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To explore the distribution and the resistance reaction of rice blast pathogens that may occur in North Korea,
rice blast pathogens in the North Korean border regions of Dandong and Yeon-gil in China and the North
Korean border region of Cheorwon in South Korea were analyzed. In addition, comparative analysis was con-
ducted with rice blast pathogen in Suwon and Jeonju, inland regions of South Korea. Resistance reactions
above average were observed in monogenic rice lines (IRBLzt-T, IRBL9-W, IRBL20-IR24, and IRBLta-CP1) in
Jeonju, Suwon, and Cheorwon from 2018 to 2020. In Dandong and Yeon-gil, the monogenic lines IRBLz5-CA,
IRBL12-M, and IRBL19-A consistently showed resistance reactions for three years. Notably, IRBL19-A exhibited
strong resistance. Race distribution analysis in South Korea indicated a shift from Kl to KJ dominance from
2018 to 2020, while in the North Korean border regions of Dandong and Yeon-gil, the Kl race was dominant in
2021 and 2022. The race distribution of rice blast pathogens in China's North Korean border regions differed
significantly from that in South Korea.
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4 F59 B 28Rl 2%t A = BIHs] dofitth
ol A= gh=rollAE 19708 FUA B FFo] Aui=7]
A &3 0]3 1977-1978W EUA ZZ(Yamada$} Lee, 1978),
19804 A% (Ryu 5, 1987), 1983-1984 ¢JZu|o} Al
(Ryu 5, 1987), 1993 U= o} Zn|j(Han 5, 1998), 2014
SAN5} ule] 5 there BN v =Guo] WS
T(Kang S, 2019) 20204 4z A= RAkEoA Ho] A5}
B ATHChung 5, 2022). H=GH w2 Flo|& Z37F A
ool met 7] ol &2 FF= Auisteizte 2o w
2}y A ofl ZFo)7t ¢lem(Roh 5, 2007), 7]1&) A3 &
Folefeke Weize] volo] ofs) us4 o= HeHE 4 gt
(Park, 1993). 1970-1990dtof| = T & T Ao A A}
5= W2 " st} Aol FUx= @Al &
Ao, F2ol= BAet g AGHE 30| thgdts
I fgad FFLARE sl Jsket A7) HAlE A=
L AL sk 2Al0]t Te|E o]
A HsliAe AGEE Baxsts ¥t
dlol 2% sobsla ey EEE SAsHE o] Fasich
o|F Hlall 4 Ao BASt= Bt Fo|]AE T
otsha epel WA S48 WMol A §% o
77} g asich
EetolA B =S a2t &Y Edt 2 8 ¥ A
o S7leh o) SgiukEt bl 71 Fas ) Fol shiw
&2 AtHChung 5, 2019). H]5 E3} Fo] 77} glof Bt
of H=g7o] 27} olgA] Hof 9] & 4+ gLtk 1990
R x&20 2 Ho] gHd 53he] ¥ fR e oAt
© 2 4383} amplified fragment length polymorphism &4
ol oJstel wrarel 44 sk Al cherkn »a g
(Cho 5, 2002). Z|Zofl MEA =YUE &3 FA2L9 E4=
AR A3 ¥ =R titt 5 o]t ¥ AHde e
itk waEgl ot A8 E F59) AR glo] AT EF
o] o gt A HE AYIL U=A] EQIsHA] Z3H{tHHong
552017). ©]%- 2019 Chung 5l &J3l H3tollA S/4H F5
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(Chung 5, 2019). 71 A3} Wi =9} T14doflA] £
KJ/KI Flo] A ul-go] 99:17} 93:7 H] &2 KJ Hlo] A7}
A50] 49 2:982 Kl o] A7} L4513tk &, &
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AE. B ATNAE Gt A5 AT B
¢ 29 A4 BRI A3 AE S 2A IR
LA (International Rice Research Institute, IRRI)O| A = =}
FY7} =89 A &322 Lijanxintuanheigu (LTH)ol ©
A RS EYste] S Ao =, &Y A /A
AL 24705 =A% 3170 AleH th2LQl LTHE XA A3
Aol o] &3t e=g WHEFS 170 7t FE(Tetep),
3N SUA FEEH, Y, 74D, M1 AFEU7L FFEEST,
T, A, 952 2 o] wES 93 AHERt

