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Discussion on safety evaluation of RNAI transgenic crops
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Abstract: With the discovery that double-stranded RNA ( dsRNA) could result in gene silencing ( RNA interference, RNAi) in
Caenorhabditis elegans, scientists began to exploit this RNAi technology for the study of gene functions, in order to improve crop re-
sistances and genetic breeding. In this paper, the principle of RNAIi technology is introduced, and the differences between the RNAi
and traditional transgenic technology are discussed. Based on the potential miss-target effect of RNAi technology, we analyzed the
potential risks of RNAi technology from improving plants, target organisms and ecological environment, which provided reference for
risk assessment of RNAi technology. Because there are still risks in RNAi technology, in order to maintain ecological diversity and
safeguard people’s personal safety, we should establish a safety evaluation method. Therefore, we summarize the evaluation schemes
of environmental safety and food safety of RNAi genetically modified crops. RNAi technology may play an important role in reducing
pest densities, increasing rice yield, reducing planting costs, reducing chemical pesticide pollution. However, there are still risks in
this technology. Further supervision and research are needed to establish a sound ecological evaluation system so that RNAi technolo-
gy can play a role in agricultural production.
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1FE X RNA 5 Jz L RNA #RREI | 26 HL Caenorhabdi-

1 RNAi EMRIFHAEE tis elegans WL Rk X455 L RNA R

RNAi( RNA interference) R RNA T4, & H XX
i RNA (dsRNA) 75 % (19 [F] I8 mRNA. 55 2R 57k
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RNAI 2 ff By Bt 23 7 4= RNAIL 9 A5 75 1 41
i /N3 RNA (small interfering RNA, siRNA)
55— Bl L N A 1 AR 2 5 /]y RNA microRNA
(miRNA) . FEA [ RNAL R ATLASY N 3 A 8
% ( Tomari & Zamore, 2005) ., B 5, Dicer ( —
RNase I A% ) K 75 40 i b 2 3K 505 1A 401D B 19 I
s AN dsRNA 73 F, I TR/ RNA SUREA AR 438
YRR, T REA — A EZAS Dicer B, 51
FTEAS A 22 B dsRNA 7249 ( Meister & Tuschl,
2004) , o, 75 2B HE SR W8 Drosophila melanogaster
Meigen ', Dicer-1 3% T4 miRNA, Ifii Dicer-2
M7 57 8 K dsRNAs il T i siRNA ( Lee et al.,
2004) o HUK, X BEXUHE A AR i, Hoh — 25 PR Ay
51 FHER HAE RNA (ssRNA) BN E] RNA i
FULERE &% ( RNA-induced silencing complex,
RISC) MEHBRE AW, #HK, RISC Z & W
5 dsRNA 582 EHR I3 781 [ IR ) v 7E S5 1l RNA
(mRNA) , 5| SHEAE (F RISC 1% V) R BEIE mR-
NA 24 23 H 3L R TR

RNAI E 2 — B0 (9 2 R BH T HR , BAT i
SRR RRCE R APE TN T T AR M SRR A
(2N 3CAF,2007 ), RE A f] 5 g S50 410 1) 4 A ik
ik, BRTFEZN T LU R ILA T (1) 5
PRI RRE 53k , A% 90 1 s IR) Rl IS 2 B ] 3 A% 2 I U 5
B BARMERE i SRS AR IR T RNAT SR AT
A SiRNA 5 siRNA ik 2 At | ] 68 i 1 H
LA 23, I REMEZE MR SM 7 B 20 i rh ik 3] 2k
DRI RER USR5 (2) HE A T RE 23 BT, RNAL 2K 58 IR
T ARG S R AR T 2 BB i, AT DL F
SEF IR I DI REWT ST, 16 ] T 40 A R B A 4 AR
W (RS S BEEis Ll & DNA 4545 RN | 7 sk il
LA 55 22 07 T BRI DD BERIE ST 5 (3) ZEPRRY T, H
TG A A P R (4) PR AR5 3 Tl i
RNAi T &8 IESEREFS AEY) T 4L 701k 5 (5)
BEIRGLIAYT o RNAG HOR AT DT 406 25 1 52 il S A
T 5 %) 95, A 80 A T 1Y) B A AL 1%
(AL ,2010)

