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T-DNA F5 28 15 i 1 DK RS B DR A0 o (0 3 5 ks
FREC BEND A

(U P E MR T, MYERESEREATRE, JLR 100080; ¥ P ERZEWHRER, LR 100030)

ME AMFEBAKFRAE PCR (TAIL-PCRY, 31200 & T-DNA A MEERZRHR R o4, BT 1594
T-DNA G RMEFF. Hd, 92 MFHIER T-DNA R AWM ATRARERERL TS, 78 1Fr58 AWMk
FE BAC/PAC TLEE 97% ~100% HIRIRME, M ANME A T-DNA M8 ALK REHS 12 £ Bk b 48 StRlTEf
#3169 /> T-DNA 548, % T-DNA /K RBERA T B &R ST 74t SREM, 7 T-DNA R A N4EH)
KAGEBEFFFINIEFAL, 14.6% ) T-DNA FR5 A 3 ~74bp MIERTFF. A FERTIIMIEEL, 21.3%
5 T-DNA 4745, TEE2J58 T-DNA G R 5MER K BERAFF ZRAZxH 3 ~5 bp BIRREYE. HRFH
MR FEYRERITTTE, & T T-DNA TE/KRS B (R4 o (1 8 & BRI TEXURERT R B A0 ILA,  SUTTE A s B 4 L.
T-DNA A TEEBES AT BRHFRNEFRER S, ERAERFS W3 miAERUERETH.

KA
FRGRYT Q7

iR R M W ¥ ¥ DNA ( Agrobacterium
tumefaciens transfer DNA B¢ T-DNAD 7EfE 475 K4
R E SR T EEHRE A Cilegitimate
recombination ™). B 7, ##F T-DNA JFIEEEA
RIBEEY AT PY A, B 5 AR 48 40 A0 008E I R e
FNHL AT R RA N MM EEFE A F Y5 T-DNA
BT FE P A AT LE 3 ~ 5 bp BRI, ERIXM
ENEM S & T H4E T-DNA S J538 Xnygk
[ ¥ A 7R ¥ 7% 4% nonhomologous end joining,
NHE]>. /296 T-DNA AU 507 LB & B &
R 40 A B T 5% 7 3 ( double-stranded break, DSB)
f A, AR T-DNA S8 F A 2 [0 55 71 §7F
B, nTUMEERNESF R R T-DNA faA
7 AR T A1 R AE.

T-DNA ¥ 3E F T2 A% P fh A R A&
FERIE M T E. #A1, T-DNA 7EFE % F 40 H po %
R A BEENEL A ZHEZENE, TAT
ER, MAMIRSERFEEEN T HEY LEE
(. Feldmann " I T-DNA Bl W E57ERE
IFERTF MRS E E R E Y. Sabados '
W T-DNA WA B I EE Y S A 37 i
WERKLLEAETH. Alonso P 1§77 T T-DNA
0 1) B2 55 B 0 AT R R A9 57 o AN 37 o AN B R X
Cuntranslated regions, UTRs> LA & Bai 7K H.
Wang %"V Khrustaleva %7 43 BITE 27 F1iF &
FEGEE TE FRALAE S, Brunaud %Y 440
79000 ~BIFSIF T-DNA b8, KILESE N

KA (Oryza sativa L. ) FEFEH, T-DNA RS, BERFS

T-DNA AL RSN R EITERNAFFIFES ~
Sbhp BIRFIIRE, MG T SR a3 4215 3L H
TET-DNA LB EITrERAPE ETEFER.
Tefiva F R FHIRA 18 MEFRMNAZB A ] -
See |, TEMHEREEA D=4 DSB A7 2 LUK
T-DNA v A RS, SR K, T-DNA #£
3 DSB NS B N 2.58% , IRIEE TR EA
4 %10 PHIFEYLESS R, Chilton Z5° B 2
BIJ7i, UEEH T-DNA 218 3 NHEJ BLXUEE B9 % 5
AR EREE A P DSB A7 Sk, X S5 S
EMEFEAFE DSB 7 8, WME. BEF, BT
FMBEIFMREFASE X SELEMHF, Higfhaix
W3 ~6 f%, WRAIE DNA 4 FEE 3 DSB {7
SR IR R REEE IV 52 AR AN BE AT XUEE
WiZMERh, BARTIE ITIERES IV =R R4 T-DNA
FeAb SER o BIEE, (207F — & LR iE R B
. HE7R T T-DNA TEf{mIFE HA DM EEIEST
7E A A FIALAH

