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Summary DNA transposable elements require the transposase from an autonomous parent element for transposition.
The characteristic of MITEs are generally less than 500 bp with terminal inverted repeat (TIR) and target site duplication
(TSD). MITE:s often insert into insides of genes or regions near to genes, and therefore the markers based on TIRs of MITEs,
termed inter-MITE polymorphism (IMP), are possibly lined to important agricultural traits and have been successfully used
in barley, wheat, maize, oats etc. Extremely low polymorphism has been observed in tobacco by several molecular marker
systems, such as RAPD, AFLP, ISSR, SRAP and SSR, due to its narrow genetic background during domestication. In this
study, IMP markers were developed in tobacco using genomic sequences from the Tobacco Genome Initiative (TGI).

Non-redundant tobacco genomic sequences from TGI were used to scan MITEs through a bioinformatic approach and
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11 581 MITEs of unique TIRs were eventually identified and aligned (partial result was shown in Fig. 2). Two hundred and
nineteen IMP primers were designed according to the alignments and then were tested among nine representative tobacco
varieties with different types (flue-cured, burley, oriental and cigar tobacco) (Table 1). In the 219 primers, 119 were
successfully amplified by PCR, which demonstrated a success rate of 54.6 % (partial result was shown in Fig. 3). The 119
primers were further used in a doubled haploid (DH) population of a flue-cured tobacco, 29 of which showed
polymorphism between the two parental lines (Honghuadajinyuan/Hicks Broadleaf). Of the 29, 21 were genotyped in the
DH population and integrated into seven linkage groups with SSR markers (Fig. 5).

Our results demonstrate that IMP markers are useful in tobacco such as genetic germplasm investigation and genetic
map construction. But low development efficiency is also observed for this kind of marker system in tobacco. To improve

the efficiency of IMP marker development, high-throughput detective/scanning platforms are needed in its genotyping

38

process.
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B TCF (transposable element) J& FLA%Z A W) 3
DRI 201 B B 2E i 70, B ] DA — 2R G A I — A
LR R i — ML, W] DU — 2K e ki
Bl 7y — SR gL AR, MR i BRI AN 5], Rk A e o
53 N I R 56 E JGAE (retrotransposon) AIDNA#%
JE TG (DNA transposon). 5 556 i Jik o4 1 s sk
FELARNAH A A, 31X % W oA/ R DR 20 p —
e DU % . DNA ¥ e o AF I8 i DNA H B AR 4T
R, FLEE UL /L. DNARS o o N 3 £ 5%
JE TOAE AR B 2 3 A2 2K, B s ) B AT I
JETCAT (MITE) & —JERPaR I AR FE oA, & A
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I [E] 0K F L K ZH 90 7 v Il (Tobacco Genome
Initiative, TGI) BB EIE AP L TR EEAT
FIHE MITE (1246508, FIH FINDMITE #2FAl
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Fig. 1 Structure diagram of the MITE transposons
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17~22 bp Y6 . 5 T 3T 55 0 o, JRikd 3
FUEN IMP 51 5 =R M5 TH G 1.

PCR X Ntk %% Chang 250190538, HAEE
2R, 20 uL VAR R ALFE 2.0 mmol/L MgCly, 0.2
mmol/LdNTPs, 1.0 umol/L 5|4, 1.0 U Taq DNA %
41, DNA B 50 ng 24 . Aszi it 45 C.
50 CH155 C 3ANRKIREE (Tm) BREE. SRIG %1
N 95 CHIAEYE 5 min; $EETE 95 C FAEM: 45, 1
XN AR K IRE IRk 45s, 72 CIEM 60s, 35 ME
sy HJa 72 CHEfH 7 min.

P71 h 5 8 A0 P SR A s T P Tt S R UK A 3 A
I AGIFLRE A : 4 uL PCR P74 + 4 uL _EREZZ PR,

95 CAFME Smin, VK& H. Bk 60~70 W il
FLYK 30 min, 60~70 W HLJK 2 h. LUk % : JbRIs
— DYCZ-20C 247 51|53 H Uk Ali; BIO-RAD HV 5
L FELORAS. B [EEWR (10 %iK 4R [E52 30
min; £ B FKMEE 3 K, FHX S min; LA (0.2 %
THIRAR) G4 th 30 min; 25 B F /KBS M AT 10's,
SLEDEHE T BRI E RS REMW & &
1R 2% 1L 3~5 min.
1.3 HEEHRE

