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ABSTRACT

In view of the present circumstances in which considerable amount of the
information of soybean genomics has been accumulated, there is an increasing need
for developing a system suitable for analyzing gene function in soybean. RNA
silencing is a high-throughput tool for suppressing gene expression in a sequence-
specific manner, either through RNA degradation or transcriptional repression.
Here we developed a system of RNA silencing in soybean, which allows rapid
analysis of gene function. We have established an RNA silencing system using a
virus vector in plants. In order to determine whether our vector system mediates
RNA silencing in soybean, a portion of the sf3'hl gene, a putative gene encoding
flavonoid 3'-hydroxylase (F3'H), was inserted into the cloning site of the vector, and
the resulting construct was used for infection of young soybean plants. After
infection with the recombinant virus, the sf3hI mRNA level markedly decreased and
short interfering RNA accumulated in the upper leaves, which indicate that
sequence-specific degradation of sf3'hl mRNA was induced. In the flavonoid
synthesis pathway, F3'H catalyzes several steps including kaempferol to quercetin.
This experiment also resulted in a decrease in the content of quercetin relative to
kaempferol, which indicates that downregulation of the sf3'hl gene affects the
production of quercetin from kaempferol. These results provide successful
demonstration of the application of the vector system for induction of RNA silencing
in soybean and indicate that the sf3'hl gene encodes the F3'H protein. Soy Protein
Research, Japan 11, 26-31, 2008.
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EIETHEEOBIIE, KA N7 BI85 &%
DbEELEMFOMEFTHO—DIIFToNE. KA
DB/IZF - BHEFOMFICB VT, 7 LAEHRE
T 5—7, L BIZTOEEMRNT 247 9 HED
HFHELZVODPEIRTH 5. HWIZBIT 5 &5 T
TWAL2ICTAEHMS, BET ST T4 7Y,
T-DNAY ¥ 72 FJ v ZAES V¥ ¥y 75%p;ifik
BN FEFIERELTEZ. L2LEYS, @51
Y =T 4 Y 7 OEEL, B CHFME 2 O
FEAHRD TR 72012, ZFDORIRHME & v ) FEEAT
HabH. T2, T-DNAY =774 7R bT VAR
VEYF Y TOEE, BROELEDVT VI LTHII:
W, BRLZEREEERTELRWITRESS L. £
AT L, EAERASS S N BIZTHEE 2 BT 2 A%
HFEEELT, RNAYA LYY v 2w EET
OSBRI AZET SN B0,

RNADHERET 2 2 L2 X ), IEHORNAGHED
5\ FER BN 2SR AL EC S O F 112 F D v TR Y
ICHFESNIHE»HMOEN TV, TS DHRIZIE
BT O ZARERNADE G- L, £ RnFEH L2k
bbbl ERWSPIIEsTWVE, 20X %
RNAX D B BT OV ALy v ZHRIZHRRL
TRNAY A Lo v 7 EIREER TV 559, flPIIc
AREERNADFEIET 5 &, ZDORNAIIDicer7z AHZIZ
£oT21~262 7 L+ F FREOMKSGTORNA (short
interfering RNA; siRNA) 125 XN 5. siRNAW,
RNA % G § % 1% % D Argonaute/z A G % &
#HEk (RNA-induced silencing complex ; RISC) 2
WY AEn, HEHEESOMEEICE W TRISCE
FIRNANEEE, ZO#%, HHRNADYM 5.
T/, BHEICBWT, siRNAAHIG 5 HEIERCHI 2 &
5% LDNAFHE O Y b v D XA F WAL 5 U
saXF UERBERTALA N T2 AHEDOBEIRED
ZALEFFEL, TN5 2N L CREMH TSNS
INSOBHEE AN LT, “ARSRNAFEIERIIZ
EEFREBHOMIH 247 ) T EPALNT NS,

