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(crylA.105, cry2Ab2,
Glycine max (L.) Merr.)
(MONB87751, OECD Ul : MON-87751-7)

4717

@

)
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® @
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D
soybean
Glycine max (L.) Merr.
A3555
Glycine  Soja Soja
G. soja ( : ) G.gracilis
(OECD, 2000)
(G. max) G. soja
G.gracilis G.soja G. max G. soja
G. max (OECD, 2000)
G. gracilis ( , 1975; , 1991)
(OECD,
2000)
( , 1975; , 1995; , 1996; , 1999)
( , 2004; , 2005;
, 2007; , 2008; , 2009; , 2009)
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(OECD, 2000)

()
2986 ha
1,018 ha
5
( )
( , 2000)
2012

65%

(

13.7

, 1987)

( ,1992)

(FAO)
10,360
2,397

ha

ha

ha

(

1100

2011

1,876

(FAOSTAT, 2013)

273
,2013) 2012

2011

ha
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24 1 304
10.7 0.7
2 209.3 3 55 4
775 ( , 2013)
( , 1995)
3)
3
(OECD, 2000)
( , 1995) 1
1~5
(1995
15°C 25°C
( 1987
30~35°C 2~4°C
10°C ( ,1987)
( ) 2012
0 74 24 273 0 7 304( )
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18~28°C

60°
( , 1987)
A3555 38°
40° (Maturity Group ) (Wiebold,
2002; Graphic Maps, 2012) Maturity Group |11
5 6 7 8
(Schapaugh, 1997)
15 (Lammi, 2008)
A3555
3 ( , 1995)



10

15

20

25

(2n=40)
G. soja (
1991; OECD, 2000)

1995; , 1996;
(
, 2009;
1950
800
( , 2001)
2.96~7.26%

(Abrams et a., 1978)

, 1999)

, 2004;
, 2009)

( , 1975:;
( , 1975;
, 2005; , 2007; , 2008;
( , 1997; , 2001)
10
( , 2001)

3.62% (Beard and Knowles, 1971)
2.3% (Kiang et al., 1992)

19.5%
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13%
(Fujitaet al., 1997)
600~700
1 (Cruden, 1977)

(Fujitaet al., 1997)

1
( , 2008)
9 ( , 1995)
3
8 9
Nakayamaand Y amaguchi
2
( Glsg/93-J-01)  50cm
686
0.73%
Yamaguchi, 2002)
2005
5cm 3

7,814 0 12,828 0

, 2006)

(

5

(Nakayama and

11,860

, 2006)

1
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2006

25,741

2 4

199

23 )
5km

243

2006

(Mizuguti et al., 2009)

2007
(4 (10 /) 3
( , 2008)
2006 44,348
2006
35 ( , 2008)
2006 2007 5cm
2 4 6 8 10m
2006 68,121 0
2006 2007
2007 3
6m 1
15
( 21
10
, 2011a; , 2011b;
2000
(Kim et al., 2003)

10

0

66,671

22

, 2012)

2003
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17

(Kurodaet a., 2010)

1 1
(Kurodaet a., 2010)

F1

14 1,344

(Kurodaet al., 2008)

(Oka, 1983)

2004)

DNA

Stewart
(Stewart et al., 2003)

(Oka, 1983; Chen and Nelson,

Kuroda 2003~2006

17

1) F1
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2)

(Kurodaet a., 2010)

1 10 1
( , 1995) 1 374~760  (Palmer et al., 1978)
230~540  (Koti et al., 2004)
8
(Abel, 1970) 15~25um (Palmer, 2000)
2001 2004 4

2001 7.0m 0.040% 2002 28m  0.08%
2003 0.7~10.5m 2004 3.5m
0.022% (Yoshimuraet al., 2006)

(Yoshimura et al.,
2006)

12
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Bacillus thuringiensis subsp. kurstaki Cry1A.105
Cry2Ab2 (crylA.105,
cry2Ab2, Glycine max (L.) Merr.) (MON87751, OECD Ul: MON-87751-7) (

)

Cry1A.105 Cry2Ab2
(Helicoverpa zea) (Spodoptera
frugiperda)
1
2 (p16) 1(p17-20)
crylA.105 cry2Ab2
crylA.105
Cry1A.105 CrylAb CrylAc II° CrylF
11l CrylAc C (
1, p15) | I Cry1A.105 CrylAb
CrylAc 100% [l
Cry1A.105 CrylF 99%
C Cry1A.105 CrylAc
100% ( 1 Figure3; 1, p15)
Cry1A.105 N
(chloroplast transit peptide ( CTP )
CTP N
® CrylAb | CrylAc |

