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New progresses in enhancing the transgenes expression with
incorporating matrix attachment regions into
expression construct
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Abstract Matrix attachment regions (MARs) are operationally defined as DNA elements bound to the nuclear matrix
after chromatin proteins and other DNAs are degraded, or that bound to extracted nuclear matrix in the presence of
competitive DNAs in vitro. When constructing the MARs into a vector in neighborhood with transgenes, this frame usually
results in enhancing efficient and stable expression of transgenes, or minimizing the gene silencing. This review will
comment the advances in the effect of the MARs derived from different species and its variant ways of vectors in

transgenic plants. We classify the successful events and potential problems published in recent years. We finally
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propose the further application of MAR to modify the transgenes expression in the crop improvement.

Key words matrix attachment region; transgene; gene expression

e R DAL B A 9 I R B i 2 F 9 0T A
190 50 o B A R RSEA 114 1 5 T gt A e A B L
TORMC 285 BN 5 5L DN 2 M A Wy g (0 1A 1 4 S0 I
e 3 IR BEAS KT 9 R R 0K L DIAE 2 IR 2B W) B o
DAL D D e o FR ) e it A% A Al b 1
AR W 52 3 e B DN R R 22 S 1) B2 L A T A i TR
N SZ AT e A A R AR B R A IR TR A
WG I BAT BB BUN FRIB K. s SR N
A A 52 R G 401 07 B O 5 S R R SR 1 R I

Weks H 9. 2013-02-15

UUBK A5 5% ) 1 A1 U5 5 DX 7 % 5 DX Rl 9 vh 3R 35 A
R B AR R R R EOR e R AR Y
J& BT RN SR )G Bl A2 R A W D 2 1 % S
T BB 20k T 3 2 R W I 1 R T
R 388 45 e 5 A T DA R A e Ak O vk L
W SR A1 by B Ak 32 AR 0 3k B DL I AROR R 5 i AR
S o 7 g R s A0 TR 3 TR 0B 1 S
TR DNA B 3 Ak ) 52 i , 40 56 8 A% R 25 & K7
G (MAR J531) 2 1 #fF 55 UE 52 % MAR 5 4b

B IUH - Aol e FE IR A W) 0 b B R 30T (2009ZX08015-003A)
B—AEE . REW LB WA I, RN RN A Y LRI . E-mail . kdm@ pku. edu. cn



5% 53

BEE WIS R AZ R4S A X (MARD 38 88 A1 5 % 35 5 26 18 9 1F 55 F Jre 227

5 DR Dy 3 [] 5T ey T 3 R AR AT RAAS 52 ) Ao
BIR A o - LA #5003 oo O A e RE G 1l P DL
DR A 5 210 200 PR 2 2 o IR PR D 3R O 7 54X
FeuE AR IR L FEAR Rk 22 5 (2 ik SN IR L IRTE s A 0 7
EBAL . AR E M EHE ST IRIE M A K
MAR J 51 )3 1 B B2 2 ] 5 S 45 1 A () 4 7ol of 9
) MAR Jy 51 2 e 45 &5 20 B 17 78 A H MAR J7 51
i v A0 YR KL D 3 3k v 2 TE R TR R L R A
MAR F 91 415 Al 2 A Ay 3 7 58 19 306 % A o« die S X
ECAR B BUR 5 AR AT AT 2R

1 MAR 7%=

MAR Jp o2 g 5 1 — B S5 B4 6 0
DNA F31, & & AT X, 44 8] f A 5~ 200 kb,
MAR K EE— %y 300~1 000 bp, %n] 35 JLA
kb, & — Lo FEAE JE P, W T-box (TTWTWTT-
WTT).A-box (AATAAAYAAA) . BET¥ i 78 11
PSP AS H DNA S il DNA B EE 3 5 67
H ARS i Hh S A6 il 11 P07 8055 . 7 7K g 4 il 43
B MAR J7 41 NB-2 Hid & 31 4 4>k 4 1) B B Bl
R I IRLERG ) X B R & MAR 0] g — & 1
JEFE T, Cornelis 25 X B IF A9 7 Bt MAR
7 HEAT HE XTI A B, 3X 7 Br MAR J7 41 ES A —
MERKR /AR 21 bp B FH T, XA T H
TAWAWWW Fl A WWRTAANNWWG 41 %, & 2
BAE A 0] 1 RS A 0¥ 5 oo P LA e
B T, Bl S AR — R L X B 21 bp R AU
LE I MAR 58] B9 45 75 (MRS) o [6] 5 38 & 3
MRS & #LF I+ MAR J3 5 Jr 58 A 19, - 3 5B 10
kb 3t B — k. fH MRS Jf A2 5 MAR J¥ 5] 5#
REFREEA . L MRS A& MAR 731 5 4% 5 5
S5 PT L FRY AT R R MAR J¥ 91 58 B 2 fig
JT T o X BERFIE M Y AR S MAR 7 )7 5]
20 R b A B e A R B AR AR AR AR K N BRAE R
%5 MAR B RRAESE T

