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Genetic analysis for alteration of essential oil fragrance in lavender
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In order to alter the fragrance of essential oil of lavender, we conducted two maj
or works; 1) construction of the SSR marker, and 2) production of transgenic plants with limonene synthase
gene. The results of these works are as follows. 1) Eleven primer pairs of SSR markers were constructed.
There markers could distinguish species among section lavandula, while only a few of them could be availab
le to identify other species except for section lavandula. 2) In transgenic plants with 35S-driven limonen
e synthase gene (LIMS), overexpressed LIMS increased not only limonene but also other cyclic monoterpenoid
production in vegetative leaves, while suppression of LIMS expression reduced their total essential oil p
roduction, including the dramatic decrease of limonene, linalool, and linalyl acetate, in florets of the r

eproductive stage. These results suggested that transgene expression differed by organs.

SSR



10 20
SSR
SSR
' DNA
Nunome et al. (2006) CA
GA SSR
SSR
96
SSR SSR

PCR

GENBANK
(LIMS; accession No.
DQ263740)
(LINS; accession No. DQ263741)
RNA LIMS LINS
CDNA CDNA

pRI101-AN (Takara Bio)
Agrobacterium tumefaciens LBA4404

A. tumefaciens LBA4404

PCR
LINS
LINS

MRNA

RT-PCR

GC

GC-MS

SSR

2 SSR CA
93 GA 94
187
CA 53 (57%)

GA 57 (61%) 110
(59%) 5

SSR 1 CA
GA SSR

SSR
GA
90
SSR
SSR
51
PCR DNA
42
DNA

1kb DNA



30

DNA
11 11
Lavandula 6 19
7
9
LAMS33 9
8
4
2
Lavandula
lavandula L. stoechas L.
canariensis DNA
L. canariensis 2
1 DNA SSR
CA/GT 93 53(57) 16(17) 6
GA/CT 94 57(61) 35(37) 5
187 110(59) 51(27) 11
)
F
3
. , ‘ 3
2
F
100
. 3 7 ox
Agrobacterium
30
LIMS
( LIMS ) 1659
22
1.3% « 2 )
LINS ( LINS ) 2259
24
1.1%
«c 2 )
2 A tumefaciens
(%)
PRI 101 AN(LIMS)/LBA 4404 1659 22 13
PRI 101 AN(LINS)/LBA 4404 2259 24 11

LIMS LINS
3 PCR
LIMS
NOSP NPT DNA
1
LIMS
1
LM-3
1)

A B LM-1 C LM-3 D LM-8
GPP
LM-3
LINS
LINS

LINS

LINS « 2 )
2.0 2.7

¢ 3
LINS

(r=0.96)
a_

10

LM-1
2 . LIMS

LM-3
LIMS

LM-8

LINS LINS



3  LIMS
(ug/g FW.)2
LM-1 LM-3 LM-8
a- 57.7%3.2 144.6+20.6*° 172.0428.0% 108.2411.0%
459438 99.8+7.9* 98.9+11.4* 73.0+4.6*
R- 48.2+4.5 100.1%24.1 150.2421.7* 68.1£14.6
3- 92.010.9 196.7-44.0 197.8:25.1 175.8£48.8
55.6£4.5 150.2419.7** 149.0415.4* 112.0+18.8*
1,8- 603.0+33.6 1373.7+256.8" 1985.8+337.8" 883.4153.7
15.7+8.2 206.6+46.2" 36.0+3.4 67.9423.0
6234485 1565.9::63.9* 17.94:8.6" 1228.8::103.8*
304.9:725 1248577.0%  30859:661.1°  1033.0143.5"
a- 51.948.2 162.1432.4* 235.8+43.8" 108.6+30.0
R- 16.62.8 95.8+9.8"" 131.834.2% 74.7%25.9
1915.3::188.7  5344.0::500.5"  6261.0+1126.3"  30933.4:-:449.8*
45
4
35 F
3
25 F
2
15 |
L L L
LN-1 LN-3
3 LINS LINS
4 LINS
(ng/g FW.)*
LN-1 LN-3 LN-5
a- 52.86.2 44377 64.5+6.8 38.6+5.5
44.0+3.3 29.2+5.0 48.2+43 40.9+5.3
[ 40.3+4.8 33.3+6.2 40.146.5 22.743.1%
3- 87.1+8.6 60.5+9.6 56.211.0 26.145.3*
50.2+4.0 49.549.2 75.3+10.3 48.0+7.4
18- 516.0-:55.4 375.8+73.9 531.2::103.0 475.2+51.1
9.2+1.7 32.1+7.3% 55.2413.0* 92.7+410.3*
529.8+45.1 308.5+58.8 617.4+124.1 726.4+53.0%
226.0+8.4 297.2+46.0 448.1465.8* 977.7441.4%
a- 38.0+6.8 43387 64.614.2 46.142.9
R- 115423 27.945.9 247484 33.9+3.2*

