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Summary

The cyciic nucleotides cGMP and cAMP have been reported to play key roles in t.he
regulation of plant processes and responses. We have previously reported that several genes
encoding ﬂavonoid-biosynthetic enzymes, including chalcone synthase (CHS) in soybean (Glycine
max L.), were induced by cGMP but not cAMP. The soybean genome contains nine CHS gene
copies (GmCHS1-9). We investigated the responsiveness of several GmCHS genes to cGMP, cAMP,

NO, and white light. Quantitative RT-PCR analysis showed that the transcript levels of GmCHS7 and

' GmCHS8 were increased by 3.6- and 3.8-fold, respectively, with cGMP whereas the franscript levels

of GmCHS2' remained @nstant Although cAMP had no effect on the transcript levels of the three
genes, NO had an activation effect on all three. White light activated the three genes in a transient
manner, with GmCHS2, GmCHS?7, and GmCHS8transcript levels increasing 3-fold after three hours
and decreasing to basal levels after nine hours. The GmCHS8 promoter contains several important
cis-elements, including the G-box and H-box forming the Unit-1-like sequence and the MYB binding
sequence, a target of the GmMYB176 transcription factor regulating the expression of GmCHSS. A
transient gene expression assay revealed the activation of the Unit-I-like sequence, .but not of thé
MYB binding sequence, by cGMP. The combination of G-box and H-box was necessary for cGMP

responsiveness. Taken together, these resuits suggest that the Unit-I-like sequence in the promoters
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of GmCHS7 and GmCHS8 is a cGMP responsive cis-element in these genes and that NO exerts its

effect via cis-elements other than the Unit-I-like sequence.

We also describe an attempt to confirm whether GmMYB176 TF is involved in ¢cGMP
regulation in soybean. Transient gene expression assay revealed the upregulation of GmCHS8 gene
by GmMYB176 TF. However, results of RT-qPCR showed that GmMYB176 TF is not regulated in

cGMP.
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BOThEL REERZ O L RHA LR Eh2055, OMPIZ L W BEFRERTAE ShE L
LEESH TSR T OMARS THEBIIT LM SN THEL T, GMP KEHREFRIRICHED S
TaE—-F—FOVARBIBAATH S, FABHE TH S Hamad Abu Zahra KiZ, ¥4 X7 5K/
4 FEEROBBEL Th DI N 2 AFRERBET (GmCHS) DI cGMP P—B{LER (NO)
KEVBEENDZ L2 RHL, cGMPIZ X5 GmCHS DRBHEBMEEE L~V THFTL, 1D
T cGMP ISEMETVARFIERE Lz, AZERTENLOREEZZ LHELOTH S,

ARRIEE 15, B2 E, B, W 2LCKEI AP, HFEORBEUTIcRT, |

FE1EIFRTH D, BT cGMP DRI ABEZHBAL W3, Thbb, cGMP
74 M a—bDY T FRE, BIE. BF, BEX MV RAICHT AIRER EERBZEARBICEE
REBERLLCVS, o, BEL-VT cGMP IZ X U BEBTMH Sh T 38 ET &5 235
BNTVER JET7 IR A FERFMROEL OBRETFORAN GMPIZL YV FHEIhBZ LN
HLEMCENT, ZhdOBRETD GMP IC L2 RBAFHEOS FHMIITHTH D, 72, cGMP &
Lbic—RbER (NO) SREFRECHEST S LOREENEM, GMP & NO DHEMRE &
FHLRGERITHATHS, FROKETE, 7984 FEOABBEL ¥ XDT7SR A K
FARAMELHIEL TS, FOHT, BII7S5R/ [ FERROBRR THD CHS IKEH L,
FOWEL BREECET 85 TREFOHE LD TEEL TS, HIiX CHS ®REFO 71

E—F T 5 ThETONRBELELHTND,

BLETRIEHZEA XD CHSBHETO I H, 72— F —HIZ G-box & H-box 55 LD Unit-I
¥RE251% b2 GmCHS7, GmCHSS, ¥ L O} Unit-1 #5E2F % & 7272V GmCHS2 Z#¥tE LT, FuE—
7 — OFIBUSE 2 AT Uiz, GmCHS7, GmCHS8 O 7 1 &— & — (1.6 kbp) D EEALFIIL 67% D (L
HEHT B8, GmCHS2 D7 1T—F —i3 GmCHS7 3 &1 GmCHS8 & TN Bh 3%B Lt 4% LK E
LU T, 3. RT-gPCRIZL Y 3 FBE D GmCHS mRNA OFEBRICKIFT cGMP, cAMP, NO