nE O
o4 ya

H =g wXA2| 4y TR A4S 53 gH3AY
ol S Ao TR A AlF S 0]-&-5to] AT
T2 5Y sheollA 79 Aol o|F R o, BEAT = A
=3 7H2 10 cmxZo] 20 cmZ Fich AW 10 ad A4 24
kg, 214t 9 kg, H37HE] 9 kg AHERITE ¥ =EY WY A}
+ T3 oF 309 ¥ IRBN A & AWl &sho] 2
B AE(0-9)F ZATE 0-32 A3, 4-62 T A,
7-9= 7+ 0 2 JLEItH(International Rice Research Insti-
tute, 1988).
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HEGWA ChEX} 22 53 J73AY9 2 dt WsEAY
] éi]f?l tﬂ =4 @’ﬁ% HEA 2R Y=gy
Hulo| A & 334d4FE TR} —,—E]b;:;lll]-
‘:}ix} =& Hﬁ}@] H =g WS ST v A (water
agar; 3Pd 15 g, T/ 1 liteno]] E2go} 26°C 3-27] o)A
1-2U7F A Agste] ZAFPAS ek HegE+ £
2 BE BRte 2 RY AAAR =2 F3HAn|F o
oA WFH FIE o] &t ZAE Y3t F & THH A
o] AR AIA 1U7F 26°C 27|04 viF Tt vkt 225
S| 50u]& ot ol A wlo] AR (potato dex-
trose agar)oll &4 < 2|3tk

Hj %] (rice polish agar; &4 20 g, A% 20 g, ¥ 20 g, 57
1 liter)o]] HFFck HE2 vix|= 26°C 27 |0l A 747 vk
Shof AL AAR] FH| 715 A2t o &, A AL
FHIAIE o|&sto 7|5 #AHE w0l AlASHL #HEE T4
F74E dol F335 50 cm shekof|l A 3U7E A &F o2 Hg
ZAPSto] R EZAL P FeRich AL AeH S B LA}
7+ A% AAA] o] Tween 20 5]4]9H(5,000 BiH)S Fof 32
FHHAE o] &35to] Foldll & A= Ay FH|Jth 3 &
= 1x10° ZX/mIZ A FYcHGoh 5, 2013).
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. H=giay golAs
< 87l(Tetep, B, T, &
< AT 349719 W &
o2 25 ml¥ X357 ](compres-
Ea 12 &5 AUt J5e
40 24A]7} Zol otz AN &
x|ete] AT Y =

+ 26°C 235 HFAol
A Astar 240 &A 747t

Ahe AlEA AR ol FAE BEHE T HHkEE IRRI 2AP]
Z(Bandong®} Ou, 1966)°] W} W A4 0-52 A} L,
025 A, 3 FEHPHUSA, 455 BryoR 7
23Tk Flo]2 THL Lee 5(1987)0] AL #lo]X R of
) E 2.

B2 U Lsto| 23 HAKIS TOlXt HEY A wRKl2)
HHUSHD. B Y FHs o) Y ] =g

A LX) BT} QP AFHUE B 93] B3t FHA)
ool Fo] S5} 17, ake] WY, 183 B A
ool I S G £ 8 ol o Qe U
X E%9 LTHS 83 32709 Belat A
# wAbel 14 Aol shEstel A9
42 Ao R BYSE YEPY] T B8E 23
k. JFatoll A APt wiixiz] AAL 2018E 5 E 2020174
A, 59, LA 43 o}aisuﬂ, Z3 ET AP 8
e AL 202085 H 2022474 stk %—5#94 =
3 AT drte] AR MERY RS T
3= 20209 0. = 3t fjio|e} =gt o] &
2 ulmap]e] ofelgol glort Bate] mEdy
K33 wiaf Fol 7Pg A 0 2ujn} B As) Slo) 4% A%
23S vlw BBk Bel G AT A 2
A}, 2018 5H 20201—%77};(] 9, Ax Yo A £33t el
Ab A A WA A7 A, oA = IRBLZ5-CA,
IRBL9-W, IRBL19-A, IRBL20-IR24 IR} AlE0] 3¢ A& A&
A WS-8 ® 911, IRBLkh-K3, IRBLzt-T, IRBLta-K1, IRBLsh-S,
IRBL12-M, IRBLkm-Ts, IRBLta2-Pl, IRBLta-CP1, IRBLz5-CA-1 5
O] ThIzt A AT 2 o)A} B =Tl it A3 vt
s E@E]-. HtH, IRBLa-A%} IRBLz-Fu 52 34 o4& 744
HE-8-9 BTHFig. 1).

