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Abstract Since the RNA interference (RNAi) had been
discovered in many organisms, small non-coding RNA-
mediated gene silencing technology, including RNAi have
been widely applied to analysis of gene function, as well as
crop improvement. Despite the usefulness of RNAi technology,
RNAI transgenic crops have various potential environmental
risks, including off-target and non-target effects. In this
study, we developed methods that can be effectively applied
to environmental risk assessment of RNAI transgenic crops
and verified these methods in 35S::dsRNAi_eGFP rice
transgenic plant we generated. Off-target genes, which can
be non-specifically suppressed by the expression of
dsRNAi_eGFP, were predicted by using the published web
tool, pssRNAit, and verified by comparing their expressions
between wild-type (WT) and 35S::dsRNAi_eGFP transgenic
rice. Also, we verified the non-target effects of the 35S::
dsRNAi_eGFP plant by evaluating horizontal and vertical
transfer of small interfering RNAs (siRNAs) produced in the
35S::dsRNAi_eGFP plant into neighboring WT rice and
rhizosphere microorganisms, respectively. Our results suggested
that the methods we developed, could be widely applied to
various RNAI transgenic crops for their environmental risk
assessment.
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ME

RNA 7F4(RNA interference, RNAi) & A2 213l A &-of A gt
1 1 %] small non-coding RNA (small RNA)oj| 2] 3} -5 =} &
A A 7] 2ol m, Al Eo A= 19908 o] 2= HiEIt
(Sen and Blau 2006). Small RNA®= 1 4HA) 19191 o] &7t
RNA (double stranded RNA, dsRNA)Q] AJA1}A o wlzg}
microRNA (miRNA)@} small interfering RNA (siRNA)Z =7
5 E th(Axtell 2013). miRNA= 5F] -7 2ol A AL
T 74O RNAZF 22125 3/ 5Fo] dsRNAZE AY A4 &
L vhe, SRNAS AM2. 4 97)4] 2 7HA] = - RNAS 0] 2
3hato] dsSRNA7} 3 A ot 3 4 % dsRNA+= Dicero]| ]3] A]
21~25 nucleotide (nt) Z ©] 2] small RNA (miRNA/siRNA)Z 7}
] o] RNA-induced silencing complex (RISC)E & A5} A| &
o, 42 A A7 A D& 7HA = mRNAo|| A gHsto] AAMA &
EalstAY HYS A (Post Transcriptional Gene Silencing,
PTGS)5l= Ao 2 &4a A ¢l th(He and Hannon 2004). E 3t
siRNAE= ¢ M| DNAO Agtste] M E3tE =24
G AH S & o A 3] A (Transcriptional Gene Silencing, TGS)
= th(Simon and Meyers 2011). Small RNA= A AJ &l Af| 32 of| A]
B} o}y 2(cell autonomous gene silencing), €& A A 2ALE
Eoto] 2H o] A L2 o FHAL A S B4 T} 2 7]
o7 o]Fdlo] FHAAEE LS A A 5)=(cell non-autonomous
gene silencing) A1 & = &= &F& A ¢l th(Melnyk et al. 2011).
Small RNA©| o3t F-44F W A A = A& A 54 &
AZS] HE S A oh= FAMEA NS 55to] F4#}
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) AT oh el 514 0 R §-43 428 Aol
230 H ‘Co-suppression’, ‘Antisense’, ‘double stranded RNA
interference (dsRNAi)’, ‘Virus-induced gene silencing (VIGS)’,
‘Artificial miRNA’> 59| t}ofst W E2 2850 g
(Ossowski et al. 2008; Auer and Frederick 2009; Kamthan et al.
2015). F| Lol = &2l A A E & Al (Host Induced Gene
Silencing, HIGS) 7] &2 o|-&3t ¥ A 3}4 ZHE o= g
g] 28531 ¢l th(Zhang et al. 2016; Zhu et al. 2017). 5}-&| 2t
PTGS A| 28-S o] 98t & A3k A2 o A A4 E small
RNAS] Q5= 97141 & o] AFmAdof whet B3 64177} o
W AEA WA A WA ] B 0= oAe 4
Q1= 7H5 A (off-target effect)o] A| 7] &) 2L Q) T}, E S, T}oFst
428 Botel 3UND 48 Azse oAz §28
small RNAS 2 5 UF &2 AT A=, 25, ZH=
(Rhizosphere microorganism) 5 T2 A EA| 2 8- E o] AF R
A G AA= 2 HE L2 o A|(non-target effect) & 4~ I Tth= ok
73 213l A (environmental risk) A 7} A| 7] = 22 ) TH(Auer and
Frederick 2009; Ramesh 2013). 2| ¢l X 110f o5}, T}oF
S AYEZEEY 24 A= 4 H 2} small RNA Q] A 7] XP01]