2 RNAi BEAREESZHEERTANEK S

18 50 04y Bt 2 TR A2 R 4 A W 2 R
TR AW SN IE R A B85 21 52 A AH P 1 3 (R
rp, A LA S QAR PR AR DL st A& A ik, DA
Az RAE Y AT B R, e B R R A

At HB W B SR E 2 DNA (95 A M4, HAMNIA
DNA TESEANE D) (4 A7 SR BEPLY . TR
[ RSN PPN TE - YISl X A A =
ik B 3 A A AN [ 23 0 ANIR R R R AR
DLECZARNE AR B 0 B 58 77 ARV AE S I, %)
T RNAi FFEFIVEY R UG, 18 AL S A R AN 25
FERNA Bty 22 5, Hizid AW XANEE A
FRIR (FENLAE 2018) , AEGERY R 4T AR 2
§E Bt PR HI AR E B, Be B R 22 G
T IRANTR D) = AT B 7 AR 0 — B BT R B R S
(28 U 1, SRR AR (1 A b B OO S A T A v
fEATIRE R, O E A KN ERS T, 580
T 5 I dn sl G i 40 MRS 2R AL B 2 B st
T (ARERRUZE, 2015) , Bt 28 AR W 732 45 J2:
JLE S A EWRRE VA3 £ PS8 5 N K €A B 7/ N ) PR
Hofl AR i —RE, B A= R A 255008 B
RN 5 52 AR A R SR SN R X
(A BN AT AR VAR O =S =8 7 LT
H,2016) .

WFoE R, RNAL £ AR A H AL et S H AR
KA PEH, FEAHE . (1) & R 1%, dsRNA 4
0 RNAD HRERR 5% % [F) U mRNA, IF A 52
M HoAth mRNA [R5, R, RNAT F2 AR I FHi il
VEY) LB B R 1 — P sl LA S AR 2E 9, T
1L it AR 2 AR (I BELIEAR K 5 (2) mosiet:,
X — e H B ( Zotti et al. ,2018) , /L&)
dsRNA 5t AT LI KRR IR mRNA 93RA | U5
PRI AR T2 T K| A 1 046 T HFl 5 (3)
RNAi 7% 5 AR W) 22 3K A9 02 85 1 172 dsRNA i
siRNA, IXFIIRIE X G FERIED h e, i
AEIRE Y 3 A 1 9 A IR 6 B 3 7 8103 4 1Y)
mRNA 5 S5 8 & Je 4548, I WA R N 1) Dic-
er T P AL , A 2 PR B0 W02 1A 0, AT ke B2 T
HMIEEE A R AE R R AR N )RR 2R B B m i AR &
S, ARSI R A K R B R R s L AR E
(Y ZHLH, A A AE K B9 TR dsRNA il siR-
NA, itk , 35 5464 A & TR T 51 1) dsRNA,
NG R AEAS BB AT ) AF E A
Wi (SRHR4E,2012) . 45 FRTIA, RNAL HER BA
HEMAEY 2B FEARVEY 3 A S A T
YT

PEILAESR , A8 RNAL F5 AR KRl 3 T
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Al AU, FEAE YR LT, w5 A AT (2016 ) i i
Fadt RNA IR A0 5 A S5 B IR IT Ara-
bidopsis thaliana Heynh ", T2 &5 T AR I+ A BT
FEM, Wang et al. (2017) H 1 RNAi i € H 5 K £
FEMI Tamarix hispid Willd BT ER P4 AR 5 A FE X 78
HHPIFIRTT I, 2 (2016) i T 45 dsRNA TR
JUT o0 il A B DDA T f 42 1) e A 45 i 4
Cnaphalocrocis medinalis Guenee, Yang et al. (2017)

*1 HAS@EE RNAI RARBRHEHETERR

Table 1 Major insect pests that have been effectively controlled by RNA interference technology

