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Abstract Onion plants form spherical bulbs under long-day conditions. Substances regulating bulb formation remain unknown. In the course of chemical studies
on the bulb formation, a-linolenic acid was isolated from onion extracts as an antibulbing substance, the amount of which was synchronized with the bulb formation.
Since allene oxide synthase inhibitor canceled the antibulbing activity of a-linolenic acid, it was disclosed that jasmonic acid concerns this regulation. Structure-ac-
tivity-relationship study revealed that its (3R, 7S) stereochemistry is necessary for showing its antibulbing activity. It is concluded that (3R, 7S)-jasmonate de-
rived from @-linolenic acid actually participates in the regulation of bulb formation.
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Onion plants form spherical bulbs under long-day condi-
tions'' ', The formation results from swelling of leaf sheath cells
under the control of their cortical microtubules” . It has been
proposed that gibberellins work as antibulbing substances and reg-

=71 because gibberellins can stabilize

ulate the bulb formation
cortical microtubules oriented transversely. However, quantitative
analyses of gibberellins could not provide the direct evidence es-
tablishing this proposal, since its endogenous levels in long day-
grown onion plants in which bulbs are formed were higher than
those in short day-grown onion plants™ . Therefore, none have
achieved to a satisfactory conclusion.

We have succeeded in the isolation of a-linolenic acid from
onion extract as an antibulbing substance, the amount of which
synchronized with the bulb formation. Further, it was revealed
that biosynthetic inhibitor of jasmonate suppressed the antibulbing
activity of a-linolenic acid and methyl jasmonate exhibited the po-
tent antibulbing activity. These results have led to the conclusion
that jasmonates concern the bulb formation in onion plants as an

antibulbing substance. We described the detail in this paper.

Experimental Methods
General procedures

The NMR spectra were recorded on a Bruker AMX500 spec-
trometer in Hokkaido University and a JEOL JNM-ECAS500 spec-
trometer in Hirosaki University. The HREL/MS spectrum was ob-
tained on a Jeol JMS-AX500 spectrometer in Hokkaido University.
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The IR spectra were measured on a HORIBA FT-720 spectrometer
in Hirosaki University.

Linolenic acid, linoleic acid, oleic acid, stearic acid, and
methyl jasmonate were purchased from Wako Pure Chemical In-
dustries, Litd. Sep-Pak Cg cartridge and Inertsil ODS-3 column
were obtained from Waters Corporation and GL Science Inc. , re-
spectively.

Assay for antibulbing activity

Onion seeds (Allium cepa 1.. cv. Higuma) were sterilized for
4 h with 1% sodium hypochlorite solution and rinsed thoroughly.
Onion seeds were sown on in Murashige-Skoog ( pH 5.8, inclu-
ding 0.2% of gellan gum) plate medium™’. Seedlings were grown
for 2 weeks under 16 h photoperiod at 25 °C. Tllumination (2.0
mW/cm>) was provided by white fluorescent lamps. After 2
weeks, 3 cm segments of seedlings were excised for the assay,
while leaf tips and the roots were cut off. Subsequently, 20 pl of
methanolic additive solution was added to a culture flask. After
drying, the plate medium was prepared by pouring 20 ml of the
medium containing 3 x 10° M pacrobutorazole to the flask. Each
five seedling segments was transplanted into the medium and
grown under the same condition for 4 weeks. After incubation, the
diameters of bulbs were measured. Results are presented as the
mean obtained from ten plants + SD.

Identification of linolenic acid from onion leaves

Onion (Allium cepa L. cv. Higuma) seeds were sown in an
experimental farm at Hokkaido University on May 10, 2006 and
grown in the usual way.

Onion leaves (1 kg fresh weight) of June 22, 2006 were
soaked in 70% EtOHaq(3 L) for one month. After removing EtOH
in vacuo, the residual aqueous solution was partitioned between
hexane (300 ml x3), EtOAc (300 ml x3) and n-BuOH (300 ml

x3). The obtained fractions were concentrated in vacuo to give
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the hexane (5.8 g), EtOAc, n-BuOH, and aqueous fractions,
respectively.