HHE Fa g A S 7|5 YUt gAE SAEL

Ai}Z 7)Hk0 2 5}0], small RNAS 2HE 6= ogxexdg x_1
0] 7H4 4= Q1+ off-target effectof] T3t A=A B 8L o =
= ) A, A Ef A W of| A 9] small RNAS] o] 54 =

Z24 2 Z 3 non-target effect 75 5 small RNAE &3 1=
FHAANZ A& gist A YA F 7}(env1r0nmental risk
assessment, ERA) Bl o] 7l ¥k =] 17 Q) th(Xu et al. 2006; Ramesh
2013). 3}A| 4L, o] A 3] siRNAE- 9] off-target effectsS 74 =3+
—/v\‘ A= FAA ] AR oL, A E| A Wl A o) siRNAS

S 4= Sl Al A S g of] T gt

B Lo A= &) o] o] 5713kl QL= small RNAS
Wl FRAAS ZHE 94 2173 91301 A (off-target effect 2!
non-target effect) 3§ 7}of] 838 4= 9l= a3}2] o] HHHS 7))
sl 12} 31t o] & ¢ 3}o] 35S::dsRNAi_eGFP & A A 3}
£ A X3} h HA, 35S:dsRNAI_eGFP & A A3 1 9]
off-target effectE 71 =3}7] Yall, Y 7MY A RS 22 T
WS- 0|83t jn silico WA O 2 off-target FAAES o=
11, 9| &5 off-target A A= Wl & 745{;_ L9l
A A8t E 3, 358:dsRNAi eGFP & A A3 v of A
AAE SIRNAES Q] 3 AJEf A 2 9] o] 5 (non-target effect)
AT o e WS skt 2 A4S $5t
I st PAAS 250 7H 4= e &
Ao AN 2 FIHe = Qe WS Al Al sk
Sholth E3F, & =l A AR ASHHES A o &
Kol F718h30 9l RNA 9 A48 2o oA 7t
871307} 2 Ao 2 AruL)

o
L

rE

2
=
B o
>
rulm
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35S::dsRNAi_eGFP U5l FAMet H M=
eGFP (engineered Green Fluorescent Protein; Chiu et al. 1996) -
AA}o] Ty 5t dsRNAi ¥ €] 2 A %317] $1510] eGFP2] A7)
coding sequence (CDS) & 7] A4 €(720 nt) 529] LFEE(1 ~701
nt)e AR 5olA Zelo|wE 0]§5}o](Supplementary
Table S1), pPHANNIBAL H] Ef of] = ¢] & Forward arm (F arm) 2
Reverse arm (R arm) A HE PCRZE $Z35} ¢ th 225 Farm
7} R arm 2 82 pHANNIBAL ¥l €] Xho 1 /EcoR I (Farm) 2
Hind 11/ Bam H T (R arm) A|RF& 4 Ape]of 242y S 23
% 35S:dsRNAi eGFP Wd 7 ES AlE YJAHTE
PCAMBIAI300 9] €] o] 215 22 el ithFig 1A). A2
35S::dsRNAi_eGFP ¥ E] £ electroporation 5 ©. & Agrobac-
terium tumefaciens (LBA4404)0)| =] 3}to] v & & 2 3of| A}
85} th(Weigel and Glazebrook 2006).

35S:dsRNAi eGFPHHd &2 43 v A &S ¢t mE o
2 Y E AR, Ye W SALR e f-7] ]l embryo-
genic callus@} 35S::dsRNAi_eGFPE &= ¢St LBA4404E 35
ufj oF5}o] & 23k A Z ch(Nishimura et al. 2006). A1Eka}#
¢l Hygromycin B (50 mg/1)o]] o3t #1314 @ RT-PCRE: o]-&
510 eGFPo]| T8t dsSRNAR&E o] =220 A/ E 2] T0 & 21 A
o w2 2% ATk A E T0 A EAE Eo A A
aiato] T1, T2 FA-5 242 2R 6141, Hygromycin Bojl of
R PR E EEENEREETEEE XY
2 47} 9] single-copy homozygote T3 A| S (#4, #12, #14, #16)
2% Aste] 4] g3,