bR T LR i — AR AE S8 AN MAR 8 B A
FLRR IR 0 75 Sk 45 A R AE . — 2B LR I i) MAR
HE AR EE . F ok Adhl 5 H HE X8 MAR
SRS A I RETE R 7-70 kb 1y Y 4, 5 3R, 7E X

A i X I Adhl B 5 0 ) MAR S 4% 52 i 11
T i T LB T & 6 Adhl J R 2635 8 15 2
WA . T PE 20 Hse 80 ) 5'-MAR 5 3'-
MAR H&EBARF S A B, BT EAREN
5-MAR 5 3'-MAR #1435 % B8 AR [F] i 98 15 J8 1

SR E SC MAR JPHIA 2 A FrifE: 1D A LA
BIERZ5 A TR DNA KB, 4 K £ 40 DNA B
YYD B B A 5 - MAR (5 RE 58 L A 45 45 2) fig
FEse etk DNA R BAETE M 440~ fe ik oh 5 gl 4k
RIS A . X T MAR AR %6 BT F 9 F
ZIT SN Re S SR AR R AT

2 MAR FIHIgE SERUBEPRIME
ErmE

2.1 MAR F3HTh&E

MAR W] DL#F Bl A= BRR 4 5 — R FF ik 09 2 €8 51
DXl 3 Ao 55 A% R I 4 fiff A0 R 3 R B B Loop 3,
Il MAR 4t F Loop ¥y i1 4L , & — 4> Loop HJE
S D ST A DI B R RN AN 5 e % A
PEFHER B3k, Je AR BELS 5 DNA 5 5% 78 i X 45k
AN A ST BEAT o DT R S — Ao EAE AR A
e ST AL IO AR A A T 8 20 37 DTG {6 B PN 3R PR A A%
JE e 45 5T 1 52 Y L Loop 45 MR B 78 MAR
J7 5 AT GEAE S — A~ 1 B Te 4 o BH 1k S €8 1A 1) R 4 X
Il A0 5 R O 30 1% 9 42 0 %o A I s PR e 3k AR
S BE AT DAE S D) 1 Qi o 45 1 51 R0 B B A
HEE, IR ) DNA P 91 5 4% 5L B {8 T 4R
R 3 7 RIS 98 7 5 RNA B4R #E 5 FH 741
HAE T BRI 32 8] L % €2 JBOR 285 9 5% ) DA T 48 5
Je Bl AT P R T 4 e R A Y B S KT L il D A
JUERT S, BN y-RV 2 3 Wt 4% 5% (DNA
FEAC R B D 152 W A B P R 7 AR BT
YEF . Micheal 851 22550 ) F Y €5 04 301 5 J5 4491
MAR itk 4 80 0 B L TR IR 42 L 4518 3R W] MAR Xt
P e AR DR ) 8 7 TR B AS ) AR B Y A e Pk
MARNE. THNEKBFTIMRZERSL S X TFN-
SAR ¥ i st A ] DL IR G AR R T, 7R A 4
— R KRR ik . Burkov 281 [ 1fF 55 3 W
LR /N R . A & MAR 19 hGM-CSF %A



228 OE Okl R ¥ OF R

2013 4F 55 18 &

AT DAAS N B 7R FLRR bR 40 A 2Rk . AR AR SR
A MAR #IAME % £ LB B CAT ik e
FEAR S MAR [ 405 6%, i HL 4% 3 9 R vk A 14
2Rk 25 AR T 3 57, Hd MAR JP 41
e 2232 2R 3l 952 W o 1] 40 7E K e Bk R A pk
L L WP R 3 F 19 Adhl-MAR IR0 GUS
FER R IR B Rsyn?7 U8 3 7084 5% 1 GUS
LU AR I F IR