F TR 560 A 5 IMP ARIL T R BRI 9 AN AR
RIRFT M AP ILR 1 M TR B, BT
BETR=ET, FHKH 3 FENE, KA CTAB %
FEHUEE R ZH DNA.
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Table 1 Types and origin of nine tobacco varieties used

P22 FR Varieties

27! Types

#Z IR Origin

/N34 1025 Xiaohuangjin 1025

2116 K427t Honghuadajinyuan

K326 J% JIH Flue-cured tobacco

Hicks Broadleaf
Florida 301

VO Samsun

J% JHl Flue-cured tobacco

J% JHl Flue-cured tobacco

J% JIH Flue-cured tobacco
35/ Cigar tobacco

FEHH Oriental tobacco

L 7R Shandong, China
2 Yunnan, China
3% [ America

3% [ America

% [E America

Fif /R B2 J& . Albania

F#h 21 Burley 21 A M4 Burley tobacco 8]E Germany
TN86 H 1l Burley tobacco 3 [# America
T HH I Turkey Basma FRHH Oriental tobacco +HH Turkey

14 BEEE

ASE % DL 4IE K4 0" A “Hicks Broadleaf”
(B 258 Fy &AL 253577 BN g 57 B 0L A5 A
(doubled haploid, DH) E EIREAA AR, 8 T —5K
H1 286 > SSR ARic F (R MH B8t A% 3, R AT AR
BRI TT R 9 38 45 A8 B M5 IMP Arid R H
Mapmaker/EXP version 3.0b #4457 1% g I,
LOD=3.0, s AHEE 30cM, H Kosambi b %R
H AL S PR AL, ML

2 HRHH

2.1 MHEMITEREERIMPS|¥1i&it
SEH TG BB Ji 46 28 DR A ) 7 b 20t

870.7 Mb, X H AT HHELTUR G 3RS 491.2 Mb JE
TURFA, AEFEJE P HIE i 2 M0 B MITE ()3
fit 551, N H FINDMITE 4448 2% 4B 704 7 51 S b
FE SRS 44 397 5 A MITE 45 HIFFIE (1741
XL A4 IR TIR 928, JEEUER— TIR 5/ N A
4 A LA ERIEEAT 2 P AR, AT 11 581
HEAR R TIR MZFAIBRACER. B 2 A—4HA
§& 7 % MITE B 2[5 5 BRRL S R

MRYEMHEL MITE BARCSS RIS IMP 5(4)
218 4, MLl Stowaway %! MITE (TSD A TA) ¥
it 100 25 514, Tourist % MITE (TSD &y TTA 5, TAA)
Wit 34 51490, Hi2R M MITE it 84 4514, ix &
SIS T Kuang 25U HRIER 9 4 Mis 51441
Bureau 2515 RISk FP ) 8 4% TEM 514 (3 2).



658 Wi K & B/ CRlSEMRERD o538 %

* BD *

59183 : AAATTCCTTAAG AlalT G - Al A - - - - - - - AT - - - - ACETRRAE ;72

59188 : ; AleT ATl = Tl — —— — —— — TTATT--- AleC ;72

c58258 : GIETCATT---—--- ;75

52181 : ; Hoplel B TWTCATT TATATCATTTATATTTLCETE ;89

Cc4@BEE ; G Al —ATTCTAGAAAARATAG-AABMARATA @ 66

©44842 : NG ATTCTGGARATTAGARC] 73

38441 : ATTCTGCARAATATAL- 75

a g TA c
* 160

59183 : AT A AT T AcRARUE - - CGEA-CTAACAT T[ShE A- i o144

59188 : AT A ATT ] GGEA- AT AACAAT SN NN - : 144

cSEZEE : AT A AR ] CGEGARTAACATT i NN : 1as

52181 : ATT A AeccAGERe e ————AnaaG-———————— c ;161

46985 : A ReTeTTIT/EE ;141

44842 : A ; A AT, A AGTGTTT /gy ;150

38441 : AT T AR scRcocsl AGTGTT I/ \TTTAA ;138

E 2 fH=E MITE K& FHIBRER
Fig. 2 Multiple sequence alignment of tobacco MITEs
x2 FHARFEHIMPIIHER
Table 2 IMP primers used in this study
51¥)4 Primer name FiTJE 2593 Classification 4 Number

