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Abstract: Rind penetrometer resistance (RPR) is an important index that can be used to measure mechanical
strength and lodging-resistance capability of maize stalk. In this study, a total of 198 recombinant inbred lines developed
from waxy maize inbred lines Hengbai 522 and Tongxi 5 were used as test materials to perform quantitative trait locus
(QTL) analysis and genomic selection (GS) study of RPR. Four QTLs for waxy maize PRP were detected by individual en-

vironmental QTL analysis, and contribution rate of phenotypic variation for each QTL was below 10. 00% and was detected

only in individual environment. Eight QTLs were detected

oS H 25 :2023-08-11 to interact with the environment by multiple environmental

EETH LA R ERE A A28 TR H (TJ-2023-052) ; QTL analysis, the additive effect could explain a total of
TLIRAE T IR BB H T H (JBGS[2021]054) 5 T4 24. 64% phenotypic variations, and the contribution rate of
AR [ QRS H [ CX(23) 1043 ] 5 11954 5 Al
BRI 5 H (BE2022343)  1TIR BUARAR ™ b B AR e R
BRI
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IR B OK 8% 7 A5, (E-mail ) 2240114725 @ qq.
com

WIAEE B K, (E-mail ) gfzhou88@ jaas.ac.cn relatively high prediction accuracy could be obtained by

interaction between additive QTL and environment was
17.51%. Four pairs of QTL-QTL interactions were detec-
ted by epistatic QTL analysis, which could explain 8. 25%
of the phenotypic variation. In GS, when the training pop-

ulation size occupied 80% of the total population size, a
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selecting 500 markers randomly. However, the genome selection prediction accuracy could be significantly improved by u-

sing top 200 markers for logarithm of odds values based on QTL analysis results of individual environmental.
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Table 1 Statistics analysis of rind penetrometer resistance in bi-parents and recombinant inbred line population

SEASZEHF 2SR (N/mm? ) F4l [ 38 RBHA
R i 522 HWRS %ﬁf nﬂiﬁ;rﬁ (Nj{jiz) {6353 i W 1H
El 36.23+1.03a  26.58+1.17h 31.55+4.06 21.98~41.43 -0.23 0.15 0.98
E2 37.35:1.86a  31.43+2.83b 35.22+4.76 19.55~46.95 -0.00 -0.06 0.98
E3 27.95+2.83a  21.81£2.07b 28.94+4.14 20.74~41.04 0.27 0.52 0.98
BLUP 34.81+4.43a  25.68+5.78b 31.90+1.56 28.57~35.54 -0.58 0.05 0.97

E1.E2 E3 73513675 2017 4E 2018 4F 2019 4F 3 4N3R%E ; BLUP 2R i AELR % J0 I U ; W {5 %71 Shapiro-Wilk {8, EARIE G AR/NG 74
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Table 4 The QTL detected for rind penetrometer resistance in individual environment QTL analysis

JTHE B R BB YR LOD {& FAIA 5 B“:F"]k%—( %) SN,
QIL  fn ARCXH (eM) M
7N ¢ b) El E2 E3 BLUP E1I E2 E3 BLUP El E2 E3 BLUP
qwRPR2 2 SYN3307~SYNI14434 173.50~176.03 1528~1590 021 398 095 202 046 642 132 425 028 131 -049 032
quwRPR4 4  SYNI11695~ PZE- 104014447 18.56~20.23  12.57~1341 001 5.63 006 121 001 9.05 0.09 251 -0.04 -1.56 -0.13 -0.25

quwRPRS5 5 SYN35417~PZE-105068719 149.91~150.25 65.15~70.05 437 067 035 150 6.77 1.13 052 292 120 051 031 027

quwRPR8 8 PZE-108086423 ~ PZE-108094362 126.46~127.14 14538~150.72 0.05 424 212 251 015 939 498 9.17 -0.16 -1.59 -0.93 -047

E1.E2 E3 BLUP JL# 1 i, YRR B ARYE E oKk B73 45 3 BUARKEAHAE . QTL Brit VMR AL s 3800, v, IEE 75 ok A i 1 522 B9 TRk,
FUEFAR AR 5 AYTTEL, LOD i ML H HIN A,

#5 SAWE QTL ST NEIMZF FRIEREME QTL RESMEEEX T

Table 5 Additive QTL and their environment interaction effects detected for rind penetrometer resistance in multiple environments QTL anal-

ysis
[ IR AR 5 R R )
Je@lk Yy Fric X [ LOD fif S HAETTRRE TR R
(cM)
(%) (%)

1 52 PZE-101209391 ~ PZE-101209039 6.67 2.55 1.95 -0.43
2 35 SYN7488 ~ SYN38295 5.30 2.30 1.21 -0.41
2 144 PZE-102085188~ SYN3927 5.62 2.89 0.51 -0.46
2 174 SYN3307-SYN14434 6.24 2.41 3.38 0.42
4 20 SYN11695~PZE-104014447 6.89 3.11 4.71 -0.48
5 150 SYN35417 ~ PZE-105068719 6.88 4.21 1.79 0.56
8 127 PZE-108086423 ~ PZE-108094362 8.02 4.56 1.99 -0.58
9 36 PZE-109024797 ~ PZE-109025421 5.56 2.61 1.97 0.45

IR, IEE Rk B AT 522 BYSTRR, SUER 7Rk FOB 2 5 B 5Tk, LOD {B : AL X HUE
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Table 6 The QTL and QTL interaction effects detected for rind penetrometer resistance in epistatic QTL analysis
% fic 2t I BRI g ae
et ik (M) FRic X [a] LOD fi TR (%) LR
2X6 90x85 PZE-102122774~SYN7203xPZE-106042934 ~ PZE- 106040890 5.55 1.58 -0.49
3x7 10x15 PZE-103183436 ~ PZE-103185890xPZE-107135434 ~ PZE-107134586 7.83 2.80 0.65
4x7 15x120 PZE-104005482 ~ PZE-104009209xPZE-107051277 ~ PZE-107045659 5.68 1.80 -0.53
6x8 125%25 PZE-106005295 ~ PZE-106001445xPZE-108002910 ~ PZE-108004315 6.21 2.07 -0.56
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Fig.1 Prediction accuracy and marker effect of genomic selection for rind penetrometer resistance in different environments
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Fig.2 Effects of training population size on prediction accuracy

of genomic selection for rind penetrometer resistance
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Fig.3 Effects of marker density on prediction accuracy of genomic selection for rind penetrometer resistance
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