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5 . [¥5]) CrgA £ =7% 355 (Blakeslea trispora, Bt)Fifdx K3 F |~ &4 e 24k 7R
B¥, £RXKFAHEHENT P LK. [B] LE=Z0HEE corgh B3 T &K,
H it —F M CrgA KL AEAE E 2k, [FE] @i 464 ¥ 2 F 4 (integrated microbial
genomes, IMG) 4k 8 FE R AL GG KR 415 7], L% crgA #iF AL 4445 % L 2 000 bp & 7], o547 2R
NIR AL A Fo bt Foae 4 RIRFM, @i RT-qPCR 447 R R LR 1] 2f = Fa A 42 & crgA ARaf4E %
KF##oe;, ME 4 ARRIKRESN orgA B3 T84 5 7349 GUS-mGFPS & 48 & X #H 4k
p1303-procrgAF. Fl. F2 4= F3, #|ARH AR EELSI A FARATY, £EZRFLBAMF
TR E B-D-F] £ 4% H 8L B2 (B-D-glucuronidase, GUS)B/E M FME K AZ 5. [£ %] cgA 23T
AL 4 mh 69 TATA-box = CAAT-box UM, L &IES N5 em mAR X L. MEL LR
27 CaMV35S feMj ) 4 MR E B TH R EZ AL FRNIRS) TR B AE, &0 GUS B
E A I procrgAF3 E MR AR, EBAE B FIEMLYERTF CaMV35S, btergA B3 T 55 £
1 499989 bp & B AA #F T s AR R X e art, [4#] Z8AF e crgA L2 A4
BE A RIE I R, crgA B3 F A48 RAL T procrgAF3 A7, btcrgA & 3hF £ A vd f KA 4E
8491 XAE A LA F 1 499-989 bp.
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Cloning and activity of the crgA promoter from Blakeslea
trispora

GUI Renyue, HONG Yu, YU Xiaobin, LUO Wei'

School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: [Background] CrgA is a key negative regulator of carotenoid synthesis in Blakeslea
trispora (Bt). [Objective] To clone and determine the activity of the crgA promoter from
B. trispora, laying a foundation for deciphering the regulatory mechanism of CrgA expression.
[Methods] According to the genome sequence in the integrated microbial genomes (IMG), we
cloned a sequence of 2 000 bp upstream of the translation initiation site of crgA, identified the
cis-regulatory elements, predicted the transcription initiation region, and then Analysis of crgA
transcription level of B. trispora under different light time by RT-qPCR. Furthermore, we
constructed four recombinant expression vectors pl1303-procrgAF, F1, F2, and F3 driven by
truncated sequences of crgA promoters with different lengths, and integrated them into the
genome of B. trispora via Agrobacterium tumefaciens. Under dark and light conditions, the
fluorescence signals were observed and the B-D-glucuronidase (GUS) activity was determined.
[Results] The crgA promoter contained not only the basic elements TATA-box and CAAT-box
but also multiple elements related to light response. Both CaMV35S and the constructed four
mutant promoters could drive the expression of downstream genes in B. trispora. The GUS
activity indicated that procrgAF3 had the strongest activity, and the truncated promoter had
stronger activity than CaMV35S. The btcrgA promoter sequence has a light-responsive element
at 1 499-989 bp that activates downstream gene expression. [Conclusion] The transcription of
CrgA in B. trispora presented the phenomena of light activation and light adaptation. The core
region of the crgA promoter was identified as procrgAF3, and the cis-acting elements on the
btcrgA promoter that responded to light regulation were located in the region of 1 499—989 bp.
Keywords: Blakeslea trispora; crgA; promoter activity; Agrobacterium; GUS; photoregulation

= ff14ii $7 %% (Blakeslea trispora, Bt)./& H i
TolbfeA = B-iA % MR FEMEZ —. =
AP AR E Y, B-# 8 N EA =
WARE, HEW B-HE hRZBMHERF
CrgA WYY, CreA $EAM T HEETE T,
VB Ry 5 A 75 R 7 R HEVE R Y, TR Bt 7
O . RMBETIED = AA R A B
O B OV 2 R LB P AR AEAE crgA BLAR [
Ko crgA SRFET )G R BB RS A A b s
VR crgA 5, B FNET AR R A B R

