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Wild relatives possess potential genetic diversity for maize (Zea mays L.) im-
provement. Characterization of maize- mexicana introgression lines (ILs) is of
great value to diversify the genetic base and improve the maize germplasm.
Four maize-mexicana IL generations, 7.e. BC1, BC2, BC3, and RIL, were con-
structed under the elite inbred background of 48-2, elite inbred line that is
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widely used in maize breeding in Southwestern China, and were phenotyped
in different years and genotyped with 56110 SNPs. The results indicated that
48-2 had higher phenotypic performances than all the characterized ILs on
most of the agronomic traits. Compared with other ILs, BC2 individuals ex-
hibited more similar performance to 48-2 on most traits and possessed the
highest kernel ratio (66.5%). Population structure and principal component
analysis indicated that BC3 individuals gathered closer to 48-2 and exhibited
the lowest mexicana-introgression frequency (0.50%), while BC2 (29.06%)
and RIL (18.52%) showed higher introgression frequency. The high level of
genetic diversity observed in the maize-mexicana ILs demonstrated that Z
mays ssp. mexicana can serve as a potential source for the enrichment of ma-
ize germplasm.
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1. Introduction

Besides being one of the most important cereals worldwide, maize (Zea maysL.)
is also known as a model in plant breeding and the studies of genetics, evolution,
and domestication [1]. Maize was originally domesticated from teosinte (Z
mays ssp. parviglumis) about 9000 years ago, and its genetic diversity has been
greatly reduced because of natural and artificial selections during the domestica-
tion and the following breeding and improvement processes [2]. To meet the
challenges of increasing demands including faster yields increase, better edible
and commercial quality, and improved resistance to biotic and abiotic stresses,
maize breeders and researchers tend to extend crosses to the wild relatives to in-
troduce novel and potential alleles and diversify the genetic base of elite breeding
materials [3].

In rice and barley, many studies have demonstrated that wild species are use-
ful gene reservoirs for germplasm improvement and candidate allele mining [4]
[5]. In the case of maize, alien introgression has been accomplished for im-
provement of kernel composition, yield and yield-related traits [6] [7] [8] [9].

The wild relatives of maize have also long been recognized for their remarka-
ble potential for resistance to biotic and abiotic stresses [10] [11] [12] [13]. Most
of these valuable traits such as strong growth vigor, high protein content in the
kernel and notable immune ability or resistance to multiple fungal diseases can
be found in highland teosinte, including Zea mays ssp. mexicana (mexicana) [7].
In addition, the same chromosome number of mexicana and maize makes
transferring useful genes from mexicana into elite inbred lines to create excellent
breeding materials an easy to practice, interesting, and fruitful strategy to im-
prove the quality and tolerance of maize. Introgressive hybridization is consi-
dered a successful method to transfer such genes to the chromosomes of maize
with minimal amounts of accompanying foreign chromatin [14]. This type of
gene transfer is now facilitated by high through-put single nucleotide polymor-
phism (SNP) markers available in maize [15]. Indeed, the use of SNPs is a po-
werful approach to analyze the genetic diversity among introgression lines and
the distribution of alien alleles on maize chromosomes.

Systematic and integrated phenotypic and DNA-based molecular characteri-
zation can provide practical guidance for the selection and mining of potential
individuals and alleles from the ILs [15] [16]. Up to now, comprehensive cha-
racterizations of maize-mexicana ILs were seldom documented. In the present
study, a systematic phenotypic and intensive SNP-based fingerprinting of ma-
ize-mexicana ILs were performed to reveal the characteristics of these ILs,
provide practical guidance for their application, and allele mining of these

lines.
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2. Material and Methods
2.1. Plant Materials and Field Trials

In the year 2009, we pollinated 48-2, an elite maize inbred line widely used in
China, especially in southwestern regions, with the pollens from Zea mays ssp.
mexicana (mexicana) and got the F1 generation. In the following years, we
backcrossed some of the F1 individuals with pollens from 48-2 and self-pollinated
the remaining F1 plants, and developed series of introgression lines (ILs), in-
cluding F6 (hereafter recombinant inbred lines, RIL), BC1F5 (BC1), BC2F4
(BC2), and BC3F3 (BC3) (Figure 1). All ILs of these four generations carried
different proportion of genomic compositions from mexicana under the inbred
background of 48-2.

