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Molecular characterization identification by genome sequencing of transgenic
glyphosate-tolerant rice G2-7
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Abstract: Molecular characterization, such as copy number and flanking sequence of foreign DNA fragment insertion site, is the
important identity information, provided during safety assessment of genetic modified crop. In this study, the T-DNA insertion site,
copy number and flanking sequences were identified in transgenic glyphosate-tolerant rice G2-7 based on whole genome se-
quencing in combination bioinformatics analysis method. 47.13 Gb clean sequence data for G2-7 was generated on Illumina No-
vaSeq 6000 platform. The junction reads mapped to boundaries of T-DNA and flanking sequences in G2-7 were identified by
comparing with sequence of transformation vector and rice reference genome. The results showed that exogenous T-DNA frag-
ments was integrated in the position of Chr. 1 36,189,491-36,189,507 with a single copy, 16 bp rice genome sequence was deleted
at the insertion site and no insertion of vector backbone. 375 bp and 353 bp flanking host DNA sequence of 5'-end and 3'-end of
the insertion DNA fragment were also obtained, respectively. The putative insertion location and flanking sequences were further
confirmed by PCR amplification and Sanger sequencing. The results not only provided data support for safety assessment and
event specific detection, but also demonstrated that WGS was an effective technique for identifying molecular characterization in
rice.
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le 1 High throughput sequencing data quality control statistics

Q20 Q30 GC
Sample Raw bases Raw reads Clean bases Clean reads (%) (%) GC content (%)

ZH11 41,196,003,900 274,646,422 41,155,766,400 274,371,776 96.22 90.36 43.04
ZHI11-p 41,266,820,400 275,112,136 41,228,215,500 274,854,770 97.73 93.69 42.93
G2-7 47,246,859,300 314,990,174 47,125,680,000 314,171,200 96.58 91.15 44.27

Q20 Q30 Phred 20 30 s 99.0% 99.9%
Q20 and Q30 represent the percentage of bases with Phred value more than 20 and 30 in the total base, respectively, indicating that the correct

recognition rate of bases is 99.0% and 99.9%.

2.2

10,487 ( 2) , DNA
BWA-0.7.17 clean reads

DNA , ,
T-DNA DNA (2 , G2-7 , G2-7

348, 3 3,
156 5 171~233  4576~4725 4586~4735 ,
192, DNA ZHI11-p 35,163
2 ( D); G2-7 T-DNA , ZH11 0
6130 , ZH11-p T-DNA 4483~5036 PCR ,

Chr. 1 ..36,189,491 6,302... T-DNA
A A
COTOCACTTOOAGATTATTCACAGCACAGTUATTCAGACTATATATTGTGGTGTAAACAAATTGACOCTT AGACAACTTAATAACACATTOCOGACGTITTTAATGTACTOAATTAACGCCGARTTAATTCOGGGGATCT
OTOCACTTGGAGATTATTCANCAGCACAGTUATTCAGACTATATATTGTOGTGTAAACAATTGACOCTTAGACAACTTAATAACACA IGCOGACGTITT
AT AACAGCACAGTOATTEAGACTATATATTTOGTGTAAACAAATTOACGCTTAGACAACTTAATAACACA TTCGGACOTTTITAATOT ACTAATTAACGCCGAATTAATTCUGGGGATCTOGATTTTAGTACTGGATITIGOTTT

ATTCTTGCAGTTCOGCGTTCGTOTAATTAATTACGTTTTCOGTO!

7 GTAAACAAATTGACGCTTAGACAACTTAATAACACATTGCGGACGTTTTTAATGTACTGAATTAACGCCGAATTAATTCGGGGGATCTGGATTTTAGTACTGGATTTTGGTTTTAGGAATTAGAAATTTTAT
AACAGCACAGTOATTCAGACTATATATTOTOOTOTAAACAAATTACDCTT AGACAACTTAATAACACATTOCOGACUTTTTTAATOTACTOAATTAACOCCOAATTAATTCOGOOGATC TOGATITTAGTACTOGATTTTOGTTTTAGY
GITTTTAATGTACTGCA
BOGACGTTTTT AATGTACTOAATT AACOCCOAATTAATTCGGGGGATCTOOATTITAGTACTGGATTTTOGTTTTAGGAATTAGAAAT
GTTTTCOGTOATOACGTOCACTIGGAGATTATTCAACAGCACAGTG: OTOOTGTAAACAAATTGACGCTTAGACAACTTAATAACACATTOCGACOTTTTTAATOTACTGAATTAACOCOGAATTAATTCG0GO
OO TOATGACOTGCACTTGOAGATY ATTCAACAGCACAGTGATTCAGACTATATATTOTOGTGT AAACAAATTOACOCTY AGACAACTTAATAACACATTOCOGACOTTTTT AATGTACTGAATT AACOCCGAATTAATTCGGGGOATC
ACAGCACAGTOATTCAGACTATATATTOTOOTOTAAACAAATTOACOCTT AGACAACTT AATANCACATTOOOGACOTITTTAATOT ACTOAATTAACOCCOAATTAATTOGGGOGATCTOGATTTTAGTACTOGATTTTOGTTTTAGGA