The hexane fraction was separated by silica gel (100 g) col-
umn chromatography with toluene-EtOAc [3 :2 (0.2 L) —1:4
(0.2 L) ]. The fraction (1.2 g) eluted with toluene/EtOAc
(3/2) was further fractionated with Sep-Pak® cartridge [ 10 g,
MeOH : H,0 : AcOH (90 : 10 : 0.1)]. The eluent (45 mg)
was concentrated and subjected to HPLC [ Inertsil ODS-3, 20 mm
@ x250 mm, MeOH : H,0 : AcOH (95:5:0.1), 5.0 ml/min
flow, detected at 210 nm] to yield a-linolenic acid 4.0 mg. The
retention time (¢; =29.9 min) was identical to that of the authen-
tic sample.
Quantification of a-linolenic acid

The hexane fractions equivalent to 10 g of onion leaves were
prepared every week from June 15 to July 27. The fractions were
loaded with Sep-Pak cartridge [ 10 g, MeOH : H,0 : AcOH
(90:10:0.1)]. The resulting eluents were concentrated in
vacuo to give the crude materials, which were diluted again with
methanol (100 ml). The resulting solution was injected into the
HPLC instrument [ Inertsil ODS-3, MeOH : H,0 : AcOH (95 :
5:0.1), 1.0 ml/min flow, detected at 210 nm, 5 pl injection].
The amounts were quantified with peak area. Prior to the analy-
ses, calibration curve was prepared with authentic samples. Re-
covery ratios of these samples through the above procedures were
estimated to be 80% —95% by performing the same operations

using authentic samples.
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— — — 3

CO0Me
oLinolenic acid Methyl (3R, 79) - jasmonate
Fig. 1 Structures of o-linolenic acid and methyl (3R,7S)-jas-

monate.

Results and Discussion

It was attempted to detect the antibulbing activity of onion
leave extracts employing in vitro bioassay. The partition of alcohol-
ic extract of onion leaves (1 kg fresh weight) provided hexane,
EtOAc, n-BuOH, and H,O fractions. The hexane fraction exhibi-
ted the strongest activity at 1.5 mg/ml among them (Fig. 2). The
hexane fraction was subjected to several types of chromatography,
such as silica gel and ODS, to afford an antibulbing substance
(4.0 mg from 1 kg of fresh weight onion leaves). The spectral da-
ta (NMR, TR and MS) and HPLC profile of active substance were
in good accordance with these of commercially available a-linole-
nic acid, the antibulbing activity of which was detected at
0.29 mg/ml. Although a-linolenic acid has been known to show
several bioactivities, such as induction of tendril coiling of Bryon-
ia dioica’ and inhibition of in vitro N-1-naphthylphthalmic acid

binding'"", the present activity has not been reported.

Hex: hexane layer; EtOAc: EtOAc layer; "BuOH: "BuOH layer; H,0:
aqueous layer. The concentration of every extract was 0.1 g fresh weight
equivalent/ml.

Fig. 2 The antibulbing activities of four fractions from onion
leaves

It was focused on changes in the amount of a-linolenic acid
over the course of bulb formation (Fig. 3). Antibulbing activity
was first defined based on ratio of bulb diameter, which is given as
equation 1.
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Fig. 3 The time-course changes of antibulbing activities of onion
extracts and a-linolenic acid content in them during the
bulb formation

In 2006, the bulb formation of onion plants commenced in
our experimental field on late June and then swelling of bulbs dra-
matically proceeded. Onion plants (200 g fresh weight) sampled
every week from June 15 to July 27 were extracted with 70% aque-
ous EtOH. The activities of obtained extracts (0.1 g fresh weight
equivalent/ml) were examined employing in vitro bioassay. It was
found that the extracts harvested before bulb formation ( June 15
and 22) exhibited potent antibulbing activities (around 40% ). In
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contrast, the activities hardly detected (less than 20% ) from the
extracts harvested during the process (June 29 to July 27). Quan-
titative analysis employing HPLC [ Inertsil ODS-3, MeOH/H,0/
AcOH (95/5/0. 1) ] disclosed that the amounts of q-linolenic
acid until June 22 were sufficient (5.2 mmol/kg fresh weight) to
suppress the bulb formation, while the amounts after June 29 kept
low (around 0.7 mmol/kg fresh weight). Thus, the time-course
change of amount of a-linolenic acid was resembled with that of
the antibulbing activity in onion extract, suggesting that a-linole-
nic acid is responsible for the antibulbing activity in onion extract.

Gibberellins have been considered to be one of the most po-

121 a5 described above.

tential candidates for antibulbing substance
Then, it was investigated whether the activity of a-linolenic acid
has a relation to that of gibberellins. Pactrobutrazole (a gibberel-

lins biosynthetic inhibitor )'*’ at more than 10 pM treatment

i 50
g | A s
I 1,0 &

40
= 20
26t {4 &
2 2
I 0 8
5 - =
4 =

G

= 20 3
3 I 1 2
A I - :
B {103
a =
E
£

0 0

0 3 10 30
Pacrobutrazole Il M

suppressed the bulb formation (Fig. 4A). The amounts of a-lino-
lenic acid in these grown seedlings were quantified with similar
fashion as described above. The analyses revealed that its amount
decreased from 50 to 15 pmol/g fresh weight as the applied
amount of paclobutrazole increased. On the other hand, treatment
of GA3, which inhibited the bulb formation at more than 1.0 uM,
led to the increment of @-linolenic acid, the amount of which
reached 50 wmol/g fresh weight when 10 wM of GA3 was applied.
Thus, it was disclosed that the endogenous amount of a-linolenic
acid synchronized with that of gibberellins in plant. Taking the ac-
tivation of lipase by gibberellins into account'™ """, gibberellins
might control the bulb formation through the regulation of lipase
activity following the elimination of a-linolenic acid from cell
membrane.
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All media included 30 uM pacrobutrazole for removing endogenous gibberellins.

bar; diameter of bulbs, n =10; closed circle: quantified a-linolenic acid.

