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 1 DNA
 

 bp        

 

FRT1 48 Saccharomyces cerevisiae Flp
Proteau et al., 1986  

pm
i 

* 

pmi 1,216 

Escherichia coli  
PMI Negrotto et al., 

2000 5’ 4 3’ 36
 

pinII 
Terminator 

311 
Solanum tuberosum

II pinII Keil et al., 
1986 An et al., 1989  

 

Z19 
Terminator 

742 
Zea mays 19-kDa

GenBank accession KX247647
  

pat 
 

os-actin 
Promoter 

1,682 
Oryza sativa

 GenBank accession CP018159 GenBank accession 
EU155408.1  

os-actin 
Intron 

469 
O. sativa

GenBank accession CP018159 GenBank accession 
EU155408.1  

pat 552 
Streptomyces viridochromogenes

PAT
Wohlleben et al., 1988   

CaMV 35S 
Terminator  

194 
35S

Franck et al., 1980 Guilley et al., 1982
 

 

loxP 34 
P1 Cre

Dale and Ow, 1990  

sb-ubi  
Terminator  584 

Sorghum bicolor 
Phytozome gene ID 

Sobic.004G049900.1  
* pmi DNA

pmi
.2. 3 . 25   
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 1 DNA
 

 bp        

 

sb-gkaf 
Terminator 

464 S. bicolor
de Freitas et al., 1994  

attB1 24 Invitrogen Gateway R Hartley et 
al., 2000 Katzen, 2007  

D
vSSJ1dsRN

A
 

ubiZM1  
Promoter 

900 
Z. mays

Christensen et al., 1992
 

ubiZM1 5’UTR 83 
Z. mays 5’ 

UTR Christensen et al., 1992  
ubiZM1 
Intron 

1,013 
Z. mays
Christensen et al., 1992  

All-stop Codon 
Sequence  

14 6  

DvSSJ1 
  210 

Diabrotica virgifera 
virgifera Smooth Septate Junction 1 

Hu et al., 2016
2 DvSSJ1

1 mRNA  

Mini-stop 
Codon Sequence 

8  

zm-Adh1 Intron 
Connector 

106 
Z. mays

1 Dennis et al., 1984 2
DvSSJ1  

Mini-stop 
Codon Sequence 

8  

DvSSJ1 
  210 

D. virgifera DvSSJ1
Hu et al., 2016  

All-stop Codon 
Sequence 14 6  

Z27G  
Terminator 

480 
Z. mays W64 27-kDa

Das et al., 1991 Liu et 
al., 2016  
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 1 DNA
 

 bp        

 

UBQ14 
Terminator 

902 
Arabidopsis thaliana 14

Callis et al., 1995
 

In2-1 
Terminator 

494 Z. mays In2-1
Hershey and Stoner, 1991  

attB2 24 Invitrogen Gateway R Hartley et 
al., 2000 Katzen, 2007  

ipd072Aa 
 

BSV AY  
Promoter 

414 
Banana streak virus acuminata Yunnan strain

Zhuang et al., 2011
 

zm-HPLV9 
Intron 

856 
Z. mays 5

Phytozome gene ID Zm00008a029682  

ipd072Aa 261 
Pseudomonas chlororaphis IPD072Aa

Schellenberger et al., 2016  

at-T9 
Terminator 

573 

A. thaliana  

GenBank accession NM_001202984
 

 

attB3 21 Cheo et al., 2004  

FRT87 48 
S. cerevisiae Flp

Tao et al., 2007  
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 2 DNA
 

 bp        

 

Ti Plasmid 
Region 50 

Rhizobium radiobacter 
Agrobacterium tumefaciens  Ti 
pTi Komari et al., 1996  

Left Border
LB  25 

R. radiobacter A.tumefaciens 
pTi T-DNA Komari et al., 

1996  

spc 789 Fling et 
al., 1985  

colE1 ori 370 E.coli DNA Tomizawa et al., 
1977  

cos 14 Komari et al., 1996  

tetR 651 Komari 
et al., 1996  

tetA 1,200 Komari et al., 
1996  

trfA 1,149 Komari et al., 
1996  

oriT 367 DNA Komari et al., 1996  

ctl 6,271 Komari et 
al., 1996  

oriV 711 DNA Komari et al., 1996  

virD1 444 

R. radiobacter A. tumefaciens
T-DNA Komari et al., 
1996  

virC1 695 

virC2 609 

virG 804 

virB 9,436 

colE1 ori 370 E.coli DNA Tomizawa et al., 
1977  

cos 14 Komari et al., 1996  

Right Border 
RB  25 R. radiobacter A. tumefaciens

pTi T-DNA Komari et al., 1996  
Ti Plasmid 
Region 50 R. radiobacter A. tumefaciens

