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Regulation of Biosynthesis of Soybean Seed Components by Gene Silencing
Masao ISHIMOTO and Keito NISHIZAWA

National Agricultural Research Center for Hokkaido Region, Sapporo 062-8555

ABSTRACT

Soybean [Glycine max (L.) Merrill] is one of the world's most important crops.
Elucidation of biosynthetic mechanisms of seed components at the molecular level
would provide valuable information for improvement of soybean. In this study, we
evaluated the application of RNA interference (RNAi) to study biosynthetic
mechanism of seed components. An RNAI vector targeting the gene encoding «'
subunit of B-conglycinin was introduced in soybean somatic embryos, and the
substantial reduction of the «' subunit together with the other two subunits (« and
2 subunits), which share high sequence homology with the «' subunit, was observed
in the mature transgenic somatic embryos. The expression levels of «' subunit
mRNA in the mature somatic embryos was less than 3% of that in those transformed
with the empty control vector, indicating that the accumulation of 3-conglycinin in
the mature somatic embryos was reduced by sequence dependent manner of gene
silencing. Accumulation of the «' subunit and the other two subunits was also
remarkably reduced in the T, seeds obtained from the regenerated plant from the
transgenic somatic embryos. Thus RNAI is applicable to study gene function in
biosynthesis of seed components, and somatic embryos will be competent to
accelerate the studies as a model system of seed. Soy Protein Research, Japan 11, 20-
25, 2008.

Key words . RNA interference, seed component, somatic embryo, gene silencing, seed
storage protein
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KRELERELTAABERCIREICE A RERICENRT
WL, MAT, MTIEENLEA VT TR R
YEO ZRACH IS OB T B IR RE N OB b
FoTWwh., —AT, REFEFITIZIERRL AR D
B E % 2 WERERSE TN, SN2
SERZERICHRoTWVD, KEETICEENL IO
&9 k4 BT O EERMK L BN, 2OoKE
FIcHE &L, ARBLHEEO S 5% 50K
DhRWHEEZLNS. LaL, REETETOES
IR AR IOV TR ZICAS 2 o> TW
Wb ODL,

RNAT# (RNAi) #:& 3HIBLAIC T ARMRNA
(dsRNA) & %\>idmicro RNA (siRNA) #%#3iEA T 5
ZrickYy, FREMALEN % FOBET ORI %
FFRICHHIT 2 HETH Y, Fre A TadicE
B L T2 587) % BIZTHEREMBATIE TH 5 Y. RNAIT
&, T BRI A EIRNT 2  LI2 8D, FREW
21 BIETORB%Z, H5WVIZEM L% &t
BOBEEFREM 2 BIRWICHH T2 2 LT TD
B, KEIZH 4 BRICRES 2 25k Lt sh, %
COBBTHEBREFELTVEY, ZOT LidH—
BIZFOERTIE, ZOREPEBIR & L THEHEL
WK W2 ERE®RT S, —J7, KZLOBHEET
(expression sequence tag : EST) D81 fENT A3 D
LNT—F R—ANHEE SN D L &I, 20084E 1 H
ICEEM T D AHEY ) AERFIHHAAR S, &
BEOBLT OB & 2 OBUBETOEHREIET 5
ZENUEIC R o7z, FD20, KEIIBITLEET
DFEREFITIC B W CRNAGR I 2 TR E %5 L%
ZONA. RIFFETIE, KEMHTHSOESEEED
fEHT A B8 L, RNAET W72 E (6T o 5B
R O AT o 72, F 72, A IFEEFEOIFIE
IZBWT, RENEROBHGEREDTET O BRI L
HFMLTWDZ &R L. RIFETIE, BEIREA
ENE VA Z 812 & BTl B5 A A BB RAT O 8
HLIZDWTHE L7,