Fy I FE = AR R orgA BLEE R Bk, S
5 B-iHE DR A BRI A AR DG4 b 3 R e S
KO- RGN, -8 D R A A A A
WHE T 31.2%, FHAHXT B-1E N RKIH AL
EEIRPAEER; FE, LA T, crgA
e SR AL AR M <l L AR IS B4 ), (1
HRBKEE B-tHE bR EBUK-ZE A E
KR KAFENFE AT . AHFFE CrgA 78 =i
PR N Z 2 C B A kR A, ARBFSE LU
crgA JE S FAS I ATEEVF S A YIA LG, A CrgA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HEATIRSE: =fAihids crgA Ja 8110 s BEAIE 1 23 #r

5277

PEE B bR G At — L BRI

Ja Bl F— PR T A5 BRI 57 b ) — B
DNA J¥41l, RNA R4 il i i v 81 (0 ek
KPUNMEE G IR S8, Al yEE T e sE Y 3k
7 TTEUR i E L2 Y v R11TE A i S R P
IRFRAL . AKOE R R0 7 B AR R R Y
W, XA 3h - RE X R 7 i 2R 5848 o3 Hr a2
HWHWINE, WZEHRAOCE: S F 1 DNA
IR 11 J5AE B A 6 24 JE Ak Y

HAjx =i s CrgA ¥R B-IHE P&
G R R AL AT AR AR AR, A5
5 TR AT IZEE B A 3+ vt i oo F o g
P4 crgA RBEA . HEL btergA R
2 000 bp FEHIARFIERT 412 SEpe I % H 741
oA T T AT 000, B M L 5
JPHIA AR A, L B-D- A T R
fif(B-D-glucuronidase, GUS) i PE , #ffi iE 25 1A%
WA s FEK s MR RIS B Ry, IR IE A
] Y HEAL CHR ST btergA BYFE %2 B2 FDE IR
s R R, DU btergA J3 81132 6
A R T T E D X35, T f# btergA LA
ZhF BRI S B

AR

1.1 #
1.1.1  E¥RFBRR

=475 (Blakedea trispora) NRRL2896 #il
KB #F 1 (Escherichia coli) DHS o F AN 5256 % f4
i ARFFTE LBA4404, FERFERHCA RA A
pCAMBIA1303 Hi A8 5256 % PR
1.1.2 EZ RTINS

RNA pure Plant Kit F1 5'-RACE {7 &, /&
TAEY TR B A BR A A 5 8 F R I
Wla, iR REWHARARAE; GUS
5 L R A DR G, Wk RN A R A

i) ; Clone™ Plus Multi One Step Cloning Kit,

Hifair® III 1st Strand cDNA Synthesis SuperMix
for qQPCR (gDNA digester plus)#il Heffi® qPCR

SYBR Green Master Mix, ¥4 YRHE /w6 ;
W . LTAEREG . VSBERG RIS R, KT
AEFHHCARRA A 5196 RSP E, TR
SMER YR A RA R, 2t i PCR Y,
Bio-Rad A wl; HHPFEH 2 DNA $2 B0 £,
RARAEMRE AR ] ; 2xRapid Tag Master
Mix PC, B Rt e B A Rk B0 A PR A 5
Prime STAR® Max DNA Polymerase, 5 H E4:
WE ARG R AT ZIREEFR L, A
PR H
1.1.3 EHHE

T RRE AL . SCIZETHIMA 20 g/L 3
B s FhFEERIE (/L) : EoKM 30.0, B &R 50.0,
KH,PO, 1.5, MgSO4-7H,0 0.5 ¢/L; LB Hi 3 5(g/L):
MR ) 5.0, FEEAMR 10.0, NaCl 10.0; FFE:
M I B #7 F (yeast extract peptone medium,
YEP) (g/L): 4RIRHE 10.0, BEHEERW 10.0,
NaCl 5.0; -+ & %5 %) BF 5% 77 3 (potato  dextrose
medium, PD){53E3E(g/L): 15 200.0, #ZH
20.0, KH,PO, 1.0, MgSO47H,0 0.1,
1.2 XBUAEBE=WHNE

=14 i EE NRRL2896 7EFRIIA 200 pg/mL
LA R B T AR SR AL 25 CCRRME R SR
5d, BlJGTE 25 °CHE T ORIRRE IR, MIRREK:
FRARE O B IR B] 558 0 min, 3% B FFE0OE
(15 W/m® (45%), 1€ 2. 5. 10, 30, 60, 180
1360 min B B VAR — A fras b 22 R H
TR DB, RAF- T80 °CYKAE FH T 5 2210