13
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CTP  stroma processing peptidase (SPP; Richter et a., 2005)

Cry1A.105
N CTP 4 (CMQA)
cry2Ab2 Cry2ADb2
Cry2Ab2
N
Cry2Ab2 N
Cry2Ab2 15
Cry2ADb2 N CTP  stroma
processing peptidase (SPP; Richter et al., 2005)
cry2Ab2 cry2Ab2
Cry2Ab2 Cry2Ab2
Cry1A.105 Cry2Ab2
(2008 1 31 )
(crylA.105, cry2Ab2, Zea mays subsp. mays (L.) 11tis) (MON89034,
OECD Ul : MON-89034-3) ( MON89034 )
Cry1A.105 Cry2Ab2 9% 98%
Cry1A.105 Cry2Ab2
MON89034 CrylA.105
Cry2ADb2 100% ( 1 Figurel 2)
(Widner and Whitely, 1989; Gill et al., 1992)
Cry1A.105 Cry2Ab2

14
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|
] | 333333553 crylab
[ ] | [ crylAc
| | L e

l

CrylAb CrylAc  CrylF CrylAc

Cry1A.105

1 Cry1A.105
*Cry1A.105
Cry

10

(p17~20)
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B-Right Border Region

T-DNA 1I B-Right Border Region

E-FMV-
. P-Act2
TS—C;";:;-M “““Illlll}I“I‘AIlu"“"' TS-CTP2
{
aadd— \X L &, ,CS  cry2An2
S\ - Z
o SRX \"":,,,
ss" 1Mt
P-Usp< g "%
§I R P-Rbcs4 T-DNA |
g =
Cs-spli— PV-GMIR 13196 L 15 Rhess
T-nos E!, 24,489 bp E
=5 S|
B-Left Border Region =<2 - H
2 5
2 S
%) CS-crylA.105
>
. . ,"l \\&
OR-ori-pRi A » < N
lll”" i "“%‘l{m\\\\\\\ T-Pti
e B-Lett Border Region
CS-rop
CS-nptli
P-rra
OR-ori-pBR322
2 PV-GMIR13196 !
T-DNA | T-DNA 11
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1 PV-GMIR13196
(bp)
T-DNA |
Agrobacterium tumefaciens DNA
B *-Right Border 1.985 T-DNA
Region (Depicker et al., 1982; Zambryski et al.,
1982)
Intervening Sequence 286-337 DNA
(Arabidopsis thaliana)  act2
P 2Act2 338-1,545 (An
et d., 1996)
Intervening Sequence 1,546-1,555 DNA
(A. thaliana) 5
-3 (EPSPS)
TS 3CTP2 L6L783 | (shig)
(Klee et d., 1987; Herrmann, 1995) Cry2Ab2
Intervening Sequence 1,784-1,792 DNA
Bacillus thuringiensis Cry2Ab2
cs “~ cry2Ab2 1,793-3,697
(Donovan, 1991)
Intervening Sequence 3,698-3,700 DNA
(Oryza sativa)
T °>Mt 3,701-4,000 Mt 3
mRNA (Hunt, 1994)
Intervening Sequence 4,001-4,045 DNA
(A. thaliana) ats1A
rbcS
P-RbcS4 4,046-5,768 (Krebbers et a., 1988; De
Almeidaet al., 1989)
(A. thaliana) ats1A
TS-RbcS4 5,769-6,032 rbes
(Wongeta., 1992)

17




1 PV-GMIR13196
)
(bp)
T-DNA |
Bacillus thuringiensis ~ CrylAb CrylF
CS-crylA.105 6,033-9,566 CrylAc
(U.S. EPA, 2010)
Intervening Sequence 9,567-9,569 DNA
(Medicago truncatula)
T-Ptl 9,570-9,969 Pl 3
(Liu et al.,
1998)
Intervening Sequence 9,970-10,088 | DNA
A. tumefaciens T-DNA
B-Left Border Region 10,089-10,530 (Barker et
a., 1983)
( )
Intervening Sequence 10,531-10,739 | DNA
E. coli Tn5
I (NPTII)
CS-nptll 10,740-11,534 neo (Beck et a., 1982)
(Fraley et 4d.,
1983)
Borrn 1153511759 A. tumefaciens RNA
(Bautista- Zapanta et ., 2002)
Intervening Sequence 11,760-11,835 | DNA
6 . pBR322 E. coli
OR °®-ori-pBR322 11,836-12,424 _
(Sutcliffe, 1979)
Intervening Sequence 12,425-12,851 | DNA

