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Rice bacterial blight and blast are devastating rice diseases in worldwide. Riboflavin, vitamin B2, is an
essential nutrient for human health, and is known to be as a growth regulator and as a plant defense
activator against pathogens in plants. In this study, we investigated possibility of increasing internal
vitamin B contents and inducing resistances against rice diseases by external foliar application of a
riboflavin-based formulator called BioDoctor. In planta bioassay indicated that pretreatment of the
foliar application of 1,000-fold or 500-fold diluted BioDoctor significantly induced disease resistance
against rice blast and bacterial blight. In addition, about four fold higher levels of riboflavin contents
were detected in the BioDoctor treated rice grain and stem compared to those of untreated rice. Our
results indicated that foliar application of the riboflavin has a great potential to control plant diseases
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v EbY B2 2 &) A 2] B =2} (riboflavin) S =84 vt
THE, A7 QA S-S 98 L 580 A
.9 H1-2 &3k 3} ofu| e 4k 9] 4ot} 3t
Adjatol Tojstm, 53] o L A] tfAlof] glo]A] mj
+ a5tk sHA A QIA| o A FAEHAY - == ol
A 7] tf ol o R 2HE A Fsto] H 55} oF ghrt(Powers,
2003). Z| o] B BRI o] B3t Ao v f-o| A L= E
Lol= Ao A FHAAE =Y Golden Rice' EF
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and to enhance internal vitamin contents in rice.
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005) 1251 G 47} EATE WL} AS K40
3= o] v eyl BRHE, ofu| Al 2] 0] G S-0] g oF
£S5 wo] g3t 912 v (Liu 5, 2009; Ohtsubo 5, 2005;
00 5, 2007), o] & uf 25 H]EREl, 24y, F71 4, ofn) e
2, arabinoxylane2} y-aminobutyric acid (GABA) 5-2] 4
7} 37 sl Ao 2 & A tHZhang 5, 2006). ©]
aE ol AEA WolM A= Fdatdd
A T8 9 A A=A Y g A, 5
AR g o] digt i vkgole 9F= Fh 5
o] 3+ 3= ofu] Al = A 2l aminobutyric acid= salicylic
acidot fFAFSHAl 2129 B A= fr=ste] EvfES] o
HS FA3| 72 A 7Ithar &2 A QlthCohen 5, 1994).
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H) EFR B1 (thiamine), B EF9 B2 (riboflavin), B E} 9l K3
(menadione)= ¥, EOlE, F, T, of 7] & ff of| A ’l]E
o] S =] Alat, Bl Hiolg & 5 AEHdd<S
Aot= Ao 2 & A A TtHAhN 5, 2005, 2007; Dong Beer,
2000; Liu 5, 2010; Song 5, 2013; Taheri€} Tarighi, 2010, 2011).
], gl &} choFdt 2 & Fof] thiamine& AHE 3 7 9o &= 7}
23t A A1 3] = #) 314 (systemic acquired resistance) 7 58
S B9l Ao Z HIETtHAhN 5, 2005, 2007). 2] . Z 2}
< A &9 A 2] e 7 -l &= Tobacco mosaic virus, Phytophthora
parasitica, Ralstonia solanacearum} Botrytis cinerea®]| ™ gt #
A o] B 11 5| ¢ th(Azami-Sardooei 5, 2010; Dong ¥} Beer,
2000; Liu 5, 2010; Taheri®} Tarighi, 2010, 2011). B o] %] 2] 8+ 7
-l <= Rhizoctonia solaniol| 2|3t 1 FEulF g of o3 3
A A o] 8- & 9l I (Taheri2} Hofte, 2007), Il A &= 3
T =% (Boubakri 5, 2013)] o3l ¥ Aol F-==
o} 2 Eetulo] ot Al EH Y vhg 7122 W A &
¥ 5% AH-E(pathogenesis-related genes)& W& A] A Al
A S =8 Hut oly 2HDong I} Beer, 2000), A =1 ¥
Alat2] quorum sensing (QS)2] Al & &2 o] L} QS receptor?l
LasRS &4 5}3tct 1 &3 A gl th(Rajamani 5, 2008).