HEIZBWT, RNAFA LYoy Zick gk
CEERGEIEFORBEZI6IT 5 e LT, EER
FOHE S NLHEBO—E %, 5 S NBIZ T ARH
RNAZEH T 5 & 9 IC#EREORERE LTEHED
DNAESEY) % fi i L CEAT 2 HEE, H5 0N,
RNAZANVAENZ &=+ LT, EREETO
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—EBEFFDO T ANV A F AWK S5 JFE (virus-
induced gene silencing ; VIGS)¥2SZF 51 5. KED
B, TR ERICHE L AER RO S
L, BUEVHEMTH L, WHIHROIEL £ TIZE
HezA$hEwocflfrd s, —JF, REIFLT
VIGSOZR %@ T 52 & TENIE, YA IVADHE
TS 2~ 3EMIIETHERRTOFEBLIMMHT L L
WU REIC %2 B 728, VIGSIZKZIZBI) 5 THEH
TR T REREDT i 2 ) 9 5. RIFFETIE, K
TAIBIT BB RERITO TR 5 2 5VIGSH &
T AHILEHWE LT, AR LAY
B DIEHERBERF O AV ANRY § —% K
WHT 52 EDPUEETH LT EIT-72
ARAFZEClL, flavonoid 3-hydroxylase (F3'H) 7z A
HEZa— FLTw5 NS N CTnicsf3hERT
(DDBJ/GenBank/EMBL accession number AB061212)?
ALYV T ERFETABEME L2, sf3hIER
T, BIEFHRET2LOF3HZAREYI—FLT
Wh EHEII S T2, ERICsBhIEE AT —
N4 572 AEBEDFE IO W TR R EhTuwie
otz L7zh3o T, VIGSIZ & o TZDEETHEBE
ETHOPICTHIENTELLDEE R T, RIIET
&, TR 52EBRERDS, REIZBNWT
VIGSOFHEH W TH 5 2 AFEH S, S5,
SEBhLEE T FIHAEARE 2T — FLTWwbh Z &
AEH & M7z,
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% #

KEO TRIZ TS 2 EREEETRETH 5
To7B GEIEZTEL; TT) B X UTo7G (EETH ; tt)©
FHWE. YANVANRZ =L LT, o) EHA
774 NVA (CMV) IZHET B~ % —CMV2-A1"Y
ZHW72. SEBhIEIETOVIGSDOFHED 720, T DiE
ZF-0#E3 7 v > 03 D300 bpZ PCRIZ & ) 141
L, 2Oz F—zza—1LL7.

UEQIFSE:: ]

BESRO HEIC L Y, A VAT ARH % G
etk 7 10— o HIREEFALELIC X ) UL L, REE
WHEE I & D15 7-RNA% & LB & RO 381
LCHBA L7z, 74V G B8 X 0Lz

27



RNA% HW7zRT-PCRIZ & Y fEFE L 7-.
RNA# H

¥l gD KRG DOEITHMAEER L MR TER L THE
WLz, 2ok, ¥ 7 Vvol0fEEORNAM M
i [100 mM Tris-HCl (pH8.8), 20 mM EDTA
(pH8.0), 200 mM NaCl, 4% N-lauryl sarcosine] &
RNA#H /Sy 7 7 =1 mLéb 72 )16 ,lO1 MY F 4 b L
A h—=N (DTT) &Nz, SHIZEFHLZ. ZDH0
mLFa2—7IZBL, 7=/ —)-Z70auafRiVL - A4
VT INT A= (PCI) 22l % @47,
1/38 D8 MIE LY 7 A % il 2 TR —BRERE L
Totk, HALTEEEATo 2. R IRBEAKICER L,
DNase I fL¥(2 & 2 DNAD 43 % 37°C 12 T304 4T -
7o, PCULER, =8 ) — Vbl %47 o721, L%
WKIZERL, DBROMBITIC A,
EERT-PCR

EERT-PCRIZKoseki 5 D 2 L W iTo 72, 58
®RT-PCRO =%, DWTOTI4v—% AL,
sf3'hI#{5 T, 5-GCAGGAACTGACACATCATC-3'B
L U'5'-GCCAAGTCCTCTTCTTTGAC-3' ; p-F 2 —7
) v #f5T, 5-GAGAAGAGTATCCGGATAGG-3'B X
U'5'-GAGCTTGAGTGTTCGGAAAC-3'.
siRNAD & H

Goto b DFFENT L VKRG FRNAZHIH L, KU 7T
Z7)IVT I RTIVERIKENC X B EEEAT o 725k,
DIGTHE# L72RNAZH— 712k V), siRNAZ K L
7z,
LC-MS-MSIC& 375K/ 1 NEERDEE

KREDEL YPorter b D HFFEPIZE Y 7T R I AR
A - B L. 44T, LCQDO liquid
chromatograph-mass spectrometer (Thermo
Finnigan), B XU, Cadenza CD-18 column (150X2
mm) with 3.0-mm particles (Imtakt)% > 7.

