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Abstract As an initial step to clarify the role of individual floral scent chemicals in Mitella-fungus
gnats pollination systems, I examined which part of the flower the volatiles were emitted from in
M. pauciflora and M. furusei var. subramosa. Using solid-phase microextraction (SPME) method
with flower samples separated for petals, anthers, and the rest, I found that the emission patterns of
volatile compounds were different among samples. In M. pauciflora, f-caryophyllene was emitted
mainly from petals, while linalool was emitted mainly from the flower parts other than petals. In
M. furusei, the principal volatile compounds, lilac aldehydes and lilac alcohols were emitted from
the flower parts other than petals. Because these patterns probably reflect the floral adaptation to
optimize the way they interact with animals, the present finding will give some insights with the
roles of individual volatile compounds for the Mitella-fungus gnat pollination systems.
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Floral scents are the mixture of volatile com-
pounds that are considered one of the key signals
to influence flower-visiting animals in the way
they interact with the flower. Specifically, floral
scents are known to have dual functions, i.e.,
attractant to obligate flower visitors that mostly
act as pollinators, while repellent to facultative
flower visitors that often act as antagonists
(Junker and Bliithgen, 2010). Although the func-
tions of individual floral scent compounds are
largely unknown, not all compounds emitted by a
flower necessarily contribute to pollinator attrac-
tion (Friberg et al., 2013), and the responses of
the animals to flowers are dependent on the qual-
ity and quantity of the floral scents (e.g., Terry et
al., 2007). Therefore, as an essential reproductive
organ, it is reasonable that a flower emits differ-
entiated compositions of scents in different part
of flowers to optimize the behaviors of flower-
visiting animals. Nevertheless, we still have a
limited knowledge on how floral scents are emit-

ted differently among specific floral structures
(but see Détterl and Jiirgens, 2005 and Friberg et
al., 2013).

The genus Mitella section Asimitellaria is a
plant lineage that has specific interactions with
pollinating fungus gnats (Okuyama et al., 2008).
In Asimitellaria, floral scents are strongly associ-
ated with their interactions with different species
of pollinators, i.e., long-tongued fungus gnats
(Gnoriste mikado) or shot-tongued fungus gnats
(Boletina spp. and Coelosia spp.) (Okamoto et
al., 2015). Among the floral scent compounds
found in Asimitellaria, a stereoisomeric set of
lilac aldehydes is likely to determine the pollina-
tor specificity by eliciting nectaring behavior of
G. mikado while repulsing short-tongued fungus
gnats, whereas the functions of other compounds
are less understood (Okamoto ef al., 2015).

Toward a better understanding of the role of
individual floral scent compounds, here I exam-
ine if there is a tissue-specific pattern of floral
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Table 1. The plant individuals used in the present study
Plant ID Population of origin
M. paucifiora MP-NSS1404 Saruhachi, Sado city, Niigata pref., Japan
MP-STW1501 Tsuwano town, Shimane pref., Japan
MP-STW1502 Tsuwano town, Shimane pref., Japan
MP-STI1502 Takairi fall, Yasugi city, Shimane Pref., Japan
M. furusei MSU-KO1507 Koryo-cho, Izumo city, Shimane pref., Japan
MSU-CH1501 Chomonkyo, Yamaguchi city, Yamaguchi pref., Japan

scent emission in M. pauciflora and M. furusei
var. subramosa, a pair of closely related species
of Asimitellaria with contrasting floral scent pro-
files associated with the differentiated pollination
systems.