;] &

RNAIZ R T 1 2 —2 3> N7 2 —D1EH

Karimi 5312 & D B S NI R N A F 1) —
N2 % —pHIGWIWG2D)DdsRNA T — 7 1 » 7 fHi% %
HIREBEL T L, BETHH~NZ % —pUHR' D~
VFra—=r A MIEA L., BTERY 7O
E—F =L LCpHVIZEENL 7Y v = vgy2 7’0
E—%— (P11S) #%4%#: L, pUHR:P11S-RNAi% H;4
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L7- (Fig.1la).
FERECTIDEA

R-A TN = Va7 2=y bcDNAZ HE &
L, Table lIZ/RL72794~<—1, 2%HFWVWTPCRIZ
LR E L THW SRS % IR L 72, RNAIT
AF A4 A= arNy s —~OENEOIEAIZ
Gateway ¥ A7 4 (Invitrogen) #HWTITHR o7z,
Thbb, 794%—3, 412X VattBESEZFINL
72, BPRIGIZ&L D =¥ M) —~2 ¥ —pDONR221
WA L7z, RIZ, LREIBIZ X ) EHE S %
pUHRP11S-RNAIIZHi A L, pUHR: «-RNAi%ZE# L
7= (Fig. 1b).
BIEFHEICKL 2 KER Bl

BT & 5 KO E R IEEL-Shemy 5712 5¢
WITZR o720 KRE (W [Jack]) DORATED S FHE
L 72 R IZ 78812 & ) pUHR: o« -RNALZ A
L, "M rua<A L 5ERO%, WEmIRAER
7. RREERA R R (FNL0S3S3)Y
WAL, 25H MRS 72, K L 7oA el & w2l
S, BELROVERRMEYE (T) ~LFEESE
7z,
SDS-PAGEL LU I RAJOAY T 42T

WANRERB LU0/ AHEO MBI B LU
SDS-PAGEIIREEE D HE & RAEIAT R 727 v
ALY YTy T4 YT p-ary ) v = a, o
BH 7=y MILEB LW ¥ = VilLiEE AW
7z.
a't71=v FmRNADEE

A %2 IR 20 5 NucleoSpin RNA Plant¥ v b
(Macherey-Nagel) ICX YRNAZFHELL 72, o914~
—5, 6 (Tablel) BXUMGB7u—7 (5-FAM-
AGCCAGATACCTAGTCAAG-MGB-3") #7217
V& A LAPCRETe' 722y PmRNAD=E %KD,
18S rRNA mRNA#H (Pre-Developed TagMan Assay
Reagent-Eukaryotic 18S rRNA, Applied Biosystems)
THEEAL L 72,

Table 1. List of primers

Primer 1 5-AGAAAGCTGGGTTTCCTTGCAGGTTCGAAAGACAATGTGA-3
Primer 2 5-AAAAAGCAGGCTCATAGATGGAGCTCAAGTCATAGTTAAATAG-S
Primer 3 5-GGGGACAAGTTTGTACAAAAAAGCAGGCT-3'

Primer4  5-GGGGACCACTTTGTACAAGAAAGCTGGGT-3

Primer 5 5-GCAGGTTCGAAAGACAATGTGA-3'

Primer 6 5-GCTGAGCATCCACAAAGTAGGAC-3

Primers used in this study are shown. Italics indicate
adapter sequences.
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BREER