The ILs were grown in Beibei (29°45'39"N, 106°23'32"E, Chongqing, China)
from 2017 to 2019 with randomized block design where lines were randomized
within population and populations were randomized within replicates. Each
block includes three rows with 4 m row length and 1m row spacing, respectively.
The materials were all bunch-planted within each block (10 bunches per row)
and fixed with 2 individuals each bunch, and the final plant density counted as 5 x
10° plants ha™'. The experiments consisted of 83 lines, including 6 ILs from BCl,
9 from BC2, 19 from BC3, 49 from RIL, and the experimental control 48-2.

2.2. Phenotypic Data Collection and Statistical Analysis

The morphological traits of plant height (cm) and ear height (cm) were collected
from five continuous individuals beginning from the 3™ plant of all individuals
of each line. Ears were harvested at physiological maturity and naturally dried
atabout 37°C for =5 days as done by Liu et al [8]. We then collected ear and
kernel-related traits including ear length (cm), ear diameter (cm), cob diameter
(cm), kernel row number, ear weight (g), cob weight (g), ear-kernel weight (g),
10-kernel length (cm), 10-kernel width (cm), 10-kernel thickness (cm), and
100-kernel weight (g). The kernel ratio (%) was calculated from ear weight and

48-2 (Zea mays L.)$Teosinte (Zea mays ssp. mexicana)

2009 FI1
‘1’® ‘V 48-2

2010 F2 BC1F1

® I

\1, 48-2

2011 F3 BC1F2 BC2F1

o ® I

‘l’® ¢,x 48-2

2012 T BCj, F3 BC\in BC‘:iF1

®x2 ®x2 ®x2 ®x2
2014 F6 BC1F5 BC2F4 BC3F3

Figure 1. Pedigree of introgression lines carrying genomic compositions
from mexicana (Zea mays ssp. mexicana) under maize inbred background
of 48-2.
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cob weight (kernel ratio % = (Ear weight-Cob weight) x 100/Ear weight).

In order to reveal the overall phenotypic performances and statistical differ-
ences between background line 48-2 and all ILs, and 48-2 vs. all four introgres-
sion generations, 7.e. BC1F5, BC2F4, BC3F3, and F6, we performed a descriptive
statistics analysis, and pairwise t-test comparison analysis on the phenotypic da-

ta via R software (Version 3.3.2).

2.3. SNP Genotyping and Descriptive Analysis

42 most rooted ILs, 4 from BCl1, 6 from BC2, 11 from BC3, and 21 from RIL,
were selected for SNP-based molecular characterization. Leaf samples of 42 ILs
and 48-2 were harvested for DNA extraction via CTAB procedure. For SNP ge-
notyping, the Illumina MaizeSNP50 BeadChip containing 56,110 SNPs was used.
Each SNP was re-checked manually to identify any errors in known homozygote
and heterozygote genotypes [15]. A total of 38,751 (69.06%) SNPs showing less
than 20% of missing data, less than 20% heterozygosity and minor allele fre-

quency (MAF) greater than 5% was selected for further analysis [16].

2.4. Genetic Diversity and Population Structure

The prepared dataset was imported into Power Marker V3.25 for counting the
no. of SNPs, and calculating the diversity parameters, including polymorphism
information content (PIC), major allele frequency (MAF), gene diversity, and
heterozygosity [17]. Population structure of these ILs was evaluated using the
software STRUCTURE 2.2 [18]. A subset of 16,330 (29.10%) diverse SNPs was
further screened from 38,751 SNPs according to a more stringent standard as
done by Zhang et al. (missing rate <0.05, gene diversity >0.45) [16]. By running
STRUCTURE 2.2, the number of subgroups (%) ranged from 1 to 10, and five
runs with iterations and burn-in length set to 10,000 were performed. AK de-
scribed by Evanno et al. was used to determine the optimal number of subgroups
[19].

2.5. PCA and Alleles Detection

In addition, the same subset of SNPs used in STRUCTURE has been imported
into Tassel 5 in order to conduct a principal component analysis (PCA) and vi-
sualize the genetic relationships between the ILs and the inbred 48-2 [20]. Final-
ly, these 16,330 polymorphism SNPs were used to detect the alleles shared or
unique between 48-2 and the ILs via the online tool of Venn

(http://bioinformatics.psb.ugent.be/webtools/Venn/).