4% MAR J3 81 16 A= 9 1 9 T Be 19 A [\] 5\ LA
fAT FL A MAR J¥ 41 532 3 2858 1 2840 T 5 K 1
TUFRGEAL 2 MAR JF 51 FA% 5L 5T 19 26 T )
e o TEREA™ 200 i ) 3 o R DR e 5 A B T 1 45 IR
B ENTR/E R S 65T 5 BT 2 KN E R
X2 DNA FRER 1A G 5T i 020 245 1 1 B AR
AT s A A 2 R DR ek PR 4R L, 2 2 2% MAR
Jo 538 5 A F 5k B g sl 7 ORI i R 95 80 B
5 E R I8 HURTE SR 3Rk 8 Bl i Skt
ASEITE LS. 5 3 M 2 28 MAR #
[F) 22 A 2 e A R A I P b 2 O TR =2 Ak
ST F DNA 5 il If X 1 DNA 5 i 2
I MU AR EC7E DNA & il 2 45 S . 76 DNA & i i)
fEFE W T . R K R Bk R N
F XA FE MAR J5 5, Youn %55 724 + 52 4L
EOAEEBNSE 2 A NS T LA T MAR ¥4,
FENYL RN BB 40 A~ MAR w36 %6 {7 F 36 A
WA & B2

MAR FIAZJE 5 2 0] i AH B AR B A ik
PspdE, MAR AT DL 5 5 06 09 42 3 5 A B 7R
s T A KRR I A% 5 BOR 38 E Ok 1 A R U
MIT ) MAR J7 51 5 4% 36 5 1) 25 6 1 00 850 2% AR
Lili Geng 243 #1 T MAR %t cry8Eal 3 H 3G /1
(5200 2518 28 IR DAAE 55 vh 23 B 1 MAR T3 51 1
AR EAR BN 5 cry8Eal PR AE A4 A iy - 2
FIRKOT U R . BN A R A ST s R R
VR T B 5 MAR AT DL AR B 4 w5 20 U5 B Y
FRIK- RIS R E YR MAR 5 8% 3k i 2
REAE A B.45 6 1 B I A 2 i i MAR #RE42 5
SR A S A BOAE L N 3R R SRR
MAR 5 00 5% I 5 2 18] 1) 45 & e 1 i AR 55 .

2.2 HUHERMARFIMNERMCESAE

MAR S % B PR 1) 38800 AN B8 o — 7 9 ) Fh
B S T LA S DR N MAR 4[] 95 P s 2 0 7
M. ME T I JT 19 MAR [F] B 5 30 76 5% 5L 9
GUS 1 B A R 2 o L 00 2 A R v 1) 3R K 7K
MEEFLPR O ) MAR S5 5 B DU K 5 5 o % 25 R 1Y)
TR HFER A 15 T — 25 EK,

¥ MAR & FAMEILFE R IBHEB M, 2 Bt MAR
2 MANENCE O € 3 S S A s NI
P A ) 2 38 SR I T 2 Be MAR J3 9 B 7] 5
R 8/ A A S QAR | K ELE S RTINSO -8
PR 1 2% 3K HL A AR S 38 s AR S 50 AT DA R (IR AS )
IR B K 2ZR . XWIFS MAR B
Y ML A 56, 5 B0 % B MAR (1 4P 35 A EE
15 i T 2 3 42 MLAR 19 71 U5 328 PR 5 4 38 I 1) 45
FesE  ml DL S T 22 0 1 4 TR A o 5% L T TR I
IRy AR AR S R NS E T S 8 £
AR B L R 2 rp s BE B 2 £ 819 MAR Fr Br M14
FML7, B %4 M14 1 M17 B9 5A0AR bk L O 1
GUS 36 M4 54 = 1,56 F1 2. 43 %, 5 0t =X & 2
B M7 AL R AR GUS 3&E Ml 4255 3. 14 1%,
Ut BB % 2 MAR RE 42 55 A1 U8 56 B 3% 5K K °F- L i
PN 2 3% 4% MLAR Xof 1 Y5 KR (K] 2% 3K 1) 3 5 4 ] o
W1 . [RIEFIE & B, M14 Fil M7 B8R S J5 A ) . 5
PR EL e 471 0 5 AR AN ) o St A 5 3 PR 366 3K 1) i 38 1 T
1, R AH 7] U8 B ) 9 MAR S 6 35 DR 352 56 10 9 Y
YERIEAAR IR o 3 20 W 5% & 4 A 1) 2% 35 204 L 4T
JETE R GE &0 P B R AR R A &0 L il E
MAR J Bt B A% 6 3k R 3 36 1 1 BT 2 3 HE R 1
K2 J2 B A E 00 o 76 7% JE R Ui, MAR 7
—E R LR A1 R S P kKO, sk R
I Y A L W B L I R i BB 1 MAR 7E
— TR AR AN R I R B KKK S A A
T AR H SR R IR KO B X AR TR B A b
J7 3 AN R R xRS B A Rk U
MAR #4 g 2] H % 35 PR 50 sl w5 ) 58 v LA iF GUS
FE DR PE R IA B AE L RG I 2 v o R ) 2 1) R
BT B A L AR R K AR MAR DU 2 250 7
WA REACAE A