4355 pCAMBIA1303 . pCAMBIA1303-
procrgAF . F1. F2 il F3 kL f A& EH F1=
Y= fumbi s, AR = RAa ST
R E 200 pg/mL KR ER . 75 pg/mL 1%
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RN E, E WA EA, —4H
15 Wim® I FDCHRET S s O — 2o BG4
Pk, RSN 25 °C, il dkEiigR 3 d, PRE
PR 22-80 °CUKFHTRAF
1.3 HEAXERKFEHNDH

B i = AP W 22, ek o TR
RICWEE | J52:4 B8 RNA pure Plant Kit 5]
BRI AL RNA, 00 F B IR B BE I H bkov $2
HUAY RNA i EA kil o X5 R 47 HY RNA
AT S, AR4E Hifair® 11T 1st Strand cDNA
Synthesis SuperMix for qPCR (gDNA digester
plus)idGi @A, S A3 RMH K cDNA,
F MR & Heffi® qPCR SYBR Green Master
Mix Ut B A5 BRI AT cDNA FHIAh 5 o 52

xz1 KMRFAASIY
Table 1  Primers in this study

A ¢ 6 8 PCR WA ZR (50 puL): Bif cDNA
(0.1 g/L)2 uL, I Fi#514)(10 pmol/L)% 1 uL,
2xqPCR buffer 25 pL, ddH,O 21 uL. PCR S )i
1. 95°C 5min; 95°C 10s, 60 °C 30's, 60 °C
30s, 4 MEH; BRI IR RN, 5
FrABIME PR 1.t SCa 28t E &
PCR 1% Step One Plus - ALK I A5 21 AH 1 208
K AR B 27 B AN H S K A
S tefl AR e ok F, A A Bcdis oF
Origin fEK .
1.4 =HAE crgA B FRFIIERERM S
BUSE & =P Totskd, BAR
RIS WS | {f FIAR ) 5L N 41 DNA $BUAR &
PEH = fAii e L K 240 H T btergA B 211

Primer name Primer sequences (5'—3)

Products size (bp)

pcrgA-R TAGTCAGATCTACCATTGTTGATAATTCTCAAAAGAAAAAAAAAAAAAAGAAAA 2186
AGAATTGAAGC

pCcrogA-F3 AGCCAATACGCAAACCGGGGTTGATTTGTCGATCACAAG

pCcrgA-R TAGTCAGATCTACCATTGTTGATAATTCTCAAAAGAAAAAAAAAAAAAAGAAAA 1499
AGAATTGAAGC

pcrogA-F2 AGCCAATACGCAAACCCTTTGATAGGTAATGTATGTCGGTGTTGG

pcrgA-R TAGTCAGATCTACCATTGTTGATAATTCTCAAAAGAAAAAAAAAAAAAAGAAAA 989
AGAATTGAAGC

pCrgA-F1 AGCCAATACGCAAACCACGACTGGATTGGGCACTTAC

pCcrgA-R TAGTCAGATCTACCATTGTTGATAATTCTCAAAAGAAAAAAAAAAAAAAGAAAA 632
AGAATTGAAGC

pcrgA-F AGCCAATACGCAAACCTTGCCAACAAGTTAGAGCAAT

1303-F CTGCTCTAGCCAATACGCAAACCG 2 166

1303-R GCTTTCCCACCAACGCTGATC

GUS-F ATGGTAGATCTGACTAGTTTACGTCCTG 11 336

GUS-R GGTTTGCGTATTGGCTAGAGCAG

At-16s-F GATCCTGGCTCAGAACGAACG 236

At-16s-R CCCTACGGCTACCTTGTTACGAC

q-CrgA-F GTCCTCCACCAGCCAAAATCT 152

g-crgA-R CCAATCAACAAGGGAACACGG

tefl-F AACTCGGTAAGGGTTCCTTCAAG 129

tefl-R CGGGAGCATCAATAACGGTAAC
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3. M IGI BdEEC A 1Y) Blakeslea trispora
NRRL2456 V1.0 JEH4, #it5[499 1% btergA
BRI FF 2 000 bp 224 1E R S 1%
HI), [Al IR B4 A pUCST Zirh, L 5]
%% E. coli DH5a 1, 37 °CHiFRi%, BEEUA
P IE LT PCR RIS WEEE I H UKk B8 UE 00 Y, 15
#| 1) btergA Ji 851 /¥ 41 ] Plant CARE 43 HriZ
A1) (R I 2 I 45 TG4 AL BDGP T 7] g ()5 st
LRI R
1.5 btcrgA B FEFEHAEEMEK

