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P5-02

Fine mapping of the Me7 gene controlling resistance to
Root-Knot Nematode (Meloidogyne incognita) in chili pepper

Amornrat Changkwian', Ji-Woong Han', Joung-Ho Lee',
Gyung-Ja Choi* and Byoung-Cheorl Kang'

! Department of Plant Science, Plant Genomics and Breeding Institute, and Vegetable
Breeding Research Center, College of Agriculture and Life Sciences, Seoul National
University, Seoul, Republic of Korea

? Research Center for Biobased Chemistry, Korea Research Institute of Chemical
Technology, Daejoen, Republic of Korea

Meloidogyne incognita is a root-knot nematode causing severe yield reduction to pepper (Capsicum
annuum) cultivation worldwide. The Me7 gene has been reported as a resistance gene localized on long
arm of the chromosome P9. The objective of this study was to fine map the Me7 gene using 503 F2
individuals derived from a cross between ECW30R and CM334. Phenotype screening was performed by
inoculating 1,000 second-stage juveniles per individual. The disease was scored 45 days of post inoculation
using gall index system. The screening results depicted 391 resistant and 112 susceptible plants, which fit
into 3:1 ratio confirming the resistance is controlled by a single dominant gene. The fine mapping was
initiated using previously published PCR-based markers that are located at 4.3 and 2.7 ¢cM from the Me7
gene. To further narrow down the candidate gene interval, additional SNP markers were developed using
CM334 reference genome information, yet no closer marker has identified. Therefore, Ren-Seq analysis
was performed to locate the NB-LRR candidates that clustered between and nearby the flanking markers.
At present, 22 NB-LRR candidates were identified in the flanking region. In addition, an F5 recombinant
inbred lines carrying resistant gene are being screened to obtain a solid phenotype inheritance pattern. The
candidate gene discovery will facilitate the breeding programs for the crop improvement against root-knot
nematode in pepper.

Keywords: root-knot nematode, resistance gene, fine map, SNP marker, NB-LRR candidate
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Fine Mapping of the Me7 Gene Controlling Resistance to Root-Knot
Nematode (Meloidogyne incognita) in Chili Pepper

Amornrat Changkwian?, Ji-Woong Han?, Jong-Ho Leel, Jin-Kyung Kwon!?, Gyung-Ja Choi?, and Byoung-Cheorl Kang!*

!Department of Plant Science, Plant Genomics and Breeding Institute, and Vegetable Breeding Research Center,
College of Agriculture and Life Sciences, Seoul National Univer: Seoul 151-921, Republic of Korea
2 Research Center for Biobased Chemistry, Korea Research Institute of Chemical Technology, Daejoen 305-600, Republic of Korea
* Corresponding author Byoung-Cheorl Kang, bk54@snu.ac.kr, +82-2-880-4563