18




1 PV-GMIR13196 (
)
(bp)
( )
ColE1l
Repressor of primer (ro
CS-rop 12,852-13,043 ) (Rep P (rop))
E. coli
(Gizaand Huang, 1989)
Intervening Sequence 13,044-13,231 | DNA
pRi
OR-ori-pRi 13,232-17,345 | Agrobacterium
(Yeetd., 20112)
Intervening Sequence 17,346-17,352 | DNA
T-DNA 11 ( )
A. tumefaciens DNA T-DNA
B-Left Border Region 17,353-17,671 (Barker et d.,
1983)
Intervening Sequence 17,672-17,703 | DNA

T-nos

17,704-17,956

A. tumefaciens T-DNA
(nos) 3
(Bevan et al., 1983; Fraey et a., 1983)

Intervening Sequence

17,957-17,972

DNA

A. tumefaciens C58

-1-
CS-splA 17,973-19,430
splA
(Piper et al., 1999)
Intervening Sequence 19,431-19,442 | DNA
(Vicia faba)
5!
P-Usp 19,443-20,621
(Baumlein et d., 1991)
Intervening Sequence 20,622-20,672 | DNA

19




1 PV-GMIR13196 (
)
(bp)
T-DNA II ( )
(Pisum sativum) -1, 5
T-E9 20,673-21,315
RbcS2 3 (Coruzz et d.,
1984) mRNA
Intervening Sequence 21,316-21,330 DNA
Tn7 3" (9)-O-
(
aadA 21,331-22,122 ) 3
(Fling et al., 1985)
(A. thaliana) 5
-3 (EPSPS)
TS-CTP2 22,123-22,350 (ShkG)
(Klee et al., 1987; Herrmann, 1995)
Intervening Sequence 22,351-22,359 DNA
(A. thaliana) EF-1
N 22,360-23507 | alpha
(Axelos et d., 1989)
Intervening Sequence 23,508-23,530 DNA
Figwort Mosaic Virus (FMV) 35S RNA
E -FMV 23,531-24,067 (Richinset a., 1987)
(Rogers, 2000)
Intervening Sequence 24,068-24,117 DNA
A. tumefaciens DNA T-DNA
B-Right Border Region | 24,118-24,474

(Depicker et a., 1982; Zambryski et al., 1982)

)

I ntervening Sequence

(
[ 24,475-24,489

[ DNA

!B, Border (
2p, Promoter (

)
)

3TS, Targeting Sequence (
4CS, Coding Sequence ( )

>T, Transcription Termination Sequence (

®OR, Origin of Replication (

’E, Enhancer (

)

20
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crylA.105 cry2Ab2
Bacillus thuringiensis subsp. kurstaki Cry1A.105
Cry2Ab2
Bt
(OECD, 2007; Pigott and Ellar, 2007)
Bt

(Gill et al., 1992; Schnepf et al., 1998; Zhuang and Gill, 2003)

Bt (Schnepf
et a., 1998; OECD, 2007)

Bt
(deMaagd et al., 2001) Cryl
(Crickmore et al., 1998; de Maagd et al., 2001,
Romeiset a., 2006) Cry2 Cry2Aa( CryB1)
(deMaagd et al., 2001) Cry2Ab2
( CryB2 )
(Widner and Whitely, 1989)

2-(1)- (p14)
Cry1A.105 Cry2Ab2 MON89034
Cry1A.105 Cry2Ab2 99%  98%
Cry1A.105
Cry2Ab2

21
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MON89034 CrylA.105
MON89034

Cryl1A.105

Cry2Ab2
Cry1A.105

(U.S. EPA, 2010)

4 12
3, p24) CrylA.105

Cryl1A.105

(

(Helicoverpa zea))
EPA, 2010)

(U.S. EPA, 2010)

AD_2013° FASTA

Bt

Cry2Ab2

Cry2Ab2

100%
Cry2Ab2
Cry2Ab2

( 2, p23

(Ostrinia nubilalis)

Cry1A.105

(Hunter, 2007; U.S.

