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Abstract Two new MAR segments M14 and M17 were cloned from tobacco genome. Both of the sequences contained several
typical consensus sequences of MARs which were different from the original MAR sequence such as 909% AT-box A-box T-
box the base unpairing regions BUR  autonomously replicating sequences ARS  the consensus sequence for topoisomerase
I MAR recognition sequence MRS  origin of replication ORI  curved DNA motifs and ATATTT et al. To investigate the
effects of these two sequences on gene expression in transgenic plants 3 plant expression vectors were constructed with uidA gene
coding f-glucuronidase GUS  which were flanked on one side and on both sides by the MARs we obtained. These plant
expression vectors with one or two MARs were transformed into tobaccos via Agrobacterium-mediated transformation method ~with
the plant expression vector pCAMBIA2301 without MAR and wild type tobacco as controls. GUS histochemical staining results
showed that the uidA gene expressed stably in transgenic tobaccos. Quantitative detection of GUS activity showed that the MARs
could increase GUS expression levels in vivo in contrast to the controls wherever they were flanked on one side or both sides of
uidA gene. The vector ligated with MARs in the same direction on both sides of uidA could increase the GUS expression level
much better than both vectors which just ligated with single MARs on one side. The former one increased the average GUS

activity for 3.14 folds but 1.56 and 2.43 folds for the latter two vectors with single MARs respectively contrasting to the
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pCAMBIA2301 control. But the expression differences among individual transformants were still obvious. Therefore it was
concluded that the DNA sequences we obtained in this experiment were two novel MARs and could enhance gene expression in
vivo . In the meanwhile although the numbers of the MARs typical motifs in M14 were more than in M17  especially the 90% AT
box which had been considered to be the highest correlative motif with binding strength in vitro the enhancement of gene
expression was lower yet which implied no correlation between improvement of gene expression and binding strength between

MARs and nuclear matrix in vitro .

Key words MARs (-glucuronidase tobacco transgene expression

nuclear matrix/scaffold attachment regions

M/SARs 1.2.3 BamH 1 /Sal 1
DNA pMD18-T-M14  pMD18-T-M17 M14  M17
MARs MARs pCAMBIA2301  BamH 1 /Sal 1
DNA p2301M14 | p2301M17 [ pMD18-T-M17
BstE Il M17 P3 -
CAGGGTGACCTGTCATATTTGGCT-P4 -ATGGGTCACCATCCCAA
MARSs CTATGG- p230IM17 1 BaEIl
uidA
' MARs PCR P4 T-NOSpoly A
23 P5 -GAATCCTGTTGCCGGICTTGC- PCR
! uidA M17
PCR MAR p2301M17 [I
DNA 1.2.4
pCAMBIA2301 GUS uidA EHAI105
NC89 50mg/L
1 1.2.5 GUS ’
1.1 GUS 50mmol/L. KH, PO, pH7.0
Escherichia coli DHSa Agrobacterium 0.5mg/mL X-gulc 37°C 70% 2~3
tumefaciens EHA105 pCAMBIA 2301 GUS
Nicotiana tabacum L. NC89 T 1.2.6 GUS Jefferson
pMD18-T TaKaRa Taq
BioStar 3 300mg
1.2 50,1 4500,
1.2.1 DNA 1~2¢ 1mmol/L. 4-MUG 37°C 30min 50pL
-20C 30min 2mL DNA 100 450pL 96
mmol/L. Tris-HCl pH8.0 50mmol/L. EDTA pH8.0  500mmol/L 360nm 460nm
NaCl 20pL 3- 10% SDS 270pL Bradford ’ 4- 4-MU
65°C 30min Proteinase K 100pg/mL  55°C 1h nmol mg min GUS
670pL Smol/L KAC 30min nmol mg™" min™"
2~3 DNA 70%
TE 2
1.2.2 MARs MAR 2.1 MARs
PS211-1 GenBank AF065884 PCR pMD18-T 6
P1 GAATTCCGTGGTTTTAGCACGGTC M4  M17 AT% 70% 90% AT
P2 AAGCTTAAGTCATACTAACAATATGAATTTTAA MARs motif M14
DNA ramp PCR M17 710bp  674bp AT% 73.9%
PCR TA 71.5% MARs 90% A-T box A-
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box T-box Il ARS 1 Blast GenBank
autonomously replicating sequences BUR base MARs MARs
unpairing region ~ MAR MRS MAR recognition GenBank AY766246
sequence ORI origin of replication DNA AY766247 1
curved DNA motifs ~ ° MAR motif
1 M4 M17
Table 1 Properties of M14 and M17 "
Length bp AT/ % 90% AT A box T box ARS Topoll BUR MRS ORI Curved  ATATTT

