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The influence of wind direction on pollen-mediated gene flow in transgenic insect-

resistant cotton
ZHU Jialin, HE Juan, NIU Jianqun, ZHANG Qingwen, LIU Xiaoxia "

Department of Entomology, China Agricultural University, Beijing 100193, China

Abstract: With the extensive environment release and large scale cultivation of genetically modified ( GM) crops, the
ecological environment security problems, caused by transgene escape from GM crop to its non-GM counterpart and wild
relatives, have appeared gradually. During the early years of breeding and seed increase, there are some uncertainty among
regulators about containment measures needed to prevent the movement of regulated GM traits into adjacent fields and
possibly into the human or animal food chain. Cotton, one of the wind-pollinated and highly outcrossing cash crops, is
planted on millions of hectares annually and is the third most abundant GM crop.

This study investigated the occurrence of gene flow from transgenic cotton to non-transgenic cottons under closed
conditions using an insect-resistant gene as a tracer marker. The selectable marker used in this study was the synthetic GFM
Cry I A(C) gene which encoded Bt insecticidal protein with resistance to cotton bollworm. In order to determine the impacts
of wind direction on pollen-mediated gene flow ( PGF), two greenhouse experiments under different wind conditions
(directed and indirected) were establishied. The growth area for each treatment was 480m’, and the row and plant spacing
was 80cmx30cm. To observe the frequency and distance of gene flow, the transgenic cotton, SGK321 ( Gossypium hirsutum
L.), was used as a pollen donor, and conventional varieties Shiyuan321 ( Gossypium hirsutum L.), Zhongmian35

( Gossypium hirsutum( L.) and Jizhal ( Gossypium barbadense 1..) were applied as pollen recipients, separately. Following
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natural pollination under the wind conditions, the seeds were collected from each conventional varieties at varying distances
and sown in pot culture. DNAs were extracted by the CTAB procedure during cotyledon period, then screened for Cry I A
(C) gene by PCR assays. The positive samples in the PCR assays were identified for Bt insecticidal protein by dipstick
assay. The results showed that there was a variation of PGF with increasing distances from the donor plots. The highest
frequencies of gene flow were (33.33+12.02) % at 6.4m in thg directed-wind treatment and (36.67+6.67)% at 12.8 m in
the indirected-wind treatment. The maximal gene flow distance observed were 25.6m in the directed-wind treatment and 36m
in the indirected-wind treatment. PGF to the island cotton ( Jizhal) was higher under the indirected-wind treatment than
that under the directed-wind treatment, associated with the possibility that the gargantuan island cotton could hinder the
wind, leading to cross pollination. PGF to non-transgenic counterpart ( Shiyuan321) was obviously higher than those to the
island cotton (Jizhal) and the upland cotton (Zhongmian35) , indicating that genetic relationship played an important role
in cross-pollination with non-GM crops.

Such control by individual factor (wind direction) under closed conditions in affecting the occurrence of gene flow
rather than open-field trial designs could also be proved very useful in studying the influence of a certain factor on the gene
flow. Our research may provide some reference value for the ecological safety assessment of transgenic cotton with the aim of

establishing strategies to prevent pollen dispersal.

Key Words: transgenic cotton; Bt gene; transgene escape; qualitative PCR; biosafety
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DR I 5 it FH BRI (ZRQF F303 AU AL st Al AL ZR A FRAF]) 76 A B .C =N HEX P, B3 4.5m
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Fig.1 Field design

1.3 Wik
1.3.1  JEF ML F1ACF 7 RN HE

FRAEnE 2R 5 X AEFE FE AR AE F1 AR -7 R 8 . 2 ILL 556 BL AR A2 Ak id 2 Om, A | B 2L FAE
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JEPERT BRI AN IR 543501 R SRR B rp R A IR B, VR 3 IRE A, 4 S E TR TR IR
B ARAE . FrELAE SR R Bk (I8 A0 w0k = 3:1) S N AR, B RS AR SRR BEHLE B F1 AR T 30
B, TR &L DNA $2 5 BRI 2520 #RAR T .