AFo| A= ol et Be &I A AFo] H
=g A WS Btk 39 A% AeAde B A
22 IRBLa-A, IRBLI-F5, IRBLk-Ka, IRBLz-Fu, IRBLb-B, 1]
31 IRBLta2-Reo]3l 1z, 3@ <& A3HA] HH-S HOl AEL
IRBLkm-Ts, IRBLta-CP1, IRBLz5-CA-10]|3]t} 2 oA} #3HA
S8 29l Telx} AlE-L2 IRBLkh-K3, IRBLz5-CA, IRBLzt-T,
IRBLt-K59, IRBLsh-B, IRBL9-W, IRBL12-M, IRBL19-A, IRBL20-
IR24, IRBLta2-PI 5-o]3ith. 4=, M52} &e] Fix|He] 7}
& 2T YoM = 39 95 A WS B AT
Atk ot 2%‘_‘0]“ A3 Hh-g-& Holt} 31kl 20204
of Tk o] B WA S Hoj Ao] BHEH= NS 2
e} 20209 A4 Hhg-o] 53 TR} A5 IRBLkp-
K60, IRBLz5-CA, IRBLzt-T, IRBLt-K59, IRBLsh-B, IRBL9-W,
IRBL19-A, IRBL20-IR24, IRBLta-CP1, IRBLz5-CA-1 S0] ¢t}
=@of et Aol S HUS A% o, AF2
Aol A 3 Fe FFLE AEA FEATAY B AT
Al BE2-8 Hol TIx} A& AlE-L IRBLz5-CA, IRBLzt-T,
IRBL9-W, IRBL19-A, IRBL20-IR24, IRBLkm-Ts, IRBLta2-PI, IR-
BLta-CP1, IRBLz5-CA-12. 2, o] Piz-5, Piz-t, Pi9(t), Pi19(t),
Pi20(t), Pik-m, Pita2, PitaZ7} A o|5} g¥9] Bxst ¥ =

o
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Fig. 1. The reaction of monogenic resistant lines against the border regions of North Korea in South Korea and China isolates in 2018 to
2022. Heatmap of resistant reactions of monogenic lines against the North Korea of border regions in South Korea isolates and China iso-

lates.

gio] a7t Q= AR AR = AL YulstH =35
ARG ¥ FF 5440 & 7t Ao = waHoHFig. 1,
Supplementary Table 1). 202013 2] 2022 7}%] Z3£o] &
g FAA G S5 dhoA SIR}F A AT ol&
3l wrzle] AA A3}, tSo) AL IRBLz5-CA, IRBLztT, IR-
BL12-M, IRBL19-A, IRBLta2-Pi, IRBLz5-CA-1 5-0] 313 <4 A
GA B2 B3 A7) A= IRBLzt-T, IRBL3-CP4, IRBLY-
W, IRBL12-M, IRBL19-A, IRBL20-IR24 T+21z} AEo| 3W
& A B HYohFig. 1). @53 A2 F A YofA] 3
d ¢ TR FEAFY B AFAEE B @4l
A} 284 AE-L IRBLz5-CA, IRBLzt-T, IRBL9-W, IRBL12-M,
IRBL19-A 18] 1 IRBLZz5-CA-10. 2, E3] IRBL19-AL 33 &
QF oF = 73t A whg= Erh THH, F A oA At

g vhEE Hel @IA AP A= LA IRBLS-
M1} IRBLta2-Re, IRBLta2-Pl= ©5 oA d&H o g A3}
d B2 Hel ¥ Ao = A WS EYloh E3h
IRBLa-A, IRBLsh-B, IRBLkm-Ts= 50| 4] 2020 &%= %3}
A T A4 B BRI 202197 A W=
B3, A7) A= IRBLa-A, IRBLks-F5, IRBLks-S, IRBLk-Ka,
IRBLta-K1, IRBLta-CT2, IRBLb-B, IRBLt-K59, IRBLsh-B, IRBL1-
CL, IRBL11-Zh, IRBLkm-Ts7} 20207+ 2021 2= A3H4] &
= A WS Holt} 20229 744 vk UElch
(Fig. 1, Supplementary Table 2). o]+= Z} A4 AR} Al
7ro] Aol wet B E = @4 Hols Ao ® wEi) H|
WS o AdoA Hoh B2 A /A B HE A
= ¢4 AUtk
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Fig. 2. Distribution ratio of KJ/KI races of rice blast isolated from
Cheorwon, Suwon, and Jeonju from 2018 to 2020, and ratio of KJ/
Kl races of rice blast isolated from Dandong and Yeon-gil, border
regions of North Korea within China, from 2020 to 2022.