RNA =& % mRNA 2 =M

AUz W AE G A o) A Al st 51 (wild-type, WT)
2 35S::dsRNAi eGFP A 43} 1o 4] A4 RNAS &3}
7] 9]5to] A 4] T 60U o] Xt Al EA| 2] ol HE] 2 A& oY

AA2E ol&ste] #AssHelaL, LiCl7E 7He RNA
extraction bufferE 0]-&35}o] 2 115 o Wz} RNAS =&
143 th(Das et al. 2013). RevertAid First Strand cDNA Synthesis Kit
(Thermo Fisher Scientific, Waltham, MA)S A3} 2+ 2 2] o
A FZ3F A RNA 500 ng2- ©]-8-5+0] cDNAS &3 5131t

WT 4 35S::dsRNAi_eGFP & 2 73k vlof| A -2 d &
24517 gJatol 7 707 ol H Laho]u 2 o] §ato]
(Supplementary Table S1) RT-PCR % quantitative real-time
(qRT)-PCRS 2=3 3191t} WA, RT-PCRS 9] 4] cDNA 1
ul (200 ng), sense L antisense Z&}o]™ ZF 1 ul (10 pmol),
Primestar HS DNA polymerase 1 pl (Takara Bio Inc., Shiga,
Japan), 5 x PCR buffer 4 ul, 2.5 mM dNTP 2 pl, dH,0 10 pl & ¥
0] 220 pl2 A 319 S 1, 94°Cof| A 257} pre-denaturation
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& 94°Co]| A 302 7} denaturation, 62°Co]| 4] 30 % 7} annealing,
72°Cof| A 1427} elongation 3}+= 24 & 33 cycles A2 4=
staich. RT-PCRY| A5 HFAom HFstr] f1%
qRT-PCR2 CFX Connect Real-Time PCR Detection System
(Bio-Rad Laboratories, Inc., USA)S ©|-&35lo] 3= ch
(Baek et al. 2016). H A, cDNA 1 pul (200 ng), sense & antisense
s zto] Z}0.4 ul (4 pmol), QuantiSpeed SYBR No-ROX Mix 5
ul (PhileKorea Technology Inc., Daejeon), dH,O 3.2 pl& 4

Z10pl2 14 314 0.1, 95°C)| A 227} polymerase activation
" DNA pre-denaturation= 3+ 5, 95°Coj| A] 1527} denaturation,
60°Co]| 4] 302 71 annealing 3} = 17 -2 60 cycles =3 5} o] Z
FAHE Y] S AAITE e = S 5FITh Melt curve 741>
65°Col A 95°C71A] 0.5 0.5°CH F-7HA] 7] o 4=24 313l Tt

Small RNA &5 2AM

Small RNA 28 B A2 213} o small RNA Northern blot 23
& 0|43} 9{ThRio. 2014). 23 ] RNA 5 pg& 53t
H1] 9] formamide2} 4] o] 70°Co|| 4] 15 £-7} denaturation 3t
32 ul9] 10 x RNase free loading dye 2} 8 pl ] RNase-free H,O
2 ol 220 uiol W79YE 2T stk e
RNA 717195 Al &E acrylamide gel (7.5 ml 30% acrylamide/
Bis-acrylamide solution, 6.3 g UREA, 1.5 ml 5 x TBE buffer, 125
pl 10% Ammonium persulfate, 7.5 pl TEMED, 1.5 ml dH,0) ]| A
A7t B0t A 7] 9531 &, EtBrZ stainings}o] RNA 2] A 7]
Q5 A Hl @} size marker& 2] 9] %] & €213} T} Small RNA
= Semi-dry Blotter (Amersham Biosciences Corp., Piscataway,
NJ)E 0]-&35}¢] 400 mAZ 1 A]7}F 52 nylon membraneo]] ©]
% A} 7] 4L, UV cross-linker (Hoefer Inc., Holliston, MA)S- o] -&
&Fo] 1,200 x 100 pI/em® o] J 2] 2 F ¥ cross-linkingd} 1t}
Membrane 2] pre-hybridization 15 m12] Church buffer (1.5 ml
10% BSA, 30 ul 0.5 M EDTA, 5.25 ml 20% SDS, 7.5 ml 1 M
NaHPOy, 720 pl dH,0) 5 AF-8-8Fo] 37°Col A 3A17F 59t =3
%] ¢t Probe -2 200 ng®] eGFP ¢DNA sense fragment 2}
50 uCi2) [a-**P] dCTPE ©]-2-5}0] Random primer DNA labeling
kit (Takara Bio Inc., Shiga, Japan) & A}-8-3}¢] 43§ 513t} T+
=l probe=PROBER column (iNtRON Biotechnology Inc., Sungnam,
Korea) & A}-&-5F0] 4|5} 2, hybridization buffero] & 7}5} a1
24 A| 7k %91 37°Cof| A hybridizationd} %3 t}. Hybridization -,
membrane-2- 2 x SSC buffer= 37°Cof| A 10 E7F 21 A A3},
0.1% SDS7} 2315 2 x SSC buffer= 37°Cof| A 10 =9t X
< Al A g, -80°Cof| A 15 Al ZE 5-QF x-ray filmo]| =3 A] A
small RNA W3- 2ol ol