3. Results
3.1. Overall Performance of All Agronomic Traits

A wide range of phenotypic performance of all characterized traits was observed
among all the IL generations (Figure 2, Figure S1). Though the background line,
48-2, possessed relatively higher average performances on almost all the traits across
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Figure 2. Agronomic performance of all characterized traits of 48-2 and all four IL generations in 2017.

three years, some ILs of different generations, exhibited the maximum perfor-
mances on some of the traits (Figure 2). These results confirmed the phenome-
non of linkage drag that wild relative introgression through pollination usually
leads to negative phenotypic influences to agronomic traits. Besides, some indi-
viduals showing improved performances can also be screened out from the des-
cendants of ILs. And among the ILs descendants from different generations in-
cluding BC1, BC2, BC3, and RIL, ILs of BC1-BC3 exhibited relatively higher
phenotypic performance on most of the traits during the years 2017 to 2019,

while ILs of RIL presented a wider range on these traits.

3.2. Pairwise Comparisons of 48-2 and IL Generations

Pairwise T-test comparison procedure was used to reveal the differences between
48-2 and the IL generations for 14 traits (Table 1). For seven traits repeatedly
characterized in the years 2017 to 2019, four IL generations, Ze. BC1, BC2, BC3,
and RIL, possessed significantly lower plant height than background line of 48-2
in 2017 (P < 0.01), while only BC1 and RIL exhibited similar trends in 2019 (P <
0.05), BC2 exhibited increased plant height than that of 48-2 (P = 0.05), and no
significant difference was observed between 48-2 and BC3 (P = 0.95) (Table 1).
Similar trends were observed for ear height among pairwise comparisons be-

tween 48-2 and four IL generations. Extremely low ear heights were observed

DOI: 10.4236/ajps.2021.127075

1077 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2021.127075

A.R.S. Maazou et al.

Table 1. Pairwise T-test between 48-2 and the IL generations on 14 agronomic traits.

Trait Pair-wise comparison Significance (P value)
48-2 vs. BC1 0.00 (2017)/0.00 (2019)
BC2 0.00 (2017)/0.05 (2019)
Plant height (cm)
BC3 0.00 (2017)/0.95 (2019)
RIL 0.00 (2017)/0.03 (2019)
48-2 vs. BC1 0.00 (2017)/0.89 (2019)
BC2 0.00 (2017)/0.00 (2019)
Ear height (cm)
BC3 0.00 (2017)/0.03 (2019)
RIL 0.00 (2017)/0.81 (2019)
48-2 vs. BC1 0.01 (2017)/0.33 (2018)
BC2 0.19 (2017)/0.00 (2018)
Ear length (cm)
BC3 0.08 (2017)/0.01 (2018)
RIL 0.07 (2017)/0.00 (2018)
48-2 vs. BC1 0.51 (2017)/0.00 (2018)
BC2 0.67 (2017)/0.00 (2018)
Ear diameter (cm)
BC3 0.57 (2017)/0.00 (2018)
RIL 0.46 (2017)/0.00 (2018)
48-2 vs. BCl 0.06 (2017)
BC2 0.15 (2017)
Cob diameter (cm)
BC3 0.13 (2017)
RIL 0.10 (2017)
48-2 vs. BC1 0.02 (2017)/0.08 (2018)
BC2 0.00 (2017)/0.08 (2018)
Kernel row number
BC3 0.00 (2017)/0.17 (2018)
RIL 0.00 (2017)/0.08 (2018)
48-2 vs. BCl 0.01 (2017)
BC2 0.04 (2017)
Ear weight (g)
BC3 0.03 (2017)
RIL 0.03 (2017)
48-2 vs. BCl 0.13 (2017)
BC2 0.18 (2017)
Cob weight
ght (¢) BC3 0.18 (2017)
RIL 0.17 (2017)
48-2 vs. BC1 0.00 (2017)/0.85 (2018)
BC2 0.23 (2017)/0.48 (2018)
Ear-kernel weight (g)
BC3 0.22 (2017)/0.44 (2018)
RIL 0.48 (2017)/0.36 (2018)
48-2 vs. BC1 0.10 (2017)
BC2 0.04 (2017)
10-kernel length (cm)
BC3 0.07 (2017)
RIL 0.11 (2017)
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Continued
48-2 vs. BC1 0.15 (2017)
BC2 0.04 (2017)
10-kernel width (cm)
BC3 0.08 (2017)
RIL 0.04 (2017)
48-2 vs. BC1 0.42 (2017)
BC2 0.46 (2017)
10-kernel thickness (cm)
BC3 0.35 (2017)
RIL 0.26 (2017)
48-2 vs. BCl1 0.33 (2017)/0.90 (2018)
BC2 0.04 (2017)/0.00 (2018)
100-kernel weight (g)
BC3 0.07 (2017)/0.00 (2018)
RIL 0.04 (2017)/0.00 (2018)
48-2 vs. BC1 0.38 (2017)
BC2 0.23 (2017)
Kernel ratio (%)
BC3 0.22 (2017)
RIL 0.48 (2017)

between 48-2 vs. BC1 to RIL (P < 0.01) in 2017, while BC2 and BC3 presented
higher ear height than 48-2 (P < 0.05) in 2019, and non-significant differences
were detected between 48-2 vs. BC1 (P = 0.89) and 48-2 vs. RIL (P = 0.81, Table
1).