pTi Komari et al., 1996  
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 2 DNA
 

 bp         

zm
-w

us2 
 

nos Promoter 322 
R. radiobacter A. tumefaciens

pTi
Depicker et al., 1982  

zm-wus2 909 Z. mays WUS2
Mayer et al., 1998 Lowe et al., 2016  

pinII 
Terminator 311 

S. tuberosum
II Keil et al., 1986 An 

et al., 1989  

zm
-odp2 

 

ubiZM1 
Promoter 900 

Z. mays
Christensen et al., 1992

 

ubiZM1 5' UTR 83 Z. mays 5’ 
UTR Christensen et al., 1992  

ubiZM1 Intron 1,013 Z. mays
Christensen et al., 1992  

zm-odp2 2,133 Z. mays ODP2 
GenBank accession XM008676474  

pinII 
Terminator 311 

S. tuberosum
II Keil et al., 1986 An 

et al., 1989  

 

Z19 
Terminator 742 

Z. mays 19-kDa
GenBank accession KX247647
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 2 DNA
 

 bp        

Flp
 

ubiZM1 
Promoter 900 

Z. mays
Christensen et al., 1992

 

ubiZM1 5' UTR 83 Z. mays 5’ 
Christensen et al., 1992  

ubiZM1 Intron 1,013 Z. mays
Christensen et al., 1992  

Flp Exon1 634 
S. cerevisiae FLP

1 Dymecki, 
1996  

st-LS1 Intron 189 S. tuberosum LS1
Eckes et al., 1986  

Flp Exon2 638 
S. cerevisiae FLP

2 Dymecki, 
1996  

pinII 
Terminator 311 

S. tuberosum
II Keil et al., 1986 An et 

al., 1989  

D
sRed2 

 

CaMV 35S 
Enhancer 475 35S

Franck et al., 1980 Kay et al., 1987  

Ltp2 Promoter 846 
Hordeum vulgare

Kalla et al., 1994
 

DsRed2 678 Discosoma sp
Wasson-Blader, 2001  

CaMV 35S 
Terminator 194 

35S
Franck et al., 1980 Guilley et al., 1982

 

 

attB4 21 Cheo et al., 2004  

CaMV 35S 
Terminator 194 

35S
Franck et al., 1980 Guilley et al., 1982
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a. RNA5 

 
 

DvSSJ1dsRNA 
DvSSJ1 Diabrotica virgifera 

virgifera WCR DvSSJ110 
210 Hu et al., 2016

2 DvSSJ1 RNA
DvSSJ1dsRNA dsRNA

WCR RNAi RNA
DvSSJ115 

 
 

- RNAi  
RNAi

dsRNA RNase III 20 
Dicer dsRNA 21 bp 24 bp siRNA

small interfering RNA siRNA RISC RNA-induced 
silencing complex mRNA

mRNA RISC
Argonaute mRNA25 

Baum and Roberts, 2014 Hu et al., 2016  
 
- RNAi WCR  

dsRNA RNAi
Caenorhabditis elegans30 

Timmons and Fire, 1998 WCR
dsRNA WCR

dsRNA
WCR RNAi

Baum and Roberts, 2014 Hu et al., 2016  35 
 
- DvSSJ1 DvSSJ1  

RNAi WCR WCR
cDNA dsRNA WCR

DvSSJ1 Hu et al., 40 
2016  

DvSSJ1 DvSSJ1 160
Drosophila 
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melanogaster SSK SNAKESKIN 1)

54.9% Hu et al., 2016  
SSK SSJ Smooth Septate Junction

SSJ
 5 

1 16 Ssk SSJ
Yanagihashi et al., 2012 DvSSJ1

WCR WCR SSJ
Hu et al., 2019  

Ssk10 
Hu et al., 2016  

 

 
 1 WCR SSJ 

SSJ15 
 

 
- DvSSJ1dsRNA WCR  

WCR
DvSSJ1dsRNA RNAi20 

DvSSJ1mRNA DvSSJ1
Hu et al., 2016 Hu et al., 2019 WCR

SSJ
 2 17 Hu et al., 2016  

 25 

 
1)  
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 2 DvSSJ1dsRNA WCR  
DvSSJ1dsRNA SSJ  
 

- DvSSJ1dsRNA  
WCR 210 bp dsRNA5 

in vitro WCR WCR
LC50 0.036 ppm 2  

WCR 9 4
dsRNA WCR

Diabrotica undecimpunctata10 

dsRNA 1 ppm
 3 18 2  

RNAi 21 bp 24 bp siRNA mRNA
Baum and Roberts, 15 

2014 Ssk
DvSSJ1

Ssk
DvSSJ1 21

7920 
21  3 18 2

DvSSJ1dsRNA

DvSSJ1dsRNA
DvSSJ1dsRNA25 
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 4 DvSSJ1dsRNA  

