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Correlation Analysis of Key Agronomic Traits and Food
Quality Using a Foxtail Millet Recombinant Inbred Lines
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Abstract: To provide the theoretical basis for germplasm innovation and breeding in foxtail millet,
disclosing the genetic variation of the key agronomic traits, exploration of the genetic factors affecting the
content of amylose and yellow pigment in grain, and identification of the new lines with excellent performances
become of significant interest. In this study, the recombinant inbred lines derived from ‘Nenxuan 15’ crossed
with ‘Huangjinmiao’ were planted in the experimental field located in Dongyang county of Shanxi province, P.
R. China (2020 and 2021). Genetic variation analysis, correlation analysis, and regression analysis were carried
out on two food quality traits (amylose and yellow pigment in grain) , and eight quantitative traits including plant
height, panicle length, leaf area, stem diameter, panicle diameter, stem pitch number, single panicle weight

and panicle grain weight. The significant differences on yellow pigment content, amylose content, leaf area, and
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panicle diameter between parents were observed. The RIL population lines showed comprehensive variations
with (close to) normal distributions at these traits, showing two-way super parental separation. The coefficient
of variation in each character ranged from 8.05% to 35.32%. According to the comprehensive analysis of the
two-year data, the coefficient of variation on single panicle weight and grain weight per panicle were high,
whereas the coefficient of variation on plant hight and amylose content were low. The content of yellow
pigment was positively correlated with amylose, plant height, stem pitch number and grain weight, whereas it
was negatively correlated with leaf area. Amylose content was negatively correlated with leaf area, stem
diameter, and panicle length, whereas positively correlated with the stem pitch number. Furthermore,
regression analysis showed that leaf area, plant height, and panicle length were the most important factors
affecting yellow pigment content. Leaf area and panicle length had a negative effect on amylose content,

whilst single panicle weight, panicle diameter, and stem pitch number had a positive effect on amylose

content.

Key words: foxtail millet; RIL group; genetic variation; correlation analysis; regression analysis
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Table 1 Variation analysis of main characters of parents and recombinant inbred lines

PEk A FE/K Parent H2 HACARIL
Trait Vear Ik 15 WA . SN PR WA WERE AR FRE (%)
Nenxuanl5  Huangjinmiao Range Mean+SD Skewness Kurtosis cv

WHE (ng/g) 2020 20.03 30.13 8.954™  15.27~35.72 23.0443.17 0.416 0.598 13.76
YP 2021 22.48 29.70 3274 15.82~40.33 27.10+3.61 0.354 0.854 13.32
EHEEH (mg/g) 2020 10.36 8.95 6.027" 5.01~11.54 8.27+1.10 0.066  —0.451 13.30
AL 2021 10.75 8.56 3.457 6.66~12.04 9.27+1.09 -0.032  -0.807 11.76
Frmi (em) 2020 137.83 1433 3.546°  70.24~129.93  100.47+£10.06 0.083 0.491 10.01
PH 2021 101.30 112.17 0.761 69.27~133.03  102.98+10.79 0293  -1.150 10.48
I (em? ) 2020 40.37 62.33 10.65™  27.63~65.48 45.03+6.74 -0.073  -0.06 14.97
LA 2021 31.62 50.13 545" 15.80~65.41 34.81+8.23 0.306 0.359 23.64
2 ( mm) 2020 5.85 7.00 3.45° 4.71~11.12 7.21£0.90 0.309 0.667 12.50
SD 2021 7.66 8.14 243 4.72~9.81 7.17+0.72 0.147 0.449 10.04
E SR 2020 11 11 0.22 8.33~14 10.77+0.867 0.263 0.455 8.05
SPN 2021 11 12 2.19 8~14 11.29+1.86 -0.165 0.460 16.47
K (cm) 2020 21.83 28.13 2.44 17.00~35.87 25.29+3.52 0233 -0.341 13.92
PL 2021 23 21.8 466 17.00~41.00 26.05+4.23 0414  -0.07 16.25
FEH (mm) 2020 30.84 38.54 3.62" 17.41~48.25 30.34+5.30 0.532 0.531 17.47
PD 2021 32.48 38.07 3.18 21.07~50.65 30.42+5.46 0.941 0.847 17.95
HpE(g) 2020 15.11 25.95 3.08 7.18~38.30 19.11+5.54 0.46 0.404 29.11
SPW 2021 25.50 30.25 2.52 8.09~52.03 22.11+7.81 0.799 0.933 35.32
FERH (g) 2020 11.18 20.67 3.12° 4.46~41.07 14.87+4.78 0261  -0.215 32.15
PGW 2021 21.01 22.54 2.50 14.87~4.78 16.73+5.60 0.639 0.864 33.47