FESR, BRSES6E 7L KFE T-DNA
TANTRRLE, XA BT 187 T-DNA 72K
R R FHIEYE FAP I RESRE S BRI,
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RZHZAIRXE. AR X 247 > T-DNA 45
BIEKBERAPEESRF WS, B~ T T-DNA
MmEANE & AT EBRANERFERARE
T, FHBETR TR KBEREANEEERMAR
£ T-DNA EZ&5H14.

1 bR

L1 8

7KHE T-DNA 1% 3 A 8L H R & B
A HE ( Nipponbare >. i T-DNA #r % % £
pCAMBIA1301 C http://www. cambia. org. auw/} %2
A S A RE R AT B E MR EHAL05. JF4Z 18 Yin
SR T IR AR R LA AR
1.2 TAIL-PCR 7 3 T-DNA 4514 0 575 51

TAIL-PCR 2% Lin S 2N IE T4
R mEALERMEII YA SPL (5
GGTGACCAGCTCGAATTTCCC 370, SP2 (57 TGAA-
TCCTGTTGCCGGTCTTG 3> A SP3 (5" GCGCG-
CGGTGTCATCTATGT 3'). {EEM IS4 AD4,
5'-TG (A/T) GNAG (A/T) ANCA (G/C) AGA-
3';  ADS, 5- C G/C ) TTGNTA € G/C )
TNCINTGC-3'; F1 AD9, 5'-CA/T)CAGNTG (A/T)
TNGTNCTG-3'. W H Gel Extraction Kit ( ENZA 2%
). USAD IR BRFE#ERE A1 TAIL-PCR =44 R
I P=4) 50 |2 Bl pGEM-T Easy Vector ( Promega 24
7, USAD, AT FFIE.
1.3 JFFIthE S

MEFF U LMBFT SIFEEETFIZ
(&) L4245 F Dnastar B (1) MegAlign. 4§ T-DNA
3B 7K A R 40 7 #0 FE #3R P Gramene Chittp: //
www. gramene. org/gramene/searches/blast ), NCBI
Chttp: //www. nchi. nlm. nih. gov/BLAST/), Sygenta
Chttp://www. tmri. org/index. html > 1 TIGR Chitp://
www. tigr. org/tdb/e2k1/ 0sal// BACmapping/ description.
shtml) “FIHAT BLASTN # B F 5 [R5 L%, LR
FIARZAYKEE BAC/PAC W, FIH HAKREE EA
W (RGPY /KFEEERA HBIERF RAL (RiceGAAS,
http:/ricegaas. dna. affre. go. jp/ ) i E T-DNA BIfAA
M ERMTHREF NEEIEREFHIN. KA 247
A T-DNA $ A AL SR L BACEE A 500 bp A17KHE
EEAFF, DA FATLEE RS B AR 47K RS
BERAFF, DHEHFLERAVTEZERNFEY

.

2 7 B

2.1 T-DNA GHRMEFFINT 85547

BEREETEN SRR &
5, ILIRAGLY 7 000 7KFE T-DNA P& %. FIH
TAIL-PCR # AR, M 200 M58 A& F K15 159 4~
T-DNA HILFMEFF. HF, 27K T-DNA
ARG R R & 07 S B R B Bk 45 R 22
A, F&A 02 MFFIFRIA M T-DNA 25
i, BIEF T-DNA 4518 SAM ST ARG E R AT
Fll. A5 A T-DNA £577 A FM B AKRGTFHAT
BLASTN BT HIFIRIEEER, ER2RH, 18 MF
H| 5 AT BIK R BAC/PAC TEEH 97% ~ 100%
HIRER M, M AT {E N T-DNA AREEA T /KRR
ik | ().