X BIREEE RN, Thbb, BETEESEES A XORMIIERLEMI (SB-P M) ZFf
B F. 50 pM D 8-Br-cGMP (cGMP DBGERMET 1Y) T3 BMAETS &, GmCHS7 & GmCHS8
@ mRNA Bi3#0 4 {51280 U723 GmCHS2 mRNA BIZZEM Ui o7z, —7F5. 8-Br-cAMP TARIZAL
BLEZBHAIZI MO GnCHS mRNA iz Eh b EIL L of, iz, NOEEKTHLI= /LY
K+t U oA (SNP, 100 pM) TRBRICAET D L 3F L b2 ERERCHEN L, ZOBR. GmCHS?
OFERITHT 5 cGMP & NO DERIZRAR D Z L BRFBENT, GmCHS7 & GmCHS8 O 8-Br-cGMP IZ
XBHHEITI00 pM DT oAXT I FERMLTOLEEINRED 27 Z &2 b. GmCHS7/8 © ¢«GMP
R ARBHBRIZIF LRI VN7 EERELEL LN LR Shi, —F5. FEF@ER SB-P A
BIZAANEEPBHETS & 3D GmCHS ORBITW-TI b 3 FREEICKH 3 FTlm Uz, R R
FBICIEEHRO L_VCTRY, —BHCERBBEIhD Z L BAFREhE, BEXEIK LS GnCHS
D—BNRBEBBOFEMIIRHTH B, '

WIT. GmCHS8 D7 v — & —fRIT 4T\, 7T —F —F D cGMP & T AEF| % — BN R{=T
RELRCHEIT LT, bbb, £ GmCHS8 7uE—F —(1.6kbp)Ep-F N7 u=F—+ (GUS) L&
— & —WEFICERS LA RETF (GmCHSSp::GUS)% CaMV358 7ue—# L7 x5 —Eilki
FORESRIGTB5Sp:LUC) L £ bIZSBPRIIN TR FFFA MRV =F L d Y a— iy AnTHE
AlL?, 7u b 75X hERMOERTLIEL, 3 A v % a2— MK P O GUS B L LUC
FEHEZRE L, LUC BMETERL UEY GUSTEEZREH LE, ToER, BABn F 75X b
HAT, 8-Br-cGMP AZIC X U HR GUS TEHERE 3.4 f512 ER Lz, NO ¥ B X T b % GUS
EHERENR TN I FERLVB4FEER L, ZhHORERITRT-qPCR OFER LA LTV, —K,
Unit-1 251 % B L7e GmCHS8 Fut— & — & GUS OB RETF # BA L72B A2 8-Br<GMPIZ & 5
HEEFESRONRoR, SNP ALY 3FHEMLE, ZORBRIINO OB LAY MR
Unit-l A DOEFITH D Z L 2RM LTW3, F, Unitd HEEFIE T % 358 B/h 7 m®— & — ok
L7$B4 Tb 8-Br-cGMP 7213 BB IC & ¥ 18%F GUS FEikA 3 51 LR U748, SNP I & - THRZEH
Liehote, Eic, Unitl SREEFIF O G-box £ 712 H-box KEREZEAT 2 & cGMP PHENLIL X 54
%t GUSTEEDEBIR RN 2 2o 72 Z & 25 Unit-1 D G-box & H-box DFH DI HE & cGMP
X3 GmCHSS REOBBICKETH D Z L BHADMC -, —F, #4 XDEEEF GmMYB176
2 GmCHS8 DREBREWEH LT3 Z & BRRERE Sh DT GmMYB176 & cGMP DBSE%E W7z,
Thbhb, £, 355p::GmMYBI76 BARBEFE2T=7 =2 ¥ —& L., GuCHS8p::GUS £ VR—F—L
LTSBP7/uE TR MIERETH L7 27 F—ORWHEEICHASTGUS OB 25 Ic#mL
7o LU, GmCHS8 71 &— & —H D MYB176 A BLFIIE cGMP IZJSE Lia o7, £, GmMYBI76
DOFEBREIL GMP L WA LTz, U LEDORR. GmCHS8 7 uT— & —th® Unit-l HEEHA cGMP &
B3 ABRSITH B I &, cGMP I L5 GmCHSE DHEBFHEXIZ GmMYB176 i35 L2z &
BHLPTRoT, B2 EOHERRO—EIL, Plant Physiology and Biochemistry @ 74 # 92-98 ~2—
Qo1ICEM S T3,
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