1.3.2 PCR Zr#7

B Lem® AR AE T -, SR B KL A4 CTAB 4R R BURE 1 A9 4 DNAY T NanoDrop2000 152 DNA ()
W EE R iE K DNA #5865 40ng/ pL, B T -20°C UK T - 47, 1§ PCR B,

AR SIS N Cry T A(e) EE#AT PCR @MW, LTSI 55K 5
GAAGGATTGAGCAATCTCTAC 3’ 115" CAATCAGCCTAGTAAGGTCGT 3', PCR JX WK % :2xTaq PCR Master
Mix ( PC0902 ,Jb 5t & FE3E A= MR A FRA /) 10pL, B RIS 14 (10u/mol ) 45 0.5l ( B4 T A H AR A R
]G ), DNA BifR 2L, BZEIK Tpl,

AR PR L AR 95°C 4min, ZEHE 94°C 1min (iR K 56°C 1min  ZEfH 72°C 1.5min, 30 MG, fEIF4E 5
J& BT 72°C 5min , 4CORFF . §IGEER Cry T A(e) B9 B0 BOKBE R ZY 2R 340bp, 18 1 2% 14 i W B e F
TR AR R 2571 AORR AT A FHPESE SR, A REAR I N B4 23
1.3.3  FEEKm

X PCR KM &4 Cry TA(e) BB F1LACEES T Bt 8 (A A2 PRGN ) BUITIRE & L it A
lem® 4% 1g W 412060 10ml K LTI ZE 18K, 5840 WS 3000/ min #5.0> Smin , BUEE 3 A S FHR404
(4&H% BT-CrylAb/Ac SR &, At st £ b AE W E AR A FRA ), Smin J5 ULEEEE R A DN 28 N o 5 28
By B LTS5 (UREAS IC A PHPEZESE , U0H Be 25 FI7E F1ACREIRIAR N IE B R8s R 2ok 90 2%k, s 2k
ISR LL A S5 I RE AT R BIPESS SR U B SR 7RG A Br ZERI Y F1AE R I AR R34 6 TN 2 o 45 4%
BIAR HBLAAHT , U A AR A8 B i () B sl 0 PV E AN Y, 75 T o
1.4 FdRib

4 PCR 0 235 SR A2 XU I 25 SR 1 2 BHPE B REAS 12 R BHPESS SR B PCR A il 45 5 22 PP 2 ik
TR I 235 S S B A REAS IE A R PS5 5 1 PCR G 45 SR 8 1y s 40 0 445 2R 34 522 B P B R AR 3411 R ]
PEGERE 053 B 25 SR RN I PE I 225 SR R BORR A sS FEH

FEPREERE AR = (£ /MR Br FE TR 0 FLARAAREL, B P25 550 BAG T A4 x100%
PR PEATR = (B PR 285 S48/ PCR RGN BAPE 45 51500 x100%

A R FH Duncan ¥ 22 75 HGEH HURE &R 22 [R1RI-5 56 L DA AN [R) B B8 2 [a) i 25 57K, RIIZ IR R
J7 255 T 5 2% HAE DR i) AR5 2 5 R RS A 14 B g — 8 ol 35 PRI TSRS S A A R/ SR FH B ST RE AR ¢ K6 LU 2858 1) KL
AR E [ WZ A 22 557K, P < 0.05 A A & 2R
2 ZER5HH
2.1 AhERIX R GHE I E 2

I KGR DU TR0 (B 2) , 2 I RUX (A X)) ey KGR 0.78m/s, e AKX 0.39m/s 5 JE % ) KUIX (B
X)) Fe e KGR 0.74m/s , B AR XU A 0.39m/s , W HEIX (C X)) e KU A 0.04 m/s , B (R RGE R 0.01 m/s, 45
SRR EARRIII LA 5, A KR B X 2R XA 8 25 T C X (P<0.05) , 1 —# Z M JC I F M2 5% (P>
0.05) , —#& WX GAETRIE K tEE |, J5 2 K AN TE e PR A 20 T 52503 1 0 XU AF 38 17 X ) A [7] 1) A
2.2 FEERRAGR SRR
2.2.1 5 ] XU T 5 DR R A 35 DR VB RS 114 52 i)

FE A RUX (A X)) FE7EBHPELE SR 32 4N WFHIRIX (C X)) 4B HORE AV i 3 R RS AR B o0 0, A R ] JRUAh
B X A B D EERS AR 2 b T C R IRAL BRIX (P<0.05)