FIHT RNAi FAR @R 4 €Al Nilaparvata lugens Stal
PRI TPST I TPS2, 5 30% 19 B HUAE T
TES F iR T, AR (2017 ) il RNAT $2 5 1
A AT PR BES 2 BT 5 78 B 25 P D7 18T, Guo
et al. (2015) FIH] RNAi AT T/NRIK Plutella
xyllostella 1.. Wiz EHFEEN, AR T HxF CryiAc B
B0l O S INTE A VAN 2 0 T i S = I [
it RNAL ORGP FERE AL 1,

EAEE) HPREEA R YIRS 45 275 ik

Insects Targeted gene product Asssay/method Effect/ comments References
FORAR wg - V-ATP BV I A FIVIE E TFFHE LR IR BT HESIRIE Camargo et al. ,2018
Diabrotica virgifera VATPase A/E HIGS Mortality/ proof of concept
M A E A = TRV 7K Water BET- Mortality Andrade & Hunter,2017
Diaphorina citri Arginine kinase
TR V-ATP FflE 3 A AT AR Artificial diet BET Mortality Whyard et al. ,2009
Drosophila melanogaster ~ VATPase A
IR Z AR A 4 Injection HE AR I Knorr et al. ,2018

Tribolium castaneum
LKA
Acyrthosiphon pisum
VEEPN 4

Manduca sexta

SRR

Leptinotarsa decemlineata

BB AP
Aedes aegypti

AR

Bemisia tabaci

BRI

Myzus persicae

e R E

Nilaparvata lugens
ARt

Rhodnius prolixus
s

Locusta migratoria
UL

Schistocerca gregaria
2T L

Solenopsis invicta
Fie o

Helicoverpa armigera
I 8
Spodoptera exigua

T /N

Blattella germanica

Multiple genes

V-ATP Ff§iF 3 E
VATPase E

LK CYP6B46
Gene CYP6B46

E2 LT
Multiple genes

ATP R HI SRR
ATP-dependent efflux pump

V-ATP BERIEE A FUZRHACE A 19
VATPase A and rpL19

HBRIE

Gap gene hunchback

JUT B iU A A

Chitin synthase gene A

B NP2

Gene Nitroporin 2

ZHUbREEIN
Multiple genes

BB VRT3 B
Tubulin/GAPDH

5 B3R T Ik
PBAN

FEN EcR
Gene EcR

JUT B a N A RN EcR
Chitin synthase A/EcR

o AEEH

a-tubulin

AT 4K Artificial diet

AT I H VB VIGS

22 Leaf tissue

7K Water

AT 5k Artificial diet

A BV FHEEFTTER HIGS

NLAARE Artificial diet

AT AaK} Artificial diet

NILAARE Artificial diet

AT 4K Artificial diet

N TAaEE Artificial diet

A EH SRR TR HICS

N LAk Artificial diet

AT Ak} Artificial diet

Proof of concept

BET- Mortality
HET™ Mortality
BET Mortality
SET- Mortality
BET- Mortality
BET- Mortality
BET Mortality
BET- Mortality
BT B Y FE AL

No lethal gene targeted

B S iy LA
No lethal gene targeted
BET Mortality

BET- Mortality

BET- Mortality

BET- Mortality

Whyard ez al. ,2009
Pavan et al. ,2012
Zhu et al. ,2011
Figueiramansur et al. ,
2013

Upadhyay et al.,2011
Mao & Zeng,2013

Li et al. ,2017

Paim et al.,2013

He et al.,2010;

Hu & Xia,2016
Wynant et al. ,2012
Choi et al. 2012
Yogindran & Rajam,2016

Chen et al. ,2008

Lin et al. ,2016

3 RNAi F AR RETFEERI X

FIRI A (B E TR HNZ B AR G A F Y

ZRHAT SRR, HFET RNAI H92 ik
AR ELR RNAT T2 gt e BT 0 — A 0 2 B R

siIRNA SAESFREE] RNA % 2k B AMEE % I FE 4 55
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PEHEAD T 3% 5 KA R IE (AR RS S I,
2016) ., BT RNAi AL A= BE 30 4 5 1 16 7 5K
KA 53R dsRNA 43 B A # 43 [F R R N
VRIS 28 L4228 1T fig BRI P G TR, 31X
AT RE X R 1) A R = A R, LA VR TR I KU
(Dutta et al., 2014)