DL = 0 A 7 B 3 DR 2 R AR 3 3 A B 5
Yy, MRAEHIN RS sh TR SRR A, BN
82 NS 7| M ) VR Wk o 2 i O NI T3 8t
A crgA LR SR8, 4 R R B
1 btergA JAsh T4, BREA ) CaMV35S
BT, W pCAMBIA1303-procrgAF . FI .
F2 il F3, fdiffl#E 41/ Clone® Plus Multi One
Step Cloning Kit %44 %] pCAMBIA-1303 # {4
T, IR R G & AZ A DHSa H, M
2xRapid Taq Master Mix PCR 5 il - $& BUs R,
WP 25 5 E 5, 38 2 5 A O R+ AT 1Y)
TR AL B AT 1H LBA4404 1, I35 4 7E YEP
AR SR AL |, 30 °CHEFR 48 h, PRELHATH VR
F ddH,O, I Hm R ECEG X RE 5 7 Beif 4T PCR
P18, PCR WK Z (50 uL): T ddH,0 RI4K
FFE 1 pl, B FUESI(10 pmol/L)4$ 1 pL,
2xPrimeSTAR Max Premix 25 uL, ddH,O 22 pL.
PCR W 44F: 95 °C 5 min; 94 °C 30s, 55°C
30s, 72°C30s, £ 30 MG ; 72 °C 10 min,
PCR 79 FH TN, LA E F E0Y 1E 5 41 1Y
R AN B T ARFF R
1.6 Z=MHREREREFE

W B0 = A A P A IR ROR A T2
BARR FRHE b, 25 °CHEFR 5 d, EIHL S cm® MY
EEM TR, 25°C, 180 r/min KRG

60 h i, HC bR B S 4 B A R Al
THT 8 000 r/min B.L> 10 min; FHJCHE /KPR
22 (R FEEFR ARG YW (8 000 r/min, 10 min),
T Z 7 E 1) 2 %) Tl A TR (2% 5 TR . 0.5% 1%
BEWE . 0.25%00 4= Wi Al 0.25%4T 4 X A it T
0.6 mol/L NaCl iFM )IE~], 28 °C. 75 r/min ik
JEFE 4 W TR SE AL, B = A A R R 2
=2 EsatduE, 0.6 mol/L NaCl %k
BEA TR, 4 000 r/min Z.0> 10 min, {E)G%
AT I R B B, R LA
JEAARF] 1x10° 4~ /mL £ .
1.7 RHBERE=ZRHRSE

¥ &4 pCAMBIA1303-procrgA-F, F1. F2
M F3 ZAHEbR(LBA4404) /3 S0 T 50 mL (1)
YEP ARG IR, 76 28 °C., 75 t/min 54 T 5%
F%, {8 ODgoo 294 0.4-0.6 Z[A]"*2; WZHL 400 mL
FIRIEA AR AT R TR S 200 mL A =S AR
B IRAE RIS, I E ALK E R 200 pmol/L
HIZ T 7, 28 °C. 180 r/min BHGIE ST
48 h, FHIA 800 uL PD WAAREFRIE, 4k8ifE
28 °C. 180 r/min 2 F &7 24 h, 8 000 r/min
250 10 min, WRIGEIAR 200 pL 2240 SRR
ST EA 200 pg/mL SL{EEE | 75 pg/mL
BRI b, 25 «CHsg% 5 d, PR
TRAETF-80 °CUKA, FITHEBULEAMET .
1.8 mGFP5 ERWR M EF GUS JE MR