SRR ob 2| 74 2] B B E 2l S A 2 ste] Wo Fagh
¢l =E I S dutE o e A asolu Bl &
W A o] osf A=A Yol S X she Eils fle
Aol webA, & A B2 EH EFAIA A Hhel
2 ¥ (BioDocton)S £33 F2 B Haj¢l =gy} 3 n}
S0l A3 Sk it of ] 2} v of] £E31 Bl EHRl 9

o=
T FUe S A=,

0
‘l'l‘ E
2

)= E']: e %1”_11:‘1]

Holl cHgt Hio|2EEel ¥ Xdd RES
E%‘ l qm A3 %EL Addieta
S 2oyt du| 'S AHE-5]
HARE FEARE RSN 3
I X1] Al °J H}O]iem (F 24 £ vitamin B2 (C,,H,,N,O),
KH,PO,, MgSO,-3H,0, CuSO,-H,0, Sucrose; Hyunnong Co,, Ltd.,
Gokseong, Korea) Al &5 ©]-&3to] Z GAZs 3 & A
P2 7|E0 BaE B yafof ek ¥ AgA 7= 4 2
B EZeHl 5 =7} 0.01 mMo| gt E 1o 7] 23} (Taheri
2} Tarighi, 2010), B}o] 2 =-E] & 5008} (2] 2. Z 241 &5F 0.04
mM)£} 1,0008] (2] 22291 gHeF 0.02 mM) B =2 3] 45}
73 BAESHA A7 Al Fol ok T3 o] A 2 1} 250
3|4 &2 1,5008] = 3] A3t vfo] @ & E] A2 Ao = &
A 2| tet vl =gt B HAYES B ¢l th(data not shown). T2k

A 2 520l 4 = 5004} 3142} 1,0008) 3]4 ol 2 ke A
o) 7ehe 2 sk
B FAHE 19 X obg 2 AHFE B (NaOC) &4 ol A 12

reUMdT & iR 38 AlFsta AR 2 275
A A3t T} ZH2r o] FAE E E(9.5x7%9 ¢m, Bio-Bed Soil;
Hungnong Seed Co,, Ltd., Pyeongtaek, Korea) o]l o+ & 6+
Fe A FEH A 79 7H4 2 = 50040 21,0008 F == 3
At vho] o ehel S 22} 38) A2 5bT 79 Fof AW
(Magnaporthe oryzae KACC 40436, KJ 401) Z A& EtH (1x10°
conidia/mi}& 1 E AT A ET A AL LA6] 4wy
= frelsto] 7]&o g WS o] &5t f 2 HAAS
4391 THKang 5, 2008). ¥l =@ #2] £ 342 913
oat meal Bl A] (Difco Inc,, Detroit, MI, USA)ol| A Bl &F gt 3= v X]
ER| FALE AL Y E 2ol 25°CONH 72412
Y BAERS BRSR ool Agleh WA
4YRE B Qo AT g HS Ao R
£ A THADN 5, 2005). 2= A2 9] 4
IBM SPSS Statistics 21.0 software (IBM Co., Armonk, NY,
}QOP"% dHuf 2] 4R A = o 3 Fglell %t |
=47 9oL AR AT
T &Y FAYFANA A d=4F
1<) hE g o] Wubo] B F 1094 1
Hpo] G & A 23t B of| A= F-A 2|5 T H
Yol AA| 5] s tHFig. 1A). HEo] L HE &
| M. oryzaeE & FH A= vhE2F {Ht
He=ge 239 9% 2 £ 3 ®ute] Yebg thdata not
shown).
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Fig. 1. Effect of a riboflavin-based formulator BioDoctor application on rice leaf blast (A) and bacterial leaf blight (B) development under
greenhouse. Rice plants (‘(Hopeongbyeo’ and ‘limibyeo’) were inoculated with each pathogen at 7 days after spraying of three times of
sterile water (control), 500 diluted (500x%) or 1,000 diluted (1,000x) BioDoctor in 7 day intervals (A). Rice blast fungus (KACC 40436, KJ401)
conidia (1x10° conidia/ml) were cultured on oat meal medium. The mycelia of the culture medium surface was removed to form spores
and conducted under fluorescent light for 72 hours at 25°C. The mean percentage of diseased leaf area (%) on upper 3 leaves of rice at
growth stage seedling-tillering is assessed. Xanthomonas oryzae pv. oryzae K3 (KACC 10386) was used for pathogen inoculation (B). The
bacterial pathogen was sub-cultured at 28°C on nutrient broth for 2 days. Inoculums were prepared by harvesting with centrifugation
and re-suspending the bacterial cells in sterile water and adjusting to ODg,,,=1.0. Control plants were treated with sterile water. Fifteen
days post inoculation, lesion length was measured from the cut surface at the tip to the distal-most position on the leaf that exhibited
a typical lesion. The last rice leaves were infected with race K3 by using scissors dipped in bacterial suspensions to clip leave 2 cm down
from the tip of the leaf blade at the heading stage of ‘Hopeongbyeo’ and ‘limibyeo! Different letters indicate significant differences in
disease symptoms between treatments according to Duncan’s multiple range test (P<0.05). The three independent experiments were

performed each with 9 plants/treatment.