1604.7+124.9

1301.6+236.7

2025.54355.3

2528.2+185.5*%

LINS

LM-8
LINS

0.1 0.3

LINS

LIMS

LINS

LINS
LIMS

78%
LINS

1.

LM-3

358

14
12
1
sk | -
06 ™ | [ .
04
wokH [ |
0 . . .
LM-1 LM-3 LM-8
4 . LIMS PCR
D LIMS I:I LINS
5 LIMS
(Hg/g FW.)2
LM-1 LM-3 LM-8
a- 76121 63.5+15.4 411330 69.3£13.2
90.00.8 91.94+13.4 60.742.9* 89.7415.2
B- 80.7+4.4 44,0125 33.03.4" 73.1%15.0
165.245.3 124.4433.1 63.07.9" 104.2+19.8*
1,8- 1272.9488.5 925.6+120.0 824.2+26.2" 1137.74+269.2
(E)- 878.6+109.8 395.1+119.5* 151.4+48.6"" 354.673.7"
(2)- 533.1444.5 465.9496.8 146.2:4042.7* 42234759
9462.9+401.9 2822.4:4629.2** 1763.2:296.6* 1242.8+166.3"
1449.8+33.0 1420.3206.7 139.8+19.0* 989.0+121.9*
1180.6:63.3 822.7+67.0 1818.0135.7* 1139.74212.0
a- 360.1+49.7 159.7438.4* 61.7+7.8" 102.149.3*"
3097.24353.0 1269.74209.0* 466.5493.6* 495.1496.4*
263.2428.3 126.0£25.7 58.346.4"" 228.5444.3
B- 228.4+42.2 130.025.3 55.8£13.1% 80.6420.7*"

19138.7+882.3 8860.4+1561.6*  5682.9+613.3"  6528.5%1132.0"

SSR F, F,

M. Tsuro and S. Asada (2014)
Differential expression of limonene
synthase gene affects production and
composition of essential oils in leaf



and floret of transgenic lavandin
(Lavandula X intermedia Emeric ex
Loisel.). Plant Biotechnology Reports
8: 193-201.

. M. Tsuro, A. Sakuma and M. Mino (2013)
In vitro evaluation of small RNA
accumulation in chrysanthemum mediated
by chrysanthemum  stunt viroid.
Environmental Control in Biology 51:
95-98.

(2012)
11: 411-416.

. Y. Mimura, T. Inoue, Y. Minamiyama and
N. Kubo (2012) An SSR-based genetic map
of pepper (Capsicum annuumL.) serves as
an anchor for the alignment of major
pepper maps. Breeding Science 62:
93-98.

. R. Nakatsuji, T. Hashida, N. Matsumoto,
M. Tsuro, N. Kubo and M. Hirai (2011)
Development of genomic and EST-SSR

markers in radish (Raphanus sativusL.).

Breeding Science 61: 413-419.

. M. Tsuro and H. lkedo (2011) Changes in
morphological phenotypes and essential
oil components in lavandin (Lavandula X

intermedia  Emeric ex Loisel.)
transformed with wild-type strains of
Agrobacterium rhizogenes. Scientia
Horticulturae 130: 647-652.
(2011)
10: 303-308.
11
(2014)
26 26 3 29-30
(2013)
168
25 10 12
(2013)
25

25 9 21

10.

11.

(2013)
SSR
25 25 9
21
(2013)
25 25 9 20
(2013)
25 25 3
23-24
(2013)
25 25 3 23

. S. Asada and M. Tsuro (2012) Chemical

composition of the leaf essential oils
from lavandin transformed with Iimonene

synthase gene. 43rd International
Symposium on Essential Oils 24
9 6-7 (Lisbon, Portugal)
(2012)
24
24 3 28
(2011)
In vitro
(Csvd)
23 23 9 25
(2011)
23 23 9 25
0



€Y
TSURO MASATO

40419774

@
MINAMIYAMA YASUHIRO

00463266

®



