1. PC2. PC3. PC4. PC5.
PC6 1 PC7. iX 7 A>3 15 vl LB 35 4 o Rl A%
Tl 57 % YR 3 TR 91.17% IRI38AE 9 28, A2 Hohl A
RBURAE ) EEL 5, v UL T XM RLEAT 276 0
firo Hp, PC1 BIRFEAE R 5.32, DTHRZ 38.03%:;
PC2 [MHHIEME N 2.35, TTHAZE 16.76%; PC3 HIHFE
N 1.41, TTHRE 10.04%; PC4 HIEFE{E v 1.30,
TTHR 3 9.29%; PCS5 MIRFAE(E M 0.92, TTHR %
6.57%; PC6 HIFFMEAE N 0.79, TTHAEE 5.67%:;
PC7 HIRFEAE AN 0.67, TTHRE 4.81%.

HH 3 3 A A, PC1 S fm 3 N TRL & (0.38),
B KA AR B8 EE (—0.34), FHAE A B ()% &
YiBH PC1 & TR EF T, TR EEK, SRk
B LBk /N PC2 f iy B B RR 7 (0.46), e KA
BTN SE AR (—0.34), R A B KL R U
PC2 J& BRI SR, LR S, 45 SN
PC3 i i 3 i AR AR SR EL (0.60), fie K A N
FFHEIE A EL (-0.27), FRAE M &R L R UL PC3 2
TGRSR B R 7, AR SR A 2, B RUE 7S U

®3 PRFEMRER 14 MREEROER S S

Table 3 Principal component analysis of 14 phenotypic traits for medium indica germplasm resources

PEIRD Trait PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PCI0 PCll PCI2 PCI3 PCl4

Ptl 0.37 =0.06 0.00 0.02 027 001 0.11 029 024 076 0.3 0.15 001 0.08

P2 0.34 024 —0.01 —0.02 0.06 0.08 0.08 045 —045 —0.33 053 0.12 —0.04  0.05

Pt3 036 0.19 —0.03 —0.07 029 020 0.05 028 —0.03 —0.19 —0.71 —0.28 0.04 —0.02

Pt4 -0.09 —0.20 —0.02 0.56 —0.10 0.50 0.40 0.02 0.09 —0.09 0.01 0.02 0.00 0.04

Pt5 0.13 =031 0.13 030 0.56 022 —-0.39 —0.38 —0.33 —0.01 0.06 0.03 —0.02 —0.03

Pt6 -023 027 0.60 0.0 005 002 008 005 —0.13 0.04 -027 0.62 —0.14 0.02

Pt7 025 042 —027 028 0.18 —0.03 —0.15 0.01 0.04 002 —0.01 0.12 059 0.43

Pt8 0.19 —0.34 0.54 —0.28 —0.11 0.01 0.14 —0.05 0.00 —0.09 0.06 —0.16 0.53  0.37

Pt9 -0.05 025 —0.18 —0.55 033 030 0.60 —0.46 0.05 —0.01 0.15 0.07 —0.04 0.03

Pt10 038 0.02 —0.02 0.00 —0.13 027 —-0.35 —0.08 0.63 —0.34 0.08 0.36 —0.04 0.06

Ptll —0.13 046 046 0.15 0.08 0.19 —0.13 0.00 026 0.08 028 —0.54 —0.08 —0.17

Pt12 -0.25 —0.08 —0.10 —-0.27 —0.29 0.65 —0.35 021 —022 025 —-0.05 —0.04 —0.09  0.23

Pt13 034 024 —0.02 0.07 —040 0.15 —0.02 —029 —0.25 023 —0.07 0.10 041 —0.50

Ptl4 -0.34 -0.24 —0.02 —0.18 028 0.12 —0.04 037 0.16 —0.12 0.09 0.13 040 —0.57

¥E{E{A Eigenvalue 532 235 141 130 092 079 067 058 025 022 011 0.05 0.02 0.1

TTHRZE /% 38.03 16.76 10.04 929 657 567 481 411 180 154 081 036 011 0.10
Contribution rate

FATTTHRE /% 38.03 54.79 64.83 74.12 80.69 86.36 91.17 95.27 97.07 98.61 99.42 99.78 99.90 100.00

Cumulative contribution rate

1) Ptl: # &, Pt2: &l vt %, Pt3: 48] == &, Ptd: 48K, PtS: A2 X 4540, Pt6: A-AR SE 544, Pt7: AR 54, Pt8: 45 52 & Pt9. £
A RARS, PH10: T 475, Ptl1: 24808, Pt12: 54K, Pt13: 547, Ptl4: S KTk,
1) Pt1: Plant height, Pt2: Flag leaf length, Pt3: The second leaf length, Pt4: Panicle length, Pt5: Falling grains per panicle, Pt6:

Filled grains per panicle, Pt7: Shriveled grains per panicle, Pt8: Seed setting rate, Pt9: Effective panicles per plant, Pt10: 1 000-grain
weight, Pt11: Single spike weight, Pt12: Grain length, Pt13: Grain width, Pt14: Grain length-width ratio.
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Fig. 1 Two-dimensional sorting diagram of phenotypic trait principal components in medium indica germplasm resources
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Table 4 D values and their ranking of medium indica germplasm resources