Genomic DNA =& 3! genomic PCR

WT 4 35S::dsRNAi_eGFP & A A%t 1] £}

i
[
K
o
n)
i

o] &3] FA3} 3 & Exgene™ Rice SV mini kit (GeneAll
Biotechnology Co., Seoul, Korea) & ]85} genomic DNAS
Z23} 91t} Genomic PCRS- 9]3}j 4] genomic DNA 1 pl (200
ng), sense Y antisense 3 2}o] ™ Z} 1 ul (10 pmol), Primestar HS
DNA polymerase 1 pl (Takara Bio Inc., Shiga, Japan), 5 x PCR
buffer 4 pl, 2.5 mM dNTP 2 pul, dH,0 10 plE 2 o] & 20 pl9]
mixture S JLAJ 3} 0.1, 95°Co]| A] 5 E-7} pre-denaturation &
95°Co]| A 45 %7} denaturation, 69°Cof| 4] 15 %7} annealing,
72°Co]| A 45 % 7F elongationd}= T4 2 27 cycles HHE-31 =
Z710 82 paystelnt.

H 2H0ME 22 2 small RNA Fo| &M
EZAF AYA 60 & B, WT L 35S::dsRNAi_eGFP & 2 gk
T3 AlS#4, #l14)y5< Fef7h AshA] =5 P4

off A3 3 njAEof o) AbstE He] o A
= wolWol AR skt A - EQF 100 mgS 7 2o ot
1 mle] S75E A3 F, 12,000 rpmof A 302 53
A 22310 100 pl 2] AF59-2 NA H] %] (BD bioscience, Sparks,
MD)ol| T=hs}Giet. =gt v 2= 37°C 2710l A 24 AJ7F
F ot v oFal et i % A 71 plateo]] 2 ml2] liquid NA mediaS
A7psto mdEES AT F 187 12,000 rpm O &2 214
o5t A Azt EG v ES =5 E HA RNA 3
22 ¢J3f| 150 pl9] Solution I buffer [50 mM glucose, 10 mM
EDTA, 25 mM Tris-HCI (pH8.0)]o]l 4] 10 57+ Ah-2- 0] ] HH-S-
Al7])aL, 300 pl9 Solution II buffer [1% SDS (w/v), 0.2 N
NaOH]& g a2 ThA] Ao A 1087t ¥H-3-A1 X1 - 2|t o
&2 225 ul9] Solution III buffer [Potassium acetate (pH 5.6)] S #]
7Fekal d5of 10 71 Fol Al fAE 2 HAE DNAE
A A F T o] 3 4°C 2700 A 12,000 ppm & 2 10 27+
ARSI, AFS A2e FH §4 5 w9
isopropyl alcohol & ¥ 11 2 42 5 12,000 ppm S 2 10 E7F
4o C 27102 A E 2 ste] [ RNAE A Al Zith vpA|
kO & 80% RNase-free ethanol = A 2] 3+ 3= 50 ul 2] RNase-free
dHO0f| RNA pellet-& 35 St QA H & 1)Y= A A RNA
10 pgS AFE-3}9], small RNA Northern blot %' © & small
RNA & & #4519t

—
o
=
AR
)

ol —s
21 d nF

35S::dsRNAi_eGFP EAXSt B AT 2 small RNA &

.