T R P AR [ ) — bR 22 55 8 P<0.05 1 P<0.01 1825 7KF-5 T [A]
*and** respectively indicate that the difference of the same trait between the two parents reaches P<0.05 and P<0.01 significant levels; YP: Yellow
pigment; AL: Amylose; PH: Plant height; LA: Leaf area; SD: Stem diameter; SPN: Stem pitch number; PL: Panicle length; PD: Panicle
diameter; SPW: Single panicle weight; PGW: Panicle grain weight; The same as below
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Fig.1 Frequency distribution of investigated characters in 2020
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Fig.2 Frequency distribution of investigated characters in 2021
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Table 2  Statistics of super parent segregation of investigated characters in 2020 and 2021

iz 4y WA HEEE bhe rhiE ZRHD R0 BK BB RS fRRE
Index Year #YP HKfAL PH LA SD SPN PL  PD SPW PGW
TR B AN 2020 7 9 59 1 211 111 77 27 36 41
The number of higher than the high parents 2021 79 37 72 12 45 36 24 34 39 49
(E TR A 2020 65 272 267 90 2 260 65 220 9 88
The number of lower than the low parents 2021 29 106 166 125 274 176 95 256 268 293

2.3 FFRLER BRI R Z R IR S B E 54T

REE FIREE IR, A L (3 e (X))
TSR (YY) M AR &, IRk (Z) M ERL(Z,) |
ZEML(Z,) EK(Z,) EHL(Z) 2R E(Z,) AR
(Z,) FERLTE (Z,) 8 MR N A AR ik T 20035
A WA ST, RBR A SHON 528 R R R
Pt [ 4Bkt 25 5 (36 3) T 4531, VIF [H 435/ T
S, RN EIZH A RMEF TS . PN F0.01, 350
AR R I TR B RN 0 3 2 (R TR S Y
WM R, LT Earal 1 H iR R &Rk
P B R .

(0,2 B ity T - X=25.398+0.042Z,+0.058Z,—
0.178Z,. VLIRS I AV N — B, BB &R

T HET IS0 0.042 wg/g F10.058 e/, BRI AR AN
— B, B RS 5 0.178 png/g.

HRAE e 4 1A, VIF (H A3/ F S, R mA
AT R B ZEWBGX S MR ZARIRZ AN
AR AT, PAESS/NT 0.05, KI5 HERE M &
AR AR OC R, H s R 2k [l H g
TN

HREER & R Y=9.699-0.039Z,+0.023Z.-
0.086Z,+0.052Z.+0.097Z. 15T < A3
— AL, EEETERY & 20871 0.039.0.086 mg/g,
AT R R RIS I — AL, EEEVE R
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Fig.3 Correlation analysis of quality traits and main agronomic traits in RIL population

®3 HEEXIRZERHSTEESH
Table 3 Multiple regression analysis of yellow pigment on

agronomic characters

A7 (IEIEES S INar S~ g TS
v PRC SE FREVIF
HHERCQ 25.398 1.528 16.620  0.000

Fim PH 0.042 0.012 3.426 0.001  1.015
MEALA 0.058 0.021 2.804 0.005  1.687
FEE PL -0.178 0.040  -4.417 0.000  1.691
IV: Independent variable; CQ: Constant quantity; PRC: Partial

regression coefficent; SE: Standard error; VIF: Variance inflation

factor; The same as below

R4 HERHXWRZEKE ZTEESH

Table 4 Multiple regression analysis of amylose on agronomic

characters

A 78 it (CIEVEES S Q7R A= 5 Ik
v PRC SE FHCVIF
HICQ 9.699 0.563  17.243 0.000

A LA -0.039 0.006 -6.452 0.000  1.951
BT SPW 0.023 0.007 3384 0.001  1.749
R PL -0.086 0.012  -7.243 0.000  1.951
FEHLPD 0.052 0.008 6.725 0.000 1386
2E95USPN 0.097 0.045 2.141 0.033  1.004

3 g
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