b 3

sf3'h1 mRNAZTEE DS

KEIZBWTIE, MEEB L B a2 BT 5
THEETHENFIHZARE % 23— FLTWwW5 &l s
NTW5 2 s, THRIETHICET S EREEET
FHTH HToTB L To7G % AT IZ A 72, A& DXkl
WRIZH L, #EFIHTH % sf3hIEEF DERSTBLFI
RO AN A B L7, AR 3 R L oA
Wiko L3EN SRNAZ I L, E&RT-PCRIZE D
sf3'h] mRNA¥E Mm% W L 72, EmRT-PCRIZ &ML
M3AEET o, 1EkdH70) 3REOEREZIT- 7.
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SEShIEIE A DY % & &CMV (CMV-ALF3'H) %%
g L72To7BTIE, A% To7TBRIFALN % & F 2w
CMV (Z=x2 & —) g L7-To7BE LKL T,
sf3'h] mRNAE R = WA LTz (Fig. 1). CMV-
ALF3HA &Y L 72 To7BDsf3'h] mRNAZE =L, ff
ABH % & F 2 WCMVASEG: L 72 To7BD¥31.3%
TH o7z, TolGIZ BV Tsf3hl mRNAHRE A 2\
ML, I— FHEBUIBIT S 1IEEoRIE 22tk
IF vy AEE, b L <1I3-untranslated regioniZ
BLWTHELTWS 1 HEOBHYIC X % st3h] mRNA
OARBEICEL Db D RSN,
sf3'h1 siRNADEH

SIRNAAECHE B89 % RNASR UG IS5 5 2 &
"o, FOREEITETIFREN ZRNAGFEIRE T
BT L DIEIZRBY, 22 TCMV-ALF3HA&S: L
72To7BIZ BT %, sf3hl mRNADEF & [ % siRNA
DERE RN L7z, Btk 3 AMRE L -k o b
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Fig. 1. Changes in the levels of sf3'hl mRNA as a
consequence of infection with virus that
contains the sf3'hl insert. The sf3’hl mRNA
level relative to the p-tubulin mRNA level was
assessed by quantitative RT-PCR for the
following plants. mock-inoculated To7B plants;
empty vector-infected To7B plants; To7B plants
infected with the virus that contains the sf3'hl
insert; and To7G plants. The sf3hI mRNA level
relative to the 3-tubulin mRNA level in one of
three mock-inoculated To7B plants was
assigned a value of 1. The data are means with
standard errors obtained from three replicates
of the analysis. The data for three individuals
for each treatment are shown.
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EPOESTRNAZHI L, 7 =% 70y MER
AT o7z, st3hIERF OB FERN HZRNAT 10 —
TR HWIAER, CMV-ALF3H2EE: L 72To7B% 5
AR &AW %2 BF) & F o siRNAA R I S 7z
(Fig. 2). ZO#i% L ER/BRT-PCROKEDL S, sf3h]
MRNAD GEDE L TWb e Ez 57,
SFhTBIEFDVIGSICE 3T TR/ —ILVEREDE(L
KEDEIZERLTWETI IR A FDELE, 7
Y7 zu—= )V eIV TF v ORMERTH 57, F3H
ABEEZY 7z u—= v F U EEET A
e L (Fig. 3A), ToTBidr v 7zu—k s
Wl F L OM G2 FEICEET HD, ToTGldr v 7 =
O— )V L2EICEE LR, sBBhIDVIGSIZL 57 7
KA FEROEALZWS 22T HHBH»S, CMV-
ALF3HOBRYZ L 27 v 70— LErLEF oo
EREOZILZMI L7z, Fry7za—LErLtF
IECMVE A 3 MRS L 72 R0 L35 5 0
HL, LC-MS-MSTH#r L7, CMV-ALF3H2YES: L
72To7BTIX, &L ToTBRENRT ¥ —H G L /-
To7TBE WL T, ¥ 70— VT 57Vt F
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Fig. 2. Accumulation of the sf3'hl siRNAs. Northern
blot analysis was performed on low-molecular-
weight RNA from the leaves of mock-inoculated
To7B plants, empty vector-infected To7B
plants, and To7B plants infected with the virus
that contains the sf3'hl insert. A DNA
oligonucleotide served as a size control; the size
is indicated to the left. Ethidium bromide-
stained 5S RNA and tRNA bands below the
panel demonstrate that an equal amount of the
small RNA fraction was loaded.
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Fig. 3. Changes in flavonoid content as a consequence
of sf3'h1 VIGS. (A) The step of flavonoid
biosynthesis catalyzed by F3'H. (B) VIGS-
mediated changes in the content of quercetin
relative to that of kaempferol. The levels of
quercetin relative to those of kaempferol were
quantified by LC-MS-MS using leaves of mock-
inoculated To7B plants, empty vector-infected
To7B plants, To7B plants infected with the
virus that contains the sf3'hl insert, and To7G
plants. The data are means with standard
deviations obtained from three replicates of the
analysis. The data for three individuals for each
treatment are shown.
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RIFFEDFERDP S, KEIBWTIAVANT & —
EHOWTRNAVA L Y v Y IR FEMETH L &
LN E R 572, CMV-ALF3HOBEG 2L ), 3
B2y 7za— e st T OEFRREOLY
AL L7z, ZofERIE, CMV2-AlRZ ¥ — % HWwT
KBTI BT TR A FEGROYUZEDSTHETH 5
CEERLTBY, COZLIZERHNLERID S.
Bl z1E, ZOVIGSH % H\WTHE S N7 KEF3'HiE
EFEmnw7aE—4% -2 HVWTHEREEHIEL L
&0, BOBBRILER 28> V2T r oENEE
HMSE2ZEeNTELbOLHERESINL. T2, K
B0 THEETEIEEGEENOESARBEENTWE Z
EWS, REOWEEOWm FIZE2208 Lita .,