Cry2Ab2

9 FARRP (Food Allergy Research and Resource Program) Allergen Online database

2013

1

22

1,630



2 MON89034 Cry1A.105 Cry2Ab2 10
o) o
(ng/mL diet)
Cry1A.105 7 33
(Agrotis ipsilon) Cry2Ab2 5 >100"
Noctuidae Cry1A.105 7 6
Lepidoptera  ( ) (Helicoverpa zea) Cry2Ab2 7 9.9
( ) Cry1A.105 7 6.9
(Spodoptera frugiperda) Cry2Ab2 7 < 507
Crambidae CrylA.105 12 0.43
( ) (Ostrinia nubilalis) Cry2Ab2 12 15

U.S. EPA (2010)
>
100 ng/mL
2 50 pg/mL

10

42%
61%

23



3  MON89034 Cry1A.105 Cry2Ab2 (NOEC)™
NOEC
(ng/mL g diet) (ng/mL g diet)
Coleoptera ( )
gturcullonlda()a Anthonomus grandis grandis Cryg).é(')sz ; i% zi%
?hrysomel)ldae Diabrotica undecimpunctata howardi Cryg‘ég?bz g i% zig
Coccindlidae . Cry1A.105 20 240 >240
( ) Coleomegilla maculata Cry2Ab2 0 120 >120
Hymenoptera ( )
I(chneumonld;ae Ichnuemon promissorius Cryg‘ég?bz gi i£ z%g
ADi it CrylA.105 18 550 >550
Apidae pis mellifera () Cry2Ab2 19 68 >68
( ) . . CrylA.105 18 1100 >1100"
Apis mellifera ( ) Cry2Ab2 12 100 >1002
Hemiptera ( )
,(Aphldldae ) Myzus persicae CrygéoAsz g % z%
?/“”dae ) Lygus hesperus CrygéoAsz g % z%
Anthocoridae L Cry1A.105 14 240 120°
( ) Orius insidiosus Cry2Ab2 14 100 ~100
U.S. EPA (2010)
INOEC ( ) 1,110 pg/ml 10ul 11 pg Cry1A.105/cell
2 Apis mellifera ( ) NOEC 68ug/ml 10ul 0.68 g Cry2Ab2/cdll
3 240 pg Cry1A.105/g diet 44~48% 8~12%
30 60 120 pg Cry1A.105/g diet NOEC 120 ug CrylA.105/g of diet

11

24
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)

PV-GMIR13196 E. coli

pBR322 (Sutcliffe, 1979) 1 (p17)
PV-GMIR13196 24,489bp
PV-GMIR13196 3
E. coli
Tn7
aadA T-DNAI
(©)
PV-GMIR13196 1 (pl7~20)
2 (p16)

25
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5(p34)

PV-GMIR13196

A3555

A3555

tumefaciens AB30

R3
PV-GMIR13196
PV-GMIR13196
4)
(RO)
Real-Time TagMan PCR
1 1

6)

26

PV-GMIR13196

PCR

R1
T-DNAII
5

A

R1
T-DNAI
R3~R7



R3

R3

3 (p28)

27
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(4)

T-DNA |
F2 F3 F4 ( 3, p28)
F2 F3 F4
(RO R1
Real-Time TagMan PCR T-DNA |
T-DNAI R1
R2 R2 R3
T-DNA | R3 crylA.105
cry2Ab2
MonSoy8329 T-DNA |
F1 F1 F2
F2 T-DNAI Redl-Time
TagMan PCR F3
F3 Real-Time TagMan PCR T-DNAI
T-DNA | F4
F4 Real-Time TagMan PCR
T-DNA F2 F3 F4
Real-Time TagMan PCR T-DNA |
( 4, p30 5 Table 1,
p6) T-DNAI

29



F2 F3 F4

1.21
1 p ?
F2 152 39 72 41 38 76 38 0.47 0.79
F3 214 49 114 51 53.5 107 53.5 0.95 0.62
F4 204 58 105 41 51 102 51 3.01 0.22
! Real-Time TagMan PCR
2Fp F3 F4 (p=0.05)

12
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(Next

Generation Sequencing/ Junction Sequence Analysis: NGS/JSA)*

PCR
NGS 100bp DNA
DNA
75
( 4,p33 ) JSA
)
DNA
(
( 4,p33
13 (NG
NGS [llumina
14 NGS/JSA
NGS/JSA NGS
T-DNA
(Kovdicet d., 2012)
15 BLAST E-score  1x10° 30 bp

