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Rice blast disease caused by Magnaporthe oryzae is the most important disease of rice in both South and
North Korea. Cultivation of disease-resistant cultivar is the best way to prevent this notorious disease, but M.
oryzae races have been continuously changed to adapt a new cultivar. Therefore, it is important to get the
information about the race and avirulence genes of the pathogen for developing blast-resistant rice cultivar.
Since the entrance of North Korea was prohibited, the information about the races of M. oryzae in North Korea
border areas and South Korea was collected to get the information about the diversity of rice blast pathogen
in North Korea. The disease occurrence on monogenic lines carrying single resistant gene was investigated in
Jeonju, Suwon, Cheorwon, Goseong, and Baengnyeongdo in Korea, and Dandong in China. The monogenic
lines in Jeonju and Suwon showed diverse ranges of the response, while those in Baengnyeongdo and Dan-
dong showed relatively high resistant responses to rice blast. All the field isolates of M. oryzae were character-
ized for rice blast races by the Korean differential varieties and screened for known avirulence genes to deter-
mine the spatial distribution of avirulence genes and the population of M. oryzae.
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Table 1. The responses of natural Magnaporthe oryzae to monogenic resistance lines in different area

Resistance

The response of monogenic lines in different locations®

lines Rgene Avr gene Jeonju Suwon Cheorwon Goseong Baengnyeongdo Dandong®
IRBL20-IR24 Pi20 - 1 0 0 3 3 3
IRBL19-A Pi19 - 3 0 3 3 0 3
IRBLta-K1 Pita Avr-Pita 5 7 6 4 5 8
IRBL12-M Pi12 - 1 7 5 4 5 3
IRBLta2-Pi Pita-2 Avr-Pita2 2 4 7 0 0 2
IRBLzt-T Piz-t AvrPiz-t 2 3 0 4 3 3
IRBLz5-CA Piz-5 - 3 4 1 4 5 5
IRBLz-Fu Piz - 9 9 8 4 0 0
IRBL9-W Pi9 Avr-Pi9 2 1 0 5 3 3
IRBL7-M Pi7 - 7 9 ND¢ 0 6 3
IRBLkp-K60 Pik-p Avr-Pik/km/kp 5 4 3 6 4 3
IRBLk-Ka Pik Avr-Pik/km/kp 7 9 4 5 0 4
IRBLkh-K3 Pik-h - 3 6 4 8 8 9
IRBL1-CL Pi1 - 7 7 6 6 5 4
IRBLkM-Ts Pik-m Avr-Pik/km/kp 2 5 7 4 5 4
IRBLks-F5 Pik-s - 5 6 8 5 3 6
IRBL5-M Pi5 - 5 8 5 5 3 3
IRBL3-CP4 Pi3 - 5 6 5 7 6 6
IRBLi-F5 Pii AvrPii 7 7 7 7 6 6
IRBLa-A Pia AvrPia 7 7 6 8 7 9
IRBLt-K59 Pit - 2 4 3 4 1 5
IRBLb-B Pib Avr-Pib 7 8 7 3 0 3
IRBLsh-B Pish - 3 5 0 5 7 6
LTH - - 7 7 4 5 6 6

“The response level had been divided into 0-9: 0, no lesion & no disease symptom; 1, small brown specks of pin point size, no spores; 2,
small roundish to slightly elongated brown spots, necrotin gray spots; 3, lesion type is the same as in 2, but significant number of lesion
are on the upper leaves; 4, typical susceptible blast lesions, infecting less than 2% of the leaf area; 5, typical susceptible blast lesions, in-
fecting 2-10% of the leaf area; 6, typical susceptible blast lesions, infecting 11-25% of the leaf area; 7, typical susceptible blast lesions,
infecting 26-50% of the leaf areas; 8, typical susceptible blast lesions, infecting 51-75% of the leaf areas; 9, typical susceptible blast le-
sions, infecting more than 75% of the leaf area, almost withered (from rice blast resistance screening).

®All data had collected on 2018 except Dandong data had been collected on 2019.