3 Korean Agricultural Culture Collection®f| 4] H-FEF2 1 219}
u}-5-1 w-(Xanthomonas oryzae pv. oryzae race K3, KACC 10386)
< nutrient broth ¥l X] (Difco) ]| 28°Col| A 48417 &<t vl 3+
- OD6OOnm_1 0 FEE B4R 45t JTULE ALE
SHATH K3 w5 AE S WY HIRLY] B 257 H
A9 5692 71912 A AET T 149 F 9AA Dol B
25t MAA Lol 7H9l2 AarE Bjo| 4 59l
3= o Wzt A= E 5733 thPeng 5, 2015).

vol 9 hE & B AL ES Avjuot BB BECIA U
QukE Aol et g A4 ol fEE glek FA e
5 F7UARE E BTt EA 92 dolHE |
Zgol bt ARk vhol L HE & A g Aol A= dF -4
of AA o &t ntE @4 A Sl UEbth ¥
A ol Hio| 29 ¥ Ao A FA 2 Ert4cm W 2
fhot 8 AGAe] FEgIckng. 18 209 ol 25
€} 1,500 o] 5+2] Ao A= A YntF o et
A g4 o] TEE| R ekeFth(data not shown).
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91 AQl thiamine< 53 B Yl of| A M. oryzae ¥ ¥+l &¥
B R Rk ™o glen, Y FH N EZE0] §4
3] APE == IHel 4 vhg-o] Bl B 117} 9l th(Ahn 5, 2005;
Kim <5, 2001). F-ol A 2| 2 Ze] HF T 129 78§ A%
ol FEE7 AlFg e 5-7Y Tof 2 et o,
thiamine> 6-8 of| ¥ A&/ o] 71 =3k thal gt (Abdel-
Monaim, 2011; Saikia 5, 2006). T3t B of| A] thiamine< #] 2]
24X 7 T RE Ao BHHE FAAE ] TE 7] A%
st ¥ Aol == Atk B a7t QltHAhn 3, 2005).
Z| T+ Boubakri 5-(2016)°]] €3} thiamine2 2 salicylic
acid 4 25 &4 3tsto] HojA B AFA S F=she v
of, 2] 2 Z2h1-L jasmomic acid 3 25 A 3}sto] ¥ A
FAL o vttty B usts 9tk st u H 2 of 7| A

NA= 2R EH o o8 FE5= ¥ A2 mitogen-
activated protein kinases 32} 67} ¢ 3}+= salicylic acid 3 2
7t &4 3t e o] PR-1 T A o] Troj gt AREE HAlkE 9l
THNie2} Xu, 2016). A5 2+ B EFRIE 2] 2] of 23 ¥ A 7HA
fr= 59 Blaet ¥ A F= 712 ol gt A= 50

29 AT FA 2 A28
HIO|REE{E X 2|8t Bl 2|2 &l &&F SZ. vt
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=i R R AR = P Ll Bt i S R R B= e i I
G T HILEA7 FFYLTHE S5 AT YA
27|17+ A vho] £ 2H e S 5008 2} 1,0008) %= 2 3] 4] 51
S AN 794 7HF 02 33 Axstgt HF AE 159
T W G} S S8ste] ¥ Ao S4H BlEtel B2 &
FHFE 245 Z A e om’ WE 02 35HE 113
o g2 st