Small RNAS 21 5= 3 8 203 1 9] 97 9130 4 B/
S RS gIste], W WA S ST @714 D fAF
4] G eGEP £ 12kl thd dsRNAI ¥e] 5 A 2F5}si et
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A B
NotI Xhol EcoRI Kp|n I Cla|I HindIl Bar|nH I Xbal Not1
CaMV 358 PdK int ocs 3

2 L 355::dsRNAi_eGFP 35S::dsRNAi_eGFP
. WT _ #4 #12 #14 #16  WT #4 #12 #14 #16

Subcloning of forward and reverse
eGFP cDNAs into dsRNAi vector, pHANNIBAL eGFP dsRNA — — — — — — — —

y
NotI XhoT EcoRI  Hindll BamHI  NotI OSACTIN| e e e e s | | e s s s s
P rvinon) QT [ oo+ | Leaf Root
Notl digestion and Klenow fill-in
A Cc
SacI Kpnl BamHI Smal Xba 1 Sall Pst1 Hindll 35S::dsRNAi_eGFP 35S::dsRNAi_eGFP
puUC 18 MCS
WT  #4 #12 #14 #16  WT #4 #12 #14 #16
Camv 3 UTR [[INARTIN camv 355 [Re] o5nt
nt—
o ----
l Subcloning into Sma I site of pPCAMBIA1300
17nt
BamH 1 HindIl EcoR1I
camv 3 UTR [[RPE camv ass | ocs s | I [Pak intron | (IS [ camv 355] [Re]
35S::dsRNAi_eGFP
Il Lac Z o fragment Leaf Root

Fig. 1 Generation of 35S::dsRNAi eGFP transgenic rice and verification of siRNA expression. (A) Schematic representation of
35S::dsRNAi_eGFP vector construction. PCR amplified forward and reverse fragments of eGFP cDNA were initially subcloned into
pHANNIBAL vector, and the dsRNAi expression cassette was finally introduced into pCAMBIA1300 binary vector. (B) Expression
of eGFP dsRNA in T3 generation of 35S::dsRNAi eGFP transgenic lines (#4, 12, 14, 16). Total RNA extracted from leaves and
roots of 60-day-old WT and 35S::dsRNAi eGFP transgenic rice plants were used for cDNA synthesis and subsequent RT-PCR.
OsACTIN was used as quantitative control. (C) Small RNA northern blot analysis. Expression levels of siRNAs were evaluated by
small RNA northern blot method in WT and 35S::dsRNAi eGFP rice plants. rRNA bands visualized by EtBr staining were used

as RNA loading control

eGFP A 2} coding sequence (CDS) ¥ F(1-701 nt)E dsRNA
cassette A2+ ¥ €] Q] pHANNIBALO®]| sense ¥ antisense B3f
O 2 747t SIS F, A EA A g HE 2l p)CAMBIA1300
o] =QJsto] £ 2] 0 & 35S::dsRNAi_eGFP W& & A| %35}
S th(Fig. 1A). o] Y] & Agrobacterium (LBA4404)of| =45}
o v FAAL | ARttt e FARRE 7%
embryogenic callus?} 35S::dsRNAi_eGFPE &= ] §F LBA4404
£ S suigstol FEAAS A F A ESHE S A At
7 & AH-§-2t Hygromycin Bl T ot A/ 94 & 7HA1+= 20 A&
O TO 2} =4 5 2+ 5}l th. Hygromyein Bof| T 2 #1344 B
W AA e Belu) BAS Bole] HEHOR 47)e)
single-copy homozygote T3 #|Z(#4, #12, #14, #16)= Z|Z Al
wstoi,

2 F AdtE 471 9] T3 A% 35S::dsRNAi_eGFP & A 3t
ol X eGFP {71 2}o]| tf gt siRNAS] a5 #5353l
M7, RT-PCRS 0] 2510] eGFPo|| 3t dsRNA 3
35S::dsRNAi_eGFP & 2 A%} v 9] Y3} M a]of| A 212+ 3
BHSATh. O] 2L Ol(WT) 1 o} = the] 35S:dsRNAI . eGFP
PAREE B 9] 9} Blejo| X eGFP dsRNA HAA| 7} =
FEo 2 e ds 2lsklch(Fig 1B). T3, 2 24 9 %j
A RNAES 0]-8-3F small RNA Northern bloto]| 4 &= eGFPo]| T
3} sSiRNAE ©] 35S::dsRNAi_eGFP & A A 3} v o] ¢l 3} # g]
oA A =& o2 W He gelsklthFig. 10).
Small RNA Northern blot 4! & of| A 53t 9F 2] RNAE A&
SFal-oll &= 9ol A 9] siRNA rd o] Fe]of v|sjA] =7