mGFP5 & ¥ B A= 7 4 0,58 % 55 [ (green
fluorescent protein, GFP)AY Sergs 4"k Thr, 2¢
a8 B A B A U ) GFP #2% 4-6 5, H.4 GFP
Xof A )R U . PREGE B A7 TP SR AL Bk
FRE ARG ) = A P % b+ PBS W ik
%I 8 000 r/min .0 10 min, FTH 2 %, HEUb
N RN B )l e N R ) T A T G WU
£ o BRI ik (R0 B — 960 A3 7 5 T 22 AR AE ik vh
FEOTHIEE , i B GUS e 2 PR A6 it 0] &
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REGEY BEA, -80 °CI_1F, il Bradford
A v I v R R R R AR e £ I
W B B — AR A hr B TR 22 R R E . GUS
AL 4-HH-7- B AR 2 R -B-D-# 4
B [ 12 1 (4-methyl-2-ox0-2H-1-benzopyran-7-yl-
B-D-glucopyranosiduronic acid, 4-MUG)f 4k A
4-H FLAIE [ (4-methylumbelliferon, 4-MU), Hi
S 2 1 FC ] 4-MU 9 1-10 nmol/L # BERAE
FFRAER 2 AR HEIT 2 . 4-MU IO K
356 nm, {2 T REMEAR {3 E FE Al 7E 456 nm
b R A o AR R A o i A SO AN R
PLEE il 4-MU A2 iR, GUS B 4 S
SR AN 4-MU =5 88 F AR Y A
[pmol 4-MU/(pg-min)]ZE7R

2 ZREH®

2.1 RBXN=fAHHEE crgA FRAFN

X AN [R5 BR8] 355 95 25440 °F 0 = A hr 25
btergA AH X% &A1 2 i (B 1)FR B, SRR
FER T btergA ZER N B9 H kK, 7E 10 min
I 35 28) 42 15 A X A S K-, X R A PR S Ak
FEZATF (0 min) 30 4%, — (0] 22 755 2
FIKF(P<0.05) 5 Bifi A5 ' HE AL FRES [E] A 3G in, AH
Xt SR KSR T A, 6 h S5 1Y) btergA A X i
SEAKEL R AL 2 5, UiBARE R 6 IR AL B
IR IE G, btergA %% b2 32 B0 BE 4 il
YER. IR, AEORREZAMET, btergA FRIAFF
FEIEHE A6 aE N B P
2.2 btergA B FHIRKIER T4

Ja B TR SRR B — A E BRI
P, Yo L RIA BRI R IR T, FEXT
btcrgA BHFAL G A7 A5 FIF 2 000 bp 4 #EF 143
Mrla, KBUFHI ST btergA iR % i 1384
&% Z4 TATA-box Juff, BT Lot
R £ )3 8l 1 Fin i 5 X e AR 26 9 0 =X 78 oo 1

40

30F

20

10F

btcrgA relative transcript level

0o 2 5 30 60
Lighting time (min)

180 360

1 btergA FEEAL IR &M T & NE B S A HE XS
¥RKE ARNEFERRERDE

Figure 1 Relative transcription levels of btcrgA
gene at various time points under continuous light
treatment. Different lowercase letters indicate
significant difference.

CAAT-box; MAMAFEGI N oG . B
U0 I SN X/ 72 ST SN/ N 2 0.9 [ S 91
B Iou BTSRRI N oA . S R T A R R
FITR F IR i TG 15 (3R 2). X R W] btergA 1y
KAl REZ BRI IR . ISR AN T R A SN E
F M, btergA Ji 8 1 EAFTEZ AN e ot
4, 4 Spl. LAMP-element, TCT-motif, G-box .
Box 4 Fll AE-box 4%, ULHI7EGIAF T, btergA
FIR AT RESZ B RS Bh 1t W e F R
2.3 btcrgA B FERRTRIESHEWE
btcrgA LiifiA 8751444 BDGP fiiill, 15
=AML sh 7 R HAME R 0.98 [ sh 1%
SEEIA X FES(5-TTCTCTCTCAAAAAAAAAA
GGGCTTTTTTAACGCTTGATCGATTCTTTTT-3'),
283 5" cDNA R v R § 14 (rapid-amplification
of cDNA ends, 5' RACE)i{ ¥ % 1H, btcrgA i
UREE SR GTG LA 278 bp 4b. RPEF:
s FA5 G RS 2l 1 skl AR X TE S 3h
FEA s A B, FEAR VIS 5 25500
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F2 ZTHRE btergA BEIF IR/ FUM A IR AE R 7T

Table 2  Part of putative Cis-acting elements and their positions in the btcrgA promoter