5% 53 B B4 R A% T 45 A X (MARD 18 5 AN 55 3 R 38 38 10 1F 58 a0 229

3 MAR FF 53t 5 & R E #k B H fth 72 0

MAR i i 49 % 36 R 1) 22 35 0F 9% 1% A F 0 4 B
B, Breyne /" it MAR I 5% b 4 9 1 F
FEH 43 K Sl ) AR ) R UR ) MAR 3% 2 7 i 38
S GUS W) 28 4R FF B8 A 5 % Ak 00 50 2 77 40
MAR U fdfi GUS 7£ A [ % 3 R bk 2 ] ) R a5 i
PR A B i L A AR R R UK B F O S B IR bk
I GUS Rk KV I REAL. X 5 H AL 5T 25
AR 2R AIZ 0 56 v A A D 5 B R 1 4 D04
VBT K G PG R A AR A MAR 18 T 481 g I
1) MAR {f GUS 75 % 3 P X8 50 A Bk 1) 36 3K 1 1
T 5~10 £, /5 MAR 4 B AR A W] 5% 5 R bk &R
)P 23k 25 5 B SR T I A KPR R H5
DURCRAEME” . Han 285 UE B 75 5% 3% R 4% W) v
M MAR 5 AAAE AT GUS ik & 4w
I B S AW i R I PR LR S . B
B Ik it & R % MAR JF5) (£ D GITE 2
YR R AL S A RS
R AHYIE B S ST R A . A
B AU ST AR K R MAR J3 51 © 2 8 IE 52
AR AME R R MER . R 2 2IGEM T ek
(1) MAR J7 5 2B L1 g A% B0 B2 /R H

F1RE T LB M NA R YR LB
MAR 7850 & . 7] 1 MRA J7 3509 Fh R R 712
PEo IR W 3 Al W R N 2K 5 IR 2 o 4y B R
WE T K MAR F8, B & A 45 10T L& B,
HaGE AL o & B A MAR 730 50 e £
LU SR AN/ B R R B A A B
KK FE R R T R B MAR JP 8 0 2 TS
WAEL s 0 K R AT AE AR T R B
MAR #/0, R NEFL SRR R £ .

N 2 A HI N2 T LD A B MAR ¥ 51 0K 3
J7Z S WK G AR RN BBRER L RIS
PR PR 288 A MAR 14 45 44 )5 51 L % 35 (5] F 5¢
2 R M B IR DR e iR T i 2 GUS il JE A
FERALFTEA T %, WA R L L.
O 9 25 S MAR J3 31 KA A DXL I A 4 )
NN TP | N e S S X NI b < N EE7E
SRR MAR 1A R R b 42 A 05 0 IH A R e 3¢
KRRV

x1 BXRIHK MAR F5I

Table 1 Matrix attachment regions shown
in the publications

P Y b MAR %

Origin Species Number of MAR

B L5

Y 4 1

Animal %k )
N5 1
HF 2
Ed 2
L ESREN 9
pi 10
e gk 16
& M 16
R 80
NEL: 144

) DELE 1

Plant ET] 9
R 2
VU 2
Bi 5. 4
7 i 5
INFE 6
pN 8
AR IT 13
PR 18
e 20
KA 23
(=4 23
EK 40

WA ih 2 1

Microorganism N EN L g 9
IR 2
B 7 2
L1 46 PY JHE T 3
P B 1 5
+ Lk il 6
N FL KRR 5 77 10