o QU x| =Q HEHHAO| race BEXE. 20184
shof| A2 WEgHd KI/KI Fo]|A B Hl&-2 35:652 KI
oAz} =7 yelgth A gE 2 BEs= KI/KI o] v]E:
& S0 AF7} 217} 41:599) 2:982 K| o] A7} A B2}
I YA, YL 46:540 2 KJ o] A9} KI Flo] A7} vl
2202 Buslal 9JrhFig. 2). 3o EX3 =gy
9] KJ glo]AL 5% Kl glo]AL 30F0 & thaFalgl (Fig. 3),
o] & 2. -3} Flo] AL KI-101 (11.8%), KI-201 (6.1%), KJ-201
(11.8%), KJ-101 (10.5%), KJ-301 (6.6%)Z UEFGTHFig. 2). X<
H o7 go|A BA Ayl £YollA= KI-101 (18.7%), KJ-101
(22.7%), KJ-201 (17.3%)7} =& HE-&S By on, A4

L KI-101 (24%), KI-201 (18%), KI-301 (12%), KI-401 (14%)7} =
L AGLS Btk YA KI-209 (14.6%), KI-409 (7.8%),
KJ-101 (10.5%), KJ-201 (11.8%)7} =& A&-&-S Vel
(Table 1).

201949 3H=9] W= gHF KI/KI Flo]A B3 H] &2 75252
KJ #lo] A7} A Yrebgoh A8 = Bazst= KI/KI o] A v
&2 Y A7} 242 85158} 83172 KJ o] A7 &4 &
SR QAL Y2 57:43 0. 2 KJ Flo| A9 KI Flo| A7} H]5=
o 2 Faskl QIQIThFig. 2). fh=of EE38)aL Gl H
=G99 KJ glojAas 11, Kl glojAe 3150 & thekatgl
(Fig. 3), ©] = <A Flo]AE KJ-201 (36%), KJ-101 (15%), KJ-
301 (11%)= YEpstth(Table 1). X|9E -4 oA+ =7t A
Z20)| 4] KJ-201 (55%, 41%) T} KJ-101 (18%, 22%) 0.2 Lyeptar, &
Kof| 4] KJ-301 (25%) T} KJ-201 (12%) 2.2 LFERGTHTable 1).

20209 oA HEGH A KI/KI FojAs BEX H|&2
84:162 2 KJ o] A7} A Urehgon, 20194 (KJ:KI=75:25)
of Bl3f KJ o] Hl&-o] 12% © F7FskATHFig. 1). A|FH=
3= KI/KI glo]A vl&-2 =4, A, Fdo| 742} 8911,
69:31,99:12 37 X mE KJ o] A7} =7 YeRtThFig. 1).

A9 4 oA S, oA KI-201 (42%, 57%)
KJ-101 (13%, 31%)2 LFep, Ao A KJ-301 (88%)= LFE}
Zth(Table 1).

202143} 20220 F= S5t A4 =T =g
5 GFEE QA E KI/KI glo]a TE-E 28ttt o]

Table 1. The major race of rice blast pathogens that isolated on North Korea border area in Korea and China and inland in Korea during

2018 to 2021 year

Year Region KJ race isolates Kl race isolates
2018 Suwon KJ-101 (23%), KJ-201 (17%), KJ-ect (1%) KI-101 (19%), Kl-ect (40%)
Jeonju KJ-101 (2%) KI-101 (24%), KI-201 (18%), KI-401 (14%), KI-301 (12%),
KI-165 (10%), Kl-ect (20%)
Cheorwon KJ-201 (14%), KJ-301 (14%), KJ-ect (18%) KI-209 (14%), KI-409 (8%), Kl-ect (32%)
2019 Suwon KJ-201 (56%), KJ-101 (18%), KJ-ect (11%) KI-401 (3%), KI-249 (3%), Kl-ect (9%)
Jeonju KJ-301 (25%), KJ-201 (12%), KJ-ect(17%) KI-101 (5%), KI-209 (5%), Kl-ect (32%)
Cheorwon KJ-201 (40%), KJ-101 (22%), KJ-ect (20%) KI-401 (3%), Kl-ect (15%)
2020 Suwon KJ-201 (57%), KJ-101 (31%), KJ-105 (1%) KI-1113 (5%), Kl-ect (6%)
Jeonju KJ-201 (42%), KJ-101 (12%), KJ-ect (15%) KI-409 (8%), Kl-ect (23%)
Cheorwon KJ-301 (88%), KJ-105 (5%), KJ-ect (6%) KI-329 (1%)
Dandong - KI-101 (14%), KI-1113 (7%)
Yeon-gil KJ-101 (7%) KI-306 (14%), KI-201 (7%), Kl-ect (62%)
2021 Dandong - KI-1113 (20%), KI-405 (20%), Kl-ect (60%)