UEtE= A o2 Hof A3t
FLGRNAQ v dl 713 § 8-0]

2 5 9% AL e

CaMV 35S T2 R E| Q] &4,
A7) 0] 24 of wre} o}

oA Ol S 2208 2 SY &

1z

In silico off-target

SiRNAO] 9]5t -2 2} &3 oA &8 9 off-target effect 7}
gof et "1]3% %91 %] dsRNA cassetteo]| ] A 7}53h
SIRNAES 9] £, 4] {449} siRNAS] 7] A F Alo] 9]
AFE, AR ol A, 784 el 24 R0 o] 3 72 3
K 7V AT 2 RNA T Ake) 20 SIS S F04
o2 grislojof st Aoz d# A Sl thReynolds et al.
2004; Miickstein et al. 2006; Kertesz et al. 2007). 35S::dsRNAi
eGFP A% vlo| A A/ 7+53t siRNAE 9] F72} ©]
SIRNAE¢| .4?-7} off-target effect 7154 & ol &35}7] Y2t &
Mo whS 2K 915kl AR ol st el Elo] )
e 52 0] 9 7wt =2 g E 0 EXL v B A 519t
(Table 1). A7t Hig B4 T2 7W;E52 miRNAQ}
SIRNAZ t) A2 & 311, small RNAS] 5 0] 744 glo] &
Hog thg ol uhe BAHS Shelaick 1) £ &

SEEE PEE RPN EEREE . ERER)
Q2e @7] QoA WA 7Hs e E small RNA 714
o 2£,3) 97] A9 EA(sequence alignment) 7] &2 -3--8-5}
of ¢& E v dEHom U AVIAE ol AEAS
7HA Al U] small RNA A3} 715 G- A A} £, 4) small RNA
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Table 1 Available web tools for plant small RNA-related in silico analysis
Small
RNA Name(URL) Applications Remarks Reference
species

miRNA  WMD3 * Artificial miRNA

*>400 genomes and ESTs from >30 plant species.

Ossowski et al.

(http://wmd3.weigelw  design * Can select a group of amiRNAs from target gene  (2008)
orld.org) * Off-target searching fragment and design oligoes for amiRNA vector
* Target site prediction construction using the provided analyze tool, ‘Designer’
and ‘Oligo’.
* Can minimize the off-target effect and maximize the
gene silencing effect by re-analysis of selected
amiRNA candidates using the ‘Target search’ tool.
* Provide ‘BLAST’ and ‘Hybridization’ tool for
identification of off-target gene and calculation of
hybridization energy.
TAPIR * Target region prediction * 10 genomes from 10 plant species. Bonnet et al.
(http://bioinformatics.  of known or unknown ¢ Can use two different search tools, ‘Fast’ and (2010)
psb.ugent.be/webtools miRNA in plant ‘Precise’, using FASTA and RNA hybrid search
/tapir/) genome engine, respectively.
* miRNA target mimics ¢ Need to submit miRNA and target gene mRNA
prediction sequence for target site searching.
* Provide pre-computed results of target genes as
reference.
* External DB-link providing detailed target gene
information.
psRNATarget * Off-target gene *>200 genomes from >40 plant species. Dai et al.
(http://plantgrn.noble.  prediction * Can submit miRNA or mRNA sequence as query (2011)
org/psRNATarget/)  * Target site prediction depending on the purpose of prediction, simultaneous
* miRNA candidate submit also possible when specific miRNAs are
searching suspicious to silence specific genes.
* Gene silencing * Provide useful information such as alignment, target
mechanism determination description, inhibition manner, and multiplicity.
siRNA  dsCheck * Off-target minimized ¢ Arabidopsis and rice genomes. Naito et al.
(http://dscheck.rnai. dsRNA design * Individual counting of 19 nt siRNA hits to all genes (2005)
ip) * Off-target searching of selected DB with number of mismatches.
* Sequential hit counting makes it possible for users to
select off-target minimized dsRNA target sites ranging
from 100 bp to 600 bp.
pssRNAit * Searching of highly *>140 genomes of 81 plants and some of fungal Xu et al.
(http://plantgrn.noble.  effective and functional species. (2006)
org/pssRNAit/) siRNA * Integration of siRNA efficiency calculation, RISC

* Selection of dsRNA

binding affinity score and BLAST based off-target

target gene fragment for filtering function.

off-target minimized
dsRNA design
* Off-target searching

* Users can select most desirable target fragment by
elimination of low functional siRNA occurring regions
and high functional siRNA occurring regions that have

more off-target candidates.