230

FOE R R R

2013 4F 55 18 &

*2 MARFIEEERE® LAIER
Table 2 Effects of MAR in transgenic plants

BENMY  Fiork

AL AL

) . MAR 2 5 PORERSE Y SE SN peA |
Transgenic  Transgenic Structure of o
) Origin of MAR Effect to target gene
plant method transgenic vector
S ) ) - S FREAKT LR RS T 2 £,
3 -MAR-P355-GUS-NOS-MAR- #i %
Tobaceo AT " S 5 5
TERE M S H 40 i b GUS F£ ik
A B , ) HILE 60 £, To U5 5 K A bk
-MAR-GUS-MAR- 1 2
Tobacco EE = GUS 3 511 F- 14 2 35 B He Xt B 4
BT 2 g5
TM1,TM2, TM3 I AM1 ¥ fi i
S B P -P35S-GUS-NOS-MAR- TM1 TM2 . 4 & A A 2 ik B R 43 08 A U5 3
Tobacco i -MAR-P35S-GUS-NOS-MAR- AMI1 AM2. 48|55 5% R R v R 3R B 1G5 1. 5,5,
1.35 Fi 1.3 45
Wi FeIk A HL X BB 140 % #5 IR
. Z WP -MAR-GUS-MAR- . ROT $ & T 10 4~45 01, MAR 7 L [ % [+
obacco . i
TEAM L B DL B i R
MAR 5 i 2% ]
it gpr | MARIGUSMARL- MARI : % . - jﬁiiig?ﬂigﬂ;
Tobacco -MAR2-GUS-MAR2- MAR2 . 8l i 4% cors P B o -
DR A R Y s B R R T 5-10 5T
Wi FR R E 60 5, B Ak i ) 1 AE
Tobacco A T -MAR-GUS-MAR- KK B FRAERIG AR REESHE N
acce e » " 1
BoA X, T 5 ULAG [ 540 4] B 4
KK 4 fE
W gerrig ARPISGUSMAR W 3 R LR A TS0 ﬁigitg;ggiwg%gi
Tobacco “MAR-NOS-NPTII-MAR- SR * eI PTEERe
5 LB
K EL KFF -MAR-PRO-B-phaseolin gene- Wit AL A AR AR A 3k s R A 1A TE] 1) AR
Tobacco A NOS-MAR- " St A BT R
i AL AR R) 0 AE S B AR A 3 R 4
Tobacco A B -MAR-GUS-MAR- K MEE IR DUE I 3 i w4 v R I 3R 3k KT
acce .
RT3 B DO Bk i
- -MAR1-GUS-MARI- MARI . i fr=2 ML R B A R EBEAR T 20 £
TT BRAF I -MAR2-GUS-MAR2- MARZ: A B-BREEHSE GUS & M A i 42 & 7 B R0 B
obacco
~-MAR3-GUS-MAR3- MAR3: K& it
-nptl-M14-P35S5-GUS-TNOS-

. w e ’ GUS 1y 2 5 7K T 5 5 BB A LU 6 A7
i RFFEE “ptEMITPISS GUSTNOS: MI14M17 ;. JH & T R s RN A SR A T R
Tobacco "ﬂ ~nptI-M17-P35S-GUS-M17- A SRR ? e

A GUS 3 #3583, 14 502
TNOS-
24 EER -MAR-GUS-INT-MAR- - N
Orchid “MAR-NPTII-MAR- " R ARIR
o - -MAR-CAM35S-HYG-TNOS- e 250 18 45 28 IR AT BH M e e L O T R
Sugarcane e UBI-AVAC-TNOS-MAR- R W Bt A PR A 2 Sk )

- Rb7 F1 ARS-1 ) MAR #8 i % 2
KA -MARI-GUS-MARI- MARI : {5 R67 5 H N ]

e =] jj_t R [ ‘* 7. 7‘5 7>
Rice AHIFE \AR2 GUS MAR?- MAR? b} ARS- 1 sppp 0 1 TR ARIRACE  Hh > T