M14 710 73.9 16 9 13 4 2 3 4 19 2 2

M17 674 71.5 10 5 7 2 2 1 2 25 3 2

PS211-1 685 71.7 10 7 11 2 4 0 2 43 3 2

% The numbers from the 3" line represent the number of the motifs in the sequence. Sequences of each of the motifs are given below followed by the number of
mismatches allowed in the searches. 90% AT box = Wy, 2 mismatches A box = AATAAAYAA 2 mismatches T box=TTWTWTTWTT 1 mismatch  ARS
= WITTATRTTTW 1 mismatch  Topoll = GTNWAYATTNATNNR 2 mismatches but no mismatches in WAYATT =~ BUR = AATATATTT 1 mismatch MRS
= TAWAWWWNNAWWRTAANNWWG  full MRS with 2 mismatches but must end in G or TAWAWWW + AWWRTAANNWWG 1 mismatch but must end in
G ORI= ATTA or ATTTA or ATTTTA curved = AAAAN7AAAAN7AAAA or TTTAAA.

2.2 MARs
MARs pCAMBIA2301 GUS GUS
1A CaMV35S uidA 2 pCAMBIA2301
MARs CaMV35S 29 13 p2301M14] p2301M171
uidA 3 MARs p2301M1711 26 30 30
p2301M141 1B p2301MI171 1C GUS 25
M14  M17 GUS
MARs MARs GUS 0.79 nmol mg™'
p230IM17I1 1D M17 min~' MAR pCAMBIA2301
GUS 10.47 nmot mg™' min™'
28.33 M4 M17
/1\': 4 GUS
LBl P-355 widd  T-nos RB p2301M141 16.31 p2301M171 25.45
\,_. . ::)-Di 5 GUS 1.56 2.43
LB amll 4 P-33% widd T-nos GUS 29
*<:| o pCAMBIA2301 7 GUS
LB r:'prll A7 1358 uietd Tnos RB 25% MAR
\,_. ¥ :>- MARs
B apl 17 P35S nidA M1T T-nos
1 M17
Fig. 1 Diagrams of plant expression vectors p2301M1711 GUS 30
A pCAMBIA2301 B p2301M14 I C p230IM17 I D p2301M17 1 . 27 20 nmot mg” ' min”'
P-35S CaMV35S promoter uidA reporter gene uidA T-nos terminator 6.98 GUS 32.88 nmol mg™ ' min”'
of nopaline synthase nos gene. GUS 3.14 p2301M171 GUS
2.3 1.3 3 MAR GUS
GUS 37°C GUS GUS 6
70% GUS MAR
widA p2301M1711 GUS 6.98 ~
57.53 p230IM141  2.65 ~43.61  p230IMI171  5.44
~65.52 GUS
2.4 MARs
GUS
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Fig. 2 GUS activity of transgenic tobaccos
A Transformed wild type tobaccos Charts B ~ E show GUS activities of tobaccos transformed with pCAMBIA2301 p2301M14 [  p2301M17 I and p2301M17

Il respectively F average GUS activity of different groups of transgenic tobaccos.
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