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Abstract: Analyzing the genetic diversity of maize varieties approved at the national level across different ecological regions
reveals patterns of genetic differentiation among regional germplasms. This provides a theoretical basis for elite germplasm
screening and region-specific variety breeding. In this study, 273 nationally approved common maize varieties were analyzed.
Sixteen field phenotypic traits and genetic variation parameters based on 40 SSR markers were statistically evaluated. Cluster
analysis and association analysis of phenotypic and genotypic data were conducted to explore the relationships among phenotypes,
genotypes, and environmental factors in common maize. The results showed significant differences in growth period and regional
trial yield across ecological regions, with F values of 2484.95 and 472.83, respectively. Genetic diversity was relatively high in
the Xi-Nan spring-sowing region (XN), with a gene diversity index of 0.72. Phenotypic clustering divided 325 variety records into
four groups: Group X1 mainly included varieties from the Dong-Hua-Bei (DHB) and Xi-Bei (XB) spring-sowing regions; Group
X2 was dominated by varieties from the Bei-Fang (BF) early-maturity spring-sowing region; Group X3 included varieties from
the XN region; and Group X4 mostly comprised varieties from the Huang-Huai-Hai (HHH) summer-sowing and Dong-Nan (DN)
spring-sowing regions. Phenotypic differentiation among ecological regions followed clear trends: DHB and XB varieties were
characterized by medium-late maturity and tall stalks; BF by early maturity and medium short stalks; XN by medium maturity and
medium stalks; and HHH and DN by early maturity and medium stalks. Notably, XN, HHH, and DN regions experienced rela-
tively high disease pressure. Principal component analysis (PCA) of phenotypic traits showed that the first two components ex-
plained 69.0% of the total variance, with clear group separation, supporting the validity of the phenotypic classifications. Geno-
typic clustering also divided the 273 varieties into four groups. In Group Y1, the predominant heterosis patterns were Reid x X
and Improved Reid x X; in Group Y2, X x Tangsipingtou (Huangzaosi-derived lines); and in Group Y4, Improved Reid x Tang-
sipingtou. Genotypic PCA demonstrated a cumulative contribution of 57.9% from the first two components, with clear intra-group
cohesion and significant inter-group differentiation, confirming the reliability of the genotypic groupings. Association analysis
between genotypes and phenotypes revealed a weak correlation, likely due to the design objectives of molecular marker selection.
Maize varieties from different ecological regions in China exhibit distinct regional differentiation in field performance and paren-
tal heterosis groups, resulting in a well-defined correspondence among ecological zones, trait expression, and genetic background.
This pattern reflects region-specific breeding goals that prioritize yield stability and efficient resource utilization.

Keywords: maize; nationally approved varieties; ecological regions; phenotypic data; genotypic data; genetic diversity
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Fig. 1 Differences in the statistical distribution of phenotypes of nationally approved maize varieties in different ecological regions
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PALPREE 13 5 R R, B . B, md
A-P represent the statistical dlstrlbutlon of growth period, plant height, ear height, number of leaves, anther color, planting density, ear length,
hundred kernel weight, grain yield in regional trials, seed capacity, crude fat content, crude protein content, lysine content, crude starch content,
stalk rot resistance and ear rot resistance across different ecological regions. The horizontal axis represents ecological regions. BF: Bei-Fang
early-maturity spring-sowing region; DHB: Dong-Hua-Bei spring-sowing region; HHH: Huang-Huai-Hai summer-sowing region; XB: Xi-Bei
spring-sowing region; XN: Xi-Nan spring-sowing region; DN: Dong-Nan spring-sowing region. In Figures 1-O and 1-P, vertical axis values 1 to 5
represent highly susceptible, susceptible, moderately resistant, resistant, and highly resistant, respectively.
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Table 1 Comparison of genetic variation diversity in nationally approved maize varieties across different ecological regions

FEAKL L PR SRS RE SRR 2R HEE BN

) ) Sample  Total number of  Total number of Gene Heterozygosity & & &
Ecological region . .
number genotypes alleles diversity (%) PIC