* DvSSJ1dsRNA
DvSSJ1dsRNA  

 
IPD072Aa  5 

IPD072Aa GenBank accession number KT795291 86

Pseudomonas chlororaphis Schellenberger et al, 2016
P. chlororaphis

Anderson et al., 2018  10 
 

- IPD072Aa  
WCR

WCR
IPD072Aa Schellenberger 15 

et al., 2016  
WCR  

3 20
Bt WCR

20 
brush border membrane vesicles BBMV

WCR BBMV
4

Ostrinia nubilalis BBMV
4 WCR25 

 
WCR

Bt Cry34Ab1/Cry35Ab1 Cry3Bb1
WCR Schellenberger et al., 

2016 WCR BBMV Bt30 
4

Bt WCR

   * 

Hymenoptera 
 

Apidae  
 

Apis mellifera  

Apis mellifera 
 

 

Collembola 
 

Isotomidae  
 

Folsomia candida   

Neuroptera 
 

Chrysopidae  
 Chrysoperla rufilabris   



 

 20 

 
 

 
 3 WCR IPD072Aa  

WCR IPD072Aa 125 
IPD072Aa IPD072Aa

 
WCR  

 
10 

- IPD072Aa  
WCR in vitro

WCR WCR
LC50 26 ppm Boeckman et al, 2019  

WCR 10 415 

100 ppm
100 ppm

 5 22 Boeckman et al, 2019
1000 ppm20 

 5 22 Boeckman et al, 2019  
IPD072Aa

Coleomegilla maculata  
Hippodamia convergens25 

IPD072Aa
IPD072Aa
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 6 IPD072Aa  

* IPD072Aa
IPD072Aa  
 

PAT  5 
PAT S. viridochromogenes

L -
PAT

L - - - L -
10 

OECD, 2002 pat
2) PAT

 
 

PMI  15 
PMI E.coli -6- -6-

PMI

Negrotto et al., 2000 .2. 3 . . 29  20 
 

b.  
 

COMPARE 3) IPD072Aa PAT PMI
 25 

IPD072Aa PAT 8

 
2) mo-pat  
3) HESI: Health and Environmental Science Institute

http://comparedatabase.org 2019 1 2,081  

   * 

 Coleoptera 
 

Coccinellidae 
 

Coleomegilla maculata   

Hippodamia convergens  

Hymenoptera 
 

Apidae  
 

Apis mellifera 
 

Apis mellifera 
 

 

Collembola 
 

Isotomidae  
 Folsomia candida   

Neuroptera 
 

Chrysopidae  
 Chrysoperla rufilabris   



 

 24 

FASTA version 35.4.4 80
35% FAO/WHO, 2001; 

CODEX, 2003 E-value 1×10-4 IPD072Aa
PAT

5 6  5 
PMI 8

FASTA version 36.3.8d 80
35% FAO/WHO, 2001; CODEX, 2003 E-
value 10 PMI

74)  10 
 

 
DvSSJ1dsRNA WCR

15 
 3  4 18 19 RNAi
Ssk DvSSJ1dsRNA

Hu et al., 2016  
IPD072Aa WCR

 5  6 22 2320 

Schellenberger et al., 2016  
PAT L-

D- OECD, 1999  25 
PMI 6- 6-

Freeze, 2002  
RNA

 
 30 

RNA
 

 

 
4)  



 

 25 

2  
 

 
PHP74643  4 275 

Agrobacterium tumefaciens
pSB1 Komari et al., 1996  
 

 10 

 
PHP74643 71,116 bp DNA

13,876 bp DNA T-DNA 1
 15 

 

 
PHP74643

spc20 
tetA

T-DNA
PHP74643 T-DNA

zm-wus2 zm-odp2 Flp DsRed2
T-DNA25 

zm-wus2 zm-odp2
Lowe et al., 2016 Flp FRT1 FRT87

DNA
.2. 3 . 25 DsRed230 

T1 .2.
4 . 30  
 35 

 
PHP74643  

 
3  40 

 

 



 

