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The T-DNA Flanking Sequence Analysis and Specific Detection Method of

Transgenic Soybean with Gene HALI

CAI Qin-an, SHANG Li-xia, JIANG Zhi-lei, YU Zhi-jing, MA Rui

( Agro-Biotechnology Research Institute, Jilin Academy of Agricultural Sciences, Changchun 130033, China)

Abstract: For the convenience of research and testing of HALI trasformed soybeans, thermal asymmetric interlaced PCR
(TAIL-PCR) method were used to separate the T-DNA flanking sequence, with the T; genomic DNA of HALI transgentic soy-
bean as the template, by comparing the soybean genomic data, the T-DNA was inserted in soybean genome chromosome 1 non-
coding region 49468395 loci as single copy. In order to ensure that the transgenic events do not affect the normal expression of
the functional genes of the soybean genome. Under the threaten of 200 mmol-L ™" NaCl, the growth force of transgenic plant
was significantly stronger than that of the control materials, protein quantitative test results showed protein in leaf reached to
0.03 mg+g™", protein content in root, stem and flower was lower. Two pairs of specific detection primers were designed based
on the two flanking sequences and the insertion of the transgenic plant, and two DNA fragments of 926 and 816 bp were ac-

quired by PCR. In this study, the established T-DNA flanking sequences analysis will provide effective method in transgenic

soybean detection and management.
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Table 1 The left boundary specific primers

EL N

Name

JP51(5'-3")
Sequence(5'-3")

IR E

Primer length/mers

57 SP1  GTCAACTTCCGTACCGAGCCGCAG 24

57 SP2 TGGACGGCCGAGTCGACCGTGTAC 24

57 SP3  CGCATGCACGAGGCGCTCGGATAT 24

Ncol
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Table 2 The left boundary specific primers

ZFR JPHI(5'-3") SR E
Name Sequence(5'-3") Primer length/mers
3’ SPI  ACCTCAAAGAAAAGTGCAGTTATC 24

3’ SP2 CGAAACAAAGCATACGCCAGGATT 24

3’ SP3  TAAAACGCCTATCCCTAAGAGTGG 24
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1.6 MR T-DNA ZEASEERAFESHAD
T E
HRAERAT 1Y 57 F 37 s 55 00 J 51 ) 45 2R A
soybase. org [’ % ( https://www. soybase. org/gh2/
gbrowse/gmax2. 0/) H XF K S AR 4, 3815 T-DNA
TER I H PRS0
1.7 HEFRKXEHF4 PCR &

HRAEARAFAHY 57 A 3 g 3L 3 47 000 e 45 2R L B
C A T-DNA JF51cit PCR 519, #E47 PCR A&

57 R 4R :94°C 2 min; 94°C 30 s,52°C 30 s,
72°C 1 min,35 AMEFF:72°C 5 m,165C 1 h, 3° 2
4 :94°C 2 min; 94°C 30 s,49°C 30 s,72°C 1

MI12 3 4 5 6 7 8

min, 35 MEF;72°C 5 m,16°C 1 he §H=HY
2% B AR BESERAC o

2 HFREHH

2.1 ZinFMERFFIFFKE

e i1 FHME 5 rL Uk S5 R A 2 i, 4 AR
JF514 AP1 AP2 AP3 AP4 %5 3 % PCR 2% (3.,
6.9 .12 Jkif ) Y945 21 bk 70 & o 24 FH P X5 BE (15
VKT ) T BT 79 45 S M SR, AR 9 5 RO /N i P Y
57 AP3-3rd £ 1. 0 kb (4 3474 55417 (9 TKiA ) VI
IS o P45 AR 3,

9 10 11 12 13 14

15 M2

M1 2 A-Hind WEGETI=4)51-3 205020 APL 5195944 1 % 2 4870 3 4 H0)™

Y1346 43504 AP2

Iy 1R 2 SR 3 SER ST 3B AP3 14

L% 2 450 3 574 510-12 2350 AP4 519945 1 %8 2 %R0 3 480974 513-
15 SHIEXT RS 44 1 %8 2 50 H1 3 %0974 ; M2 : DL2000

M1:A-Hind I digest;1-3: Amplificated with API for 1st,2nd and 3rd;4-6 : Am-
plificated with AP2 for 1st,2nd and 3rd;7-9 ; Amplificated with AP3 for 1st,2nd and
3rd;10-12 ; Amplificated with AP4 for 1st,2nd and 3rd;13-15 ; Amplificated with posi-
tive control for 1st,2nd and 3rd ;M2 ;DI1.2000,