( ABSTRACT i
gnitais a root-knot ing severe yield reduction in pepper (Capsicum annuum) worldwide. The Me7 gene has been reported as a resistance gene i long arm of the P9. The objective of this study was to fine map the Me7 gene using 503
F, population derived from a cross between ECW30R and CM334. Phenotype screening was perfarmed in pepper plants by inoculating 1,000 second-stage juveniles per individual. Resistance to nematode was scored 45 days of post inoculation using gall index system. The screening results
showed 391 resistant and 112 susceptible plants, which fit to 3:1 ratio confirming the resistance is controlled by a single daminant gene. The fine mapping was initiated using previously published PCR-based markers that are located at 4.3 and 2.7 cM from the Me7 gene. To further narrow
down the target region, additional SNP markers were using CM334 refe i ion, yet no closer markers have been identified, Therefore, Ren-Seq analysis was performed to locate the NB-LRR candidates that clustered between and nearby the flanking markers. At
present, 22 NB-LRR candidates were identified in the target region. In addition, an F, recombinant inbred lines carrying resistant gene are being screened to obtain a solid phenotype inheritance pattern. The candidate gene discovery will facilitate the breeding programs for the crop
i against root-knot in pepper.
\Kevwards: root-knot nematode, resistance gene, fine map, SNP marker, NB-LRR candidate )
( INTRODUCTION METHODOLOGY )
1 Root-knot nematode (RKN) is a major pest of Solanaceae family, Among F'am Material and Idlm(ulatinn: Atotal afl 503 F, plants were used for phenotype screening and fine mapping. An{d 76 rlccan;‘hwrnnnt F,;‘lnl;rcd
| them M. incognita is one of the most virulent species. The successfully ines (RIL) were used in mtrogresslan analysis. M. incognita (race 4) egg masses were exxraqed using Baerman funnel technique. The four
i penetrated pathogen is able to induce giant cells in host tissues closer to wee_k-old plgn(s \‘NeYE inoculated with approx. 1,000 J,. The nematode was provided by the Clinical Plant Pathology and Nematology Lab, Seoul
A vascular cylinder and establishes feeding site. The giant cell inhibits transfer || National University. ) ‘ _ ) ) ) -
2 of water and nutrient, resulting in por growth, and yield reduction. The Me || Phenotype Screening: The gall formation enumeration was done 60 days of post inoculation. Resistance were evaluated using gall index
i 9 gene mediates hypersensitive response causing cell necrosis and inhibition || SYStem; S10% was considered as a resistant, 11-25% was moderate resistant, and >25% was scored as a susceptible
of feeding site establishment in resistance pepper plants. The resistance Histological Study: The inoculated plants were kept in the growth chamber at 24 °C. After 5, 10 and 15 days after inoculation (dai) The infected
v gene was previously reported to located on chromosome P9 (Djian- roots tissue were section and observed under magnified microscope (Seo et al, 2013).
Caporalino et al., 2007: Fazari et al.,, 2012). This study aims at mapping of || Genotype Screening: The genotype screening was done initially using 192 F, population with references SCAR and CAPS markers (Djian-
a 4 the Me7 gene using a F, pepper population derived from the cross between | | Caporalino et al., 2007; Fazari et al., 2012). To develop closer marker, Basic Local Alignment Search Tool (BLAST) option of the pepper CM334
; “ § _ Early Calwonder 30R {ECW30R) and Criollo de Morelos 334 (CM334) the || reference genome (V1.55) and CM334 reference scaffold (V1.5), (http://peppergenome.snu.ac.kr/) were used. Further SNP markers were
. susceptible and resistance lines, respectively (Figure 1). developed based on PCR and high resolution melting (HRM) techniques.
Mapping Analysis: The Me7 linked markers were analyzed by Carthagene ActiveTcl 8.4 (software) and mapping distance was calculated by
Figure 1. Comparison between A) resistant (CM334) and B) susceptible Kosambi's mappmg‘iuncu?nsal LoD lhrelsho\d 3:D andfﬁlslance threshold 0.5. The genel_\: linkage map was drawn by MapChart 2._2 (soll\a_/ave).
! > BAC Library Screening: Using C. annuum ‘CM334° BAC library of 12X genome coverage with 235,000 clones (99%) and an average insert size of
(ECW30R) phenotypes at 45 days after inoculation of M. incognita, Bar = 1
= U = 130 kb (Yoo et al. 2003).
\. CM. )
's N\ ™)
RESULTS 3. Mapping Analysis
1. Histological Study The screening was initially performed using PCR based markers, CAPS_F4R4 and SCAR_PM6a (Djian-Caporalino et al., 2007: Fazari et al., 2012).
Based on linkage and genetic analysis these two markers were located at 4.3 and 2.7 cM from the Me7 gene. To narrow down the target