 26 

DNA pmi pat DvSSJ1dsRNA ipd072Aa
PHP74643 DNA

 4 27  
 

5 
8  5 28

PHP74643 DNA
DNA  

FLP
FRT1 FRT8710 

Landing Pad sequence; LP
PHR03 1 LP

8 7 12  
PHP74643 T-DNA15 

 5 A B 28 T-DNA FRT1
FRT87 Flp FLP

 5 B 28 T-DNA FRT1
FRT87 LP FRT1 FRT87

 5 B C 28 T-DNA20 
DNA  4 27 LP

8 Figure 7  5 D 28  
 

PHP74643 T-DNA
T125 

.2. 4 . 30  
  



 

 27 

 
 

 4 PHP74643  
FRT1 FRT87 DNA  

DNA  

T-DNA  



 

 28 

 
 5  

A: PHP74643  
B: PHP74643 T-DNA

Flp  5 
C: DNA LP  
D: DNA DNA FLP

DNA LP FRT1 FRT87 T-
DNA  



29 

LP
DNA

8  5 

10 

15 

T3

T1 DNA PHP74643
9 1120 

25 

 6 29

T1  
30 

 6  



 

 30 

4  
  

 
5 

T1 T5 BC1F1*1 BC1F1*2 BC2F1 5  6 29
3 DNA PCR

11 DvSSJ1 ipd072Aa pat
pmi  10 

 7 30
 

 
 7  15 

 
 PCR  

P 3) 
  1) 2) 

T1 1 1 100 52 48 0.6892 
T54) 1 0 100 100 0 - 

BC1F1*1 1 1 100 50 50 1.0000 
BC1F1*2 1 1 100 46 54 0.4237 
BC2F1 1 1 100 50 50 1.0000 

1  DvSSJ1 ipd072Aa pat pmi
 

2   
3  P 0.05  
4   20 

 
 

 25 
T1  6 29

DNA PHP74643
Southern by Sequence 5) 11  

10 3 PHP74643

 
5) 

DNA

DNA Zastrow-Hayes 
et al, 2015  



 

 31 

PHP74643 DNA
11

Figure11B 19B 20B
SbS

 5 
1 LP

LP PHP74643
DNA .2. 3 . 25 SbS

LP 5 3
DNA 110 

LP 1 11
Figure11A 19A 20A DNA 5 3

LP DNA LP
11 Figure11A

19A 20A DNA DNA15 
LP

 
DNA PHP74643

DNA 1
F1*1  6 29 DNA DNA20 

Sanger DNA
LP

12  
 

825 
SbS DNA

11  
 

T1 T2 T3 T4 T530 
5  6 29 13  

 
 

35 
 

 
 

6
40 

 
2017 BC1F1*2

BC2F1  6 29 9 2018 6



 

 32 

1 1 F1*1

 6 29 9
DvSSJ1dsRNA IPD072Aa PAT PMI

14 17  5 
 
DvSSJ1dsRNA QuantiGene Plex 2.0

RNA 9
 8 32  

 10 
 8 DvSSJ1dsRNA  

 pg / mg  
 

     ±  
 –  

D
vSSJ1dsRN

A 

BC1F1*2 1)  0.090 15.42 ± 3.38 
10.42 – 19.35  

BC2F1 1)  0.090 15.34 ± 7.77 
9.21 – 28.33  

F1 *1 2) 

 0.411 37.4 ± 14.8 
19.5 – 87.0  

 0.981 59.2 ± 13.4 
34.3 – 98.5  

 0.475 0.987 ± 0.309 
0.561 – 2.02  

 0.0903 4.13 ± 2.36 
1.22 – 10.9  

1  n = 5 PCR  
2  n = 24 PCR  

 15 
 
IPD072Aa PAT PMI ELISA

9  9
33  20 
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 9  IPD072Aa PAT PMI  
 ng / mg  

 
     ±  

 -  

IPD
072Aa

 

BC1F1*2 1)  0.11 68 ± 14 
51 – 90  

BC2F1 1)  0.11 81 ± 18 
57 – 99  

F1*1 2) 

 0.11 19 ± 23 
3.6 – 84  

 0.054 13 ± 11 
2.8 – 39  

 0.11 0.65 ± 0.38 
0.14 – 1.3  

 0.027 2.1 ± 1.2 

0.51 – 4.8  

PAT
 

BC1F1*2 1)  0.11 3.7 ± 0.48 
3.3 – 4.4  

BC2F1 1)  0.11 4.1 ± 0.23 
3.7 – 4.3  

F1*1 2) 

 0.054 4.5 ± 1.4 
2.4 – 7.8  

 0.11 7.6 ± 1.9 
4.0 – 11  

 0.22 58 ± 13 
47 – 85  

 0.054 5.1 ± 1.6 

2.5 – 8.1  
PM

I
 

BC1F1*2 1)  0.54 18 ± 4.0 
14 – 23  

BC2F1 1)  0.54 20 ± 2.5 
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