GGCGTTCGTGTAATTAATTACGT

ATTGTCGTTTCCOGOCTTCAGTTTAAACTATCAGTGTTTGATGAAAGCATGOG
0C0AAGAGOCC00CACOUATCOCCCTTO0CAACAGTTOCOCAGCCTOAATO0COAA TOCTAGAGCAGCTIGAGCTTOOATE AGATIG TOOTTTCCC0CCTICAGTITAACTATCAGTUTTTUATUAAAGCATUC

TCTTCGCACCATCCTGTATTTCTCTGAACATGATCTGGAATTAATGTCTCCGGCCGCTTOCTTCCGCTOGTGTGCCACTACGCCAGTGAACAAC

AACAGTTGCGCAGCCTGAATGGCGAATGCTAGAGCAGCTTGAGCTTGGATCAGATTG TAAACTATCAGTGTTTGATGAAAGCA [CTTCGCACCATCCTGTATTTCTCTGAACATOA
GATOOOOCT IO ACAGTTOCOCAGOCTOAATOOGAATOCT AGAGCAGCTTOAGCTIOA TCAGATTOTOOTITOCCO0CTTCAGTITAAACY AFCAGTGTTTOATOAAAGCA JCACCATCCTOTATTTCTCTOAAC
AGTTGOGCAGCCTGAATGGOGAATGCTAGAGCAGCTTGAGCTTGGATCAGATTGTCGTTTCCCGCCTTCAGTTTAAACTATCAGTGTTTGATOA HCACCATCCTGTATTTCTCTGAACATGATCTGGAATTAAT

AGTTO0CAGCCTOAATOOCOAATOCT AGAGCAOCTTOAGCTTOOATCAGATTGTCOTTTCCCOCCTTICAGTITAAACTATCAGTGTTTOATOAANGC ATOCGTUTCTTCOCACCATCC AGTATTTCTCTOAACATOATCTOGAATAAAT
AGAGGCCCGCACCOATCGOCCTTCOCAACAGTTGOGCAGCCTGAATGGCGAATGCTAGAGCAGCTTGAGCTTGGATCAGATTGTCGTTTCCCGCCTTCAGTTTAAACTATCAGTGTTTGATGAAAGK

GOCGAATGCTAGAGCAGCTTGAGCTTGGATCAGATTGTCGTTTCCCGCCTICAGTTTAAACTATCAGTGTTTGA TGAAAGCA TTCOCACCATCCTGTATTTCTCTGAACATOATCTOGAATTAATGTCTCOOGCCOCTTOCT
TGCTAGAGCAGCTTGAGCTTGGATCAGATTGTCGTTTCCCGCCTTCAGTTTAAACTATCAGTGTTTGATGAAAGCATGCGTGTCTTCGCACCATCCTGTATTTCTCTGAACA TGATCTGGAATTAATGTCTCCGGOCGOGTGCTTOOGCT
TCOCCCTTCCCAACAGTTGOGCAGCCTGAATGGCOAATGCT AGAGCAGCTTGAGCTTGGATCAGATTGTCG TTTCCCGCCTTCAGTTTAAACTATCAGTGTTTGATGAAAGCA TOCG TG TCTTCGCACCATCCTGTATTTCTCTOAACAT

\ |
Y Y

.19 T-DNA  Chr. | 36,189,507...

Bl1 G-7HNRIEARRESZHRERALERURNTEDESXFIIMEETER)

Fig.

1 Analysis of the binding site between the inserted fragments in G2-7 and the receptor genome (comparison results of some

binding region sequences)



1706

46

I I I I -7 i ‘\~§‘ I
2000 4000 6000 8000 10000 120607 ~~~e
l——————Backbone T-DNA - E
kb 2kb 4Kb 6kb 3 K—g1p T0Kb 12 Kb
oz . : :
[
G2-7
Dl s N N R A
i o | i £ = ¥ Papite OB I
7 AE = ¥ B 1 R g |
- i 7: iy —io _: - g B ey L l = l;_ IR
s e LA L LE dociet i =
£ 4 L B SEE R Jl SR
) - I = & F —
% TR A i | X
| ey ] o ¢ 2 g
ZH11-P .
0-10000
ZHI1

2 MFHEES B DNA LS 45 REY AT

Fig. 2 Visualization of sequencing data and plasmid DNA comparison results
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Fig.3 PCR verification of reads aligned to backbone
1: G2-7; 2: ZH11; 3: p13UG2.
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5’-flanking sequencing blast

Oryza sativa Japonica Group DNA, chromosome 1, cultivar: Nipponbare, complete sequence