TM002-TM091, TM169; TEM1, TEMS8-11; Mis12, Mis15-17 Stowaway-like 100
TM170-TM199; TEM2, TEM3, TEM6; Mis18 Tourist-like 34
TM092-TM168; TEM4-5, TEM7; Mis1, Mis3-5 HiZEA Novel type 84

2.2 IMPHRIZFEMRE ALK SEMY G2, BV KRR 54.6 %, T HIF=H)

DL ‘b K&t JEFA DNA AR, X K/NA 100~1 500 bp A5 31X 119 2505 1% 51 075 9 4
RI218 45 IMP 5I7E 3B KR E FHHTIAR. 5 MMk Ergmitae ], Hy ah Rakae; 5
BEIR, £ Tm=50 CHM T, 119 45163k SR ILA 3.

IMP79

M: DNA Fri; 1~9: fKUCH/IN#EE: 1025, 4T16EK4 0, K326, Hicks Broadleaf, Florida 301, ¥b#i#h, [l 21, TN86 A1+ H-IL 3y
Lane M: DNA marker; Lanes 1-9 represent Xiaohuangjin 1025, Honghuadajinyuan, K326, Hicks Broadleaf, Florida 301, Sumsun, Burley 21, TN86, and

Turkey Basma, respectively.
B3 IMP 3|47 9 MEERRIERF Y IEER

Fig. 3 PCR amplification of IMP primers in nine tobacco representative varieties
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TSR B, SR TFARC T RBCRE
i, BT DAL A% B it p A A o TR . 9 T 456 IMP
FRICTE R BB AE AR B N P AT =, R ARSI =
£55 1) 14706 0 SSR 383 A% 32 B0 J i % A 5 1) IMP
FRACHET B AL B AL 45 119 2% IMP SIITE A <40
W4t 1 “‘Hicks Broadleaf’ [R]#3ETI#i%, SR)G
FHGE HA (1) 22 A LB 9% 207 A DH RHEAT 4> Thx

W BT AE 119 565190, S5 s 45 R R
A TM86 Fl TM197 & HHL | N2 3% (Kl 4
i Sk FT4R). EEL 10 269 3G 45 AT 51 (L
TM86 F1 TM197) AT SIMIH &9 1, HL 90 XH &
14 % 51 LG TESRAR Y1 29 D2 AP i3
— BRI IR 2 A0 51 9% DH ##44 % DH &
BHTARC T, 8551 21 M Bl T 7 463%
BilE L (B 5, £ 3).

4 IMP #Ri2 TM197 7€ DH BHA R B4R
Fig. 4 Amplification result of IMP primer TM197 in tobacco DH population

Chr3a Chr5 Chrl4 Chrl7 Chr22
'a s
1. (-] n H— N
— IMP028 . TP197 —H _ Tp23s Tp217
35 ] Tp220 — 341 —
oy | NI 76 _H— 27 Tp1% g 89
1-47 A\ MPo26 24 [ PT20235 — IMPOOL 5 THRC o6t
29 | Tepl52 — Tpl67 8.5 IMP002 1 TP402
- Tpi31 253 _ 02 \: Tp0s5 o Tl:: 055
] Tpl33 23.0 9.4 PT30126 0‘9/ W 324
18.6 Tp398 1T —[ Ter023 x f L 1o7s
— Tp002 — 3.LAHRN Tp046 [@1/="* TPOSS
9.7 T | n O.f T\ 022 B 511 |
Tp295 0.oFHR\ PT20189 0 =T PT30213 0. Tp306 AT o
o | . I 20391 4.1/‘ =\ e 24/— PT20445 0. 0245 &
o H PT . 4 |
o 03 PT30351 12 Tp3o1 102 T\ Tr264 o Bl iﬁigﬁ‘
—H T35 | g Tp093 — Tep069 0
3L Tpos8h °-j o312 o 184 9.7 b o IMP023
3 H 34/ THL mvpoze 1. H— IMPO16
Y-\ 1T=6TP21023976 5.9/ Tepl 56 ivpoos® Tpi34 0 IMPO18
7111 ey 41 vpo17 & 122 3. / IMPO25 g
0.7 Tp102 H— — ;
Tp096 — P Tp076 214 73 IMPO19 g
Lyl H Th00S 29.0 Tp382 26.9 IMP007
3'2/ Tp030 Tp080 ML 204
5.8/ © P — 1 -
; 3/ o | T 250 ] Tp206 Tp039
’ PT30156 Vv 73 _ Tep040
3.9 Tp029 T 1023 203 Tep094
{1};33905053 V7 1p004 72 ! Tpii2
Tp275 © Tplod [T 1p34s
Tp360 P
Tepl05
%1
T Tpodl
Chr26 Chr27
N s—ﬂ: IMP003 2 IMPO013 B
: IMP004 —
22
IMP012 B
265
IMP014 e