LI BRI 10 248 219 0.66 68 0.62
Northern early-maturity spring-sowing region
R EREIX 108 672 342 0.63 68 0.59
Northeast and North spring-sowing region
B B AR X 103 586 325 0.64 69 0.59
Huang-Huai-Hai summer-sowing region
PEAL AR X 24 337 238 0.61 68 0.57
Northwest spring-sowing region
VU R AR X 25 503 327 0.72 67 0.69
Southwest spring-sowing region
PRS0 3 97 133 0.59 72 0.53
Southeast spring-sowing region
PIC: polymorphism information content.
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Fig. 2 Cluster analysis of phenotypic data of nationally approved maize varieties
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PRI (C3) . M E(C4). EZBA(CS). FIHIFE(C6). FEK(CT). FRE(C8). XEURE =& (Co). FFAFE(CL0), KN & &
(C11). MM E(CI2), BEMR S #(C13), HIIEM & E(C14) . ZERHIHE(C1S) . BUEBHIME(CL6). C: . HERA 1.

A: phylogenetic tree based on phenotypic data; B: principal component analysis based on the Euclidean distance matrix. Branch labels from
the innermost to the outer circle represent: ecological region (ER), growth period (C1), plant height (C2), ear height (C3), number of leaves
(C4), anther color (C5), planting density (C6), ear length (C7), hundred kernel weight (C8), grain yield in regional trials (C9), seed capacity
(C10), crude fat content (C11), crude protein content (C12), lysine content (C13), crude starch content (C14), stalk rot resistance (C15), and
ear rot resistance (C16). C: circle. Abbreviations are the same as those given in Fig. 1.
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Table 2 Summary of the number of variety records grouped by phenotypic clustering in different ecological regions

A X X1 4 X2 4 X3 4 X4 4

Ecological region Group X1 Group X2 Group X3 Group X4
b7 RAERE X — 9 — 1
Northern early-maturity spring-sowing region
ARAEAL AR X 119 — - -
Northeast and North spring-sowing region
B i R IX — 4 1 118
Huang-Huai-Hai summer-sowing region
PEAL BRI 38 — —
Northwest spring-sowing region
PRI B4R X — 1 27 3
Southwest spring-sowing region
RREAEX — — — 4

Southeast spring-sowing region
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Fig. 3 Cluster analysis of genotypic data of nationally approved maize varieties
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A: phylogenetic tree based on genotypic data; B: principal component analysis based on Rogers’s 1972 distance matrix. Branch labels from
the inner circle to the outer circle are: ecological region (ER), parental heterosis group 1 (PG1), parental heterosis group 2 (PG2); the parental
heterosis groups include Tangsipingtou, P group, Reid, Improver Reid, X group, Lancaster, Lvda red cob, Mixed 1 and Mixed 2. Abbrevia-
tions are the same as those given in Fig. 1.
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Fig. 4 Phylogenetic tanglegram of phenotypic versus genotypic data
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The left side shows the phylogenetic tree based on phenotypic data, and the right side shows the tree based on genotypic data. Groups X1-X4
are phenotypic clustering groups, and groups Y 1-Y4 are genotypic clustering groups.
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Fig.5 Correlation between phenotypic and genotypic data

GP: A& W; PH: #ki5; EH: BEOLES; LN: B H 80 AC: EZ5Hi(5; PD: RSB EL: B, HKW: FALE; RGY: XHIAL ™ i; SC:
FPRLZSH; CFC: AR & dik; CPC: A ZR 11 ks LC: MR & ik CSC: MLTEM & ks SRR: ZEJEHPUPE; ERR: B HIME. PO1-P40
RFTEF TR Y 40 4> SSR ARIC.

GP: growth period; PH: plant height; EH: ear height; LN: number of leaves; AC: anther color; PD: planting density; EL: ear length; HKW:
hundred kernel weight; RGY: grain yield in regional trials; SC: seed capacity; CFC: crude fat content; CPC: crude protein content; LC: lysine
content; CSC: crude starch content; SRR: stalk rot resistance; ERR: ear rot resistance. PO1-P40 represent the 40 SSR markers of genotypic data.
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Table 3 Summary of the number of varieties grouped by genotypic clustering in different ecological regions
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