For ear length and diameter, significant difference was observed on ear length
between 48-2 vs. BC1 in 2017 (P = 0.01), while no statistical difference were de-
tected on both ear length and diameter among the pairwises of 48-2 vs. BC2,
BC3, and RIL in the same year. On the contrary, the P value for 48-2 vs. BC1 on
ear length in 2018 is 0.33, while for 48-2 vs. other IL generations on both ear
length and diameter were < 0.01 (Table 1).

For kernel row number, the P value for 48-2 vs. BC1 to RIL were all less than
0.05 in 2017, while changing to 0.08 - 0.17 in 2018. In 2017, the ear-kernel
weight of BC1 presented significantly lower than that of 48-2 (P < 0.00), while,
non-significant differences were detected among pairs of 48-2 vs. BC1 in 2018,
and 48-2 vs. BC2 to RIL in both 2017 and 2018 (Table 1). The average perfor-
mance of 100-kernel weight of BC1 is similar to that of 48-2 (2 > 0.05 in both
2017 and 2018), while the average performances of BC2 and RIL were signifi-
cantly lower than that of 48-2 in both years (Table 1). The P value of 48-2 vs.
BC3 on this trait was 0.07 in 2017, while changed to less than 0.01 in 2018
(Table 1).

For all those traits characterized in only 2017, though general decreased per-
formance was observed, the statistical differences were only detected among 48-2
vs. BC1 to RIL on ear weight, 48-2 vs. BC2 on 10-kernel length, and 48-2 vs. BC2
and RIL on 10-kernel width (Table 1).
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3.3. SNP-Based Characteristics and Germplasm Diversity

A subset of 38,751 (69.06%) high-quality SNPs was selected for calculation of
summary statistics. Averages of all SNPs per chromosome for major allele fre-
quency (MAF), heterozygosity, gene diversity (GD), polymorphic information
content (PIC), and number of SNPs are summarized in Figure 3. A little varia-
tion among chromosomes has been observed on MAF, heterozygosity, GD, and
PIC while the number of SNPs showed significant variation, from 2614 on
chromosome (Chr) 10 to 6161 on Chr 1 (Figure 3). The level of MAF was very
high with most SNPs and varies from 0.47 to 1.00. Most SNPs showed low levels
of GD and PIC (2.90% showing GD > 0.45 and 5.80% showing PIC > 0.35). The
allele number varies from 2.41 on Chr 9 to 2.51 on Chr 3. The maximum GD
was observed on Chr 9 with 0.2122 while the minimum GD was on Chr 1 with
0.1761. The PIC varies from 0.1587 on Chr 1 to 0.1859 on Chr 9. Regarding he-
terozygosity, the maximum frequency was observed on Chr 6 with 6.6% while

the minimum frequency was observed on Chr 2 with 3.8%.

3.4. Population Structure and Principal Component Analysis

Bayesian model-based clustering algorithm implemented in STRUCTURE was
used to infer population structure of all tested ILs and it was run for the number
of fixed subgroups & from 1 to 9. The AK value was calculated for each k. The
analysis of AK line plot (Figure 4(a)) indicated that the optimal number of
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Figure 3. Summary of the 38,751 SNPs used for genotyping the inbred
line 48-2 and 43 maize introgression lines carrying genomic composi-
tions from mexicana. Major allele frequency (MAF), heterozygosity,
gene diversity (GD) and polymorphic information content (PIC) are
averages of all SNPs per chromosome.
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Figure 4. Population structure of maize inbred line 48-2, mexicana and introgression
lines estimated from 16,330 SNPs. (a): AK calculated for K = 1 to K = 10 according to
Evanno et al. (2005); (b): Bar plot of assignment proportions from STRUCTURE analy-
sis at K = 2 for maize inbred line 48-2 (red) and 42 introgression lines with mixture
genetic ancestry from 48-2 and mexicana; (c): Bar plot of assignment proportions from
STRUCTURE analysis at K = 3 for maize inbred line 48-2 (red) and 42 introgression
lines with mixture genetic ancestry from 48-2 and mexicana. Red in both (b) and (c)
prefers to the genomic compositions from background line 48-2, while the other colors
in both (b) and (c) refer to those from mexicana.