Sequence ID: AP014957.1 Length: 43270923 Number of Matches: 1

Range 1: 36189118 to 36189491 GenBank Graphics

3’-flanking sequencing blast

Oryza sativa Japonica Group DNA, 1, cultivar:
Sequence ID: AP014957.1 Length: 43270923 Numnber of Matches: 5

4 EDNA RFBRESHREREDHNESN S RME

Range 1: 36189507 to 36189860 GenBank Graphi v Next Mateh
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Query 125 ﬁc\ﬁ[\'ﬁﬁﬂ.ﬁﬁﬂﬁfﬁﬁ\ ‘ i ‘ ‘ ‘ H ‘ ‘ ; H ‘ ‘ \ﬁ‘\xﬁl\.l\.‘?[\y\:ﬁﬁﬁ[\'}\ 184 Shjct 36180567 CTCTO0GGOCCCTICCTTOOGCTOE TCTGOCACTACGOC A TCAMCAMCCTACCTOCCEC 36180626
Sbict 36189238 ACTECTGCACTTCTACTAACTCCTG GATGATGTTAQCATIGOCGTG 36189207 Query 468 GCOOGCT TTCAACOCCOCOTGCACAG TG ACACTG AT TG ACTC TAGAACTCCACR TEETGC 527
By S T A LGB AT AT AT, 0550
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Query 245 TCATTAGCORO06 TTTTAMTG G ATG CAGATGE ATC TTAKTTCT TGCAR TICGGCETTZG 304 RS AT,
H \H HIH H\ H \H 11 H H \ H H\ \ \ H LTI Sbict 36189687 TACTAGT T6GGCCCTGTTTATITCTCACCCAMAATTITATATCGTATCGCATCGAMCAT 36189746
Sbjct 36189358 \TTCT TGCAG TICGGCGTTCG 36189417
Query 688 TATACATA: BCACATATTGC 647
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e W R e
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>
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Fig. 4 Analysis of integration site and flanking sequence of insert DNA fragment in receptor genome
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G2-7-5-LB Sanger GGGCGATETGC GGGAAGAGCGGECTGCGGGECCGTGATGETGCEACCCCTCGTACGTGACGATGAGCATCTCCGGGTCATCGGTGGACTTCTCGACGTIG 100
3
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Consensus
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7-5-LB-SOAPdenovo 723
T-DNA 355

Consensus

(2-7-3-LB Sanger FSYSSIGTIFI: T T, GCACTGCAGGC|
2-7-3-LB-SOAPdenovo jley{esyel ) T G CACGCTGCACTGCAGGC
T-DNA 5

Consensus

G2-7-3-LB Sanger
(G2-7-3-LB-SOAPdenovo
T-DNA py{e{or¥1elo

Consensus

LB Sanger
3-LB-SOAPdenovo

T-DNA [
Consensus

ttgagettggatcagattgte

e TGAAAGCATGCETGTCTICGCACCATCCTGTATTTCTCTGAACATGATCTGGAATTARTGTCTCC 400
TGAAAGCATGCGTGTCTTCGCACCATCCTGTATTTCTCTGAACATGATCTGGAATTAATGTCICC 40
e 335

(G2-7-3-LB Sanger (g
G2-7-3-LB-SOAPdenovo
T-DNA

Consensus gtttcccgecttcagtttaaactatcagtgtttga

(G2-7-3-LB Sanger GGCCGCTTGCTTCCGCTGETGTECCACTACGCCAGTGRACAACCTACCTGCGGCECGCECTTITCARCCCCGCGTGCACAGTGACACTGATTGACTCTAGR 500
3-LB-SOAPdenovo GECCGCTTGCTICCGCTGETGTGCCACTACGCCAGTGAACAACCTACCTGCGECECECECTTTCAACCCCGCGTGCACAGTGACACTGATTGACTCTAGA 500

Consensus

(2-7-3-LB Sanger ACTCCACGTGETGCTACTAGTTGGGCCCTGTTTATTICTCACCCARRARTTTTATATCGTATCGCATCGAACATTTTAACACCTACGTARAATATTARAT €00
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T-DNA .. P 335
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(G2-7-3-LB-SOAPdenovo ATACATARRAARRATARCTAATTACACATATIGCGACTAATTTACGAGACGARTCTTTTGAGACTAATTGCTCTA €75

Consensus

B 5 PCR HKERF5

Fig. 5 Agarose gel electrophoresis and sequence alignment results

A: G2-7 ; 1: G2-7-5F/5R; 2: ZH11-5F/5R; 3: G2-7-3F/3R; 4: ZH11-3F/3R  B: G2-7 5’ C:
G2-73'

A: amplification of rice transformant G2-7 flanking sequence; 1: G2-7-5F/5R; 2: ZH11-5F/5R; 3: G2-7-3F/3R; 4: ZH11-3F/3R. B: G2-7 5’
end sequence comparison and verification. C: G2-7 5’ end sequence comparison and verification.
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