Name of cis-acting Sequence (5'—3") Function Location Number

element

TGACG-motif TGACG/CGTCA Involved in the MeJA-responsiveness 484 (+), 1 450 (+) 2

WUN-motif AAATTTCCT Wound-responsive element 1822 (+)

ABRE TACGGTC/ACGTG Involved in the abscisic acid 678 (+), 957 (+) 2
responsiveness

AE-box AGAAACAA Part of a module for light response 595 (+) 1

MBS CAACTG Involved in drought-inducibility 731 (-)

ARE AAACCA Essential for the anaerobic induction 10 (-), 90 (+), 893 (+), 6

1050 (-), 1 141 (+), 1 435 (+)

Box4 ATTAAT Part of a conserved DNA module 1459 (+) 1
involved in light responsiveness

G-box CACGTC Involved in light responsiveness 956 (+) 1

LAMP-element CTTTATCA Part of a light responsive element 158 (+) 1

TCA-element CCATCTTTTT Involved in salicylic acid 1 828 (+) 1
responsiveness

LTR CCGAAA Involved in low-temperature 152 (+), 753 (+), 1 015 (+) 3
responsiveness

TCT-motif TCTTAC Part of a light responsive element 627 (-) 1

Circadian CAAAGATATC Involved in circadian control 360 (-) 1

Spl GGGCGG Light responsive element 870 (+), 1 370 (+) 2

TGA-element AACGAC Auxin-responsive element 505 (+), 601 (+) 2

02-site GATGATGTGG Involved in zein metabolism regulation 93 (-) 1

() A O T IESE ;s () IR OGP AE T A

(+): The cis-acting regulatory elements locate on the positive chain; (-): The cis-acting regulatory elements locate on the

complementary chain.

SR, LA btergA BHPEAN S Z i
632 bp Ab Kt/ NS BT P81, HX 2 000 bp
BT T 4 AR SAE Fr BL (8] 2A), 4394 procrgAR
(2 186 bp). procrgAF1 (1 499 bp). procrgAF2
(989 bp)Fl procrgAF3 (632 bp), 11 J5 LR 5 K
T2 btergA Ji 3+ 1Y% 0 X IR 208 R
i 17 I 1 T A X )

W BT FBGER D), A=
[KZH DNA kit , 453 PCR FEFEp 152K 2A
HRORTE RN RS, A pCAMBIA1303 Foki i
KEME 2B), 4 pCAMBIA1303-procrgAF
pCAMBIA1303-procrgAF1 . pCAMBIA1303-
procrgAF2  F1 pCAMBIA1303-procrgAF3 (LA

pCAMBIA1303 ZARNER FAPEXTR]) . 23 K
FFU§ DHSo 47 3545 2 Fr TG i ks, HLES JE AT
I LBA4404, fii 514 1303-F/R 9 1848 1741
2R GE R T (1B 3 )6 I i 2% 4 R 2 ]
J¥, I IGL JERA)FHIXTEL, PR R
98%, ULHIARAT T oA &8 s I 4 Bk Ak
) LBA4404 Bk .
24 EHT mGFP5 RAGESHEREBINTF
B 55E 4 4 4

) pCAMBIA1303. pCAMBIA1303-
procrgAF . pCAMBIA1303-procrgAF1 .
pCAMBIA1303-procrgAF2 il pCAMBIA1303-
proCrgAF3 5§ 5 ARG 5 ARFFR, FFL

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5282 A i AR

Microbiol. China

A
procrgAF
procrgAF1
procrgAF2
procrgAF3
B

CaMV
poly(A)
signal

CaMV
poly(A)
signal

2 BEIERTH btergA BEITFHERBAWER  A: ANFE#ESEIKER procrgAFs. B: btcrgA Ji ol

FHUL CaMV35S Ji sl & 454 &

Figure 2 The different length of btcrgA promoters and vectors build legend. A: procrgAFs with different
truncated lengths. B: btcrgA promoter replaces CaM V35S promoter position structure legend.