7E Sha 2£ 1 3E154) 361 /> T-DNA 4% A &
FFRIF, BRE T-DNAFA, ERhES AL
HAYE) T-DNA B4 75 FF 700 824 92, 55 A0
214 4, FHECH ERBASA T-DNA BEH A
169 N FIE R T-DNA AR 288 B /ARG 12 4
&k L. £ LA B EAMR 247 1~ T-DNA drZ& 1,
T T-DNA 471 FEFVN AT (1) 7K 75 B B 407 71 (Ve
fb, 14.6% (36 ) EHH3 ~74 bp ARMIEST
F#l, Zor T-DNA TEKFEREFAFRHES, S
& B F MY P — AR AR TR 2SR ML,

FTHE T-DNA B K FEERAFHEESED
TEEAFEHEGAMLE, #H—Fah T AEERT
FIH) T-DNA 2 FEEA, LS4 T-DNA Hi A
FM B KRG EEE A T 5 M ERRE . A 211 A4
T-DNA 714 FAM4T 59 K fE 5 R 41 7 41 80 2 b,
#921.3% (451> R 3 ~5 bp FIUMIRIETE, %
7 T-DNA fE/KAGEE R A P R8-S F PR A p i
FEMLEL B o TR BEFRAS LS
AL EAR G T-DNA 418 R 50 BARGE EA T
YR R R 2k
2.2 T-DNA W2 TEKFEEE A A R R K20

9 THAE T-DNA #3225, 3% 247 1~ T-DNA
VKRG 12 0k LR 5 B EE 1
F.OR LA, H1~3 583 10 5ROAKIEE
RS, SWELANNS43%. B, F g
Yufa iR bR o IR
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Table 1 Distribution of 247 T-DNA tags on 12 rice chromosomes

Chromosome Predicted chromosome No. of T-DNA Average inserts density Ratio
No. size/Mb"’ inserts’ (T-DNA inserts per Mb)?’ /%
1 45.2 47 (122 1.04 19.0
2 38.7 32 (9) 0.83 13.0
3 39.3 33 (13) 0.84 13.4
4 36.0 14 (3) 0.39 5.7
5 31.8 15 (4) 0.47 6.1
6 34.3 21 (62 0.61 8.5
7 312 19 (5D 0.6l 77
8 30.7 19 (5D 0.62 7T
9 24.6 9 (7) 0.37 3.6
10 23.8 22 (6) 0.92 8.9
11 32.2 7 (4) 0.22 2.8
12 30.5 9(2) 0.30 3.6
Total 308.3 247 (78) 0.62 100

Y Predicted chromosome size (Mb) C hitp://1gp. dna. affrc. go. jp/ cgi-bin/ stamusdb/irgsp-status. cgi). >’ Numbers in parentheses

indicates the newly located T-DNA tags. *’ Number of T-DNA inserts/total length of predicted chromosome. *’ T-DNA inserts/total

ingerts.

T-DNA  ggtotatetatgtiactagategggaattaaactateagtstt PGACAGGATATAT T GGOGGGIAA4AC
A getetatot atgttactagatcgggaatiaaactatcagtgtitoa
tgaccga; at;
getotatetatgttaciagaticggeaatiaaactaicagtgit
1 ctattaatiaciita;

acccgatt, fitt

aaatifaaaaaact

gg‘tgtatctatgttactagatcggga

g 0 "

ggtgtamtatgﬁacmgamgggaanaaaot o
tazatitgteptecatigegagticactetggtigtcgtagaagagacetet

Fig. 1 Microhomology between flanking rice sequences and nicked T-DNA right borders
Capital and italic letters indicate the right border sequence. The letters in lower case indicate T-DNA sequences immediately next to the
right border. Underlined letters in lower case indicate the flanking rice sequences. Homologous base pairs are highlighted in gray boxes.