* Providing some valuable information including
off-target gene identity, binding region, and various
efficacy scores through external link.

off ojg 07 W oA WAkl A 7 e A
o ofatH ouiA| 3t AVE T =R SAAe] wd
+ %21 2] small RNA 41 7. Table 19 A= 91l Al $15=7E 57}
A F8 B4 22 3= 9 EA-S small RNA £ F(miRNA
o} SIRNA)o| whe} 7-2-5}0] Lepy| ek, 1 7], WMD3 =2

IS mdl Azl o7 et 8 e, 7, Bel, &

T 5)EY e Am A EE o]8-5to] 24 9 artificial
miRNA 417 9l o] o] tfj gl off-target -5 A AH& A A & 4= 9l 11,
A& PAXSHE WE A2 i A Fehe). psRNATarget
zg 9oy o4 EA]o] mRNA £ 3f(cleavage)S %3

O

A 91|, ¥% ] A|(translation inhibition) Q1 | & E-A3F 4=~ Q)
L 903 =z g o|ch pssRNAit TE T L 7}4 gho 2]
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= T@15)Y AHEE dFez 24T 4 glon,
off-target §747 1 o] 402 Bl SRNAS 2] Q1714
Gt AA A& W A FEES ASAh 2 AFNA =
35S::dsRNAi_eGFP & A A3} H oA A 7153t siRNAS
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Flowchart

Application to 35S::dsRNAi_eGFP transgenic rice
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Fig. 2 Flowchart depicting in silico prediction of off-target genes of 35S::dsRNAi_eGFP transgenic rice. Off-target candidates were
predicted by using the pssRNAit program (http://plantgrn.noble.org/pssRNAiIt/) and the predicted genes were identified by BLAST
analysis using the Rice Genome Annotation Project (RGAP, http://rice.plantbiology.msu.edu/)
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Table 2 In silico predicted off-target candidates of 35S::dsRNAi eGFP transgenic rice

Gene Name

Functional siRNA'

LOC 0s01g05960
LOC 0s01g27600
LOC 0s01g45410
LOC 0s01g58240
LOC 0s01g58270
LOC Os01g62945
LOC 0s01g73720
LOC 0s02g26160
LOC 0s02g57700
LOC 0s03g12570
LOC 0s03g12790
LOC 0s03g38610
LOC _0s04g52630
LOC 0s04g54930
LOC 0s04g56930
LOC 0s05g34800
LOC 0s06g05230
LOC 0s06g39530
LOC 0s06g42610
LOC 0s07g10110
LOC 0s09g10760
LOC 0s09g34930
LOC_0s09g35600
LOC 0s10g23830
LOC 0s10g26750
LOC 0s11g35200
LOC 0s11g41710
LOC 0s11g47350
LOC 0s12g01910
LOC 0s12g27070
LOC 0s12g38090

UGCUGCUUCAUGUGGUCGGGG
UGCUGCUUCAUGUGGUCGGGG
UUCACCAGGGUGUCGCCCUCG
UGUGGCCGUUUACGUCGCCGU
UGUGGCCGUUUACGUCGCCGU
UGUGGCCGUUUACGUCGCCGU
UCGGCGAGCUGCACGCUGCCG
AGCAGCACGGGGCCcGUCGCCG
AGCUGCACGCUGCcGUCCcUCG
UGCACGCUGCCGUCCUCGAUG
UGUGGCCGUUUACGUCGCCGU
UGCGCUCCUGGACGUAGCCUU
AAGCACUGCACGCCGUAGGUG
UGUGGCCGUUUACGUCGCCGU
CUCGAACUUCACCUCGGCGCG
UGUGGCCGUUUACGUCGCCGU
CUCGAACUUCACCUCGGCGCG
AGCUGCACGCUGCcGUCCUCG
UCGAACUUCACCUCGGCGCGG
UCGGCGAGCUGCACGCUGCCG
UCGAACUUCACCUCGGCGCGG
AGCUGCACGCUGCcGUCCUCG
GAAGCACUGCACGCCGUAGGU
AGCUGCACGCUGCcGUcCCUCG
CAGCACGGGGCCGUCGCCGAU
CUCGAACUUCACCUCGGCGCG
GAGCUGCACGCUGCcaUcCcuUcC
GACACGCUGAACUUGUGGCCG
ACGUAGCCUUCGGGCAUGGCG
UCGGCGAGCUGCACGCUGCCG
AGCAGCACGGGGCCGUCGCCG