zr iiﬂl?%* B8 583 1kgd ¢T3 A& 54

st Egt & REA R A3 AR 592 AHEHS
ot ZF Az of| a4 50 mlE H7Fekal X" 7] (HK-FS101;
DongSung Science, Bucheon, Korea)ol| 4] 10&7F &3t
70°C-80°COll Al 2087t F &3t &35 ATh 5
o A 4131 = 4°Col| A 1057} 3,000 rpm 2. 2 YAl
A5 H 2 mIS F35ho] 5284 syringe filter (0.45 um; Sartorius,
Gottingen, Germany) 2 % A| g+ 3 Shimadzu 2] VP-ODS column
(C,g 250x4.6 mm, particle size 5 um; Shiseido, Tokyo, Japan)<-
ol g3ho] HlEtYl G4 SAAT BEEAL An
Z2}¥1(Sigma CAS number: 83-88-5; Sigma, St. Louis, MO, USA)
< o] &3t} o] §AF &1l 2= MeOH:10 mM NaH,PO, (pH
55)=35:652 0] &5} 2. 1 £ 08 ml/mino.2 B3k ch.
2E AR FAEA4L IBM SPSS Statistics 21.0 software S
AHg-5Fe] dYufR] 4k A g F Rl ot A H A
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Fig. 2. Internal riboflavin accumulation in the rice grains and leaves post-treatment of foliar applications of the BioDoctor on different
growth stages of ‘'Hopeongbyeo' in the field. Rice samples (‘Hopeongbyeo’) were randomly obtained from the vegetative to the repro-
ductive stage in the field. BioDoctor was applied to three times of sterile water (control), 500 diluted (500x) or 1,000 diluted (1,000x) con-
centrations in 7 day intervals. Fifteen days post spraying, riboflavin content of the grains and leaves was measured by high-performance
liquid chromatography (HPLC). Various (5 g) samples were finely homogenized and boiled in a water bath for 20 minutes. This sample
was cooled and filtered the supernatant through a 0.45 um cellulose filter. The HPLC separation was performed using a Shim-pack VP-
ODS C,g column (250x4.6 mm, particle size 5 um). The mobile phase was a 65:35 (v/v) mixture of 10 mM sodium dihydrogen phosphate
(pH 5.5)-methanol and the flow rate was delivered at 0.8 ml/min. Different letters indicate significant differences in disease symptoms
between treatments according to Duncan’s multiple range test (P<0.05).
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S22 FAA A A%
Hho] e HE & Hd o] /g3t
A2 A Ao Sl 7 AR HaL
7158 &7 7HA AEste] FE A7 o A
Froles BAH SR T £ o] %l thdata not shown).
& ARE 38 AT AT oA F4E R

Z2H0l 9] 3= 5004 3] 4] A 2] F7h 54 2] gl ] 5uj
o] =%k aL, 1,0008 34 A 2] Fof A= 4n) =2 A5
EFRLTHFig. 2A). o] Ato] W SR E G3of F4d 2B E

O TS T 7| Hk= A7 o At A7
T-oll A 39.2% T =3k L(Fig. 2B), G FAHR 7] ol A3 A
TE T F 3o FHE YRS 52 FAH Y
H] 188} o] =8kt WehA|, o] & A =2 B HETHRI0|
Sh-E Bho]| L9 H A5 &8 F8f vl EtHl o] Fi-H 7]
T BAZS AT S S S HoETh

FEF M A FFS A=Y F
SR, 53] 4 27)of EHE H$82% ol A
He Ao g HIE S m(Shim 5, 2003), 7ol &
CEH I EL AFEC soH oA EEH Y U E
T FolA= AHEAT U= A+ 2= ¢ tHGhatak &
2013). o] 2|3k B = O] S Al HAYHOZ = A
Y EFTL AT TS EF Aeiste] HASH=
(Oh 5, 2008)¥} A 3] . 2 = 9 o] L} sulfated peptide 5 77
FAAE o]t WA }% 4 (Kang 5, 2008; Wei 5,
2016) 5= A A =] itk E3 2 A5 ol SelE Hiol e
S9E A& =g Iy QWIEJ}% H =g A S et

EUEYHOZ ZEH FUSS °1—er— AU
2 A2 FFEE7) HPOl

oA E G e

=
8 ARAol SEE HE AEABS WA 2 e o
AR AQUIE e HHE BAAOE G AN

=

Uee BAFA QU AAA7MA| HiH =52 T2

B0 H Gzl s ¥ A F= 5T Hist

9 2 A= AAE 2 EEE] 7|5 Blo] @ T 1

AT W O £7) e o 7kA] g HETHH]

FFol SR =L o] = A/ ﬁ%ﬂ‘ﬂ
By =Folt

x
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> ¥R T
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O Ot
o 5

e AN A 7 F ot A Fo sl w1
st ekl e A eA G, ¥ QT AYuHEY e A
AAH o2 4 2 3l 73 g Falolct 2 n B}

¥, HehR) B2 Q17He] A7l WA Q) opdoln, 42
of ol that A2 o] BB oA ek 2 A

]| A= BioDoctor (Hyunnong Co,, Ltd., Gokseong, Korea) 2}
= HEE 7| A EFS Wl A EZYS W, 28
ol tigt A = 9 ¥ A of vletTl o] F7tE
=R o gt 75/ & AR o 24 A 78 ©ll 4] BioDoctor
A& 50081 2} 1,0008) = 3] A sto] HEA Y 21 ¥ =8
I FJutE o] disf AATH AFAS F =5 E
g, BioDoctor% A2 et &3} oA FAH o2 o5t

O 2 g B EY o] HEEH ST 2 A= H e
01 2] ¥ Z e}yl o] &85 BioDoctor7} ¥ =g 3} 3] gJul =
Hol diaf ¥ A =T Eek oty & 7 W v
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