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Abstract [ Objective] The study aims to reveal the molecular mechanism of the formation of seed numbers
per pod in Brassica juncea L. and Brassica crops, and lay a foundation for improving the yield and breed-

ing of B. juncea. [Methods] In this study, 221 recombinant inbred lines (RILs) were engineered using
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the B. juncea L. We analyzed the additive quantitative trait loci (QTL), additive/additive epistatic
effects, and genotype/environment interaction effects on the seed numbers per siliqua in mustard-type
rapeseed across five distinct environmental settings. [ Results] We identified a total of seven additive QTL
associated with the number of seeds per siliqua, predominantly localized on chromosomes A02, A03, A05,
A08, B02, and B0O3 of mustard-type rapeseed. The magnitude of additive effects ranged from —11. 642 4
to 4. 524 6, among them, ¢SS2-71 had the highest additive effect and transmission rate, reaching
—11.642 4 and 14.44%, respectively. The remaining six additive QTL exhibited less pronounced additive
effects and heritabilities. Moreover, the study detected seven pairs of additive/additive QTL interactions
influencing the number of seeds per siliqua and their corresponding interactions with the environment. The
effects of these epistatic QTL interactions ranged from —4. 930 8 to 4. 193 6, with the genetic effects of
these interactions across different environments was approximately zero. Broad-sense heritability of the
number of seeds per siliqua trait was 80. 98% , while the narrow-sense heritability was 30. 98%. [ Conclusion |
Although the number of seeds per siliqua in mustard-type rapeseed is influenced by environmental factors,

the additive effects governing this trait appear to be minimally impacted by the environment, and the epi-

static QTL interactions are not substantial.
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Table 1 Seed numbers per silique of parent. F, and RIL populations in five environments
= it

gw  REXsER mAXssm wmtk FRERES g g ZREECL

Envi e Parent X568 Parent X396 Means . Ranges . S o<
nvironments Jgranule Jgranule Jgranule generations of RIL coefficients Skewness Kurtosis

g g g /granule /%

2019HZ 11.39+0. 24 18.01+0. 33 14. 70 15. 14 7.57~20.57 13. 96 —0.3357 —0.434 6
2019SJZ 11.68+0. 36 16.82+0. 27 14. 25 14. 96 7.39~21.71 13. 85 —0.319 8 —0.310 7
2020HZ 10.89+0. 27 17.30£0. 19 14.09 15.41 7.03~20.94 16. 10 —0.3286 —0.713 0
2020XN 12.36+0. 31 18.42+0. 29 15. 39 15. 69 7.83~20.92 14. 96 —0.440 0 —0.505 14
2021XN 13.17+0. 22 18.00+0. 32 15.58 17.08 5.40~23. 87 18.13 —0.272 6 —0.237 8

W :2019HZ.2019S]JZ.2020HZ.2020XN, 2021 XN 43 Bt % 2019 4EF1 2020 4E 19 B B (HZ) . 2019 4E 1Y P 5 2E (SJZ) . 2020 4EF1 2021 4E 1

PHF (XN,

Note: 2019HZ, 2019SJZ, 2020HZ, 2020XN, and 2021XN represent phenotyping in Huzhu (HZ) from 2019 and 2020, Sunjiazhai(SJZ)

from 2019, and Xining(XN) from 2020 and 2021, respectively.

Bl PSRl SRR AR R X568 A1 X396 AAFRLER I
Fig.1 Seed number of B. juncea lines X568 and X396
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Table2 QTL variance analysis of seed umbers per silique

Vi Vi /% Vere/Van /% hin /%

h%n/%

h%/\‘FAA)/% h?/\l—:)/% h’%ll—:)/% h%API+AAPI)/%

80. 98 19.02 30. 98 10.79

41.77 0.00 0.33 0.33

T G BN 5 P MR ZR L B BRBERNAE 51 ° L 8044 5% 5 AL SR 5 1. (LA

Note: G, genetic effect value. P, observed value of traits. E, environmental effect value. h”, heritability. A, additive effect. I, epistatic

effect.
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Table 3 QTL for seed numbers per silique and its heritability

QTL AR L X ] £ i ] A e
Intervals Positions Ranges Additive effects hiin /%
qSS2-71 C02B071-C02B072 36.4 35.9~37.0 —11.642 4 14. 44
qSS2-99 C02B099-C02B100 45.3 44,4~46. 2 —7.358 5 5.07
qSS3-6 C03B006-C03B007 3.3 2.4~4.3 4.524 6 2.18
qSS5-43 C05B043-C05B044 30.9 29.9~32.3 —4.322 0 1.99
qSS8-32 C08B032-C08B033 10.1 9.2~10.5 3.694 3 1. 45
qSS12-25 C12B025-C12B026 25.0 23.2~28.0 —3.133 5 1. 05
qSS13-87 C13B087-C13B088 81.4 80.2~82.4 —6.193 9 4.09
R4 SHFNENYQIL EXREFMEMNELH
Table 4 QTL environment interaction and heritability of seed numbers per silique
QTL 5% HAERW QTL X environment interaction HAETTHRZ Interaction contribution rates/ %
art AE, AE, AE, AE, h %.’\El ) l"fm-:z ) h %/\1-13 ) h %/\1-31 ) h’%m-zs )
qSS2-71 —0.0002 —0.000 0 0.000 2 0.000 1 —0.000 1 0. 00 0. 00 0. 00 0. 00 0. 00
qSS2-99 —0.000 3 0. 000 0 0. 000 3 0.000 1 —0.000 1 0. 00 0. 00 0. 00 0. 00 0. 00
qSS3-6 0.0000 —0.000 2 0.000 1 —0.000 1 . 000 2 0. 00 0. 00 0. 00 0. 00 0. 00
qSS5-43 —0.2325 —0.107 3 0.295 5 —0.005 1 .050 7 0. 00 0. 00 0. 00 0. 00 0. 00
qSS8-32 0.0001 —0.000 2 0.000 0 —0.000 0 .000 1 0. 00 0. 00 0. 00 0. 00 0. 00
qSS12-25 0.000 1 0.000 1 0.000 2 —0.000 3 . 000 0 0. 00 0. 00 0. 00 0. 00 0. 00
qSS13-87 —0.0001 —0.000 0 0.000 1 —0.000 1 .000 1 0. 00 0. 00 0. 00 0. 00 0. 00
Fiogls
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Fig.2  Analysis of main effect QTL of seed numbers per silique
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Letters and digits refer to the code of chromosomes on the left. The red dots refer to QTLs with additive effects,
and the black dots indicate QTLs without additive effects. The red lines indicate epistatic effects between QTLs.

The numbers below the QTL are the positions of the markers on the genetic map (cM).

Fig. 3 Epistasis effect of QTLs for seed numbers per silique
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