X2 2 AN ) RS St o %) 56 DR VR RS I8 AT LU AT (R 1) S5 R R WIFE B B R LA X 1.6.6.4
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19. 2m &b, SGK321 BYEHG FE K SEA A 3 321 AHXT T rp
35 AL | SAEAE B 25 5, B S B S T 2 B R Indirec .
Fo B0 2 o i T A 2 )5 W AR S R, R . W,
G AR R 35 RIS AR T L 1 5 5 PR R 31 < 7 i aa 14 3.,
A B B I AR R 2 25 5

et 28 AN [ B 67 A RIS ) 356 R VS A R .
ATHCE AT (3 1) , 2 52 W Bt S DR AR I (5 7R [ el B Be R AR AL D
2 3 DR SR R e B M A, 7 321 b bt Diance otsamping/m
FEBPEIE DR IX 1.6.6.4.19.2.25.6m AbK I 51 SEIK 22 P
R A A 6.4m AR BB 33.33% , OB B H [y The measurement of wind velocities in A, B, C treatments
BN 25.6m, I RIE AR E E R WD E ER N SrasoRi e R A B C X 2 KUk 2 R RS
(F; ,=5.481,P<0.05) . "4 35 7ERRFE EL IR IX 6.4
19.2m AbIFIE DR RS (& A RIS N 3.33% | ek RS B 19, 2m , TR 431 238 76 7 i B 83 ] 2 B S 1
H(F, ,=0.857,P>0.05) , 4L 1 SAEMFEILINAEIX 0.8 3.2 6.4 12.8m ALK B IE RS (19 K A | RS A R
¥R 3.33% , e it IR R B S R 12.8m IS A AR AE AN ) 5 H) 25 S AN {3 (F, 1 =0.571,P>0.05) ,

m A X Directed-wind treatment
o B [X Indirected-wind treatment

Ji# Wind velocity/(m/s)

£1 FAREK(AX)SGK321 £ 4 HERERME
Table 1 Frequencies of pollen-mediated gene flow from SGK321 in the directed-wind treatment ( A)

BB R 3R Frequency of gene flow/ % df
Distance of i F P
amplng plovm 1 b i o o
0.8 0£0a 0£0a 333333 a 2 6 1.000 0.422
1.6 23.33+3.33 b 0£0a 0£0a 2 6 49.000 <0.001
3.2 0£0a 0£0a 333333 a 2 6 1.000 0.422
6.4 33.33+12.02b  3.33+3.33 a 3332333 a 2 6 5.400 0.046
12.8 0£0a 0£0a 3332333 a 2 6 1.000 0.422
19.2 13.33+3.33 b 333+3.33a 0£0a 2 6 6.500 0.031
25.6 16.67+8.82 a 0£0a 0£0a 2 6 3.571 0.095
36 0+0a 0£0a 0£0a — — — -

SEIMEL (+RIEER) S 3 YE ST AYRIMEL, AN (5] 49/ IN 5 R AN ] it R A [ B 28 ) JORE 37 1 22 5 (. 35 (P<0.05)

2.2.2 B ) KUK A ik DRI A A 5 DREE RS 1) 52 i)

FE5E 0 KX (B X)) A7 BAMESS RILTT 40 4> X IR (C X)) AR IOREA s BE P IR RS AR A O 0, B R 7E [h]
AL 3 IX e A 0 35 DR TR A A 46 Il 32 1l sy T C X IR AR PR IXC( P<0.05)

X2 22 AN [) RS it o %) 2 DRV RS A 38R A T LB A0 B (3R 2) , S5 SR R WIAEBE B 4 B A X 3.2 12, 8
36m Ak ,SGK321 BYARFEIEIN EA AT 321 AHXT T A 35 FIHL 1 SR EER B ETE K IERNIERE
A% 2 Ml 1 T RS 2 S S R R R 5 E R B A SR AR X 0.8 .6.4m &b, I B AR FL 1 S AEXT T AT 321
FRAR 35 706 35 25 5 RS ZE A I S DR TR 030 B 25 Ml o 206 0 28 i T 1 ATt o 5 2 B B 2 ik PRI A
X 25.6m &b, 5685 2 A 321 A 4L 1 SRS e 22 R B 38 DR AE A 38 1 = TG 8 25 b A 35 19
ERSAR , T 35 7E B X A H SE R RS O REAS