Materials and Methods

Four individuals of M. pauciflora and two
individuals of M. furusei var. subramosa, culti-
vated in Tsukuba Botanical Garden of the
National Museum of Nature and Science, Japan,
were used (Table 1). Floral tissue, peduncles,
petals, and anthers, were collected from 3-7
flowers (02 days after blooming) and placed in
a 1.5mL glass vial with silicone-septa (Shi-
madzu, Kyoto, Japan). Volatile compounds were
collected for 30 min using head space-solid phase
microextraction (SPME) with fibers of 100um
Polydimethylsiloxane (PDMS) or Divinylbenzene/
Carboxen/Polydimethylsiloxane (DVB/CAR/
PDMS). All the plants used in this study are cul-
tivated in Tsukuba Botanical Garden of the
National Museum of Nature and Science, Japan.
The samples were subjected to the GC/MS with
the equivalent settings to those reported previ-
ously (Okamoto et al., 2015). Specifically, we
used an Rtx-5SiIMS capillary column (30m X
0.25mm; film thickness, 250 um; Restek, Belle-
fonte, PA, USA). Helium was used as the carrier
gas at a velocity of 48.1cms ™!, and the injector
temperature was 250°C. The injector was oper-
ated in the splitless mode for 1 min. Electron ion-
isation mass spectra were obtained at a source
temperature of 200°C. The oven temperature was
programmed to the following sequence: 40°C for
Smin, followed by an increase of 5°C/min to

210°C and then 10°C/min to 280°C, at which the
oven was held for 5 min.

For every volatile compounds, retention indi-
ces were calculated with n-alkane (C9-C20)
standards. Then identification was made by com-
paring the mass spectra and the retention indices
with those reported in the NIST Chemistry Web-
Book (Linstrom and Mallard, 2012), Boachon et
al. (2015), and Elsharif et al. (2015).

To distinguish volatile compounds of flowers
from those of the damaged or vegetative tissues,
the volatiles from the peduncle samples in M.
pauciflora and M. furusei var. subramosa were
used as the control. The volatile compounds only
detected in the flower samples were regarded as
flower-specific volatile compounds.

Results

Evaluation of SPME fiber for sensitivity to floral
volatiles

Compared to PDMS, the use of DVB/CAR/
PDMS for SPME fiber could retrieve more floral
scent compounds. Specifically, PDMS failed to
detect 2-hexenoic acid methyl ester in a flower
sample of M. furusei var. subramosa (Fig. 1A
and B). Therefore, hereafter 1 analyzed the
tissue-specific floral scent profiles for all the
samples using SPME with DVB/CAR/PDMS.

Compartmentalized patterns of floral scent emis-
sion in Mitella

In this study, I detected 9 and 12 flower-specific
volatile compounds in M. pauciflora and M. furu-
sei, respectively, where all but one (2-Hexenoic
acid methyl ester) were terpenoids (Table 2). In M.
pauciflora, the dominant compounds of floral
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Fig. 1. Chromatograms of the volatile samples collected from different parts of flowers of M. furusei individual

MSU-KO1507 under the same tuning conditions. The peak marked with numbers are the flower-specific vola-
tile compounds. 1: 2-Hexenoic acid methyl ester. 2: (£)-f-ocimene. 3: linalool. 4: lilac aldehyde isomer 1. 5:
lilac aldehyde isomer 2. 6: lilac aldehyde isomer 3. 7: lilac alcohol isomer 1. 8: lilac alcohol isomer 2. 9: lilac

alcohol isomer 3. 10: lilac alcohol isomer 4. 11: 8-oxolinalool. 12: a-farnesene. A: Whole flowers (using
PDMS for SPME fiber). B: Whole flowers. C: Petals. D: Stamens. E: Petal- and stamen-removed flowers. For
B-E, DVB/CAR/PDMS was used for SPME fiber.

scents were linalool and f-caryophyllene, while in
M. furusei, those were lilac aldehydes and lilac

alcohols. Although there was substantial variation  previous study (Okamoto et al., 2015).

of volatile composition among individuals (Table
2), these observations were congruent with the



Yudai Okuyama

80

*(ST0T) 7P 12 uOYIEOY WO SeM WNIOAAS SSEUW ADUIAIY

00g QI Anstwdy) ISIN Y Ul Xdpul 3 partodar A[snorasid pue saLIBIQI] 9y} Ul 350y} 0) Wnndads ssew Jo (9,06 <) ALeiuis £q paynuapy,