“Data had not been collected.
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Table 2. List of sequences used as markers for avirulence genes

Gene Primer Sequence (5'—3’) Tm (°C)* Reference
Avr-Pi9 Avr-Pi9_F1 ATGCAGTTCTCTCAGATCCTC 55 Selisana et al. (2017)
Avr-Pi9_R2 CTACCAGTGCGTCTTTTCGAC
Avr-Pital Avr-Pital_F1 GCCGAGTCGTTCTGA 56 Shietal.(2018)
Avr-Pital_R2 TGTTAATTGTGCAGAAGTTTTT
Avr-Pita2 Avr-Pita2_F1 TTGGCACCTTTTCATACCCAGTTT 60 Shietal.(2018)
Avr-Pita2_R2 CAACTTACTTGTGAATCCCATCCC
Avr-Pita3 Avr-Pita3_F1 ACCGACCCAGGAAAAAAG 61 Shietal. (2018)
Avr-Pita3_R2 AAGAAACAGGCAAACGCA
AvrPiz-t AvrPiz-t_F1 GTTGCGATTATGATCCGTCG 57 Selisana et al. (2017)
AvrPiz-t_R2 GTACTCTAGCAAACGACCGG
Avr-Pik Avr-Pik_F1 TCCTGCTGCTAACTCCATTC 57 Selisana et al. (2017)
Avr-Pik_R1 TCAACCAAGCGTAAACCTCG
Avr-Pik" Avr-Pikm_F1 CTGTGGACTAAGTAGCATGCTTCT 62 Shietal.(2018)
Avr-Pikm_R2 TAGGCAATCAAGAGAAAGCCAGTA
Avr-Pia Avr-Pia_F1 CAGAGAAACGGACTTGGAGG 57 Selisana et al. (2017)
Avr-Pia_R2 GGTATACACGTACGGTAGGG
Avr-Pii Avr-Pii_F1 GGTAGATATCCGCTGACTGG 57 Selisana et al. (2017)
Avr-Pii_R2 ACTGTCCGCCGCTCGTTTGG
PWL2 PWL2_F1 GGTGGCGGGTGGACTAAC 60 Shietal.(2018)
PWL2_R2 CCTCTTCTCGCTGTTCACGG
ACET ACE1_F1 GTTTATCTACGAGGCTGGGGACATT 62 Shietal. (2018)
ACE1_R2 GGCGAACGGTAAAATGTAGAAGA
°Annealing temperature.
EHEESS 0|88 0|2 HY. =EHA HolAE H FES Hst] AgER & Elf?_ 5 AARMEA] &2 &
Hsl7] 95| et=3 WEEF 87M(Tetep, B, T, FA,  AFFYAR|(EZ 109, A2 F2E 69, 7P| At 6 g,
B 59, AL, HHE ol§3tel AT WES FANAL. FRS 1ol WEe] 26C F 270l wleFshaich AR

3-494719] 5o
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Fig. 2. Proportion of the isolates belonging to Kl races and KJ races at five regions.
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KJ-3010] 22} 14%9} 15% 2 H|3t o 2 AI5H| UE
stk o]ef o] R et glo|s Tkt B &}
ol= Ao 2 oA Ql= 2t A|Fel|A Aust= F52 o
/3 Aujekg Zpol= Qe ekt 4= $itk(Han, 1995; Oh
3, 2008; Kim 5, 2016). 3k# 1990t %, Yaloll = KJ-2013+
KJ-301, KJ-105 & KJ d|o] A7} $-AI5FE 21 (Han, 1995), 2000
ddj o] KI glo]A7} F7Fst¢ith(Han 5, 2001). £3] Kim 5
(2016)] 2151 2000 ©]3- KI-1012 1% u|gto|$l o 2014
U7 = 1.6% 2 FS X 0Hj&-S B o1} 2015\ 15%=
oo H L B stk 2 Aol A B sk vie} o]
2018'd =0l A<= KI-1010] 24%¢°] D3FHIL =l A &= 19%

of Zste] HA F718h= FAlolt (e R & KI010] Al<&%3}
o] Z718Ith, KI-1010] E48ka Qi e AE
Fate] T1of| disote A ds T AFE EF
ZH|sfof & Aotk