HEETRIS




5% 53

B B4 R A% T 45 A X (MARD 18 5 AN 55 3 R 38 38 10 1F 58 a0 231

4 NEERE

T B P B AE 42 R A B TV R L T
T4 NHE H i U, 5 [R) A 9 35 I35 2 AR % A=
W2 4 s U RS e J R AR W) 2 4 R 0 R R B AR 3R
T PRARICHEA TR P9 25 TR B R A6 3 1T REAE
DA R o 50 e DR ) o 22 A A 5 2R 25 28 4 D U 4
[ BE AN OGIE . W T-DNA # AL 8k g5 JHH
DA R AR A 38 308 % b 10 0 37 R 8 A 5 31 1 B
PRI S by S BUAE B B DR R ) M B A 3ok % M 3 ik e
SN =) . SR b AV 20 e S D AR ) 2 4 Y BE
JEJEK A H TG 5 DN AR W B (1 B RIHL A AT 5 14
ANTEFE [ 3 5 He 45 A ARG R D i) T-DNA
BB B 2R g AR B R PLE . T-DNA f9 B Bl
5 0 2 4 A 32 AR W e (0 TR B R e PR R L S B T
DNA {563 ALY A 80E i BEA 1Tk . 14
I 340 TG 1 552 LA e 5 TR T 52 PR R 3 3K B Y 7S
FE S . SR 33X 6 o] R A AN AN 5 % A AR ) 22 4
BEDIA G 5 28 ) 4% 2 TR i b A0 B AR 4 119 Joi A
Rt ]

O I 3E 45 . A8 S W 2k R g 308 08 5
MAR TEREIE DR o e b R AR . —
f 55 R R TR X A5 5 B BR T e s DR 1 A A A St
W AT P45 5 19 SATB 255 38 1 - 0 2 P %
R R e €0 ST R A R FEAE S L R B A
Py i R 3R DX B0 A S 4 MR iR i sC b AT » ol
WAEAN R SR A R K & B B A 4 i v kB ) —
WL U EN R ORI — R X B A
il F W] 5l S AL B SR L S Wk R A R AT
e DR R 20 5 X 2 2 AR AR g B i DR 5 1 o T
B DR VR PR HE MAR FIHg o 7565 7F 2R R S A
e B AT B A — i B4 o R AL T RE A T —
AL LR fle 2R IR L T SO B B 1 KA A
A 3T 2 PR 30 o < T ) P B B B e A ik T
M DL PR A U TR A A R SR L AR
IR AR B R 7 S AR W 1Y 3R A 5 R 4 AR
HEIRM SRR T 70 AT MAR 725 2 AR ) (9 Fa
REHEA R EE . O A5 2 U 5 HUKAS E15
FIRER . ABAE A [R) B Ak 3 22 8] 39 5 2 IR A F AR
SEPEM — 0 EA R EGE . T IR IR BT
b AR ) P R B SR B 2 1) MAR J¥ 81 3
T MAR K 55 HCIE R4 T 5 DA 38 9 4 11 2
P ICAF AT 9 - 1M HLBE#H DNA H AL | Z e Al

/NP F RNASF 052 A ek 25 [N 3k 41 119 7%
AR S DR A % B 0 e £0R B9 2 45 TR $8 78 1
MAR JEfify - % i PR ZH B0 51 20 oo Ak PR 3R 08 9 42
PR FAES o R B R A AR (] % K DR A 4 o B iE
AR MAR X 5 B PR RS 52 2235 19 1 AT LA
T3 500 e R D A E 308 7 T - AT H 119 3t 328 ) A
RN T MAR JF7 91 14 75 208G A2 3 08 B AL 280 32
A B B A W RS 33k B A T 5 0 ATV L

2 % x #

[1] Singer S D,Liu Z,Cox K D. Minimizing the unpredictability of
transgene expression in plants: The role of genetic insulators
[J]. Plant Cell Reports,2012,31(1):13-25

[2] Stief A, Winter D M, Stratling W H, et al. A nuclear DNA
attachment element mediates elevated and position-independent
gene activity[ J]. Nature,1989,341:343-345

[3] Ali Ramezani, Robert G, Hawley. Strategies to insulate
lentiviral vector-expressed transgenes[ ] ]. Methods Mol Biol,
2010,614.77-100

[4] Miguel F C,Butaye K,Goderis I,et al. The influence of matrix
attachment regions on transgene expression in Arabidopsis
thaliana wild type and gene silencing mutants[ J]. Plant Mol
Biol,2007,63(4) :533-543

[5] Wilson R H, Coverley D. Relationship between DNA
replication and the nuclear matrix[ J]. Genes Cells, 2013, 18
(1):17-31

(6] E g, skar 4, vk SCif, 5. MAR 780 R 5 #E e[ 1. th AR
A 2224 ,2002,33(2) - 244-247