subgroups is two and three as there are peaks at these & values. When & = 2,
structure analysis revealed 100% of membership of reference individuals 48-2
(Figure 4(b)). As expected, The ILs had a mixture of genetic ancestry from the
inbred line 48-2 and mexicana (Figure 4(b)). The lowest frequency of introgres-
sion was observed on BC3 individuals with 0.50% of genetic ancestry from mex-
Icana while BC2 and RIL individuals showed very high frequency of introgres-
sion with 29.06% and 18.52% genomic region donated by mexicana respectively
(Figure 4(b)). Assignment at higher & value (< = 3) continued to indicate strong
membership of reference individuals, low frequency of introgression on BC3 in-
dividuals and high frequency of introgression on BC2 and RIL (Figure 4(c)).
The result of the PCA showed clear separation of the ILs and good agreement
with the result from Structure analysis (Figure 5). The first two principal com-
ponents (PC1 and PC2) clearly indicated that individuals from BC3 generation
were the closest to the inbred line 48-2 (Figure 5). The BC3 individuals were
followed by individuals from BC1 which were relatively close to the inbred 48-2.
RIL and BC2 individuals were dispersed far from the inbred 48-2 (Figure 5).
PC1 and PC2 accounted respectively 12.4% and 6.8% of the genetic variation in
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Figure 5. Principal component analysis plot based on 16,330 diverse SNPs for inbred
48-2 and 42 introgression linesderived from 48-2 x Mexicana.

this set of maize lines.

3.5. Allele Dissection

The subset of polymorphic SNPs used for structure and PCA has been used to
extendedly compare the background 48-2 with the ILs. The number of shared
alleles and unique alleles separately belonged to the ILs is presented in Figure 6.
Totally, 42,507 alleles were detected by 16,330 SNPs among 42 ILs and 48-2,
among which, 45.71% (19,431 alleles) were only detected among 42 ILs, and no
unique allele was detected within background line of 48-2, the rest 23,077 alleles
(54.29%) were shared between 48-2 and ILs (Figure 6(a)). When we compared
48-2 and one of IL generation, the proportions of unique alleles detected was
lowest (14.27%, 3842 alleles) within BC3, and highest within BC2 (38.44%, 14,411
alleles) and RIL (37.82%, 14,037 alleles), and the proportion of BC1 was mod-
erate (26.57%, 8351 alleles) (Figure 6(b), Figure 6(c) and Figure 6(d)). The
proportion of unique alleles ranged dramatically when 48-2 was compared with

all of 4 generations simultaneously, from 0.14% within BC3 to 6.61% within RIL
(Figure 6(f)).
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Figure 6. Extended comparison of polymorphism SNPs between 48-2 and 42 introgression lines derived from 48-2 x mexicana.

4. Discussion

Genetic diversity serves as the important potential base for line screening and
germplasm improvement in maize breeding. While the level of genetic diversity
decreased significantly during domestication, as well as the several artificial and
natural selections during breeding procedures, posing s serious threat to yield
improvement of maize varieties [21] [22]. In order to widen the diversity level,
and enrich the genetic variations of the potential parental lines in maize, breed-
ers and scientists tried a lot to seek the way out, including introduction genetic
variations from wild relatives of maize [9] [23]. Several studies have successfully
introgressed mexicana germplasm into modern maize cultivars using successive
backcrossing and self-pollination to expand the limited germplasm of maize [24]
[25]. Recently, Liu et al. developed near-isogenic introgression lines (NILs) with
greater allelic diversity than modern maize inbred lines from 10 teosinte acces-
sions in the B73 background using backcrosses and self-pollination [23]. Here,
our ILs were developed using the maize inbred 48-2 as the recurrent parent and
mexicana as a donor. 48-2 was an elite inbred line released by Prof. Rong Tingzhao
from Sichuan Agricultural University (Sichuan, China), exhibiting high com-
bining ability, and well adaptation to various environmental conditions in
Southwest China, and was awarded the 2" Prize of China National Technologi-
cal Invention in 1996. In recent years, researchers and breeders are seeking po-
tential ways to further improve the yield performance of 48-2, especially its bio-