A, B, € and D indicate 3 to 5 bp of microhomology, respectively.
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FH RGP RiceGAAS ¥ 247 > T-DNA 152 7F
KAGEE A AN [A] R B0 00 4 fn AT 1ot (3R 20,
T8 T FIFAERIZTF], T-DNA 25 4=
SrRA S8, 7% (145 ) M41.3% (102 1), 5=
HETEEE A AN (B ST 8% F 42.29% ) H)
b M —2 TEREX A, T-DNABEARAE T T
MLERNSL4%, AER TEESIIETF
(18.6% ) BIMHZE. 7&o70 T IRmBFF157 102 4
&, fr FREEE T L 500 bp F1E E 5
F FilF 500 bp EEAKTHIHR 13.8% (34 ) M
11.7% (29 ). FEHEEE T LHFfILe - %EF
T 500bp (G A, T-DNA 5% (0% B 4 7
A1.35~2.13~/Mb f11.15 ~1.82 ~/Mb, #HE
= TP T-DNA SN EE (0. 59 1~/Mb).

KA1 SROEERRZH T-DNA b2, 1M

BHEGEFFIFERETRIR B AT, Efma]
LA — 259347 T-DNA #R&TE 2 Je i AN R (X 30
S (FR3D. WT 1 S RAKHREFIIMIER
375, T-DNA ZEERIMES RS 1% (24 5
F48.9% (239, HSFHEFHEEESA KA (4
A 53 1% F 46.9% > HIthE M — 2. mH,
T-DNA FRETEAE FHEEHNEIEFH2E. &
500 3 am A A 4 500 bp BITIAE Y. T-DNA
WEARIEE (4818 2.94 ~/Mb 176 S/ Mb>
SRR T-DNA A ZEE (1.09 ~/Mb) #
2.7 B 1.6 5.

DA bgk BB, T-DNA 7E/K ALK 40 i 4
EFAERMILE, TREAEEN, MmnEED
EFEA 53 miAER L RN E TP
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Table 2 Distribution of 247 T-DNA tags in the rice genome

Distribution of No. of T-DNA Frequency of T-DNA tags Ratio of different regions Density of T-DINA
T-DNA tags inserts in different regions/ % in the rice genome/% £ tags (tags per Mb)
Coding sequences 145 8.7 57.8 0. 60

( exons & introns)?’

Exon 27 (18.6% ) 10.9

Intron 118 (81.4% ) 47.8

Non-coding sequences 102 41.3 42.2 0.58
Intergenic region 39 15.8 36.2~38.4 0.24 ~0.26
5'Upstream-500 bp*’ 34 13.8 3.8~6.0 1.35~2.13
3'Downstream + 3500 bp*’ 29 11.7 3.8~6.0 1.15~1.82
Total 247 100.0 100.0 0.59

D Ratio of different regions in the rice genome is based on the assumption that rice has a genome size of 420 Mb and 32 000 ~50 000 genes and

16.17]

non-coding sequences account for 42. 205! . & Coding sequences indicate the genomic sequences between the start and stop codons of the

predictd gene. 5 Upstream and downstream regions of the start and stop codons refer to the sequences at a window size of 500 bp.

Table 3 Distribution of 47 T-DNA tags on rice chromosome 1

Distribution of No. of Frequency of Size of different  Ratio of different  Density of
T-DNA Tags T-DNA T-DNA tags in regions/Mp"’ regions/ % T-DNA tags
inserts different regions/ % (tags per Mb)
Coding sequences
S 24 s51.1 23.0 53.1 1.04
Exon 5 10.6 7.4 17.1 0. 68
Intron 19 40. 4 15.5 35.8 1.23
Non-coding sequences 23 48.9 20. 3 46.9 1.13
Tntergenic Tegion 7 14.9 13.5 31.3 0.52
5'Upstream-500 by 10 21.3 3.4 7.8 2.04
3'Downstream + 500 bp 6 12.8 3.4 7.8 1.76
Tosal 47 100. 0 43.3 100. 0 1.09
U Size and ratio of different regions on chromosome 1 are calculated based on the reported datal 7.
2.3 T-DNA AL AL A/T BB E BRI
5 FE T-DNA $r%, LAH T-DNA #AAL & 2 5.2
R, BLS00 bp AIKEEFRAFT Y, GitEEN 60 -
LR AT BHRR T EE. R, FEYLILE 247 €
A 500 bp BUKREREAFS), UL AT F T
EBFEE WE2 FR HTRIMRNOKE o s mt  pw S s
HEMATH), £ AT BREBREYEEY 55.7%, 5
SHEFEA (56.0%O0. 1 BREE (56.2% 07 2 54] I I I
Foa SRtafk (5589 0 8 A/T PR S BABAT. o - o W———
PRI, FAAN A EREFEAFVIE AT R EE 7Y genome some 1 somed  sequences sites
HEAN61.2% (B2, THRIESRS. 0% KMNEFF] Tig. 2 Comparison of A /T content among overall
HA/THHBEEAATS6.3% ~66.7% 2. [8] (1 genome, chromosome 1, chromosome 4 247 randomly

