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Phenotypic Diversity Analysis of 442 Foxtail Millet Varieties (Lines) in
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Abstract: Phenotypic diversity analysis and comprehensive evaluation were conducted on 442 foxtail millet varieties (lines) in Shanxi
Province to delineate their phenotypic variation and diversity. Analysis of the 8 qualitative traits revealed that the genetic diversity index
ranged from 0.1900 to 1.0246, with only grain color (GC) greater than 1.0000. For the 15 quantitative traits, the index ranged from 1.9613
to0 2.0865, all greater than 2.0000 except for panicle length (PL) and the length of the penultimate leaf (LPL). The coefficients of variation
for quantitative traits ranged from 8.09% to 23.18%. Higher variation was observed in grain number per spikelet (GNS), single panicle
weight (SPW), and grain weight per panicle (GWP), while lower variation was noted for the width of the penultimate leaf (WPL),

thousand-grain weight (TGW), heading date (HD), and growth duration (GD). These results indicate substantial phenotypic diversity
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among the accessions. Correlation analysis revealed complex relationships among the quantitative traits, including a highly significant
positive correlation (r = 0.9676, P < 0.01) between single panicle weight (SPW) and grain weight per panicle (GWP). Principal
component analysis extracted five principal components, accounting for 78.46% of the total variance. Using these components,
comprehensive evaluation scores (F-values) were derived, ranging from 0.2099 to 0.8549, with 2017 K Ce 1 scoring the highest, and
Taixuangu 29 ai the lowest. Cluster analysis classified the 442 varieties (lines) into three groups: Group I (intermediate type), Group 11

(tall late-maturing type), and Group III (early-maturing type), with significant differences observed among the groups. In conclusion,

the 442 foxtail millet varieties (lines) exhibited rich genetic diversity, providing valuable germplasm resources and theoretical basis for

future genetic research, germplasm innovation, and breeding practice.
Key words: foxtail millet; varieties (lines); phenotypic traits; diversity analysis; comprehensive evaluation
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Table 1 Descriptive standards for qualitative traits
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LSC: Leaf sheath colour; PT: Panicle type; PNP: Panicle neck posture; AC: Anther colour; BC: Bristle colour; BL: Bristle length ; GC: Grain colour; EC:
Endosperm colour; The same as below
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Table 2 Diversity analysis of qualitative traits

i ERIN % (%)  Frequency WL 2 FEPERE R
Qualitative traits 1 2 3 4 5 6 7 H'
R {4 LSC 75.11 9.05 15.84 — — — — 0.7242
R PT — 60.18 30.09 9.50 — 0.23 — 0.9044
HFL A PNP 1.36 7.01 80.77 10.86 — — — 0.6583
T2 AC 36.88 62.67 0.45 — — — — 0.6852
NIEFite BC 81.67 — 18.33 — — — 4 0.4763
Il BL — — 35.52 — 50.00 — 14.48 0.9940
Kith GC 33.71 57.01 2.26 4.30 1.36 1.36 — 1.0246
Kt EC 0.45 2.04 1.13 96.38 — AN N 0.1900

2.12 HEMRSHEM 442 BETERMGM (R) 115 MEMERMR G REN (B D, FratER
W RES A . SYERAIEEK, AR E (3D, EERIUNRETHE N 128.57 cm, 220E N 51.54
em CRIE% 29 %) Z 183.34cm (K73 5D ¢ BHCFEIME N 24.43 cm, M@ 7.57 cm (RIS 29 %) 2
39.90 cm CRIEZF 29-2) 5 HAFEREFIME A 19.25 g, ZIEH 2.72g CRIER 29 ) £3120g (&K 45 ;
TR EFIME N 2.99 g, BIEAN 2.33 g (J4E 60533) £ 3.99g CK[F39) 5 AFMFHMEN 111.124d, FiF
9 72.00d CRiE%r 29 ) % 135.50d (2022-1)

ML 2 RV BT E— DR, B MRS 1 2 R R BB (TS B 1.9613 ~ 2.0865, Horb s i S,
R R AC o BRAEAC (8] Kb, HoAY 13 MR A% 2 REVEFRBO KT 2.0000. % MEIRAR 7 R B A 8.09%
~23.18%, HARIECE 5 R, TRLEAR T REURAG: AORIE, AR | SRR AR R R A T 20%,
R AR EO: BI M5, TRE. M. AFHERREUNT 10%, RIHEERE.
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FRALT BLRIM R



PH: Plant height; PL: Panicle length; PD: Panicle diameter; SD: Stem diameter; PNL: Panicle neck length; SNN: Stem node number; LPL: Length of penultimate
leaf; WPL: Width of penultimate leaf; SN: Spikelet number; GNS: Grain number per spikelet; SPW: Single panicle weight; GWP: Grain weight per panicle;
TGW: Thousand-grain weight; HD: Heading date; GD: Growth duration; The same as below
1 HEMRIR D