B2 AiAfR TAIL-PCR k4R
Fig. 2 The TAIL-PCR of left boundary

GGTTC RTT'IA.'-.'I* AC
- A &Tn_l‘-Tn.fo-.h 5
4 T' TATTATTT TGECT

ARACTCA
TG

ATT CCTTAGACAC TAG A'I"-.'-J AT "4' n""T'T& C II‘ TATAGA CATTGCTGAA TCCAAAAAAL TTUR.&'.-L'-J 600

30

400

A TT&TI lJ' ‘J LTT’ T'T' T'.vT T' C
CCTTTAARAG TG 1'[&.'1.' ITA &
TTCTACTAG CC

AGTACCCAAT ARAACAATTC CTCCCACTCA CTACCACAST ATATTCTGET GTAAACAAAT TGACGCTTAC ACAACTTAAT AACACATTGC GGACGTTTTT 7
AATGTACTGA ATTAACGCCC AATTARTTCG GGGGATCTGG ATTTTAGTAC TGGATTTTGG TTTTAGGAAT TAGAAATTTT ATTGATAGAA GTATTTTACA E00
AATACARATA CATACTAAGG GTTTCTTATA TGCTCAACAC ATGAGCGAAR CCCTATAGGA ACCCTAATTC CCTTATCTGG GAACTACTCA CACATTATTA 500
TCEAGAAACT CGAGTCAAAT CTCGCTGACG GGCAGGACCE GACGRGGOGE TACCGGCAGE CTGAAGTOCA GCTGCCAGAA ACCCACCTCA TGCOCAGTTCC 1000
CGTGCTTGAA GOCGRCOGCC CGCAGCATGC CGOGGGGGEC ATATCCGAGC GOCTCGTGCA TGOGCACGCT CGGGTCOGTTG GRCAGOCCGA TGACAGCGAC 1100
CACGCTCTTG AAGOCCTGTG CCTCCAGGGA CTTCAGCAGG TGGGTCTAGA GOGTGGAGCC CAGTCCCGTC OGCTGETGEC GOGGGGAGAC GTACACGGTC 1200
GACTCGGOCG TCCAGTCOGTA GGOCTTGCCT GOCTTCCAGG GGOCCGCCTA GGCGATGOCE GOGACCTCOGC CCTCCACCTC GROGACGAGC CAGGGATAGC 1300
GCTOCOGCAG ACGGACGAGE TOGTCCGTCC ACTCCTGOGG TTOCTGOGGC TCOGGTACGGA ACGTTGACCGT GCTTGTCTCG ATGTAGTGET TGACGATGET 1400
GCAGACCECC GECATGTCCG CCTCGETGEC ACGEOGGATC TOGRCCGLGC GTCGTTCTGE GCTCAT 14ee

LLATRGr R TSR F T s B O TR F 5 R (53 RITILF31

The red part indicate the soybean genome sequence; The black part indicate the known sequence ; The green part indi-

cate the unmatched sequence.

B3 ZihfR TAIL-PCR BIMIF 4R
Fig. 3 Sequencing of the left-boundary by TAIL-PCR
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Y134-6 5351 AP2 51094 16 2 56 RI3 50474579 4352 AP3 BI4HHY 1
o2 A 3 AR5 10-12 255000 APA SIAYIE 1 4 2 BN 3 AR 513415
DNIEXT G 1 HE 2 S50 3 AR 4 s M2 . DL2000

M1 :A-Hind 1 digest;1-3 : Amplificated with AP1 for 1st,2nd and 3rd;4-6: Am-
plificated with AP2 for Ist,2nd and 31d;7-9 ; Amplificated with AP3 for Ist,2nd and
3rd;10-12 ; Amplificated with AP4 for Ist,2nd and 3rd;13-15 : Amplificated with posi-
tive control for 1st,2nd and 3rd; M2 ; D1.2000.