Yeon-gil KJ-101 (10%)

KI-306 (20%), KI-1113 (10%), Kl-ect (70%)
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m2018 m2019 12020 =2021

No. of KJ race 11
No. of Kl race 9 8
No. of KJ race 0

No. of KI race |3 8

No. of KJ race _ 6

No. of i race
No. of KJ race _ 9

No. of ki race | INEMMTAN 4

No. of KJ race _ 8

No. of i race | INEGHNMGN 6

Jeonju Cherwon Dandong Yeon-gil

Suwon

Fig. 3. The number of KI/KJ race types of rice blast pathogens sepa-
rated from the inland areas of South Korea, Suwon and Jeonju, as
well as the border areas of North Korea, Cheorwon, and the border
areas of North Korea in China, Dandong and Yeon-gil.

2 BAo) AL F50] 47} ol A BAFE 2ol b))
ofo] A7) W] Haro] EAFHS BEGE T do] B
2 E 4 AT, BE ATFS wolsp] 98] BAL 99
shoith. 0] ek WA 5T Aoy 24 HED
7o) glo|AZ gHols)] E Ax} 20214, 2022 == KJ/KI &)
ol2s B ulgo] 793, 5952 Tj3-Eo] Kl dlo]A% BFHES
thFig. 2. B50] A 24 K AGe] dojant HRE,
2021E9| KI-1010], 2022 o)1= KI-405, KI-11130] 7} who]
29k (Table 1). AZOIAE KJ Flol2 % 22 KI-101gko]
FEIQT Yrixls BE K Fo]a2 EREITHFig. 3. K-
306 2 24 Q4 £ g2 Eejulo] AL gl o]~
2 3 SPu et $3) 53 A4A5 Gk B
HAX ol BESHE BEQE T 20 Ho| A RES vla
St A3t 2018 A E] 2020714 Fatol| A E&)et #F2] 5
B2 K Aldo] $AHL olFThY, Fo)A Helat 2 wEd
B o] Ak KI AGo] $ste] DT B AAX T} 2
U =gHF9 go|A BxE= Ao|dt Ao 2 mtE ch(Table

1, Fig. 2). 20204 8 F-=0] 5T} 917 123 ghan) Bt
Jeonju Suwon
e KI-1113
K101 5
1“ / Kl-ect
KJ-201 _— %
Kl -ect 57% = ! KJ-301
=% KJ-201 | ‘ Ak
KI-409 2% | K-101

8% I 31%

KJ-105
1%

Cheorwon

KJ-105
5% Kl-ect

HAA G e WEAHY 93} 52 2 ¥ =dy
raceE v|a 243 B T%l—} E}‘b‘——] A race= Kl A1 2o
U eh=o] ", 9, A5 A5 K ALY race7} $-301%d
CHFig. 4). F &t T= H3 HBA oA 22 =g+t
9 v/\}@% KI A B2 =8 race| thefAdo] KIETH =3ttt
(Fig. 3). Z2u, S=r J1F AR oA Z27E K o]~ 5
KJ-101= 2 ol |t 29 A< B, FitolA &
Hl&=2 EAste] FEI B KI-1019] tiet AR FF 54
ol 2 7o 2 YZHTE KI-3062] -5 Tl +Ho=
WA, Fh=roll e I E3Ee0] Yol Bt HAA Hol| A 3f
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Fig. 4. The major race distribution ratios of rice blast pathogen separated from the inland areas of South Korea, Suwon and Jeonju, as well
as the border areas of North Korea, Cheorwon, and the border areas of North Korea in China, Dandong and Yeon-gil in 2020.
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