3.1 WM REWASHXE

3.1.1 dsRNA 5w L F &AM L EH &%
SER P RVEY Be & i AR S5 6 B fui
J¥r 52 AR A0 L, B I e A0 2 L A 350 40 L 24 ( Va-
chon et al. ,2012) , 1M dsRNA B9/EFIAR & TH AR5
mRNA (Kennerdell & Carthew,1998) ,iX 2 FfiffE A
FIRAFHICH A Bt HAMRA AT GBS dsRNA 454
IERR Y Rk, B, X Bt S
dsRNA ¥ 7E 1Y 25 & 2 0047 KBS PEAl . Bachman et
al. (2016) ¥4k T Cry # F1H1 dsRNA ( Cry3Bbl filE
KR B Diabrotica virgifera LeConte [) DvSnf7 dsR-
NA) 2 [H] {9 38 76 A0 B AR, B 3 B K 24 28 Ff MON
87411 BE AT A= A HEHT E K AR 418 Cry3Bb1 Bt 2
F, SUAT AR X B KR AR HU ™ A DvSnf7 dsRNA i £
KARHU KA RNA T4, 2238 34 (2012) | Belden
& Lydy (2006) R T 2 Fs %3 W2 1) W 7 |
YEHEAT T VP4 55— Fh 7 i 2 BTl Cry 251 F
dsRNA 7E T KA HL A B4 5 I 7K SF- , Pk 9 8 45 B 1
il , 235 SFIE B W 3 AL A5 1 52 7K - S Ul J2 1 7K -
S EERL It H 58S 5T 0 T s g K-
FREZES . 5 R R e 0 SOtk
I 325, RIDKE— T B4 61 5 37 35040 1k B8 I A2 53 — 7
A SO BE D AE 12 d R 3 R R s Tk
(LCsy) A 721, 45 R & B Cry3Bb1 #1 DvSnf7 ¥
LC BIRZ X T8, 534k, Levine et al. (2015) H
%} Cry3Bb1 #8gk X} DvSnf7 ANEURAIRID Hi 2 B4
W W Leptinotarsa  decemlineata ( Say ) I i T
Cry3Bb1 il DvSnf7 Z [AIAHEAE FH 0¥ 77, 45 Rk
DvSnf7 ANEAE Cry3Bb1 BTG

3.1.2 #EEEHmLREE FHIEXFEDER
[ ARBRIE] H 3 R 5 F A B ) AN S AR TR, J5
AT BB & Az AT 35t A% BE R 5848 ( RIVAR L2 4 M B 976
A, B siRNA FE [ E s 85 (1 56 9 A8 5%
1 (Obbard et al.,2009) , P, B 501 F A HLE
KR VAN e A ] 5 e AR (R 35 14 | X8 1Y
oA E MR ) M E R IR ALY ph Ak,

A5 — 1 sRNA I P45 HE A B T e T btk
PEMY R0 2570 3 4% H 143 PR 33k 119 e 1k R4
H Rk R A AR e P (B AR5 2008)
3.2 XTEEARERIXUEE

LR B bR K S AR
FREE D) K A= BT IEAL , 3 2 X 2% HU) o 1 2 5 T
fift, AR 7 2 AR AT — A 2D R TC Ak sk H AR BB A7
YRR EREAR , AT ZERAR AL P AP R = 2R P S 3
VEVIPL B AR A EREAR A I A %28 ) RNAI
PIBTIEALE , (E AT U SR BT AL, anfe iz
IO rp AR DL AT Aa]— s 20« SR 3 He 45 R
1) dsRNA /0 T 1k 2 G2 v 43 1 B A 5 35020 e i
Wit dsRNA 3870 | Dicer Jiff 2 #2153 21 1 /N RNA 3§
/b siRNA 43 RISC & & P10k RISC Z &
YIABER A H AR mRNA i BH KT RNAI 9 RGP 1
85 RNA % JE D W0 % B0 AR A6 W 08 0 1 35k 25 B AR
(Fishilevich et al.,2016) , E& HUiA AT 3 &2 34 70 H bx
FER P 0 e sy ol B e R At 5 H A (TOER) 2
DRI ) i A AR I B 110 3 PR Sfe it 6 5 PRI T 2K