BEFHARNAIT AT 1 2 —2 3 N7 4 —DERK
P IZ BV CRNAIR FEATT 5 121E, ~TEVE
dsRNAZ S B § % a1 % MR8 AT 5 O — %)
THbHY., N7 Y UHASRNAD AL, V) oh—i
FlOM I AENEF Z2 T v FE ALty 2D EIC
Bkt LB T2REL, HWE T 54E SRHIE
CTHHEES., RNAIARZ ¥ —ICHX T 5ME T
BB Y % E AT 5 FHEE LT, Invitrogent:d
Gateway > A7 ADHBICFIH SN TWA, AHFZEIC
BWTH, Gateway Y AT LA FHT B354 F1) —x
2 % —pHTGWIWG2(1P7> 5 N7 ¥ BldsRNAD A
W dsRNAT — 71 ¥ ZHIs & BIn THH~NT ¥
—pUHRMZH L7z, 512, dsRNAZ—7 1 ~ 7'4H
Wo LRICEEFRRAEHz b 6T 7Y v = v
gy2 70— % —9%#kE L7z (Fig. 1la, pUHR:P11S-
RNAI).
BREARERICETZp-a> TV =1Ly
KEDEBELRBTE -AHED D THLH -0~
7F) = iE 3oy 7=y b (a, o', pH 7
2=y b)) PHEETS. pH T =y FcDNADHIER
FEIRIL @, o7 2= FcDNAX D #50.5 kbpii 245,

(a) pUHR: P11S-RNAi

COEBERLE3IEOT Ty FE ORI
cDNAL XV TEOW%LL E EEW10, 5D L b,
S DBIETHVEELTVDLEEZONLKTIZBEW
T, BT ESKIED 58 L 728 iE T 053 %
RNANZ & ) —#5 L THIHIS 5 2 L ATTRED &) 23k
THELLTR-ay 7)== 3@ L5, i,
B-a ) Y= VIIHF TR AN ERICE
WTHER LY, SDS-PAGER YT A% 70y T4
I o T33Oy Ty NERSICHRITE S
ZEhL, BTOETFTNRE L TRERE v 728
{bo@EH T 5 ETd@E LTS, 22T, g-2
VTN YD T =y FmRNAOFIRRAE RS X
O3 JERNER AE I8 U 5 30088 3 2 My & LT, 2
DO % cDNADSPCRICEDVHMIELZd D%
pUHR:P11S-RNAiIZ§f A L, pUHR:«'-RNAi% 5 L
7z (Fig. 1b).
HIEF#3:12 & W pUHR: o -RNAI % EA L - E iz
BARER (o -RNAIRER) 2R L, T4 IHms
W7o, M L EETEAN (AU M) LB
WEERAER T R L CHBNICFNLE 1Y TRt
T % LIRS, RO 8% FNLOS3S35; #19 € p it
S, 25H HIZ o« “RNARAAER DS 72 AHE %
H L7z, SDSPAGEBI UYWAY 70y T4 7IC
L BB OFER, HEREICBW T T 2=y bD

@ R1|cch|R2| Linker [R2[ccaB [R1] T355
puC19
(b) PUHR: a '-RNA
<oEP «'300
=) i [ T [

Fig. 1. Maps of RNAi vectors for particle bombardment-mediated transformation. (a) A map of GATEWAY
destination vector, pUHR:P11S-RNAi. The GATEWAY cassettes for introduction of the fragment of
interest were placed in opposite orientations at each end of a linker sequence. ccdB (control of cell death)
gene, which is lethal in E. coli, is used to ensure recombination at the both GATEWAY cassettes. The DNA
sequence encoding the hairpin RNA is controlled by the promoter of the glycinin gy2 gene (P11S).
pUHR:P11S-RNAI also contains a hygromycin phosphotransferase gene (hpt) and red fluorescent protein
gene (DsRed?2). P35S, CaMV 35S promoter; Tnos, terminator of the nopaline synthase gene; R1 and R2,
attachment sites for the LR recombination reaction. (b) A map of pUHR: «'-RNAi. A 300-bp DNA fragment
of the «' subunit gene of soybean 3-conglycinin was inserted in the vector in opposite orientations at each

end of a linker sequence.