31

(Hllumina)
DNA
15 ( 4, p33
NGS/JSA
PCR
100 bp
JsA T-DNA
96.7%
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1
(Kovalic et al., 2012)

NGS/JSA
167.1Gb ( 75
( 6 p30)
( 5p34 6 p30)
3 (
p30)
PCR
Figure 6, p59~63)
T-DNA |
( 5p34 6 p30)
T-DNAII 16
( 6
T-DNAII
(R3~R7 )
NGS/JSA
( 6, p33~34)
5 (p34)
16 6 Figurel

PV-GMIR13196 T-DNAII

32

2
104.4Gb
2
51
6 Figure 4, p56~57)
( 6
T-DNA |
6 Figure5, p58
1 1
NGS/JSA
PV-GMIR13196
Figure 1) T-DNA |
backbone



Step 1: H
-2 T AR
DI DONAT T |
T A FOFER
ThEIR !

® |=———— 10D T L HAIRONAT S A b

(100-mers) (JTEEE : x75)

_lllumina

e oo WAHTI A3 F
N DFH]

47 7 A @ .

(F A 4 FAR ’ :

2 . e SHEIE
2y ho—H T DNATG;E%; >k oAl TRFEI

Lo BFREODNA _

i | 73 TALF (100-mers) A
E'_'_'_'_'_'_'_'_'_'_'_'_'_'.'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'.'_'.'_'_'_'_'_'_'_'_'_'_'_'_'_'.'_'.'_'_'_'_'_'_'_'_I'.?.'_T_'_-'_;.'_'_'_5%'fi__?t_!"_'_z."_'.'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'.'_'_'_'_'_'_'_'_'.'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'.'_'_'_'_'_'_E
Step 2: N Y SR :
wrGrsowE 7 “{m ®

maws

: i !
s'sf:f%ﬁaiiuu HABGT -

D L a AEBIORET

....................................................................................................................................

4 NGSJSA (Kovalic et al., 2012)*
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E4#B

EaHigA

3' Flank

5' Flank

12640

1 o8y soprog yo1-9

#

o |

|
T T
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31

51
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DNA

NGS/JSA
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(6)

Cryl1A.105

2012

Cry1lA.105
( 5p36
) 1
Cry1lA.105
6, p37,

( 6, p29~33)

(R3~R7 )
Cry2Ab2
7  Figure 2, p17 Figure 3, p18)

5 (
) 4
(Over-season leaf, OSL)

Cry2Ab2 ELISA

6, p37; 8) 1 (
( )

Cry2Ab2 ( 5/p36

8)
Cryl1A.105
Cry1A.105
( 5, p36 8 Tablel, plf
Cry2Ab2

( 6 p37; 8 Table2, pl9



5 Cry1A.105 (2012
)19
SD SD
1 ) (D) (D) LOQ/LOD
(ng/g )°
(ng/g )P (ng/g !
0OsL1 V3-V4 130 (50) 580 (250) 1.500/0.406
61— 220 260—-1100
OSL2 V5-V7 120 (54) 590 (270) 1.500/0.406
13-220 68— 1100
OSL3 R2-R3 79 (45) 400 (220) 1.500/0.406
8.5-160 50— 780
OsL4 R6 230 (82) 790 (280) 1.500/0.406
120-480 430 - 1600
R6 <LOD(N/A) N/A (N/A) 0.563/0.322
N/A —N/A N/A —N/A
R6 62 (21) 230 (91) 1.500/0.524
31-110 110-440
R8 2.1 (0.46) 2.4 (0.50) 0.900/0.226
15-29 17-32
/ R2 11 (N/A) N/A (N/A) 1.500 /N.D.°
N/A —N/A N/A —N/A
1. 2012 5 (
) 4 (Over-season
leaf, OSL 1- 4) ELISA
1 ( ) 1 ELISA
2. V3-V4 34 V5-V7 5-7 R2 R3
R6 R8
3. 1g Hg
( )
(OsL1 1 LOD n=19
n=20 n=1) N/A=
4. 1g Hg
5. LOQ=limit of quantitation ( ); LOD=limit of detection ( )
6. N.D. =Not determined. / LOD

