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Quantitative trait locus mapping for low-temperature
germination ability in maize

TIAN Borui', ZHAO Liangjing', LI Xuhu#®, LI Li', CHEN Quanquan', WANG Jianhua',

GU Riliang', DU Xuemei'”
(1. College of Agronomy and Biotechnology/ State Key Laboratory of Maize Bio-Breeding, China Agricultural University,
Beijing 100193, China;
2. Institute of Nanfan and Seed Industry, Guangdong Academy of Science, Guangzhou 510316, China)

Abstract Low-temperature stress during early spring poses a major constraint on maize production in northern
China and other high-altitude regions. Mining genetic loci associated with low-temperature germination (LTG)
tolerance is therefore essential for developing resilient cultivars. In this study, an F. segregating population
consisting of 209 families was developed from a cross between ‘C181’,a cold-tolerant inbred line unique to
Chengde, Hebei Province, China, and the elite but cold-sensitive line ‘PHBWC’. The population was subjected
to cold-soaking germination tests, with germination rate, seedling length, and root length under low temperature

used as indicators of LTG tolerance. Genome-wide genotyping was performed using a 3. 5K liquid SNP array,
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followed by construction of a genetic linkage map and detection of LTG-related quantitative trait loci (QTL) via

inclusive composite interval mapping (ICIM). A linkage map spanning 3 772. 25 cM was constructed with 911

polymorphic SNP markers, yielding an average marker interval of 4. 14 cM. A total of 14 QTLs were identified,

including 11 for cold-soaking germination rate, one for seedling length, and two for root length. These QTLs

individually explained 2. 33% to 8. 27% of the phenotypic variance. Within the two QTL intervals with the highest
contributions, Zm00001d007153 (encoding a hypoxia-responsive protein) and Zm00001d049926 (encoding
an enzyme involved in gibberellin metabolism) were prioritized as candidate genes associated with seedling

length and germination rate, respectively. Our results demonstrate that the cold-soaking germination assay is

an effective method for mapping QTLs underlying LTG tolerance in maize, and that the unique Chinese cold-

tolerant germplasm ‘C181’ can serve as a valuable resource for uncovering novel genetic loci. This study

provides critical information for subsequent gene cloning and genetic improvement of low-temperature tolerance

in maize.

Keywords maize; seed germination; cold tolerance; QTL mapping
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(a) FRAEBT K

(a) Standard germination

(b) BRI A
(b) Cold-soaking germination

E1 ‘C18I'5‘PH6WC’'BEXZMIRAETHE (a)F1AREIHE(b)REIFLE (LLFIRA 1 em)

Fig. 1 Phenotypic comparison between *C181” and ‘PH6WC’ inbred lines under standard germination (a)

and cold-soaking germination (b)(Bar=1 cm)
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as mean £ standard deviation. Statistical significance was analyzed using a two-tailed ¢-test, with * indicating P << 0. 05, ** indicating P << 0. 01,

and ns indicating no significant difference. The same below.
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Fig. 2 Germination rate (a), shoot length (b), and root length (¢) of the ‘C181 and ‘PH6WC’ inbred lines

under different treatment conditions
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Fig. 3 Comparison of leachate electrical conductivity (a) and relative electrical conductivity (b) between ‘C181” and ‘PHE6WC’

inbred lines under cold-soaking germination
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Table 2 Correlation between the three phenotypes under standard germination

PEAR KR GRS SN

Trait Germination percentage Seedling length Root length
A} - $ . 1.00
Germination percentage
ik 0.23" 1.00
Seedling length
Rk 0.19” 0.87" 1.00

Root length
TR MK P<<0. 01, R,

Note: ** denotes statistical significance at P<<0. 01. The same below.
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Table 2 Statistical analysis of the germination phenotype under standard germination

A . " . 5t R 0 R
o BRI g e 2 w ow AR W
) Number of .y ) Coefficient of Range of
Trait Average Standard deviation Skewness  Kurtosis . e
sample variation variation
Germination 552 0.88 0.11 —1.31 2.36 0.12 0.36~1.00
percentage
(RS
. 552 6.25 2.71 0.63 0.00 0.43 1.61~15.54
Seedling length
Rk 552 11.46 4.23 0.52 —0.52 0.37 4.11~25.84

Root length
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Table 3 Correlation between the three phenotypes under cold soaking germination

PR o S Hi K K
Trait Germination percentage Seedling length Root length

Germination 1.00

percentage

e

ik . 0.24" 1. 00

Seedling length

ko 0.257 0.80™ 1.00

Root length

R4 TEMNEHECERRFREBESIT

Table 4 Statistical analysis of the germination phenotype under cold soaking germination

75 &
Be A dit b ifi 22 . i it ¢
F 1 SR - 1/ S fi ¢ W i B/% .
] Number Standard . e Range of
Trait Average . Skewness  Kurtosis  Coefficient P
of sample deviation o variation
of variation
& % % Germination percentage 209 0.75 0.18 —1.22 0.97 0.25 0.17~1.00
M K Seedling length 209 4.77 1.86 0. 36 —0.17 0.39 1.16~10. 48
K Root length 209 8.99 2.66 0.66 0.23 0. 30 3.36~17.26
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Fig. 4 Frequency distribution of germination percentage (a) .seedling length (b) and root length (c)

under cold-soaking germination
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Table 5 Number of SNP markers and genetic distance statistics

USRURTS Fric £ QR R E /M bR ] ¥ 55 i /eM
Chromosome Maker number The length of chromosome  Average spacing between each maker
1 159 628. 37 3.95
2 82 437.67 5.33
3 22 230. 90 10. 50
4 161 519. 83 3.22
5 84 412.76 4.91
6 95 338.25 3.56
7 124 373.31 3.01
8 40 255. 36 6.38
9 79 271.35 3.43
10 65 304. 45 4.68
&1t Total 911 3772.25 4.14
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Table 6 QTL mapping of the population under cold soaking germination
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GP2-1 156 M2e3s1ol472—= 9.62 6. 39 0.07 154. 50—157. 50
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7=k ‘ M2c217302341 ' ' o Som TR
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i M1c45520473 ' ' a B B
RLI-2 546 Mlez62451989 = 2.78 3.95 0.80 540. 50— 557. 50
Ca M1c268879977 ' Y ‘ OOl

T : SNP ARic v 44 MU : M(Marker) + e {65 + 7k} e+ R IC1E B73 RefGen V3225 3 4L L (¥4 L
Note: The SNP markers are named according to the following convention: “M” (for Marker), followed by the chromosome number, the

letter “c”, and the physical position of the marker on the B73 RefGen_V 3 reference genome.
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