“yoogqap Anstwoy) LSIN Yp ul Xapur [y papodar A[snorasid pue saLeIqr| ) ur 9oy} 0} wnxodds ssew Jo (%6 < ) AJe[Iuis £q paynuopy

“UWN[O9 [ISG-XIY ) UO SOUBN[E-U 0} ATIR[T SIIIPUT UONUINY ,

— — — woe — 9L'0 9¢6 — — — — — — — - — — — €96 (10159 [AYIAUI PIOE AIOUOXIH-T
soneydiry
sTs — — o6vec — €90 8y — — — - — — — — — - — — C0SI qOUDSAUIR}-0
— — - - - —  — S6'1 —  — — — — — —  — — —  8L¥I (0 PUaIoBULIdH
— — - - — —  — — — — — — — — 8%'0 LI'E 34 LT 9syl qRue[MUNH
(2urd3pun[(°ZL]o[Ad1gaud K
— — - - — —  — — — — — — — — L97T IS¢ TLO 9Pl -WRWIp-9 - IAPaWIq-01°0T
- — - = — - = = = = — 00001 — 6T 86'SI 96 IL08  00T6 1THI Pualydokie)-¢
- — €€'¢ - = = = — - — — - = — —  09€1 JlooreutjAxoIpAy-g
66'¢ vee — — €0 — — —_—  — — — — — —  — — —  6tgl plOO[BUI[0XO0-
— — —  — €79 L9'¢ 660 — — —  — — — — — - — — — Tl o JOWOST JOYOJ[E J'[I']
6€91 0I'Cl  T8IT 0961 LS6F LLTT SS90 — — — — — — — - — — — 80CI o€ 1OWOST JOYOJ[e JB[I']
— — wlr —  6f9 L8 — — - — — — — — —  — — — 90¢I oC 1oWOST [oyod[e JB[I]
— sce €§$r — vy we  — — — — — — — - — — — 96l1 o[ 1OWOST [0YO2[. JBI]
— — - - — —  — —  ¥O'IC LT8 8L'1 — — — — coll qlosurdiar-n
— 816 09 — 99%¢ 09 e — — —_—  — — — — — —  — — — 0911 »€ 1OWOST dpATOp[E JB[I'T
— osvc 0S¢l — T6vl  TEPI  vE8T — — —  — — — — — - — — —  SPII »C 10WOST dpATOP[E JB[I'T
— P8¢ 8T¥r — 00€l  6€1C  0S9C — — — — — — — - — — — LEII »1 10WOST 9pAYap[E JB[I'T
9¢'8L  ¥S°6 89°¢l 6¥'0C — 9¢’€l  08°Cl 988y CTL'L6 L¥'IT €L'16 STL8 — — 80°L6 ¥SE8 — SEYL  L9°E 8601 qloofeur
— — - = = LLO ar — — — — — — — - — — —  9¢0I PUOUIO0-4/-(77)
— — - - — — PI'IS ¥€0 €TYS — 6C°6 — — — —_ — 680 6201 ql01dATeonyg
— — - — - —  — — —  — 00'1 — — — —  — — — 686 PUOIAN-¢
— — - - — —  — — 9Tt — 890 — — — - — — — 0¢g6 qouRUld-0
prouadio],
(panouwas (paAowar (porowas (paAowar (pasowar (ponowa
[eed  1ed) omoy [e10d uowe)S UowEls oMoy [erd (ed)  eRd uowelg ouels [e1Rd uowe)s UoElS omoy ferd  1eed) omoy
SILNY pue [ed) djoym pue [e1ad) pue [exd) djoym SICLIINY
10MO] 10MO[ 10MO[
IOMO[] 1OMO[ ] IOMO[ ] I punodwo))
T0STHO-NSIN LOSTOM-NSIN COSTILS-dIN COSTMILS-dN 10STMLS-dIN PO TSSN-dIN

DSOWD.IGNS “TeA 12SNAnf Py

v.opfionvd

(94) syunowe 9Ane[aI se passardxa sojduwres parpmys oy Jo spunodwiod Juads [eI0[] ‘7 9[qeL



Compartmentalized Floral S

cent Emission in Mitella 81

A
. 3

> M. pauciflora whole flower

2207

c

3

S

r— 7

% 10" |

@ o .S
B .