B 4 AR TAIL-PCR B k&
Fig. 4 The TAIL-PCR of right boundary

ATGCATTTCA AAGATTTAGG ATTGCATCGAC TACACTCTCA AARACTTCAT CTATGAGAAT AATTGCTCTA AATTTTATGA TGCCCTGGAT GAAAACAACA 100
TCTCATATCT TTTAAAATTT GTTCCCTCAG ATCTGACTTC GGAAGGGCGAT ACTTTCCCAT TCGTGGATCG CTTTCAAGTA AAGGAAGETG TTTTTTTGET 200
ATATTCCTCA AATGACTTTC GARAAGAACC TACCGGACTAC TTTACTTATA CTCGCTAGTGG TGGAAATGAG GTTCACATCT CGRGCACCTC TTCAGAAGCA 300
CGAATAARAC CCCACTTTAT TCGAAACTTCC CATCCARAAC ATCTTAAGCC GCGAACAAAA CAGCACGGAAC ATATAAATAC TACGTACCTCA AAGARAACTC 400
CACGTTATCAA CAATTTTTCC CGCTGAAARAA CACCAAATCC AAGGCCACAG ACGTTCCAACA TTTCAGAAAG AGAGACCTAT GTCCGAATAT TGAACGTCAA 300
ATCTAAARAT AAGAACTCAT CCAAAATACC AACTCARAAS TTGCTAAGCT CCCTCATCGA AACARACCAT ACCCCAGGAT TGGCATCTAT TTTATCGAAA 00
GAAGGCACTA CATATCCGAA TAATGCGGAC GEGAAACATA TCAGTATCCT CGAATCCATCC TCAAAAATAT ATCATTCATC CCATARACAG ATTGTTAAAA TOD
CCGOCTATCOC TAAGAGTGRC CTTTCTCCAA TTCGAGAGATG CCOCTTTCAAT GETCAAAATA TTAAATGCTA CTCACCAAGR CCACTAGATC ATGARAGTCC EDD
CCAACCTCGAT TTCAATAATA ACTTTCAGCT CGAGAATACTC AAGAGCTCGG TCTTGCAAAC GAGACAATCA ACACAGAATA GTTCGAGCTGA CCAGCTCGAA 200
TTTCCOCCCGAT CCTTCARACA TTTGRCAATA AACGTTTCTTA AGATTGAATC CTCGTTGCCGG TCTTGOGATG ATTATCATAT AATTTCTGTT GAATTACCTT 1000
RAGCATCTAR TAATTAACAT CTAATGCATC ACCTTATTTA TGAGATGGCT TTTTATGATT AGAGTCOCGC AATTATACAT TTAATACGCG A.TACMAACA 1103
AA.&TATAGCG CGCAMCMG C-ATQ.M’I'I‘AT CCJ.'.‘GOSCGCT GTCATCTATG ITACI‘AGATC C-G-GAA'I'NAA Cl'k'I‘Cﬁ.C‘DGT 'ITGA A C 1200

LLEFR 5 R IR LUTH 5 #6FR 5 AT H s S IR 4 F AR DL T 5
The red part indicate the soybean genome sequence;The blue part indicate the known sequence; The green part indi-
cate the unmatched sequence.
B 5 HiA5 TAIL- PCR ) MIFER
Fig. 5 Sequencing of the right-boundary by TAIL-PCR
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2.3 SMET-DNA ZEREERAFESMALAN
EfL

AR ARAG 1 O3 7y 2100 P 45 SR TE soybase [9 3
(https : //www. soybase. org/GlycineBlastPages/ ) I, X}
KGHRFH, T-DNA ffi ARG HER A 1 54k
B A% [X 49468395 fik HEAb. AN 6 K Ak [N 4
Gm01_49468395. . 49469837 JEH il 75, 21 €4 FF {8 /8
A1 43 5 20 300 5L I3 435 B 21 6888 43 )5 4] I i

(P 3) i s B i > 38 03 5 0 1 5 e 245
HEFR I FPSIVLIE (B 5 ) ik S48 R0 I 7 A7 i
LM FPFE AL T-DNA 76K B 4L P g 5 X
IROE 4 — B, e JE DR 0 D B P8 DU R N 4
T-DNA 1E85 BRI H it B b, A A i
PP INIBMER , 22 FAFE T 8 bp 19— BOR R
WA HTRIF S, A ST T 4 bp i—BeR Ak
BIH RIS