EAMRGE = fAP e A B, A5 3 0 = F A
o7 55 5 Ak R B M B OS85 47 J00RE 1 R AT T
LBA4404 {2 YLy =R AH07g)— [F] 53 e B8
TR TSR, BT AR XS B &7 (bright field,
BF)Fl mGFP5 [ F R 2% ' 2 3 (fluorescein
isothiocyanate isomer, FITC) field|#E1 7 T WM&L, JF
BCE T BF Al FITC MRS HILET (8] 4), Z595%R0]
mGFP5 7E = A P8 th BEAR AN AEAEAAK - R

bp M 1 2 3 4
5000

3000

2000
1500

1000
750

500
250

3 EAHAFEE PCREIE

Figure 3 PCR products of recombinant vector colonies.
M: DL5000 Marker; 1: pCAMBIA1303-procrgAF; 2:
pCAMBIA1303-procrgAF1; 3: pCAMBIA1303-
proCrgAF2; 4: pCAMBIA1303-procrgAF3.

ik, HABXIWER] T 9O0ES, CaMV35S Al LASK
3l GUS-mGFP5 Rl & 85 I 7E — A fiihigg h ik,
HA Y 4 ANEUE Y btorgA JE s 124 R AR AL
7E = fufihidg bRk

BF FITC Merged

CaMV35S

procrgAF

procrgAF1 £

procrgAF2

procrgAF3 |

4 Z=%HHiE mGFP5 KAYELER
Figure 4 Fluorescence observation of mGFPS5 in
Blakeslea trispora (40x).
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JpE CaMV35S FIA A #% 4 K 1
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serum albumin, BSA)fl 4-MU FruEf &, &1
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y=5 700.509 09x+1 503.727 27 (R*=0.998 0), 4¥
BIEESR , 233X GUS BB ST,
SE LU A R = A hr A T e 4-MUG
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Bl X B AR AR EAA — 2 AL 4-MUG 95
F1(E'S5), XA T R[S shFAHR 3R 8) GUS
FIKWRE T . ST, ARG TUKsh
GUS FKikHIfe S o255 KK A : procrgAF3>
proCrgAF2>procrgAF1>CaMV35S, #4bh, Jash
F procrgAF1 Fil procrgAF 7E3K 5l GUS FRikAyhE
J1 BB EXESR:, procrgAF3 W7EEK ) GUS ik
fie /1 E4°h procrgAF2 1) 2 1%, W2z 5
2 (P<0.05), AN[AFNZE | ot i =4 oo i
G SRR T A NS AR, Ia# ) sh
FIKB LR FRIR LR, B3I+ B procrgAF3
Ft procrgAF2 58, 7EJA 31+ JF 411 989-632 bp
DX 5] PN AT RE A R ) B SR e [RIRE
TE 1 499-989 bp X [AIHL &A% oo, m
proCrgAF 1 Fl procrgAF Ji sl A Btk 5l GUS %
KHIBE I AR o AFE IS 3 50 0 B
T, FEiX — XAl A 2 AR o) A0 G
CAAT-box JGF, BEIHTE 2 186—1 499 bp ZZ[al Al g
FETERERSHNY CAAT-box 5 3 B3GR 4L /KT
EL TR G ST B O Y P Y L o1y i <3 A NS
Ja S FIE R L EBL, SEHRAF T procrgAFR
1 procrgAF1 Mg s FiGE5 B w44 T
proCrgAF I procrgAF1 W)a sl Gt 2 8] 22 57
B, BTEREFHY 1 499-989 bp Z M ZETEK
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5 CaMV35S B FMEFERER btergA B3

FRE=fAMhERIE GUS BEME ARG
FRERREFBE
Figure 5 GUS enzyme activity expressed by

Blakeslea trispora with different length promoter
fragments. Different lowercase letters indicate
significant difference.

OIS B BT A AEVE . XA shFizAb X
Wik, RIZIXIRA S T AE Box. G Box
I SP1 S5 i JTf4 . procrgAF2 FI procrgAF3
Jat Bl 43 i 7E SRS A BRA T A g PR T
B4k, {AFE procrgAF3 i) 632 bp JF4IINH —4~
Box 4 J=AE M ICH (5 06m W i) /57 DNA
IR/ 0 4), Box 4 R AFHGREEE A R
T BRI AL e IR R Y, 5341,
procrgAF3 4Kzl GUS K ikfE S NAE = fAmfiL
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+, XHEOE ST TR btergA JR 3 B
) HAAE AL ER L T W98 A

3 &

AW eI M T btergA  FUiEiE shF
2 000 bp AR AEH T/, H Spl.
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