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Comprehensive Evaluation of Agronomic Traits in Wheat RIL Population
Based on Principal Component and Cluster Analyses

WEI Songyan, JIANG Hao, TIAN Yikai, SU Dandan, CHEN Xiangdong, WU Xiaojun, RU Zhengang
(Center of Wheat Research of Henan Institute of Science and Technology/State Key Laboratory of Wheat-Maize Double

Cropping and High-Efficiency Production/Henan Key Laboratory of Hybrid Wheat, Xinxiang, Henan 453003, China)

Abstract: To elucidate the genetic variation patterns of agronomic traits in a recombinant inbred line
(RIL) population and develop new restorer germplasm for BNS(Bainong sterility) hybrid wheat, this
study utilized 120 F, RIL families derived from a common wheat cross(Bainong Aikang 58 X CL1.0442).
Twelve key agronomic traits, including plant height, panicle exertion length, length of the top inter-
node, tiller angle, spike length, spike number, productive tiller number, grain number per main
spike, spikelet number, grain weight per spike, grain yield per plant, and thousand-grain weight,
were systematically investigated and subjected to analyses of variability, correlation, principal compo-
nents, and systematic clustering. The results revealed rich genetic diversity within the population for
most traits, with evident transgressive segregation. Correlation analysis indicated a highly significant
positive correlation between plant height and grain yield per plant, a significant negative correlation
between the length of the top internode and grain weight per main spike, and a significant positive
correlation between panicle exertion length and grain weight per spike. Principal component analysis
extracted the first six principal components, which collectively accounted for 83. 37% of the total vari-

ance, representing key genetic dimensions such as biomass and plant yield, spike fertility, plant
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height structure, and plant architecture. Cluster analysis categorized the 120 families into two major

classes and four subgroups, revealing significant genetic differentiation within the population. Fur-

thermore, a comprehensive evaluation identified eight superior lines, including R8 and R12, which ex-

hibited outstanding overall performance, providing valuable intermediate materials for breeding strong

restorer lines for BNS hybrid wheat.

Keywords: Wheat; Recombinant inbred lines; Agronomic traits; Cluster analysis; Principal compo-

nent analysis
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Table 1 Variability of ogronomic traits in the F, generation of RIL population
PEAR BEA LA BRME e/ME A T s 2 A5 5 R
Trait P1 P2 Max. Min. Average SD CV/%
ki 75.67 112.10 110. 50 57.50 84.79 9.76 11.51
Plant height/cm v ' e ©e s o :
2 1
. J%Imk 0. 45 0.62 1.50 0.25 0.59 0. 15 25.75
Panicle exertion length/cm
TR .
Length of the top internode/cm 22.15 34. 11 43.00 21.50 30. 16 4.13 13.69
4y BE
. oY BESA o 13.22 31. 80 34.00 2.00 14. 69 8. 48 57.69
Tiller angle/
. A 25. 14 35.37 73.00 2.00 35. 34 18.11 51.24
Spike number per plant
VAN
. ﬁ)‘kﬁ%ﬁ 24,52 23.45 73.00 1. 00 32. 85 17.13 52. 14
Productive tiller number per plant
(8N
Spike length/cm 9.81 13.22 23.00 6.00 11.75 2.12 18.01
- A . . 44,07 53.93 90. 00 14. 00 45. 40 11.72 25. 81
Grain numberper main spike
INEEEL -
Spikelet number per spike 20. 67 22.53 26. 86 10. 29 17.06 3.58 20.98
- *@f\‘[i . 1. 26 1. 10 3.55 0. 31 1. 18 0. 44 36.95
Grain weight per spike/g
- qﬁ**ﬁi 30. 23 25.32 90. 05 1.48 36. 77 19. 89 54.10
Grain yield per plant/g
TR 41. 83 27.73 47.05 10. 86 36.06 5.71 15. 84

Thousand-grain weight/g
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Table 2 Correlation analysis of agronomic traits in F, generation of RIL population
gy B BTUK wao s o TERR e mem mpes
PEAR " Panicle Length of Iy BEFA Spike Productive e Spikelet Grain Grain
e Plant X . . Spike number . X
Trait N exertion the top  Tiller angle number tillerper . number weight yield
height . length per main . X
length internode per plant plant number spike per spike  per spike per plant
K
Panicle exertion —0.01
length
HTFHK
Length of the top 0.45 0.11
internode
%E&éﬁ —0.08 —0.04 0.11
Tiller angle
FE%
Spike number 0.22" 0.06 0.08 —0.01
per plant
Ry R
Productive tiller 0.24"" 0.05 0.09 0.02 0.99""
number per plant
[E3S o o PR
Spike length 0. 30 0.37 0.18 0.03 0.18 0.18
Grain number —0.15 0.14 —0.21" 0.15 0.17 0.16 0.16
per main spike
N i
Spikelet number 0.04 0.04 —0.06 0.15 0.09 0.09 0.26 0.66""
per spike
kL
Grain weight —0.04 0.21" 0.07 —0.16 —0.28"" —0.28"" 0.09 0.21" 0.19°
per spike
< mﬁi*ﬁﬁ 0.24"" 0.15 0.15 —0.08 0.82 0.83"" 0.22" 0.23" 0.17 0.20"
Grain yield per plant
BRI
Thousand-grain 0.05 0.12 0.08 —0.03 —0.01 —0.01 0.13 0.15 0.05 0.31"° 0.13
weight
* ; P<C0.05; % x . P<C0.01.
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Table 3 Principal component analysis in F, generation of RIL population