AR, U, T-DNA MM ESREE AT ZE
B R KRG A A X 8

selected genomic sequences of 300 bp segments, and the
same number of genomic sequences of T-DNA insertion sites
of 500 bp flanking segments.
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TERFGREALE P, Jeon ZFV0M B HFTF 5
IRBEFRMBEEFR, BT T-DNA R AKEERE
ARG fETE S WG AL EL AR E
B, T-DNA 7] fe 2 LA FP AR A0 & 2 s 1ot
YK =, RSB TE ST
MZRLY A 8. T% » 1T DA RURE W7 34 R L 5 HEAT B2 A
FIEEEZE /LN 21.7% (ErERFHIERRES
FAEMEEZ D . BT R A XU RS A S
A, ARNFARRERTFIMERMNES T
A, EMEAEERFFIMESEL, T-DNA L4
REM R ARG T F R 2R EE S EE mE
(31.9% ) ENIAT IEEETZMEMLE. 7] L, a0
FIFEALRLF 4845, T-DNA F4 4k 8 F o]
BEREL B 7 [/ RO A7L 3

AT ARIRTS P, T-DNA 55 254 5 K g 2
K 4R P TE B B IE MG i IR X . B R e
R 2 A IFRCRAS, B F T-DNA § &
U2 RIFFH — 5 RN, T-DNA [ A AL A8
AT ETBEERRE, A% 73.3% ¥ T-DNA 5
BNTES A/TETFRAOEFRZER A& TN,
X5 Chen F 2GR ML. ATES A/TH
FRMEEAKE, MEFEREMNR, WS TH#
FFERE R DSB {7 s, AT T-DNA DL FE R4 {5 4
BT T 34E (ML IR A B BT S0 R
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Integration Patterns of T-DNA in Rice Genome”

LI Shu-Tian"*’, TIAN Ying-Chuan , HE Chao-Zu' "
( U Ngtional Key Laboratory of Plant Genomies, Institute of Microbiology, The Chinese Academy of Sciences, Bejjing 100080, China;
2 Craduate School of The Chinese Academy of Sciences, Beijing 100039, China)

Abstract A T-DNA tagged rice population was generated for functional genomic analysis. Using thermal
asymmetric interlaced PCR { TAIL-PCR J, 159 sequences flanking the right border of T-DNA were obtained.
Among them, 92 sequences contained the right border of T-DNA and flanking rice sequences, and 78 flanking rice
sequences were mapped as T-DNA tags on 12 rice chromosomes. Integration patterns of T-DNA tags in rice genome
were further analyzed using the 78 T-DNA tags and 169 ones reported previously. At junctions of the right border
and flanking rice sequences, 14. 6% of T-DNA tags (36) showed 3 ~74 bp of filler sequences. For the T-DNA
tags without filler sequences, 21.3% (452 displayed 3 ~5 bp of microhomology between the nicked T-DNA right
border and flanking rice sequences. Filler sequences and microhomology revealed that both deuble-stranded break
and single-stranded gap repair mechanisms played a critical role in the integration of T-DNA into the rice genome.
T-DNA integration preferentially occurred in the A/T-rich regions, mainly in the 5'- and 3'-regulatory regions

outside the coding regions and in introns of genes.

Key words rice { Oryza sativa L. ) genome, T-DNA tag, integration pattern
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