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Analysis of Resistance Inheritance and QTL Mapping of
Sweet Potato Stem Nematode Disease

YAN Hui, ZHANG Chengling, ZHANG Yungang, MA Jukui, MA Meng, SUN Houjun, LI Qiang
(Xuzhou Institute of Agricultural Sciences in Jiangsu Xuhuai District/Key Laboratory of Biology and Genetic Improvement of
Sweetpotato, Ministry of Agriculture/Jiangsu Xuzhou Sweetpotato Research Center, Xuzhou 221131)

Abstract: Sweet potato stem nematode disease (SPSND), caused by the Ditylenchus destructor Thorne, is
a quarantine disease that seriously affects the yield and quality of sweet potato. Identifying resistance genes and
breeding resistant varieties through molecular design is an effective way to control SPSND. In this study, the
resistant sweet potato variety 'American Red' (male parent) was pollinated with the susceptible variety
"Xuzishu8' (female parent) to generate a segregating population of 274 F, progenies. The F, progenies were
evaluated for their resistance to SPSND using an artificial inoculation method. The resistance to SPSND was
observed showing continuously distribution a skewed peak. The relative incidence volume ratio of SPSND was
significantly positively correlated with the expansion diameter and expansion length, but not correlated with the
tuber diameter, tuber length, and length-width ratio. That indicated that the size and shape of the tuber were un-
correlated with the resistance severity. The heritability of the relative incidence volume ratio of SPSND resistance
was 75.7%, indicating that resistance was mainly controlled by genetic factors. Based on the previously-
published genetic map, QTL mapping for resistance was performed, identifying 10 tightly linked QTLs, each of

which might explain 6.6%-10.7% of the phenotypic variation. The candidate gene functional annotation revealed
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that pathways such as phenylpropanoid biosynthesis, plant hormone signal transduction, and plant-pathogen

interactions were likely involved in disease resistance stress. Out of five key candidate genes that were analyzed

for quantitative expression analysis, the expression level of the candidate gene itf13g19570 was significantly

increased after inoculation with stem nematode. Collectively, this study provided a basis for future identification

of SPSND resistance genes and the analysis of their resistance mechanisms.

Key words: sweetpotato stem nematode disease; F,population; heritability; QTL mapping; functional

annotation of candidate genes
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itf13g19400.t1 GGGTTCCCGATTTGGATGGT ATCCCCGGTAGACAACTCGA 137
itf13g19480.t1 TGCTCTCGGTGTTGCATCTT TGTGAGGGCCGAGATACAGA 74
itf13g19570.t1 AGCCGTTTGTGAATTGGTGC ACAATGGAGAGCGCTTCACA 119
itf13g19580.t1 CCTGGCATCAGACCCAATGT GCTCCACCATGTCCATCACA 135
itf13g19620.t1 GAGATCATCCCTGCCTCAGC AAGCTGAACCTCGGTGGATG 137
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Fig. 1 Identification results of resistance to extension of SPSND
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Fig. 4 Normal distribution analysis of traits related to resistance to expansion of SPSND
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Table 2 Correlation and heritability analysis of traits related to SPSND resistance

PR YR TR ERZ B PRKE XA BERKIE L]
Traits D d L 1 VR LW Heritability
HYHAZD 1.000%%** 0.530%%%* -0.062 -0.022 -0.063 ~0.605%** 0.505
PIREREd 1.000%%** 0.131 0.614%%* 0.661%** —0.228%** 0.618
YKL 1.000%%** 0.247** 0.094 0.806%** 0.399
PR 1.000%*%* 0.926%*% 0.181% 0.812
AEXT R IR AT L VR 1.000%#% 0.089 0.757
YK I LW 1.000%** 0.541

* ek ik 3 I IRTE 0.05.,0.01,0.001 /K F 225 B

ok xk k¥ respectively indicate significant differences at the 0.05, 0.01 and 0.001 levels
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Table 3 QTL mapping of resistance to SPSND

AT I B ARG 22 s AR L R 4 G0 o 25
RS A Mg A XA (6 3) o FLH AR A 14
AL 7 5] 54~ QTL, 4354 qVR13-1 .qVR13-2,
qVR06-1.qVRI12-1 f1qVRI15-1, fi##¥ 6.6% ~ 9.5% K
TR (K 5) . kR I e M3 54 QTL {7
R BB T.6% ~ 10.7% R AVE 5 (K 3) o x4
SR A DA e L DR ) A | 8 R TR A o
PRI H AR

IXTH] Y
FRicEL
’ FHIX [i] DU RS
‘ QTL% 8 . ‘ - ” rop T g o T
PER AR oTL - i E (cM) XTR] R/ YyPRfE (bp) (cM) i k3 « £
markers
Traits Year Position (cM) Interval  Physical position Physical (%) . Annotated
name LG X LOD within
interval PVE genes
the
interval
PivESEg 2020 gRII3-1 LGI3  59.556~59.556 0 20845451~20845451 0 3.08 8.00 1 1
RI
qRI13-2 LGI13 60.658~60.658 0 20689476~20832718 0.14 3.08 8.10 2 21
2021  qRIO6-1 LGO6 6.406~12.320 591 1882576~2123962 0.24 330 7.60 7 12
2022 qRII2-1 LGI12 25.360~31.462 6.10 18742954~20579797 1.84 3.34  8.50 19 264
qRII5-1 LG15 107.230~142.460 35.24 2994038~4475375 1.48 426 10.70 16 272
FXT ARG 2020 qVRI3-1 LGI3  59.556~59.556 0 20845451~20845451 0 252  6.60 1 1
AR
VR qVRI13-2 LGI13 60.658~60.658 0 20689476~20832718 0.14 2.53  6.70 2 21
2021 qVRO06-1 LGO6 6.406~11.213 4.81 1882576~2123962 0.24 413 9.40 6 12
2022 qVRI12-1 LGI2 20.757~31.462 10.70 18742954~21011728 2.27 343  8.70 28 349
qVRI15-1 LG15 108.598~127.496 18.90 2994038~4436635 1.44 3.79  9.50 12 268

LG :Linkage group; PVE:Phenotypic variation explained; The same as below
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Fig.7 Analysis of expression patterns of candidate genes
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