Fig. 1 Frequency distribution of quantitative traits
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Table 3 Diversity analysis of quantitative traits

EYRL RN FIME btz A WAL Z RIS
Quantitative traits Mean SD Range %) H'
CV
Mk (em) PH 128.57 21.32 51.54~183.34 16.58 2.0617
ik (em) PL 24.43 3.53 7.57~39.90 14.46 1.9613
Ml (mm) PD 23.66 3.12 12.90~33.90 13.18 2.0517
224 (mm) SD 7.78 1.03 3.43~10.83 13.19 2.0403
K (em) PNL 29.84 4.84 15.36~46.36 16.23 2.0707
Y% SNN 13.10 1.61 5.80~17.20 12.26 2.0405
Bl (em) 43.78 5.18 14.61~66.96 11.84 1.9846
] 58 (em) 3.31 0.32 2.26~4.21 9.81 2.0865
TR SN 112.54 19.15 47.63~178.63 17.01 2.0405
k% GNS 107.58 24.94 37.87~184.50 23.18 2.0739
PAFEE (g) SPW 24.41 4.95 433~37.17 20.28 2.0456
PRRE () 19.25 4.28 2.72~31.20 22.24 2.0626
THE (g) TGW 2.99 0.24 2.33~3.99 8.09 2.0284
AR (d HD 68.22 6.10 35.00~84.50 8.94 2.0246
AHM () GD 111.12 9.36 72.00~135.50 8.43 2.0493
22 FRM T

XF 15 MEAIDIREATAHRIE D A 0T AR R R SRR I, A 81 W B EIEAIG, 3 X LM% 7AH
K, BHEMIRZ FAAEA FIREE A OCHE (B 2) o Horp, Sl 5 ik S A R 8RR (r=0.9676) ,
MBI SAE (r=08717) . HESTH (r=0.8098) K. MK RECKT 0.50 AR &3 IEA MRS
MR SR, L EFEH KRG T, RN AR, R E ., iR SR
G AN v VAR =8 NG o = 5 PO 1 o SRS 91 R (Y VA S i QNS 220 s S 5 W= SR Y A N
AR S E W [N, TR S 2 HMORAR MR SS, SR AR AR ST, AR S TR (-
0.2652) . FUSFHUC (-0.2299) . FALECGIIREL (-0.1938) AR E FdHR.



HREPH Hkk

AKPL | 0.3548

FEHEPD | 0.0389 -0.0294

Z#SD | 0.3829 | 0.2596  0.4287 0.5

FEEIKPNL | 0.6080 0.2582 -0.2299 | -

THSNN | 0.8008 0.2643 | 0.2544

EIZrKLPL | 0.3946 0.6797 0.1736

{8 =r3EWPL | 0.1287  0.0970  0.3490

FEE3HSN | 0.1667 0.4589 | 0.0372

FHIMGNS | 0.1360 -0.0351| 0.2941 | 0.3107 -0.0116 0.2519 0.0962 0.1232 -0.1938

SFEESPW | 0.3977 | 0.2723| 0.4679 | 0.6030 0.0803 | 0.5443 0.4519 0.4066 0.2872| 0.5955

-0.5
SRHEGWP | 0.3862 0.2373 | 0.4182 0.5921| 0.0831  0.5275 0.4021  0.3860 0.2717 0.6151

THETGW  0.2816 0.2863 -0.0491| 0.0743| 0.2735 0.1410 0.1615 0.0633 -0.0065 -0.2652

HIFEEAHD | 0.4731 0.2448 0.2634 | 0.5978| 0.0204 0.6481 0.5360 0.4623| 0.4567 0.1686 0.4896

4EEMGD | 0.5355 0.2458 | 0.2219 0.4899 0.1471 0.6802 0.4717 0.4504 0.4202 0.1607 0.4821 0.4516 0.0183 0.8717

koI RORIE P<0.05, P<0.01, P<0.001 7K R EAHK%
*, *¥*, *¥¥indicate significant correlation at the P<0.05, P<0.01, and P<0.001 levels, respectively
B 2 HEHREXEI
Fig. 2 Correlation analysis of quantitative traits

23 TG T REGEETEN

Xt 15 MECEMEREET KMO 1 Bartlett BRIEAS K (KMO =0.762, P<0.001) , #filEdiE &43047 F 5%
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1.52, TUHRFE 10.12%, VARSI, fORCEGE M S0, BIE R Eam . EMor 4 FHIEE 117, DTk
7.77%, VDB IER AT, AH PO FRr S RHEE 1.01, TTEREE 6.74%, T RiE F 5w .