19

36



6 Cry2Ab2 (2012
)20
SD SD
1 ) (S0) (SP) LOQ/LOD
(ng/g )°
(ng/g ) (ng/g )*
OSL1 V3-V4 5.4 (0.74) 24 (5.9) 0.625/0.034
44-6.8 17-37
OSL2 V5-V7 5.2 (0.70) 26 (3.1) 0.625/0.034
40-6.6 20-33
0OSsL3 R2-R3 6.3 (0.80) 32 (5.2 0.625/0.034
52-80 25-43
OSL4 R6 6.9 (0.79) 24 (2.7) 0.625/0.034
55-85 18— 29
R6 4.6 (1.0) 15 (2.7) 1.250/1.241
31-71 11-22
R6 3.9 (0.60) 14 (2.2) 0.313/0.060
3.0-51 11-18
R8 3.6 (0.71) 4.0 (0.77) 0.313/0.094
23-4.7 26-5.1
/ R2 7.7 (N/A) N/A (N/A) 0.313/N.D.°
N/A —N/A N/A —N/A
1. 2012 5 (
) 4 (Over-season
leaf, OSL 1- 4) ELISA
2. V3-V4 34 V5-V7 5-7 R2 R3
R6 R8
3. 1g g
( )
(OsL1 1 LOD n=19
n=20 n=1) N/A=
4. 1g g
5. LOQ= limit of quantitation ( ); LOD= limit of detection ( )
6. N.D. =Not determined. / LOD

20

37
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Q)

( 9

(6)

Cry1A.105

crylA.105

End-Point TagMan PCR

DNA PCR 1 5~10ng
( )
45 45
( 9 p3
crylA.105 cry2Ab2
Cry2Ab2
A3555
cry2Ab2
2012 2013
10m (
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@

)

Cry

@

Cry2Ab2

Cry1A.105
crylA.105
( « )
« ) « )
(cm) 1
)
4717
30 5 31

39

Cryl1A.105

cry2Ab2

(%0)
(cm)

Cry2Ab2

)
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30

)

3

(4)

2
D)

)

3 (2

(4)

Q)
©) (D ©

()
(8)

1(p12)

3
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(4)

Q)

(6)

395

p42)

41

2010~2013

(

7, p42)



10

21

2010 53
2010 18
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Next-Generation Sequencing and Junction Sequence Analysis for the Characterization of DNA

Inserted into Crop Plants
Background

Safety assessments of biotechnol ogy-derived crops include a detailed molecular characterization
of the inserted DNA sequence and its location within the genome (Codex Alimentarius, 2009).
Typically, molecular characterization has relied on Southern blot analysis to establish locus and
copy number along with targeted sequencing of polymerase chain reaction products spanning any
inserted DNA to complete the characterization process. With the advent of next-generation
sequencing (Shendure and Ji, 2008; Zhang et al., 2011) improvements in sequencing technologies
have enabled alternative methods for molecular characterizations which do not require Southern
blot analyss. Next-Generation Sequencing and Junction Sequence Analysis bioinformatics
(NGS/JSA) utilizes s2quencing (both next-generation technologies and traditional methods) and
bioinformatics to produce characterizations equivalent to those achieved by current Southern blot
based methods.

There are multiple advantages to using next-generation sequencing and bioinformatics, most
notably the robusness, smplicity and consistency of the method compared with Southern blot
studies, which require customized experimental design for every trandormation event. The new
sequencing-based method overcomes many technical challenges inherent in Southern blot
analyses (e.g., false postive hybridization bands resulting from incomplete digestion or star
activity and the need for radioactive *’P-labeled probes This new method provides higher
reproducibility, because it is less dependent on complex lab based procedures. The method
described here is esentially identical for all transformation events and it robustly egablishes
molecular characteristics of genetically engineered crops (Kovalic et al., 2012). Additionally,
similar techniques are being used to characterize transgene integration sites and insert molecular
anatomy in mammalian systems (DuBose et al., 2013; Zhang et al., 2012).

Method Synopsis

Molecular characterization of the inserted DNA and associated native flanking sequences
consists of a multistep approach to determine:

1. the number of insertion gtes,

2. the presence/absence plasmid backbone;

3. insert copy number at each insertion site;

4. DNA sequence of each inserted DNA,;

5. sequence of the native locus at each insertion site.

Additiondly, current methods aso establish a description of any genetic rearrangements that
may have occurred at the insertion dte as a consequence of transformation. Generationd
stability analysis, which demonstrates the stable heritability of inserted DNA sequences over a
number of breeding generations, is also routindy conducted.