HE4 Ranking D 45 Code HE4 Ranking "5 Code HE 4 Ranking D %5 Code
R1 2.11 2 R13 0.05 31 R25 —0.61 29
R2 2.10 4 R14 —0.04 20 R26 —0.68 24
R3 2.05 10 R15 —0.08 33 R27 —0.78 26
R4 1.82 3 R16 —0.08 23 R28 —0.86 18
RS 1.61 6 R17 —0.32 25 R29 —0.88 32
R6 1.17 9 R18 —0.35 15 R30 —0.98 30
R7 0.89 5 R19 —0.39 16 R31 —1.04 12
RS 0.85 13 R20 —0.41 14 R32 —1.12 22
R9 0.79 8 R21 —0.49 27 R33 —1.15 11
R10 0.76 1 R22 —0.51 35 R34 -1.17 17
RI11 0.36 7 R23 —0.53 21 R35 —1.67 28
R12 0.10 19 R24 —0.53 34

35 (AR R AP R IR D S 14 ANFRBEIRI
FHME 73 AT 45 B 530 9= ¥R =1 0.799(P<0.01). &1 it
£ 0.853(P<0.01). 8 =4 0.872(P<0.01). FH&
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FHH—0.048. TR & 0.793(P<0.01). HFJf &
0.015. K K-0.625(P<0.01). B KL% 0.819
(P<0.01) F145Hi K 58 E—0.855(P<0.01). D 1 5FH
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TP PR OGF F ORI R o 5 % R R B 2 RE MR (R 45 5 VR
S, v ME PPN AR
23 FRIEMRARREMREESHENESL
S
BT 14 AR AR (000 K bs , 2 88 27
R HRORIRE A TR BEIR HEAT R, MRS
RURE P B IEA BRI . S5 R 2 FIEk 5 Bt
7> 7E Euclidean “F 7 BE B 250 4b 35 {3 RIAE A K}
Ao 3 KK,

03 3N R T R R AR ORI AR A R SR AR S T 11 TIEROR
The numbers at each branch node indicate codes of the tested medium
indica germplasm resources; |, I, IIl indicate clusters.

B2 lfEeRERREMRE R LS
Fig.2 Cluster analysis of phenotypic traits of medium
indica germplasm resources

9D REEMR IR CBRE R

K WEsRa RMFET O CHHAET M BN
157, HAEEHRIFE A BT B2 IR 1Y 28.57% . %280
T JoR WS R AR R B (161.77 cm), 81 K (44.90
cm), 5 — K (58.32 cm), Fl4E (27.08 cm), &
FEVE R 2 (3.01), FRAESZRI R /D (127.93), T
KT 5K (26.24 @), AR (0.77 cm), 73K
B (0.32 cm), AR B LR/ (2.52); HA R A MEAR
153 NEBEPET . S5 G SRR S, 122K
T (P o 3 Y5 A P AR, (RS — L 2
R ENE
BRI A Al TR
b B REREGYET CRAEST M R
3157, A g ORI RS R B BE YR 20.00% .
1% B T PR R A% (119.04 cm), R K
(29.64 cm), FFRETERL AR /D (1.48), BRI A K
% (60.58), 45 LT HAK (69.34%), BT & i/
(3.62 g), BHifK (0.88 cm); HAMFAIPEARLE 3 4
FKHEPE . 3G SRR S Z BB A
HR—M, FES—DE = m R,
BREEERE e ‘SE15 E
iy S CEEal ;T E CHL#
HOCFEEE RS CAREE BX
i’ ChlidEsT CESE2E CREN
8% ‘EHEH2ET ‘EBNH Epaw
AEf 3250 R ‘eegeet 5 ANR PRI R
JR BRI 51.43% o 1% IS HEFh ot 55U O M i K
(33.63 cm), {8 M1 4H (40.98 cm), BERHSR A
% (186.20), H#kA M E IR % (13.88), F A&
K (4.65 g), BRLK T LR K (3.68); Hifth = E#
BRI ZEH o S5 G S R HIR IR 5, 1% AT
PR A A GRS . AR A R 2 AR A, T

CEREK SRR ‘Aakir = ARA ENRFREEEE.
x5 HlfEMRFETEXRF & ERTE"
Table 5 Average value of each index in different clusters of medium indica rice germplasm resources
Ft
Cluster Ptl/cm Pt2/cm Pt3/cm Pt4/cm  PtS Pt6 Pt8/% Pt9 Ptl0/g Ptll/g Ptl12/cm Ptl3/cm Ptl4
u

I 161.77 4490 5832 27.08 3.01

IT 118.04 36.22 4124 29.64 1.48

111 120.00 33.63 4098 2835 1.58

127.93 22.57 85.75

13.50 2624  3.63 0.77 032 252

13298 60.58 69.34 12.71 20.71 3.62 0.88 028  3.29
186.20 49.21 79.74 13.88 1898  4.65 0.85 024  3.68

1) Ptl: #k &, Pt2: &l #t K, Pt3: ] == K, Pt4: 22K, PtS: A2 445 40, Pt6: A4 L4 44, Pt7: AR08 644, Pt8: 45 52 & Pt9: £
A HARE, PHO: TARZ, Ptll: 422, Ptl2: 545K, Pt13: 5450, Ptl4: B4 KT,
1) Pt1: Plant height, Pt2: Flag leaf length, Pt3: The second leaf length, Pt4: Panicle length, Pt5: Falling grains per panicle, Pt6:

Filled grains per panicle, Pt7: Shriveled grains per panicle, Pt8: Seed setting rate, Pt9: Effective panicles per plant, Pt10: 1 000-grain
weight, Pt11: Single spike weight, Pt12: Grain length, Pt13: Grain width, Pt14: Grain length-width ratio.
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