2 M. pauciflora petal ,

[2]

§20°

=

a0’

2

n 45
C

> M. pauciflora flower (petal removed)

220" |-

38

= 3

<10 -

c

=)

an i ' 45

10 20 30
Retention time (min)

Fig. 2. Chromatograms of the volatile samples collected from different parts of flowers of M. pauciflora individual
MP-NSS1404 under the same tuning conditions. The peaks marked with numbers are the flower-specific vola-

tile compounds. 1:
clo[7.2.0]Jundecane. 5: humulene. A: Whole flowers. B

A subsequent comparison among the floral
parts revealed that there is a clear pattern of tis-
sue-specific floral scent emission. In M. pauci-
flora, p-caryophyllene, if present, was emitted
mostly from petals, while linalool was not (Fig.
2B). As the result, the petal-removed flowers
emitted much less S-caryophyllene, compared to
the intact flowers (Fig. 2A and C). This pattern
was common between two individuals that emit
f-caryophyllene. The stamens emitted little or no
volatiles (Table 2). In M. furusei, volatile emis-
sion was very weak in the petals, and only four
flower-specific volatiles, linalool, lilac alcohol
isomer 3, a-farnesene, and 2-hexenoic acid
methyl ester were detected in small amount (Fig.
1C). The stamens emitted lilac alcohols and lilac
aldehydes in small amount (Fig. 1D). Accord-
ingly, the petal- and/or stamen-removed flowers
had similar compositions of volatiles with the

eucalyptol. 2: linalool. 3: p-caryophyllene. 4: 10,10-dimethyl-2,6-dimethylenebicy-
: Petals. C: Petal-removed flowers.

intact ones (Fig. 1E, Table 2).

Discussion

In this study, I revealed the patterns of com-
partmentalized volatile emission in flowers of
two species of Mitella. Although similar patterns
have also been reported in Lithophragma, a
closely-related genus of Mitella, there is an
apparent difference between the two genera. In
Lithophragma, the tissue-specific patterns of vol-
atile emission were observed mainly between the
benzenoids and terpenoids (Friberg et al., 2013),
each of which are biosynthesized by different
metabolic pathways. In Mitella, however, such
the patterns were found in the same class of com-
pounds, terpenoids.

Specifically, in M. pauciflora, -caryophyllene
was emitted mostly from petals, although there
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was a clear pattern of polymorphism for presence
or absence of the compounds even in a single
population (Table 2). In the previous study, a sig-
nificant association between p-caryophyllene
emission and pollination by short-tongued fun-
gus gnats has been detected (Okamoto et al.,
2015), suggesting that the compound has some
roles for pollination by these insects. By contrast,
there was no volatile compound specifically
emitted from the petals of M. furusei. The petal
of the genus Mitella is characteristic in its
pinnately-cleft, linear morphology, and its
role as the pollinator's footing has been sug-
gested although not demonstrated experimentally
(Okuyama et al. 2004). Field experiments with
manipulation of the petals and other flower parts
will elucidate the functions of S-caryophyllene in
the pollination system.

It is also noteworthy that lilac aldehydes, a set
of key volatile compounds associated with polli-
nation by Gnoriste mikado, were emitted mainly
from the flower parts other than petals. Because
the behavioral bioassay have revealed that the
lilac aldehydes stimulate nectaring behavior of
G. mikado, the present finding suggests that the
compounds function not only as the attractant but
also as the fine guide for the long proboscis of G.
mikado for successful pollen transport. Using
SEM, a cluster of bumps at the base of pistils is
visible in the flowers of Mitella (Y. Okuyama
unpublished data). Whether or not it corresponds
to the osmophore, i.e., a glandular floral tissue
from which volatile compounds evaporate, where
the lilac aldehydes are emitted would be of inter-
est for the future study.
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