The first step of the molecular characterization, determination of number of insert sites, is

conducted using a combination of next-generation sequencing technologies (NGS) and Junction
Sequence Analyds (JSA) bioinformatics (DuBose et al., 2013; Kovalic et al., 2012; Zhang et al.,
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2012). A schematic representation of the basis of the characterization including the NGSJSA
methodol ogy and the directed sequencing ispresented in Hgure 1 (Kovalic et al., 2012).

Genomic DNA from the transformation event and the conventional control are used to generate
short (~100 bp) randomly digributed sequence fragments (Sequencing reads) in sufficient numbers
to ensure comprehensive coverage of the genomes (Shendure and Ji, 2008) (Figure 1 box 1).
Sufficient numbers of sequence fragments are obtained (>75x effective genome coverage) to
comprehensively cover the genomes of the sequenced samples (Ajay et al., 2011; Clarke and
Cabon, 1976; Wang et al., 2008). Previous studies with a variety of transformation events
demonstrate that 75x coverage of the genome isadequate to provide comprehensive coverage and
ensure detection of inserted DNA, producing results equivalent to Southern blot analysis (Kovalic
et al., 2012). The 75x coverage used in this method is predicted based on established and
accepted methods (Clarke and Carbon, 1976; Lander and Waterman, 1988) to provide genome
coverage that would be expected to not missa single basepair in complex genomes (Kovalic et al.,
2012). Furthermore, even with know biases in next-generation sequencing techniques, including
the Illumina sequencing by synthesis method employed here (Minoche et a., 2011), it has
previously been established experimentally that given deep next-generation sequencing it is
possible to achieve comprehensive coverage of complex genomes that form the foundation for
accurate whole genome sudies (Ajay et al., 2011; Wang et al., 2008).

To confirm sufficient sequence coverage in both the transformation event and the control, the 100
bp sequence reads are analyzed to determine the coverage of a known single-copy endogenous
gene, thisanalysis demonstrates coverage a >75x median depth in each sample. Furthermore, in
order to confirm the method's ability to detect any sequences derived from the transformation
plasmid, plasmid DNA is spiked into conventional control DNA at a single copy genome
equivalent ratio and 1/10 copy genome equivalent ratio. This analyss demonstrates that any
portion of the plasmid may be detected at a single copy per genome level and 1/10 copy genome
equivalent level, which is adequate sendgitivity to observe any inserted fragment.

Also of note isthat although the method presented here provides >75x coverage of the genomes
under study, accurate assembly of complete genome sequences for the transformation event and
conventional control is not technically possible using currently available sequence assembly tools.
Thisisdueto the nature of the sequences generated in this gudy, short reads of a single short insert
length (Miller et al., 2010), in addition to limitation on available sequence assembly algorithms
(Zhang et al., 2011). The sequences generated with this method represent datasets sufficient for
achieving precise molecular characterization of transformed DNA in trand ormation events where
referenceto atemplate sequence (plasmid DNA) is utilized for comparison (Kovalic et al., 2012).

Using bioinformatics tools, the sequence reads that are derived from the plasmid vector are
selected for further analysis out of the comprehensive genomic sequence dataset produced from
the transformation event. To determine the insert number, the known sequence of the
transformation vector plasmid isused asan “ e-probe” in the bioinformatics analysisto search for
and select the sequences that contain any portion of sequence of the plasmid. The DNA
sequencing reads with a match to the query sequence having an e-value of 1 x 10> or less and
havinga match length of at least 30 bases with & least 96.7% sequenceidentity arecollected. The
results of a parameter optimization study that systematically evaluated many different potential
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parameter sets edablished these selection criteria as providing the best possible combination of
sensitivity and specificity.

———————————————————————————————————————————————————————————————————————————————————————————————————————————
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Figure 1. Sequencing and Sequence Selection

Genomic DNA from the tes and control material were sequenced using Illumina HiSeg/TruSeq
technology (Illumina, Inc.) that produces large numbers of short sequence reads approximately
100 bp in length. Sufficient numbers of these sequence fragments were obtained to
comprehensively cover the genomes of each sample at >75x average coverage. Using these
genome Lquence reads, bioinformatics search tools were used to select all sequence reads that are
significantly similar (as defined in the text) to the trandormation plasmid. Only the selected
sequence reads were used in further bioinformatics analysis to determine the insert number by
detecting and characterizing all junction sequences and the presence or absence of the plasmid
backbone sequences by lack of detectable sequences, including the use of suitable controls for
experimental comprehensiveness and sensitivity.