1 sovbean_map_version_4_0_Gm01_49463305._40469537

e T T e A G A A G e A D A A G A T A T TA T T A TA T Ce T TA T TA TATAT G TACAA T T TAACTTCACTCTATTC T TAAACCAATTACACT TTACCCTTTICT
A AT T A A AR O T O T T T T oA TCA T TT T AT T T A T TAGC T T T T TARA TCA T T TTAC T T T T CAACT TTTARA TCCCARGAAA TOCAARATTATCCARCE
A A T T A A T A A A A e T A T A A A T T T AR A T TA T A T A T T T T T TG T TAC T TAA T A CTACC A CATC TTCE TTCAT TTAATCACATCRRCACT
T A A T T A T A TG T T T e T A TA T T T AR A G T A T A T T A T G T AR A A A C T ACACA S TCA A C T A A TAR TAA TARACAATCACATCACATC RO AL
G T A AT T T LA A T TG T A T A T A A L T A A T A CT T T TG T T T AR TE TATTA T T T TG T LA TTO T TAGACAC TAGA TACCATCACACCTOCACTTCT
AT A T T T AN T A A A A A T TAR G A A e T A A A TA A A G TT L T O A T TR A A A C T TTT T TCAGARACACTCAT TAR AR TAR A ACECTATATCTTAAT
TR AR T T T T A A AR T AT T AR A T T T AR AR A R A R A T AT T TG TAT T T TARAA CAATARCARTTTTTGTTCCATCCTTAATTTTGCACATTTATTTTTTATATTT
TR T TR TTAATTAT T T T T TG T A ST AR T A TA T T T A T T T e T e T T TAR T T AN TCAC G CTARA R ACA A A TAR AR TATAA R TARRATTARGAATOCCACARARAT
T T AR A TTTAANTAT ARG CTARRATTAR R A A AT A T AR TT AR A TTAR A CACCATC AR A A TCARATTTARCTACCCCARATAGCARCTATACTETT
T TA AR T T T AR AR TARR R T TAT T A T AR TT T T T T T T T T AR GA T T TAA A T T T T AR GRATACACACAR A TACAATATAARATAR AR AGAATCGATATCTTA
A T AT T AR AN T A T A A A A A A T A TA R TTAT T T T T T T T T TAA TAA T T TG C T T T AT TG CATC CAA T CTTT TAGRAT RO TATTTCARATTTTREC
AT AR TATA T TG T T O T e T AR TAG O T T TATGA T e T e T T T TA G AR GA T T AT C T A TAT CA TG TCA T TAATCATAATTTTAATARTAGGT TCCATCCATAT
T ARRAT T T T T AT AR TTATAR G T TARATACT T T TTARRATTTTGAGETCTATCCCAATTCTAARARR ARATTACCCA

B6 AEEEA Chr0l:49468395. . 49469837 Fr 3l
Fig. 6 Chr01:49468395. . 49469837 sequence of soybean genome

2.4 HEFXSHZE PCR &N £33 SWMIHEHERIY
R 3 ) I R 45 R4 PCR 5y ( 3 3), Table 3 5’ and 3’ specific PCR detection primers

PCR i ZE BUNP T Bk, i TRATBIIBIM, 4 5 AR IR
—SfE T-DNA o9, B3 i K ELRE AL 15" Name  Sequence(say e Peltpdid
F Lﬁ%l%ﬁEﬁﬁ%éﬁi,S ‘R ?fﬁ?%l%ﬁ T- 57 F GTAGCAGCCATCTTGGTTCA /r;;rs len§12h6/bp
DNA £33"F Eii519¢E T-DNA £.37 R T 519 5" R GCAACGCCTACGACTGGAC 19
TEATIIIEIAL 1 (B T) L AERR RIS R L cascocacracamatocs s .

BRI 4t U REIE B B R TR 3k coCToATICAnTIAsACAG 19
/ISR BL(EL8) .

i - _ 3F

HHA
DNA

HHA

— 3ioky = i

15 4241449468395

E7 ®HEEKXET FIHO018 £AHF3| Wik ER
Fig. 7 Transgentic soybean F1H6018 flanking sequence specific PCR detection primers location
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M1 2 3

816 bp

4 5 M 6 7 8 9 10

926 bp

L~5 i is19y3° FRI3™ RAYYHELER O 1.2 F13 N BHYERTRL, 4 BI85 O
BkL;6 ~ 10 HZE A 519)5° F RIS RGP IEE5R, Fih 6 7.8 S EHYERTEL,9 ST, 10 Sy

JFRL ;M & 100BP marker,

1-5 are the amplification of the right boundary by primer 3’ F and 3" R(1, 2, 3 is the positive, 4 is

the negative control, 5 is the plasmid) ;6-10 are the amplification of the left boundary by primer 5" F and

5" R (6, 7, 8 line is the positive, 9 line is the negative control, 10 line is the plasmid) ; M. 100BP

marker.