External root characteristic study of the parental lines ECW30R (Figure 24, C, and E) and CM324 (Figure 2B, D, and F) were conducted at 5, 10, | | region, newly developed SNP based markers were analyzed with 192 F, population. The fine mapping analysis found the closest flanking
and 15 dai, respectively. At 5 dai, gall formation was hardly identified in both lines (A; ECW30R, B; CM334) due rather small. At 10 dai, the galls markers, HRM_SF1-3 and HRM_NBLRR?7, located at 0 and 1 cM away from the target locus (Figure 4-A and B). BAC library screening has been
from susceptible root (C) were clearly distinguished with bigger size than the resistant (D). At 15 dai larger galls were observed in ECW30R (E), performed to fill the gaps between the non-overlapping pepper scaffold sequences, scaffold A and B (Figure4-C). Newly developed BAC-end
whereas in CM334 small sized galls were observed (F). markers from the clone BAC1-4 showed no recombinant (Table 2).
The tissue sectioning of infected roots illustrated normal vascular cylinder in non-infected roots (Figure 3; A, D, and H). At 5 dai, nematode were
detected in both parents (ECW30R; B, CM334; €) without either giant cell formation or cell necrosis. At 10 dai, giant cell development were o
showed in both parents. Nonetheless, only in ECW30R (E) the cells close to the feeding sites were observed to be narrow and dense compared A U o
with the CM334 (F). At 15 dai, the infected cells in ECW30R (H) grow much larger than CM334 (1) and causes compact cell layers in vascular ! e
tissue. £ .
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Figure 2 The physical appearance of ECW30R (A, Figure 3. The cross sections of roots of a susceptible female parent ECW30R (B, E, H) and a
€, Ejand CM334 (B, D, F) roots and galls formation resistant male parent CM334 (C, F, I} at 5, 10, and 15 dpi; nematode (N), enlarged C
at 5, 10, and 15 dpi. Arrow pointing galls multinucleate giant cells (*), phloem (Ph), xylem (X), stele (St). Scaffold A 0.30 Mb 0.34 Mb Scaffold B
eevelopmen\ on the infected roots, Bar= 1 cm. Y,
4 . ' sre
2. Phenotype Screening sAc1a
Table 1. Inheritance of the Me7 resistance in ‘ECW30R X CM334’ F, population Scaffold C 0.34 Mb
Parent i d lati Number of plants Expected ratio (R:S] ¢ P ol hid sFe
arent lines and population Total Resistant Susceptible xpectedratio (RiS) ¥ volue aacza 1 ‘
CM334 38 38 0 ; 1.85 Mb
ECW30R 52 0 52 Scaffold E
CM334 X ECW3O0R (F:) 20 3 0 Figure 4. Fine mapping of the Me7 locus. A) the location of the Me7 locus on pepper chromosome 9 between HRM_SF1-3 and HRM_NBLRR7.
CM334 X ECW30R (F2) 503 391 112 31 2005  0.1568 B) the introgression fragment between three flanking markers locus from each side of the gene detected four recombinants from 192 plants.
. No sianifi diff b he obs dand d rati €) BAC library screening aimed at fill up the gap between the two scaffolds that localize the nearest flanking markers. The first BAC library
o significant difference between the observed and expected ratio screening were started used HRM_SF1-3 (0 cM). Four clones, BAC 1-1 to BAC 1-4, were detected in the first round screening and other four
= The 3:1 phenotypic ratio confirmed that resistance phenotype is controlled by a single dominant gene clones, BAC2-1 to BAC 2-4, were detected from the second round. The BAC end were sequencing by T7 promoter and SF6 primers and BLAST
\, /| toCM334 reference scaffold (V1.5) to predict the physical position of the clones.
>
( . . )
4. Marker Development and Recombinant Screening 4 ™\
To find more recombinant plants, phenotype screening were performed with larger F, population consisting of 503 plants. Six recombinants 5. Screenmg of Fs RIL POPUIatlon
were detected in an '"Ite"‘a' between HRM_SF1-3 and “RM~"!B;RR7 markers. HRM_SF1-3 and HRM_NBLRR7 showed three and six | | 1e phenotype analysis of the root-knot nematode resistance in 76 Fs lines found 45 resistant, 22 susceptible and 9 segregating (Table 3).
recombinants, respectively whereas no recombinants were found with BAC1-4 marker (Table 2). Although this resistance trait is known to be controlled by a single gene (Me7), but the segregation ratio of resistant and susceptible did not fit
Table 2. Genotyping and segregation analysis of the 503 F, population 1:1 ration {P<0.05). The data suggest that either the F; lines have significant heterozygosity or could be due to the phenotyping error. The
ECW30R X CM334 F2 Population confirm the F, population phenotypes, I'spopulation will be further phenotype screening.
Marker Name 23 364 499 500 502 503 Recombinant
X in & F. et :
Phenotype (Me7) R S R R R R Table 3. Inheritance of the Me7 resistance in ‘ECW30R X CM334’ F; recombinantinbred line
HRM_SF1-3 H S S S S R 3 Number of F5 RIL .
HRM_BAC1-4 H S H H H H 0 Resistant Segregating Susceptible Total Expected Ratio (R:5)
HRM_NBLRR7 S H S S S S 6 45 9 22 76 11
. 7\ J
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