o} 1 o 28 AN [ B 85 6 0 IR O SR DR B RS UR A 7 EU AT (36 2) |, 5 SR e W 7R I L DR IX A8 S [l
R B R R R S R sh ARk, At 321 FEREHEFERIARIX 3.2.12.8 ,25.6 . 36m Ab KN 21 3 R 5%
1R A TE 12.8m AbIK SR Sl 36.67% , it B HE B 36m , I M A6 70 AN () I 25 H) 52 R 0 3 25 3 (=
15.121,P<0.05) , "4 35 76T A BEE 0 BURE (7 B 2 AR AT H BB RS IR AR, 5 3L 1 S7ERE R L AR IX
0.8.6.4.12.8 .25.6m ALK R KL RIER By & A 78 6.4m bk B 5 =18 23.33% , e L RS I BSh 25.6m, EF%
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HRARAEAN [ PR S ) S 0 4 2 25 5 (F, 6= 9.143,P<0.05)

*£2 EEMMREX (B X)SGK321 X EWEREERITE

Table 2 Frequencies of pollen-mediated gene flow from SGK321 in the indirected-wind treatment ( B)

T ot S A2 Frequency of gene flow/% df
Distance of I F P
cmpling sl i o Hil o o
0.8 0+x0a 0+ 0a 13.33+3.33 b 2 6 16.000 0.004
1.6 0+x0a 0+ 0a 0+0a — — — —
3.2 33.33+3.33 b 0+ 0a 0+0a 2 6 100.000 <0.001
6.4 0+x0a 0+ 0a 23.33+6.67 b 2 6 12.250 0.008
12.8 36.67 +6.67 b 0+ 0a 13.33+3.33 a 2 6 18.600 0.003
19.2 0+x0a 0+ 0a 0+0a — — — —
25.6 23.33+3.33 b 0+ 0a 16.67+3.33 b 2 6 19.500 0.002
36 26.67+8.82 b 0+ 0a 0+0a 2 6 9.143 0.015

SIS (PRIEER) O 3 YR ST AYRIMEL, AN (5] B4/ IN 5 R AN ] it R 7 A [ B 88 ) JRORE 37 1 22 5 (. 35 (P<0.05)

2.2.3 G2 [ JACRIARAE 1] XUk 2L I A 5 DR A2 56 DR TR R W3R 1) LR

XA 1) X DKM SE i) AU A7 IBURE 67 50 ) 56 DR A 3 A 7 HE e o0, 4 SRR I, ) 1 AR A it
321 FHA 35, 5 ) XU 1] IR DCAS: 00 281 ) s DR PR 3R 2 ) 95 A8 35 22 S 5 T LT B A 4L 1
5, S [ AR 1) JXU DA 28] 14 RS RS R 2[RI AE 35 22 57 (P<0.05 ), AR5 1] JAUX. 1R 58S 031 46 W 35
Hb TR T AU (3 3) o P IGAEI  JRUm) 2 A B X Be BEPRIEERS S0 S A L 1 5 s 4 2, ELAE R
S Tia) A, AR 1] AT LA 254 e A% 2R 0 A 4L 1 S AR RS IR

%3 AERKEEZT SGK321 X & HEFEZEHIAR
Table 3 The frequencies for pollen-mediated gene flow from SGK321 under different models of wind direction
B2 Frequency of gene flow/%
At FERMX (A X)) ARE M (B IX)

Cultivars Directed-wind Indirected-wind ! ¥ sig
Treatment Treatment

it 321 10.833 + 3.00a 15.000 + 3.46a 0.910 46 0.368

R 35 0.833 + 0.58a 0+ 0a 1.446 23.000 0.162

CEINS= 1.67 £ 0.78a 8.33+2.06b -3.033 29.440 0.005

A (£ FRUER ) D[R] FUAR SRR LE 12 AL B IX PR AT JBORE s A B4EL, AN [ 14 /N S 3 IR [R] — 5 RS o P 7 1) XU IR o [ RUIX 22
B3 (P<0.05)