The number of DNA insertsis determined by analyzing the selected sequencesfor novel junctions.
The junctionsof the DNA insert and flanking DNA are uniquefor each insertion and an example is
shown in Figure 2 below (Kovalic et al., 2012). Therefore, insertion sites can be recognized by
analyzing for sequence reads containing such junctions. Each insertion will produce two unique
junction sequence classes characteristic of the genomic locus, withoneat the 5' end of theinsert, in
this case named Junction Sequence Class A (JSC-A), and similarly one a the 3' end of the insert,
JSC-B (asillustrated in Figure 3 from (Kovalic et al., 2012). By evaluating the number and the
sequences of all unique junction classes detected, the number of insertion sites of the plasmid
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sequence can be determined. For asingle insert, two junction sequence classes are expected, one
each originating from either end of the ingsert, both containing portions of T-DNA and flanking
sequence.

Junction

ATCCATGTAGATTTCCCGGACATGAAGCCAAGAACTAGGAAACGACGACG
ATCCATGTAGATTTCCCGGACATGAAGCCAAGAACTAGCGAAACGACGACGTGT
ATCCATGTAGATTTCCCGGACATGAAGCCAAGAACTAGCGAAACGACGACGTGT GG
ATCCATGTAGATTTCCCGGACATGAAGCCAAGAACTAGCGAAACGACGACGTGT OGGG

ATCCATGTAGATTTCCCGGACATGAAGCCAAGAACTAGGAAACGACGACGT GT CGEAT
N A

N J
hd e

Plasmid DNA Flanking DNA

Figure 2. Junctions and Junction Sequences

Depicted abovearefive example junction sequences formatted and labeled to i ndicate the plasmi d/flanking
DNA portions of the sequences ard with the junction point indicated (plasmid DNA is shown in bold,
underlined text and flank DNA is showninplaintext). Junctions are detected by examining the NGS data
for sequences having portions of plasmid sequences that span less than the full read. Detected junctions
are typically characteristic of plasmid insertions in the genome. A group of junction sequences which
share the same junction point and common flanking sequence (as shown above) is called a Junction
Sequence Class (or JSC).

Insert Junction Regions
Junction Sequences: Class A

TS
5’Flanku ONAinsert ——Lu_.3’F|ank

Junction Sequences: Class B

Figure 3. Two Unique Junction Sequence Classes are Produced by the Insertion of a
Single Plasmid Region

A schemati ¢ representation of asingle DNA insertion withinthe genome showing the inserted DNA, the 5
and 3' flanks (depicted as areas bounded by dotted lines), and the two distinct regions spanning the
jurctions betweeninserted DNA and flanking DNA (shaded boxes). T he group of ~100-mer sequences in
which each read contains sequences from both the DNA insert and the adjacent flanking DNA at a given
jurction is called a Junction Sequence Class. In this example, two distinct junction sequence dasses (in
this case: Class A at the 5" end and Class B at the 3' end) are represented.
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The next step in the molecular characterization is determination of the insert copy number,
integrity of the insert, lack of backbone or other unintended plasmid sequences, and flanking
sequence of the native locus a the insertion site.  This analysis is conducted using directed
sequencing, locus-specific PCR and DNA sequencing analyses which complements the NGS/JSA
analyses, and is common to both the Southern-based and the NGS JSA characterization methods.
Directed sequencing (locus-specific PCR and DNA sequencing analyses) of the transformation
event determinesthe complete sequence of the insart and flanks.  Thisdetermines if the sequence
of the insert isidentical to the corresponding sequence in plasmid vector, if each genetic element in
the insert is intact, if the plasmid vector sequence is inserted as a single copy, and establishes no
vector backbone or other unintended plasmid sequences were inserted in the event. This
comparison allows a determination of whether the T-DNA elements are present in the intended
order. Furthermore, the genomic organization at the insertion site isassessed by comparing the
ingert and flanking sequence to the sequence of the insertion site in conventional control genome.

Finally, the stability of the T-DNA across multiple generationsisevaluated by NGS JSA analy ses.
Genomic DNA from multiple generations of the transformation event is assayed for the number
and sequences of all unique junction classes, as described above. This information is used to
determine the number and identity of insertion sites. For a single insert, two junction sequence
classes are expected, both containing portions of T-DNA and flanking sequence (Figure 2), with
one each originating from either end of the insert (Figure 3). In the case of an event where a
single locus is stably inherited over multiple generations, two identical junction sequence classes
are expected in all the generationstested.
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