tic and abiotic tolerance to the frequent changing environmental conditions.
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Among our ILs with mexicana as donor, the overall phenotypic performance
of BC1, BC2, and BC3 were intermediate between mexicana and 48-2. This ob-
servation is in line with previous researches by Briggs et al. and Wang et al. [7]
[26]. In addition, some ILs of RIL showed mexicana-like traits such as reduced
kernel row numbers and size of kernels. This is consistent with previous reports
suggesting that hybrids plants produced by pollinating mexicana with maize had
some traits of the wild parent [7]. Besides the characterized traits, we also ob-
served some distinctive phenotypes differed from 48-2, including fragile cob,
premature senescence, kernels with twin embryos, tween ears, kernels encased
by fruitcases, very small kernels, stay green, shortened internodes, and so on.

In crop breeding activities, introgressing alleles from wild relatives to improve
the parental lines mainly focused on quality and tolerance related traits, and the
phenomenon of linkage drag usually causes negative effects to agronomic traits
of introgressive descendants [27] [28]. Though wide range of phenotypic changes
were observed among all the characterized agronomic traits of four IL genera-
tions in the present study, most of these changes exhibited decreasing trends
(Figure 2, Figure S1), similar to those reported in both maize and other crops
[29] [30].

These negative changes, or the effects caused by linkage drag, of all the IL
generations might not influence the mining of target alleles for interest traits,
while for breeding utilization of these ILs, more and intensive efforts should be
laid to tolerance or quality related traits, such as the content of protein, oil,
starch, and potential tolerance to limited water and fertilizer supply, higher
temperature, or insects attack or pathogens infection, rather than the agronomic
traits. Additionally, by integrating the characterization of agronomic traits and
intensive quality or tolerance identification of these ILs, candidate NILs with
improved quality or tolerance and non-significantly changed agronomic traits
might be screened from all these ILs, and serve as enhanced alternatives of 48-2
in the maize breeding in Southwest China.

From the intensive SNPs genotyping, we have found credible evidence of mex-
Icana introgression into maize ILs. Our structure analysis clearly indicated that
mexicana has made genomic contributions to maize ILs, suggesting that the in-
trogressed segments in these lines maybe contains genes conferring some traits
of agricultural importance. A similar suggestion was made by a recent study
conducted by Yang ef a/. who estimated that about 10.7% of maize genomic re-
gions which may have contributed to genetic improvement were introgressed
from mexicana [24].

As expected, the genotypes of the backcross generations were close to 48-2
with a low frequency of mexicana introgression except for the generation of BC2
which surprisingly showed very high frequency of introgression. This might re-
sult in the natural and artificial selection in the generation BC2, in which indi-
viduals with less alien genomic composition were discarded. In confirmation of

their mexicana phenotype, the self-cross generations showed very high frequen-
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cy of mexicana introgression. These observations were confirmed via PCA of
16,330 diverse SNPs (Figure 5).

It was reported that crossing between maize and its wild relatives, ie. Zea
mays ssp. mexicana, provided potential alleles for resources improvement [24].
In the present study, 42 most rooted ILs between the cross of maize and mex-
Icana were characterized. This sample size is somewhat small, while some dis-
tinctive traits and alleles or genetic variations were identified (Figure 2, Figure
6), which suggested that the maize- mexicana ILs in the present study possessed
potential variations for the further screening. On the other hand, whether these
introduced alleles from mexicana linked to those changed traits, or the loci con-
ferring these traits remain ambiguous. Genome-wide association studies (GWAS)
and linkage analysis, Ze. QTL mapping with the genotypic and trait data from
inbred 48-2 and the ILs will be necessary to identify loci responsible for the dis-
tinctive traits and the phenotypic differences between maize inbred 48-2 and the
ILs.

5. Conclusion

Introducing genetic variation from wild relatives is a potential way to widen the
genetic bases of breeding lines in maize. in the present study, we characterized
an introgression population between the cross of maize and mexicana, and the
phenotypic performance of the maize- mexicana ILs indicated that these ILs inhe-
rited some distinctive alleles from mexicana. This was confirmed by the SNP-based
molecular characterization of the generations by self- and backcross-pollinating.
Our results suggested that introgressing mexicana into maize germplasm to
produce ILs might provide the breeder with a broad source of variation which is

necessary for maize germplasm improvement.
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Figure S1. Phenotypic performances of the repeatedly characterized traits of 48-2 and all four IL generations in 2018 (ear length,
ear diameter, kernel row number, ear-kernel weight, and 100-kernel weight) and 2019 (plant height and ear eight).
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