2.2.4 AL In] IR S PR3 ] 94 32 AR DG DR A AE 5 PR RS 1 5

X T KRR AR AT 3T 321, IR i 75 R Bk PR RS A W AN 825 (F gy = 2.857, P>0.05) , 11 55 %
KL DR AR T A B X VRS AR A AE S8 3 T ( F s s = 3.706, P<0.05 ), X1 I 55 DR 2% ] 149 2 A P Ko 2%
GG D2 (F g ey = 14.416,P<0.05) o X T HUAR S FP oAl 35 XU 1] 2 75 2 05 7 ke DR RS T ) P 8 e
TP I AAEAE T (F o sy = 0.857 , P>0.05 3 F o g = 0.857, P>0.05) o X T HUAR & AR5 4L 1 5, K
T 2 751 15 2 DR A R ) B 2 P IR R AR S A TE 35 500 (F gy = 23.273, P<0.05 5 F gy = 7. 065, P<
0.05) , ELAFXT T 555 5 DI AR FH A4 I 5, XU i) 2 75 F R o V22 R AT 3R A B 0 B K (g = 23-273> F oy =
7.065) , —3& Z A A HAE B 3 S M B AT (F gy e =4.987,P<0.05)

F SR 2T o0k ML A (A0 321) RIS A (4L 1 %), SRR RO B B 0 e B 22— i SR I
PRSI SZ 0 502 5 ELAEN T 55 5 T DR R B | Ui 2 7 o 5 2 T % S 1 5 PR RS 5 i T K
22.5 R AREARBN S

PRI R BUAR F1ARFEARIE 2520 Bk ASBHE 25 52 72 I BHPESE R 3 Bk, B MESE SR 2445 B P E
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WA 4.17% o RBHTEREAR 2RO 321 /9 F1AC, A 35 AL 1 SoRMIAHBHPESS R . R 1] UKL BEAG:
W F1ARREARILTE 720 Bk, BAPESEIR 32 kR PHTESE R 3 Bk, BITESS R 685 Bk (B FHEAR A 9.38% ; AE € A X
A BRADNAHB FHPE L SR . X o) XUA BRI 5 1) JXUALL 348 P A2 B A A0 3 0 I Sy R A o A, 45 SRR W] AN T
JRTi X i BH PR A A R AN (35 (P>0.05)
3 Zr5itie

ABIRGE K B, B 5 TR A A8 5 PR R 9 00 R i v 36.67% (AR RE o] KUIX | A3 321 i 4% 2% (R A A
12. 8m b)), HAM B 7 4515 20 0 de i EE RS SRR IR TACBI SR 45 5125270 HE AR e e 3 T N, P i DR o o
A A6 35 DRSS S e Ar i B 25 2 36m (AR5 17 RUX. AE 321 ARSI %R 26.67% ) . ANRIWFSEE BT A5 211
It B DR R A B TR RS SRt O 88 A7 AE W] W 22 53, KRR T 20m & 100m 22 1] 237 {H A 45 B 58 % e 3t 7T
i 1625m 2 AR AR X P 10 2 R, B0 T IR AR P KU 2%, T RE S BURL 2 N A S AR R
AR B g o TR AR X T TH BRI 3t s A S At B s g, T 1 #6083 (Rlok: A4 A B33 gl B hn 17 A8k B Hi i
R REOE N R —E R EE LI, 5351, AN R D AE Ry (A B 85 2 AN T] 1 ) 25 DR 99 285 — 2000 (A
TE F RS T B A 2 RMAAF BE J1 ) FT 18 FH B0 A [ e 5 DXL A R A2 (A Al R R (o 1 B B 4 | A S
JiE Rz SNBAE R RE ) ) 9 PT LAME — @ FRJE 1 i SR RS 45 SR A 3R 38 A SE 90 A T 1 11 AR AT
(R RERR TR ) | SOt b SRV it 5 DR A RS R 450 2 5 i B PR 58 (4 B e