JEEAF BT S S H i F R A B 5k
(Fitt et al.,1994) , JEE3 FIr I RIAE AR AN B35 8 0
YT A vE X 2 U B U B S AR, X
e PRRE A R, Bt nT LR AE R B Bt
PRSI EE R B B AL, B g i R B R E IR &
e, (R AR AR S HE S PR R AR b A BT A~ AR B AL
ZEHC, T & AT J5 AR B S S PR 2 24 B 1
WRIRE T A e AR R R PR R A
REAEIE , BDIAE) TG B3 A H A9 (Gould, 1998)
3.3 MNESERRXE
3.3.1 dsRNA ZEFEF &Y RNAL A S KPP
(1)~ TS R o A B AR L) Bk B A A B
VA R RE R DA T AE 1 AR B AR P A i R £k
i, AR INE R U B PR RR E M P LABA
SEXT Zy S e 1 A BB AR A 0 A TR KO XU
(Kough & Edelstein,2012) , Dubelman et al. (2014)
BEXAS [ BRAR R BT %) 3R AT T A, IR AR S AR
W RFE T dsRNA 85 5% 58 LIPEAL A= 4 3% 4 ( BD
RAET-%) , 450K fEmE L e+ fgh
A 3 Fp LA B oK AL Snf7 dsRNA 78
48 h J5 /& A Al K Y, Snf7 dsRNA #2F ZW/N T
30 h, REHREWIES: Bt A FEWE—FJLK
7 N ( Bryan, 2005) , Snf7 dsRNA F1H: A dsRNA
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ZFAE . RNAQ e 5L VR 42 PP 05 - 99 -

ANATREAE LIPS A, ISR EHIEY] dsRNA &
IR A A LT iRl AR R Y R B A 1A
SETXF dsRNA SRR [A] B2 75 225 0 B T
RNA #4973 7-F1-5 Z W B E 51

332 AEELEMNTHE  AREYRAN
dsRNA X FAT 85 B2 B9 45 S5 7 ( Baum et al.,2007)
SR Z2 DTSRI, P SRS S 0y 25 A b 2
[F1) 75 A B g AR 20 1) A5 8 8 B 7T F3AEG ( Whyard e
al.,2009) . HAT, F T R BT HO/E W i A 25 XU
PEAL M PPAG RNAL A5 19 B H R AP VR nO v 7 e 3
FEAET AN, QnEFXT DvSnf7 ) dsRNA I BBE AT
HAHE JI7E 4 A H A 10 DR R R T 0F
i, 45 W, DvSnf7 ) dsRNA 2% 513 1 70 il AR
78, HATE T RO ARG B JORE Al oIl 5¢ 315X R 5
W, 2 BB i v 506 — E I P S BSR4 RE S
DvSnf7 VERE, HAER M A S BE RNAG S 3 19 5 B AT
TEA M B B A5, PRI AN 2 I A 1) ) o 0 0T 5 AL 114
dsRNA HURR B 7E R 55 22 58 19 Ik B2 R AN U (AL
len & Rd,2012; Bachman et al.,2013; Huvenne &
Smagghe ,2010; Terenius et al.,2011) I, PEA
dsRNA XFHEFEFRAE i s2ma , n] L) i i B 4 AR A
FEREARAE W), E S M 5 R AR A ) 4 ] D v T
Gy G A, IR0 RNAG A 9 5 dsR-
NA X AEAEFRAE Y5200

4 RNAi IR ZEFMN

H AT AR ACERRETUIN RNAL 75 5 AEY) %
ISR AT G ¥ B 52 PR, 2 200K B
— FREN RS B X e BE VR R AT e R A
TR W45 B, 2 P A 25 2R, PR B AT A
Bis, BARER O A — S 50 B T LG
% ARATEFEAT RNAG SXIUH A AE B B AR 4, LAE
SRS R AT G PR oK B A PP O e I
AR Y HT A FE R K RNAT 3% 3L AR D)
HEAT R b AL FiAE
4.1 IRBELZEITEH