[7] RANGE. 493 TM2 MAR J3 50 4 AL 5% & Ho i FH D], %8
LA AR R, 2008

[8] Cornelis M, Rob W, Gerbienne M. et al. Analysis of the
chromatin domain organization around the plastocyanin gene
reveals an MAR-specific sequence element in Arabidopsis
thaliana[ ] ]. Nucleic Acids Research,1997,25(19):3904-3911

Lo Wi, VF WY, AP i, 26 A T 45 IX. 55 f 6 X iy o IR 3R
IKLT . AR A bR 2 2 4, 2003, 32(1) £ 93-97

[10] BEpvb. R HE B 45 G 7 51 TM6 75 % 5 K AH 9 i J) g 4
TE BB BTLD. 482 IR AR R4, 2010

[11] Xu M,Zhang X,Zhang L,et al. Functional analysis of BhMAR
element in transgenic tobacco plants[J]. Mol Biol Rep,2010,38
(5):3285-3291

[12] Maximova S, Miller C, Antanez de Mayolo G, et al. Stable
transformation of Theobroma cacao L. and influence of matrix
attachment regions on GFP expression[ ] ]. Plant Cell Rep,
2003,21(9):872-883

[13] Harraghy N, Buceta M, Regamey A, et al. Using matrix
attachment regions to improve recombinant protein production
[J]. Methods Mol Biol,2012,801:93-110

[14] Michael Antoniou, Kristian Alsbjerg Skipper, Omer Anakok.
Optimizing retroviral gene expression for effective therapies

[J]. Human Gene Therapy,2013,24(4):363-374



232

O R R

EE 2013 4F 55 18 45

[15]

[16]

(171

[18]

(191

[20]

[21]

22]

(23]

[24]

[26]

[27]

[28] #

[29]

[30]

[31]

[32]

Moreno R, Martinez I, Petriz J, et al. The g-interferon scaffold
attachment region confers high-level transgene expression and
avoids extinction by epigenetic modifications of integrated
provirus in adipose tissue-derived human mesenchymal stem
cells[J]. Tissue Eng Part C Methods,2011,17(3) :275-87
Burkov I A,Serova I A,Battulin N R, et al. Expression of the
human granulocyte-macrophage colony stimulating factor
(hGM-CSF) gene under control of the 5'-regulatory sequence
of the goat alpha-Sl-casein gene with and without a MAR
element in transgenic mice[ J]. Transgenic Res,2013(1):1-16
Wang T, Xue L, Hou W, et al. Increased expression of
transgene in stably transformed cells of Dunaliella salina by
matrix attachment regions[ J]. Appl Micro Biotechnol,2007,76
(3):651-657

Sidorenko L, Bruce W, Maddock S,et al. Functional analysis of
two matrix attachment region (MAR) elements in transgenic
maize plants[]J]. Transgenic Res,2003,12(2):137-154

Breyne P, Van Montagu M, Gheysen G. The role of scaffold
attachment regions in the structural and functional organization
of plant chromatin[J]. Transgenic Res,1994,3(3):195-202
Youn B S,Lim C L,Shin M K., et al. An intronic silencer of the
mouse perforin gene[ ]J]. Mol Cells,2002,13(1) :61-68
Shaposhnikov S A, Akopov S B, Chernov I P,et al. A map of
nuclear matrix attachment regions within the breast cancer
loss-of-heterozygosity region on human chromosome 16¢q22. 1
[J]. Genomics,2007,89(3) : 354-361

Tetko I V,Haberer G,Rudd S, et al. Spatiotemporal expression
control correlates with intragenic scaffold matrix attachment
regions (S/MARs) in Arabidopsis thaliana[]]. PloS Comput
Biol,2006,2:21

ST, EAESE b B R S5 B MAR #9485 % Ak 9 b ol ik
Y], Bhpam R 2002, 20(4) : 1572-1577

Lili Geng,Jing Chi, Changlong Shu,et al. A chimeric cry8Eal
gene flanked by MARs
parallela[]]. Plant Cell Reports,2013,32(3):1-8

I BT 5 DR 5 IR A e 0 A AR 4
IR LT ). R A4, 2001,43(4) :405-408

LIU J] W, TABE L M. The influences of two plant nuclear

efficiently controls Holotrichia

matrix attachment regions ( MARs) on gene expression in
transgenic plants[J]. Plant and Cell Physiology(Japan),1998,
39(1):115-123
WA BRI R 505 07, S5 & A MAR Y 51 9 AH 9 % 35 Bk
PBI121-MARS f# @[T 1. A5 K224 . 2006, 24 (4) 1 429-
432