FET 5 AERSTUIRE, THES ERABEE w4 508: 050, 0.19. 0.13. 0.10. 0.09. X & F o5

43 AT Min-Max brdEfbu O ), THEZEETN FIE. F= u (G ) x0.50+ u (X5) x0.19+ u (X3 ) x 0.13 +



w(Xy) x0.10+ u(Xs5) x0.09. 442 34T B EARFP (R) RAMEREGE VN FETEREN 0.2099 ~ 0.8549,
I FAEDY 0.6138. ZRETHAT FARHT 20 MORN BRI 2017 KUl 1. &4 4 5. 2014 %5, B/ 34 5
/K7013. 2020 ] 18 06-213. 03 3 T\ 368, KiIL4F 29-2. 06-162. F§ 1042, HA 59 5. HA 34 5. H
K95, TR 36SH, 81070, HES. W2 5. KK4l. TRB T 5. MM FES 15 MUE
PERIEAT A O 238, RIS B IR 38 AR 35 TEAR DG o, 58k (7=0.7927) 454 (r=0.7025)
=K (r=0.6641) | K (r=0.6413) . HFHE (7=0.6388) . HFHFIE (+=0.6103) FIFHCIER R,
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Table 4 Principal component loading matrix of quantitative traits

[E27N 4 Principal component

Tiaits PCI1 PC2 PC3 PC4 PC5
P PH 0.6649 0.4369 0.4554 -0.2290 -0.0493
K PL 0.4669 0.5183 -0.1838 0.5526 -0.0660
Fof PD 0.4182 -0.5428 -0.0939 0.0595 0.3984
224 SD 0.7569 -0.1920 -0.0597 -0.0213 0.1472
FEZK PNL 0.2273 0.5962 0.5577 -0.0131 -0.0732
5% SNN 0.8113 0.1318 0.2238 -0.3137 -0.0298
) =K LPL 0.6809 0.3124 -0.2380 0.3515 -0.0953
{8 =58 WPL 0.5246 -0.2003 -0.2709 -0.1825 0.3692
R % SN 0.4772 0.2793 -0.6009 0.1273 -0.2456
ki % GNS 0.3878 -0.5959 0.4647 0.2259 -0.2633
PFEE SPW 0.8200 -0.3390 0.1689 0.2818 0.0075
FdUR L GWP 0.7930 -0.3564 0.2007 0.2743 -0.0290
T-RiE TGW 0.1407 0.5107 0.1631 0.1503 0.7195
HFA HD 0.8100 0.0152 -0.2680 -0.3518 -0.0777
A H W GD 0.7870 0.0813 -0.1697 -0.4241 -0.1327
'RFE{H Eigenvalue 5.83 2.24 1.52 1.17 1.01
Ji ZTTRE (%) Contribution rate 38.87 14.96 10.12 7.77 6.74

KRTTHRE (%) Cumulative contribution rate 38.87 53.84 63.95 71.72 78.46
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The numerical codes are as in Supplementary Table S1
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Fig. 3 Cluster dendrogram of 442 foxtail millet varieties (lines)
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Table 5 Mean values and coefficients of variation of quantitative traits of different groups

B Group 1 KB Group IT BT Group I

PER R AM TR AM BREH
Traits SPRIME R 2L SPRME

(%) (%) (%)

Mean Mean Mean

cv cv cv
s (em) PH 114.10° 14.08 144.642 9.71 116.10° 14.10
K (em) PL 23.380 11.57 25.902 13.50 22.58b 16.32
ffl (mm) PD 24.882 12.74 23.39b 10.88 21.48¢ 15.00
20 (mm) SD 7.912 11.26 8.092 10.31 6.52b 14.43
K (em) PNL 26.40¢ 14.48 32.592 12.29 30.10° 13.15
i SNN 12.53° 9.04 14.142 8.71 11.38¢ 12.52
B =M (ecm) LPL 42.74b 9.40 46.332 9.44 38.68¢ 13.94
B = H58 (em)

3330 7.56 3.412 9.15 2.93¢ 8.19

WPL
FHIDE SN 112.290 13.77 119.06% 14.45 93.51¢ 21.79
idki % GNS 109.742 23.25 108.312 21.17 100.00° 28.10
ME (g) SPW 24,500 19.09 26.182 15.00 18.85¢ 22.86
BRRIE (g) GWP 19.42> 20.96 20.622 17.11 14.70¢ 25.78
THE (g) TGW 2.94b 6.90 3.062 8.52 2.94b 7.81
A (d) HD 68.07° 5.33 71.532 6.17 58.63¢ 8.63
£FM (D GD 109.23b 5.61 117.142 5.82 97.68° 6.35

AFEFRFRARRHFZE TR (P<0.05)
Different eters indicat signifcant ifferences among groups (P <0.05)
3 7ig
3.0 BTFERSM (R) ELFEHEES R

ST 3ot TR 20 R R VT 7595 R B R G397 + 30 B L OSSR, R () ME DR
R B, JUAE o R R SR M S AR . ASFSON 442 R T AR (R ML
KCFHET T RGAHT, RIVFAE (L T6 BATER (R S RN L Fop, K (i 2 REPEHE SR (7= 0.1900)
RIT EHR (R ERHER E R — Bk, 13 NERPEIRIGEHE S BEPERSHOR T 2.0000, Bk
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