RNAi % 1 R VR 70 P55 R i 19 1] 7T e 2 %o ]
WA G, fEE S S 2, T O
IS AT L R (B | B e SE R A stk A 7™
IR P, BEHE. (1) BIEMUEY L
PR, RNAL F BE R EY A R R AR I AR A B
KHIFEH =Wk A + 35 v 65 AR YA 5
YEFH 500 - 358 o A4 0 90 16 30, AT 5 i) - 39 A

15 (2) AT 4 J1 % VR, RNAL 55 3L RIS
HMIGFE DR 33K 1T R ELAT B R Y PR BRI I g T, K I
BN AESIHE G, SARE RN R EY 5 4 it 12
H ELA T ) S 7, AT RE S R B A ) ) 2R
L2 T I 2 B (XA AF,2010) 5 (3) SR
R T, RNAL 5 35 AR 9 19 7 356 R T e &
T A 25 A DR RS 1 5 0T 2 W A R s, AT
XFIX 2 Pl 50 % 24 b A A AR K I R AT ARG T
(4) MFAESEFRAE M) 0022 234 RN AL 55 R DR 4 ]
R 2 XF AR FOAR A W 0 A A7 1 R T PR IR W A
Wy JE L A R A 00 8 305 T RO VR A (R 5
(5) ¥EARAEYIPUE 2 T, ¥OFR A= ) T BE 2 R B
HEAE VTR XV P U I AR, e 2 E W 7 A= bt
PE | RS o PP Al #E AR A AN R BB Pk
4.2 BHZR£IFM

RNAi I FEY B % 25 N Emi 4
BB R AN CER RS, [FIE, RNAI %
LR DA S 55 25 o) RIS A 7™ 22 1) B S it —
FINE LN, (1) EFRFL2W, Kl
RNAi F R i 8 0T JE R 2R 4k 0 ) T
DL R CHA 5 NS R A G B SR BT, i A7 B4R
F EIREG RO EPUE RE R SAEY N TR
FARFER TP XL BT & i S AR 5L N i Fh 2
EERA B EM2ZES, (2) FHEZ 2N, N
JE RNAi F BRIV E 15 234 R B 10 7 R sl A 7e ™
AR RIEN ., (3) Bt = L2, FIWH
PR TR, AR Al 35 R 2 75 of TR 8 R X AR B
BRI SR BOR R A 4 AT 2D 3R . LU LR )7
G ARARLEE , P00 A7 45 S 2 L 355 O e S 56, AR O
FIRAUl B I AL e g . HE ST SR AL S | AR 4R
2B BE B R 25 5 %F RNAG %% 35 PR VE ) B0k 3
FIvEMY . (4) ARIIEERLN 22 2 PR, RNAL 36N
EYImTRE S I S TR A S, 45
RNAi F 3L AR B B ] 68 H 80 AR 30 BB 00, L
FERTHIEREY )G, sh e B8 ol ReAE e
AR E AT RNAL 5556 R AR T 500 1)
D5 5 A FE R RS ik 2 B, (5) Wi fi
AT, RNAL FE5E R B T B 25 52 i i 18 7
A= WG DA T SE I A AR R | A 32 R B
M A R A6 I g T 2 0, A T 9 A 3 I
FeIk R AR LKA AT AR U RO A A
B ILIR BT A & W55 (2R 1R 1R ,2017)
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5 RNAIiBEAWMEIERERE

ASCAEHT ABFIE RNAL B B FERY R4 T T —
FERIANTERISE T A48 T BRI B A 32 B0 78 XU LA
FAl AT B PEAS 75 %€, RNAL £ R B A T B 19 4200 1
FHRT S AERT LA ok st | 38 S K R
T BRI B | 3 AT DA /D Ak 2 4 2 s A 3R
Bels e, AR T Bk T e kR, TR,
RNAi £ AR WAFFE—E B RS K, B2k RNAL FE R
WA S G RN C B T — gk (B 17
FEVE 22 R AT RIS AIUERT . BEXF B AT RNAI
(RIS BRI XoF LA 35 PRV ) R RS i i Ak o A
J T E B A 2 KBS A T I R g M, [
B T s X VE 9 A W 4 4 R G H BB O, R TR R
R ERRAS I RNAL /E 9 A 28 XURS: 38T 5K FET 7
2, B SEEM ST TR R NI T4 KA
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