B, 18 w5 R MAR 1940 85 & H I 684 i
[J].i*@iﬂ%?k»200‘1721(6):970*974
SRR, Bk Y. £ 7, SF BRI i MAR TEF8 € B AL Y
CHO 210 Hh %o 56 R 32 3k 4 98 #2240 22 ofe ol B4 2. 2009,
37(18).:8359-8361
Han K H, Ma C, Strauss S. Matrix
(MARs) enhance transformation frequency and transgene
expression in poplar[]]. Transgenic Res,1997,6(6):415-420
AETON R IR T AR BT R A S XY ) i B H e
S A FE i S RE AT LT P ERE 4 2001, 31(3) £ 230-237
Ulker B, Allen G C, Thompson W F. A tobacco matrix

attachment regions

[33]

[34]

[36]

[37]

[38]

[39]

[40] X

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

attachment region reduces the loss of transgene expression in
the progeny of transgenic tobacco plants[J]. Plant Journal,
1999,18(3) :253-263

Allen G C, Hall G Jr, Michalowski
transgene expression in plant cells; Effects of a strong scaffold
attachment region from tobacco[ J]. Plant Cell, 1996, 8 (5):
899-913

Spiker S, Allen G C,Hall G E, et al. Nuclear matrix attachment

regions(MARs) in plants: Affinity for the nuclear matrix and

S, et al. High-level

effect on transient and stable gene expression[ J]. Cell Bio
Chem,1995,2:93-100
Mlynarova L,Loonen A, Heldens J. Reduced position effect in
mature transgenic plants conferred by the chicken lysozyme
matrix-associated region[ J]. Plant Cell,1994,6(3) :417-426
Vander Geest A H M, Hall G E, Spiker S. The B-phaseolin
gene is flanked by matrix attachment regions [ ] ]. Plant
Journal,1994,6(3) :413-423
Schoffl F, Schroder G, Kliem M. A SAR sequence containing
395 bp fragment mediates enhanced, gene-dosage-correlated
expression of a chimaeric heat shock gene in transgenic tobacco
plants[J]. Transgenic Res,1993,2(2):93-100
Breyne P, Montagu M B van, Depicker A, et al
Characterization of a plant scaffold attachment region in a
DNA fragment that normalizes transgene expression in tobacco
[J]. Plant Cell, 1992,4(4) :463-471
Yang J,Lee H J, Shin D H, et al. Genetic transformation of
cymbidium orchid by particle bombardment [ J ]. Plant Cell
Reporls.l999 18(12):978-984

AR BRSO, B L A5 % HURE TR RO ) 3R 38 AR 1
%[J].I”Pﬁizikﬂr,mo,mw):886—888
Strissel P L, Espinosa R E, Rowley ] D, et al. Scaffold
attachment regions in centromere-associated DNA [ ] ].
Chromosome, 1996,105(2) :122-133
BT, BRIER R B 5 RS E AR 2R A AR
Xof e B DR AR e A 5 KU B A A DT . o B ARl R A A R
2011,16(6):1-10
2 IR Bt BT e L S L T R B bR T 1 0 e ik TR vk
FEARFERLT] drEfO K%M .2012,17(2) 1 1-7
Harraghy N, Gaussin A, Mermod N. Sustained transgene
expression using MAR elements[ ]J]. Curr Gene Ther, 2008, 8

(5):353-66

BRIRBR, LEE . D, %R R AT ¥ 51454 11 2(SATB2)
B 3k e ()], 8845 .2011,33(9) :947-952
Eduardo Moltd, Almudena Ferndndez, Lluis Montoliu. Boun

darie s in ver tebrate genomes: Different solutions to
adequately insulate gene expression domains[ J]. Briefings in
Functional Genomics and Proteomics,2009,8(4):283-296
Malonia S K, Sinha S, Lakshminarasimhan P, et al. Gene
regulation by SMARI ;Role in cellular homeostasis and cancer
[J]. Biochim Biophys Acta,2011,1815(1):1-12

Sjakste N, Bielskiene K, Bagdoniene L,et al. Tightly bound to
DNA proteins: possible universal substrates for intranuclear

processes[ ] . Gene,2012,492(1) :54-64

WA G A AR