22

KE7zABEME Vol 11(2008)



LREME 2 REFR L7z (Fig. 25 «-RNAi 1-2, 2-1, 2-3
3-1, 4-3, 4-5). F72, IN5D o -RNAKBAEN
Tl aBLURH7T12=y bOERES FERIZHIHI S
Tz, FEEE, REROBMERICBWT, p-a v
7)Y = OFBERITHENTD ) — DO EE LTI
FABRBECTHALTZ) Vo EET LI &R/ L.
FRLOBEL L 72 o -RNAIRNERTIE ) ¥ = V23
LTWwizZ ehb, BAKA TG RIzOICg-ar s
VY= VOEREPRT LTV b TIRRL, Zh
S OHERMPIFRIITMHI S hzbDLEZ 5N,
«-RNAIARERICBIT 2 3-av7) = v 0¥
RIS =oALy vy ZIE B0 ) Ik
MRET 572012, WAL 72« -RNAIANER (RRFE
512, 31, 45) B0« 7 1=y FmRNARZ Y
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Fig. 2. Suppression of the accumulation of j -
conglycinin in mature somatic embryos
transformed with pUHR: «'-RNAi («'-RNAi
somatic embryos). Protein extracts prepared
from mature somatic embryos of the indicated
transgenic lines were subjected to SDS-PAGE
(30 ug of protein per lane, top panel) and to
immunoblot analyses (21 ug of protein per lane)
with antisera specific for the indicated subunits
of B-conglycinin or for glycinin (internal
control). Mature somatic embryos transformed
with the empty control vector, pUHR, were also
examined (Vector), as were nontransformed dry
seeds (lane N). The positions of the «', «, and 3
subunits of S -conglycinin as well as of
proprotein (p) and acidic and basic chains of
glycinin are shown on the right.
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TNEALPCRICE Y ER L7z, ZOfE, Thoo
WA ERIIBIT S o' 722y PmRNARIZ,
dsRNAZ — 7« ¥ JHIB A G E R WERY ¥ — %8 A
L7BERBEAERE KB L T3 % TTH o7z
(Fig. 3). ZoZehs, V—=vH ALy 7k
Dp-arr) vyt 7Ty OB/ S
N, BHPEULZ e BLU R 722y FOEHED
FEEICHRI SN2 bDEEZ NS,
BFCsH3p-aIU 0Ly
BARERICBW T = ALy 7L B
B-a Y7 v = v OFERIHNMERR S 7z o -RNALR
M OCRMEST 112, 3-1, 45) 122V, NEKE K
P, WP FESEZ. IhsofimiRIck
FELALTHET DS 72 AHE 2 i LSDS-PAGE T##r
L7cbZs, ERFTWIIBVTR-a 7)) v=r0f
TOHTL=y P OEFEIIERIHOF L I S
NTWLTHEFORB 2R LL (Fig.4). 22Tk
a'-RNAI 3-1RHEDFER AR L7z, SR/ E DRI L
RETORFIZBWTR-av 7Y Y=y OFER/IW
HENT2DIFTIEZ WA, ZhETH#RICBW T3
ABIEFEET VT () 25T 2720TH
b, HMAICBWThp-av /)y 3 YT
Zv POEEIIHI SN 006, LEOBEETH
EHELTWLEHEESINERTIZBWT, HAEOE
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Fig. 3. Silencing of the «' subunit gene in mature «'-
RNAi somatic embryos. The amount of «'
subunit mRNA was measured by quantitative
RT-PCR analysis in mature somatic embryos of
the indicated transgenic lines. Data were
normalized by the corresponding amount of 18S
rRNA and expressed as a percentage of the
normalized value for embryos transformed with
the empty control vector, pUHR (Vector). Data
are means + SD of triplicate samples.
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Fig. 4. Reduction of p-conglycinin in T, seeds of «'-RNAi
transgenic soybean. Protein extracts (20 xg) of T,
seeds harvested from the regenerated plant of
the «'-RNAI transgenic line 3-1 were subjected to
SDS-PAGE. Each numbered lane corresponds to
a different seed. Nontransformed seeds were
also examined (lane N). The positions of the «', «,
and S subunits of 5-conglycin as well as of the
acidic and basic chains of glycinin are shown on
the right.
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