PCRS 0|85t HIEHY FTIXt B, 3t=3 THA|AH]
< o] &3t 7 AGE R Flo|AE SRIgH He] FFEolA H]
B FAR 575 FRlsh] flste] A3 Aol Lzl
17 B YA S AR S (Selisana 5, 2017; Shi 5, 2018)o]| th3t
PCRE =3t5ict @A 7HA] Hol A L =gs A &
ARk} olof g3t =EE T B YA |-} vzl
739 pi-ta/Avr-Pita, Piz-t/AvrPiz-t, Pik/Avr-Pik, Pia/Avr-Pia, Pi-
CO39/Avr1-CO39, Pi54/Avr-Pi54, Pii/Avr-Pii, Pi9/Avr-Pi9, Pib/Avr-
Pib, Pi33/ACE1 50| ¢l.om, 1 9] I u|HAA SAHRE S
o= AP FAAE 2| Z5H3itHWang 5, 2017). o]r] B
e 7N 2 W g wAAke] Hiek Zetoly]
= A|2Fekal PCRE =35} 5itH(Table 2). v A4 742 5 9
7N 3R Avr-Pi9, Avr-Pital, Avr-Pita2, Avr-Pita3, AvrPiz-t, Avr-
Pik, PWL2, ACET)-Z w23t =@ ol 4] 2[A] 92.5%°f| 4] &1L
100%= A e =G| o] FARESE 7HAIAL it
(Table 3). THo| = &+151aL 2} A| ol A =351 d =FH+
o] tht A DRAAL A15-2) 1§ vhg= HH wl-f- oheket
v o] el AL & 4= 9J%tHTable 1). Avr-Piox}t AvrPiz-t2]
735 Aol A Bt BE =g+o] F RS 7L 9L
3L o]o]] th-g-3h= A3 G-AR} Pigat piz-t7} =F IRBLY-
W2} IRBLzt-T7} H oA 25 Bo] WAYER] gr ettt vhH Avr-
Pita2®] 7%, W=, 11/, AYoA £t BE ZEH ]
Avr-Pita2S 7FA| 2L Q1% o} o]of -&8t= Pita-27}F ==
IRBLta2-Pi7} A| A|Hof|A T}E ¥ ¥F-2-S L}El T IRBLta2-Pi
= WH =} oA A Ho] WAYSEA| Ftort oA
= 79 7R A whg= Btk o]t v IR = AvrPi-k
785 MR = o = lof| A 23k th R o] =g ol AvrPi-
kE 7L Q1% ort olof tf-g-8t= Pik7F =9 IRBLk-Kao]

Table 3. Proportion of avirulence genes in the isolates from different locations

. No. of Distribution of avirulence genes (%)
bocation isolates AvR-pi9 AVR-Pital AVR-Pita2 AVR-Pita3 AVRPiz-t AVR-Pik AVR-Pik" PWL2 ACE1  AVR-Pii AVR-Pia
Baeng- 96 100.0 100.0 100.0 99.0 100.0 96.9 99.0 99.0 99.0 2.1 0.0
nyeongdo
Goseong 93 100.0 98.9 100.0 100.0 98.9 98.9 98.9 100.0 92.5 0.0 0.0
Cheorwon 85 100.0 100.0 100.0 98.8 100.0 100.0 100.0 100.0 100.0 24 0.0
Suwon 60 98.3 98.3 98.3 98.3 98.3 98.3 96.7 98.3 96.7 0.0 0.0
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Y = 9 oA A= ThE W Hh-2S 3T IRBLk-Ka=
o)X A3 o] WA ohe uhe ol A 99 TS
73 744 vh-eS Byt Avr-Pita?}t Avr-Pikme] 9= Z+
7} -3 oA gt 2] dEFollA L EA7F L
H]l o} g9 of-8-5t+= Pita?} Pik-mo] Z¥z =% IRBLta-K1
7} IRBLKm-Tso] 4915} Ho|A] 79] 733t 7H44 WH8-& L}
itk 9P o1 1= 2o mEr HPEAA §AAE deletion,
insertion, point mutations, translocation, gene duplication,
transposable elements insertions 5-¢f 2J3} o7} B3| ¥t
sk o] 2 Qlskod e whgo] ATk 1 7E v} glrk
(Chuma -5, 2011; Huang 5, 2014; Longya -5, 2019; Thon &,
2006; Wu 5, 2015; Zhou 5, 2007). wj 2] o]&|§t Au}= 7} X
AofA AAH 0 &2 WAet= =E@H T HE U FAR
Ho = QIFE A JHd WH-S- Ao A 71913t Aolet AZtelE 4
ARk BHA Avr-Piiet Avr-Pia] 7%, %A dl2E0 2 AHget
7% Inal6gol e £ 422} S E5o] Ay Wevt gl
olovt W ey Lol 2750 Aol A Bels 225
£ AQJR e oA ofu gt e = SR A] dth E
2t Avr-Pii} Avr-Pia©l tf-3-8H= A/ 34t Pii¢t Pia©] =
¥ =% IRBLI-F5¢} IRBLa-AS & |Fo| A ZhpAl vhe-
& RYrh(Table 1). %, dat WA B3 G o4 &

218 SHHIE S-S Avr-Pii¢t Avr-Pia S ARE 7HA T QA &
o} =48k 4= 9lth Selisana £(2017)3 Shi =(2018)-& v|H
A FARE 718k = g Ze W ah SIRF A Al
4wk A Foko] AR AN ATE A3, 0| of
gotol AAHOE E AR Y mEYR YT

)

o SET AFY FAAE ASTFO RN £Y AF
F el $-88 ABE 3 % olrky B sk 1
e SN Tl 434 A%
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