IMP #5ic (W3 3) HI =M 7E4x . IMP markers (Table 3) are labeled with triangles.
5 1HE IMP 71 SSR ARICIERIERE

Fig. 5 IMP + SSR genetic map of tobacco
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Table 3 IMP primer or primer pairs on the genetic map in Fig. 5

K I ARC 2 SIME SIS

Marker names on the linkage map Primers or primer pairs

IMP001 TEM1/TMO18
IMP002 TEM1/TMO18
IMP003 TEM1/TMO18
IMP004 TEMI/TM157
IMP005 T™M197
IMP007 TM86
IMPO12 TM86/TM81
IMPO13 TM86/TM81
IMP014 TM86/TM81
IMPO15 TM86/TM83
IMPO16 TM86/TM9%4
IMPO17 TM86/TM9%4
IMPO18 TM86/TM119
IMPO19 TM86/TM128
IMP022 TM86/TM132
IMP023 TM86/TM146
IMP025 TM86/TM179
IMP026 TM162/TM106
IMP027 TM162/TM128
IMP028 TM162/TM131
IMP029 TM94/TM179

3 3t

itz JOE 0 R LS A R TR ) R A A R
Gy U200 T FECARAE RS R AL o Al 32, i HLAL
BRIVRSE, NMIEEIR T V2 HET T
HI53FHric, U SSAP (sequence-specific amplification
polymorphism)"! . RIVP (retrotransposon internal
IRAP
retrotransposon amplified polymorphism) /4. MITE
J&T TIR KT H— DR, FIHATNIE, %€
) MITE F % J& T Stowaway 1 Tourist 2 3. 2001 £
Chang 25 MR MITEs 45 K4E sE KRR T
IMP #ric, FFHARIFAE 88 A IMP Fric g i T
RFLP $RiC&:ifil (K2 s & &1E b IMP I&W] LAy
ML TN, Bk, MEFZRARHEY B
Nakayama ™ F| i} IMP #xici%t 6 ANHEERD 18 4> dFh
BEAT 15025, IMP bRid RSB e H e 1 AL
JJisi. RAPD. AFLP. ISSR. SSR %§/r Firid L&
FESH LRI BT BR324 I A R 55 0 T 159 3
TR AWETEE S E T HE MITE J£5 IMP b5
G T M b, ZREIZARIC AT DAY DA 08 2 ) — e
By hRCRBAEH], R TN TR )
Fridhk.

variation  polymorphism)** Al (inter-

AW TR R 218 2% IMP BI7E 4148 K4
J6" AT, P RRIE N 54.6 %, HEEH
FrRic AL, (BT EST-SSR & H bR &5 70 F A id
FiA, EST-SSR 9" & T34 60 %~90 %27 ]
HAh o Fhric—FF, IMP bRic e RSB B R b
RO Z A, XHEPWRA LT HERE. —£
IMP Aric B R T35 BRI 28 13 21000 5 ) e 2 I
B AT RN IMP bric 3Rk G T3
] 0 e 5 TR 2 U R 2, R R R —
DR 3 5 e, % FCREAT (VA 45 SRR Wi 2
T PESR AL IR AR TU A 5 [N 4 47 78 2 MR S R R 4 17 B
BT 10 %, AETUARIER L5515 56 5 Th e L K]
(LB T 18 %. HiT MITE 5 T4 A 35 R P 5
B R BH O X3, BT DA HE D AR 48 1% 0 R A R 1
MITE i3z A B AR MBI R (BT A MITE. A
HHFih IMP RILHBURM Z ST S A L. =
N R SR 2 ARG X hTRERES
BURFHI AL, AR R A 2 S 8 — LU 4%
7 5 R P A S5 e AR I 2], =2 22 SR Al e g R ).
T ASRI A FH R /NRIR RS, X 2 57 ki 13
S B8 T3 ARG ASE 5. SRR FH A X v e e 1) KR A
PR T & (W LI-COR4300 R4tk Applied
Biosystems 3100 Genetic Analyzer), Tt a] PAKIE#E
1 IMP 7E 05 A R A8
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