INF TIER ENVIGSR D% {1, VIGS% #
ALLT WS THL I E0s, WY AV AHED
E 7 VAEY) T & % Nicotiana benthamiana%x Fi\» THhf
LEINTWAS., LYEHNZAHOz0I, Z0Mlo
TP DO WTHVIGSZHH T4 Z EARKALNTE
72 (Kanazawa Flld). L22L%ad 5, BHEFETO
L2 A, VIGSHR % FIH L 7R 2 B b 5 AR
BT ORBIENE, 7+ b7V —=F 7 (At1l)
RN R TRERE 2 &, BRWIIGH ) T wE Lt
EYDDDNIEAETH -T2, RWFEICBIT 5 sf3hl
ERFDOVIGSIZ & A BRI OKE R A 5, WTH %
EALEREDRC LD, 7R 4 FEGEREIHE
SNTWAEZEIRENT.

FalZ, INFTICRLLZTAVAKRICHKT S5
J WHEBUS % i 7z pseudorecombinant virus % i

=

T5Z LT, WEERESETVIGSZAT) 2 LTk
WLTWAY, RifgEicBWTd, MR FEICLD
R AT L 72 ECVIGS % Efi L7z, BHAEF TIT,
KEWBWCVIGSICHATE R YA VAR §— &
L TBPMVNZ & =5t ST a9, Z o T
EBPMVA~X Y ¥ —%FH L T, K¥&phytoene
desaturase (PDS) #EIZTDHY ALy 712k,
Tr N7 —F Y IPEEEIN TV EDY, RNAICH
FTHBITIIATbR TV ZRWS, 72 v A )L ARG
PE D IR O EARFRBDEA L 72k R E LTA
Lo g En, VIGSIZ X 5 EE T MO
2% BRND D BH, BPMVNY 7 — % H 72354,
g, FPEOWME CR/EBAA L TWEY, 21
L, AT LN ¥ —R1%, Bz
WIEEAR SN oo, FRUEIEHY - 72EEN
LEALRHEA RSN W L0 S, KEIZBITA
VIGSH & L TIRBEILEN72bDTH DB EEZ TV,

Feaid, REIROBRISIZ, HVva— v ElEEE
EEF 2 L L CVIGSOFHE & 4T\, M B0
EBLOHAHTOT IR A FEGORENTHETD
BIEFWLMILTWA. LD > T, KIFFETH
37 L7:VIGSIE, KEZIZBIF 2 EIET ORI ICA
HAThs I Lz, FHFEOBRLERLFHFORKELRM
FEMICHHLHEIHES NS OELOT
HAYFIAMICATR 2 % EOFRAMEICER T2 b0 L1
FCTEs.

B, KFEOBE % S I2F 0 & BET 5 A,
THERIICBWTAK L7, ZOFERITBWTI, HH
Bi, THIEAE, REEsE, SGHEES, i #R, 2%
&g, P Mot Ly, JfRE - ZHHEw
Rwh, SZICHEYRTS.
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REDOBRRY: - BREAOMELHAES 5 ET, FHT 27/ 20 EFH L CRIET-DORAEFAT
AT RHFAET 5 T ENFL T L. RAFZETIE, KT B THGE 4 B8R THRE O fFHT % 58I

TAHRNAYA L Vv v I Rx B L7z,

RNAY A L >y v 7ol & Lz KEoHfEflavonoid 3'-

hydroxylase (F3'H) &5 T C® % s3hIEL T ORI 23 A L7277 4 )V A % KE O kI8

FEL 7.

BHZEOMMIEDO EIEIIB VT, EWNEMLET OmRNAL X)L oA & short interfering
RNADOZEREDHER S, BHEFERIZmRNADO GRS E L Twhb EEZ SN/,
HE DS 2 KO T ROMETH 5 7Vt F » OERE

F7-, F3'H7- A
s, EiRoWwE THLr 70—

DERBEBLIBLTEL LTV, INHOFRENLS, KEIZBWTIA VAR ¥ —%Jnw/:
RNAYA LV v FOFENTRETH AL L, bW, sB3hlEEFHPFIH-AHEZ 22— L

TWa I EARENT.
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