E 8 # HALI EEXE4%R M PCR il
Fig. 8 Specific PCR assay for transgenic soybean HAL]
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PR SR A A« (1) B T A% R+ K, 4 PCR South-
ern-blot FEPLE 455 (2) BT HE AR, 40 West-
ern-blot \ELISA G4t 4545, Hidr L PCR J7 32 v FH &%
Rz, BETE A 1 2 5 SR W 5 AL R e S b A
D7 0 43, % 5L K & RRS , MONB89788 , %%
H P K Btll ,MON863 \NK603  Bt176 %, %k £ [
IMEE GT73 . 0xy235, 3L #5346 MON531 , MON1445
S0 O T A — A A R R R S Y, R A
PCR 7 1425 54 ] DUERGHURS I e S i e Ak = 1

AR E YR B /R B Y3 AL
SURNELRE B, X H B 3 PG IE H R sk 2R A O
P FE R, HOO R 9 7 PR K T i A it A5 Pk
ARG JE DRAE W 11 28 4 A 7= L S B3 3L,
3 271 (14 53 AT 18R AR ) A B TR b 22 A DA 1Y
AT, 2 E) R e

FREPEE R A R e AR5 T B IE N K
GARANLL A MIEL 51, ARG T 7ME EPSPs JE[A
FER G IR A (e A e v S 351, i 5 &
IAMIEEE AR DL sidli AT G i S BOR o 2
224 135 kb F BeAS A ; NOS ¥ K 0 3k R 4]
G\ A EHE, 38— %% HECL Al HEAT repeat
ANIREBL A HE ] ( Glyma02¢09790) 4544 32 2| 52 Wi, &
PLZELTE ABA I PEG AbFE T 261k, HEM % 5L

A3t ABA {5538 2 5 ba 2%

A5 43 AE G HALL FER R G T-DNA J¥51 9
it LA K LA 35 2 15 11 P 6 PCR 514, B FIRATT%
519, —dmAE T-DNA JP 8, o — i fF K 3
PRIZE v, JEORE R A LI AN BB Y 3 B 55y, A
TR LR S PR A RE A e AR AT 30 /Ny R B
I LS PCR 514 o B AT fif — %o %8 ] % He#h AT B
153 B iE

G T R TR A AT it 5 00 e ) 2 8 ST 5 1
S PCR R Jr ik RT3, A9 38 1 O
XIFRACH PCR ¥, 345 T i A 77 Bt DNA JF 91 (1) A2
P HNVAIA S5 o A [ PR B AT, L T
AN PRI e PR 57 35 PR 4 b i 3 5 6 s,
AL XA R AE G X, (B — BE R AT 51 (R 4 A o
AR T-DNA ()5 5 DX 3855 A1 5 R i) 2 63k e
SN UUBR Y & A AT R VIR S &R, L T-DNA I
N FNHED ARG A5 X, 3 1 5 5 R A4 A P TR
B ISP v g Ai0h- Al RN i 1 8- & S SR AT
IEH Rk, Elisa fill R B, HALL 25 (A 7E M rh 3R1A
R T LIAE] 0.03 mg- g™ FEMRZEN g —
FEMFRIN, H R R B EWAM. 52 ikl d,
7 200 mmol - L™ ' NaCl £h il F % 5& A bk A= K )
B 5 T BERA R, W LA BH B HALT 3 [R5 4
e R A R A B AT — o f A AR . FRATTR A A
FFHIRINE A, BIf T FNIRIE K 1 5 A A 520
BN IE R A9 IE F Rk, W R & [T DUIE W %
ko WRHEEARB MR, HALT FEH 5
KM 0 FALE R FRAT T — 25 75 2 AN
B TAE o AHFFERTEESL 095 HALL FEPRR G R 4k
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