LI AE S N B A AL B A F R A 32 R TE M A A, MISCHIFSEIESE | WG e SE IR Rl A IX 5 AR e
RV 22 R BE 8 14, S DR RS TR RTG530 phy T B 5 97 5 DR AR R R s i o, 25 <
(LAY B HEIB WA ) RIS, 7R S PR ALK 32 10 ] PR A7 HAD R S PR AL I S [ YA AR M AH 5
T IEPNER AR AR TR AT & IR R RS TR I A th I 2 5 e i DR R A 8 11 334
T BB T2 S BUBOR BB B o A TR IR (7 s IR XU 1) 22 57 T RERE R B R PR A o fili e
DU DXAERS 780 97 B, AR e A B DA X 1 3 S XU, XS A T A B A B XA 43 BBORE 7 B XL
FOARXS B o AL, 3 AN KL it o) i JBORE (32 25 (0.8 L 1.6m ) A6 21 (0 AL A3 AR 45/, ] R 532k XA R
A, R ATREGAE R 1] KD AR SE ) UK AR 4.5m B — 15 H XU R3S URREE Y T 2548, R A
4.5m FRATAE XA E BB E X3, 38 IR DR B R RO A I s PR R, i gl sl Pk m] BB R phy 7 A
SRAR D7 B RS IO AT RIS Y . 7350, A BT S W BE N EER% PCR AN A2 A DN 45 SR AN BE 5 42 W)
B AR AERFIE I AR 25 5 ARSI A IR PR RE AR 3 bk, IR Ty 4.17% , 2E 1
e NRIER 1R R I 23 R 2 SR e — B DRIk, 00 v 1) SR BURE (s e 2 S RS (U 45 R, . Rieger'™”
SEWTFEA R B A ML DR A DG RN T | B 5 AR R IR B A 19 I, AEB 6 0 T B i S A 1]
8 DR RS K A B o A PR R BEAIL

ARG T PP ERARRDC | R R AN AR T2 AR A, & IR 1] KURT LS 25 5 o e A 2 10 I A 55
H 1 SRR RE IR | ERS 15 5 e DU T A g, XL 1] e 73 1 o LR PR SRR s i S, it P T o
5T B MRABL R SE R, IRIEIR 505 A IR PR ) A3 AR N T80 B 1) XL 7225 ] A A A T T R BEL
IAEL R NI/ 8N T Bk eyl etk . 5340, i TR I ANERE , K5 1) b S e e <UL, PRMTEE G T
AEHIRE 1] K VA 106 B ESF 8] 32 00 A A5 JPURE PR 19 A P8 R e ) IR 88 25— AR 9 S 2R R IR 7, BBURE (57 s SN IRLAE
Brtezs thil BT B A Sl i BUEE M S A5

PR DAV 5 H RS Rh 2 TR B 2 SR FE AR 1 £ 20 50 R =8 Z MR R S RYIEdE . Dale A4
P RGO R BEE , B & FE ] — A& B R Z B A AT R SR ARG R 45 SR T SN SE R 6 78
2 SGK321 AFFEEENZEA AL 321 BYFED SRS AR 0 35 oy T 8% 22 AR P Al 35 R AR5 4L 1 5. K
VR SRR AR TE Om DAYl St RS 0 e 22 ) A2 A 1 PR A i T A TR B2 A R ] B DR S A
BERFEAR B, IXRWIBE N TR AR AT BRI DA AE A AE RS , 0 ELAE AR 46 AN [R) 16 b 1) 5 4 Rl 4%
Ry P, BRI AT RES AER A M S UM 352 s BT G, S A 35 M LL, I 321 E IR YRR, E
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FOR i BN ARAL SGK321 WA G JE DR 25 A | B SGK321 J& 41328 321 T AU P B BE R i, R G R
T, AEHY 3 A RN 32 A B I v, DR TG B 2840 321 1 S RS AR 1 28 v T LAl . SCK321 J& T4k
BBl 2 BAT A D MG @R SR DO AR, T S AR L 1 SRR A D ALY S IR A A, S
SGK321 9 F1 AU sl It ydi 7 SRAE DR MR T A9, (E R A2 B0 — SO 2R o, D DR B X )
PO IR Z [RIAFAES5H L A AR 0E 5, sl T [R) o ) R R R GE AN il RIVSE DO o G A e BE DRI AR A
AR S MIR I DR A 28 1R ¢ AR G B AR SR RE DR AR Bl REMEROR

M AEB AR A B FE NS 2 A SR R B A AE R 5, S RE DI AR AE S P R Y IR R AR H R 2% K
o] JURH A B — D E N R, O 12— 20 W RUE DR 250 5 R RS B S ), AU AN T 2R TR 1 Rk
FBIFSE R, PR AR daf P A 26 A B0 AN R 4 R PR R S I AR OS2, D3 A0 AR e 4% Br ZEAAE
PRICHED , CpTT HEDH A RE PR IR S8R S L Be FE DI R EERS I ) EL AR RO 5 BER AW
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