PR Trait PC1 PC2 PC3 PC4 PC5 PC6
R _ y _
Plant height 0.22 0.15 0. 44 0. 28 0. 20 0. 39
HEk , B N .
Panicle exertion length 0.13 0. 26 0. 26 0.11 0. 66 0.35
MFHK . B . .
Length of the top internode 0.13 0.11 0.52 0. 34 0.22 0. 15
AN BE
ﬁ*% 0. 00 0.05 —0.18 0. 64 0. 10 0. 60
Tiller angle
. ek 0.51 —0.22 —0.17 —0.09 —0.01 0.08
Spike number per plant
ARGy BERL - _ _ _
Productive tiller number per plant 0.51 0.22 0.16 0.09 0.00 0.07
(8IS —0 45 _
Spike length 0. 24 0.22 0. 30 0.21 0. 45 0.19
I = S 0.19 0.49 —0.34 0.11 0.06 —0.07
Grain number per main spike
U8 i _ _q 2=
Spikelet number per spike 0.18 0. 46 0.22 0. 33 0.11 0.35
R _ _ _
Grain weight per spike 0.02 0. 46 0. 26 0.32 0.27 0.01
L MBRRL 0.51 —o0.01 —o0.01 —0.24 0.14 0.08
Grain yield per plant
T —0.2:
Thousand-grain weight 0.07 0. 28 0. 24 0. 24 0.41 0.41
=
AFAEf 3.13 2.01 1.68 1.25 1.01 0.93
Eigenvalue
ok
Proportion/ % 26.08 16.76 13.97 10. 44 8. 38 7.74
R A A 2
. RIPEE 26. 08 42.84 56. 81 67. 25 75.63 83. 37
Cumulative proportion/ %
ME Weight 0.31 0. 20 0.17 0.13 0.10 0.09

PC1~PC6: Fpisr 1~ 6, £ 4,
PC1~PC6: Principal components 1—6. The same in table 4.
£4 F, RRILEBEERHBES

Table 4 Principal component scores in F, generation of RIL population

%F  pe . y : : B : : . . : . Fanma
Line PC1 PC2 PC3 PC4 PC5 PC6 Lor‘nposne Line PC1 PC2 PC3 PC4 PC5 PCé (,or‘nposne
Score Score
R1 4.33 1. 46 —1.02 —1.31 —0.47 0.34 1. 30 R41 —3.64 —2.13 —1.19 —1.55 —0.72 0.01 —2.03
R2 —0.44 —0.03 0.45 0.06 0.65 0.36 0.04 R45 —0.09 1.48 —1.54 —0.95 0.14 —0.04 —0.10
R3 3.50 1.17 —2.16 0.39 —1.02 0.03 0.92 R46 3.03 0.25 —0.38 0.13 1.30 —0.04 1.08
R4 —0.49 0.32 —2.82 —0.78 —0.23 0.80 —0.61 R59 3.21 —0.32 1.18 0.09 0.05 0.19 1.17
R8 3.99 1.97 2.34 —0.23 —1.31 0.09 1.88 R62 0.40  —2.09 2.09 1. 95 2.46 0. 04 0.55
R9  —1.43 0.64 —0.58 —0.83 0.39  0.37 —0.45 R65 0.88 2.64 —0.28 2.44 —0.46 0.03 1.02
R10 —2.18 —1.49 —1.27 0.83 —2.18 —1.54 —1.45 R69 —0.47  —1.77 2.24 —0.86 —0.50 0.01 —0.28
R11 4.20  —0.06 —1.35 0.51 —0.24 —0.80 1.04 R70 —0.76 —1.66 1.47 0.89 —2.10 —2.86 —0.69
R12 3.84 0.57 2.21 0.04 —3.00 4.54 1.81 R71 —3.79 —2.10 —1.13 —0.62 —1.49 1.17 —1.92
R14 —1.43 5.42 0.05 —2.31 —0.06 0.88 0. 44 R75 1.10 6.34 —0.12 0.61 0.57 —0.26 1.71
R15 0.74 2.41 1.88 1.37 0.48 2.44 0.29 R81 0.18 0.42 0.31 2.35 0.41 0.59 0.20
R16 —2.09 0. 39 2.94 —1.10 1.57 —0.30 —0.09 R82 2.96 —0.89 0.71 —0.03 —0.12 —0.42 0.81
R25 —0.96 1.37 0.75 —0.35 0.28 0.24 0.11 R90 —1.92 1.40 —1.15 2.64 —1.12 —0.74 —0.36
R27 0.23 0.95 0.45 —1.06 0. 00 0.52 0.25 R99 0.17 —0.63 1.19  —0.06 0.87 2.10 0. 40
R33 1.91 —1.84 0.17 1.75 1.99 1. 66 0.83 R102 —0.39 —1.33 1.44 0.42 1. 65 0.29 0.10
R34 —0.97 —1.72 —1.09 —1.68 2.29 0.24 —0.79 R107 —2.19 —2.88 —0.88 1.85 —0.99 0. 35 —1.25
R36 2.83 —0.88 0.76  —0.54 —0.64 —0.80 0.63 R113 —1.61 —0.97 2.04 1.40 1.10 —1.28 —0.19
R38 —1.69 0. 80 2.99 —0.80 —1.13 —0.50 —0.13 R119 —1.22 2.69 0.04 2.22 —0.47 0.17 0.41
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