E? UPE’ Description
3.5 9.3 Receptor kinase
2 18.1 Uncharacterized
2 16.8 Uncharacterized
2.5 21.7 OsSub6
2 20.0 OsSub7
2 21.1 Unknown
2.5 229 RCLEA4
4 12.2 Lectin receptor kinase
3.5 18.3 Receptor kinase
3 17.8 OsCMT1
3 17.1 MATE family protein
2.5 20.4 OsMADS87
3.5 16.5 Receptor kinase
4 16.8 ATP-binding cassette transporter
3 23.4 Glycosyl hydrolase
3 223 Uncharacterized
3 22.0 Retrotransposon protein
3 18.0 Uncharacterized
3.5 19.1 Cytochrome P450 protein
1.5 23.9 Uncharacterized
3 20.8 RRM protein
3 23.6 3-ketoacyl-CoA synthase
3 8.9 MATE domain protein
3 223 PPR repeat domain protein
2 23.7 Uncharacterized
3 19.4 Retrotransposon protein
3.5 20.2 Cytochrome P450 protein
3 17.9 Beta-D-xylosidase
1.5 21.7 Pentatricopeptide repeat protein
2 24.8 Dnal protein
1.5 245 OsFBX456

'Putative siRNA that can be effective in silencing of mRNAs of target and off-target.
“Expection (E): The value of complementarity between functional siRNA and off-target transcript. Cut-off range is 0-5.
*Unpaired Energy (UPE): The energy required to open a secondary structure around a target site of mRNA. Cut-off range is 0 to 25.
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Fig. 3 Expression patterns of predicted off-target candidates in 35S::dsRNAi_eGFP transgenic rice. (A, B) Off-target candidate genes
specifically suppressed in 35S::dsRNAi_eGFP plants (A) showed no specific suppression in 35S::dsRNAi_eGFP plants (B). RT-PCR
was conducted by using total RNA extracted from the leaves of 60-day-old T3 homozygote lines (#4, #14) of 35S::dsRNAi_eGFP
and WT plants. OsACTIN was used as quantitative control
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Fig. 4 Quantitative analysis of transcript levels of selected off-target genes using qRT-PCR. Relative expression levels of selected
nine off-target genes in 35S::dsRNAi eGFP plants were determined by comparing with those in WT plant. The expression levels
were normalized to the expression of OsACTIN. Error bars represent the means + standard deviations of two independent replicates.
Asterisks indicate significant differences from the WT (*; p-value <0.05, Student’s t-test)
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All plants in subplots were planted 30 cm x 20 cm intervals. Eight WT subplots were arranged in all directions of the transgenic
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35S::dsRNAi_eGFP transgenic lines (#4, #14) were used as generator, respectively. Plot 1 with WT generator was used as a negative
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T-DNA or siRNAs transfer, respectively
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Fig. 6 Verification of non-target effects of 35S::dsRNAi_eGFP plants. (A, B) Detection of transfer of eGFP dsRNA (A) and its
derivative siRNAs (B) from 35S::dsRNAi_eGFP plants to neighboring WT plants by using RT-PCR and small RNA northern blot,
respectively. Total RNA was extracted from leaf and root tissues of 60-day-old rice plants and used for experiments. OsACTIN and
rRNA bands visualized by EtBr staining were used as control for RT-PCR and small RNA northern blot, respectively. (C) Genomic
PCR analysis. Genomic DNA was extracted from the seeds of WT and 35S::dsRNAi_eGFP transgenic plants (TR). (D, E) Detection
of siRNAs transfer into rhizosphere microorganisms from 35S::dsRNAi_eGFP plants. Rhizosphere microorganisms attached on
root-associated oxidized soil were suspended in distilled water and cultured on NA-agar media (D). The existence of siRNAs in
rhizosphere microorganisms was tested by small RNA northern blot (E). Total RNA extracted from roots of 35S::dsRNAi_eGFP
plants was used as positive control (PC)
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