Fig. 4 The correlation of amount of a-linolenic acid with that of applied pacrobutrazole (A) and applied GA; (B)
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a: a-linolenic acid (1.0 mM) , b: 9,12-linoleic acid (1.0 mM), ¢: 9-
oleinic acid (1.0 mM), d: stearic acid (1.0 mM), e:
(10 uM) in the presence of a-linolenic acid (1.0 mM), f: (3R, 7S)-
isomer (10 uM), g: (3R, 7R)-isomer (10 pM), h: (3S, 78)-isomer
(10 uM), i: (3S,7R)-isomer (10 pM). n =10. All assays were per-
formed in the presence of 30 wM of pactrobutrazole.

miconazole

Fig. 5 Structure-activity-relationship study of a-linolenic acid and
methyl jasmonate

It was next focused on the structure-activity-relationship study
of a-linolenic acid (Fig. 5A). 9,12-Linoleic acid showed as same
strong activity (60% ) as a-linolenic acid did (62% ), whereas

9-oleic acid and stearic acid showed weak (28% ) or no activities

(8% ), respectively. These results suggested that divinyl methyl-
ene moiety in a-linolenic acid is important for exhibiting the activi-
ty. This moiety has been known to suffer the oxidation easily dur-
ing biosynthetic process. Various metabolites called oxylipins,

P70 traumatin® 7' | and 9-hydroxy-10-

d[zs-zs]

such as jasmonic acid'
ox0-127,157-octadecadienoic aci , are derived from o-lino-
lenic acid. Considering that divinyl methylene moiety in q-linole-
nic acid is important for showing the activity, it is supposed that
some oxidative metabolite derived from a-linolenic acid actually
participates in the bulb formation. Among them, we directed our
attention to jasmonic acid, because tuberonic acid ( 12-hydroxyjas-
monic acid) has been known to concern with the swelling of the
potato cells as a tuber-inducing substance ™’ .

Then, it was examined whether miconazole, an allene oxide
synthase inhibitor " | affects on the bulb formation. The applied
miconazole (10 wM) diminished the antibulbing activity of a-lino-
lenic acid (1.0 mM, 62% to 20% ) , suggesting the participation
of jasmonic acid in the process. Commercially available methyl
jasmonate usually used in biological studies are equilibrium mix-
tures containing the major isomer (95% ) with the trans side
chains and the minor isomer (5% ) with the cis side chains. The
cis-isomer is believed to be the initial product formed in the bio-

synthesis of jasmonates in plants™'. The trans-isomer is produced
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as a result of subsequent epimerization in plant or during isola-

[29]

tion Furthermore, varying degrees of activity has been ob-

served for the different isomers'™”

Then, it was examined the
structure-activity-relationship study of methyl jasmonates. The all
stereoisomers were prepared from commercially available methyl
jasmonate employing HPLC [ 1%. Tnertsil SIL-100A, hex-
ane/'PrOH (98 : 2); 2" . ChiralPak AS-H™ | hexane/'PrOH (9 :
1)]. The bioassay showed that naturally occurring (3R, 7S)-iso-
mer inhibited the bulb formation strongly (67% ) at 10 M, while
other isomers hardly showed the activity (around 20% ) at same
concentrations. It was disclosed that the (3R, 7S) stereochemistry
of it is necessary for showing its antibulbing activity. This is proba-
bly the reason why a-linolenic acid, not (3R, 7S) -jasmonate , was
first isolated as an antibulbing substance in this study.

It has been known that jasmonic acid with the cis side chains
is transformed to other jasmonates, such as tuberonic acid and cu-
curbic acid, through biosynthetic process. It remains unclear
which (3R, 7R)-jasmonate among them actually works as the an-
tibulbing substance in the onion plant. It is needed to obtain vari-
ous (3R, 7S)-jasmonate derivatives in order to further understand
the mechanism. Synthetic studies of (3R, 7S)-jasmonic acid de-
rivatives are currently under way in our laboratory.

Conclusions

In the course of chemical studies on the bulb formation,
a-linolenic acid was isolated from onion extracts as an antibulbing
substance, the amount of which was synchronized with the bulb
formation. Structure-activity-relationship study revealed that meth-
yl (3R, 75)-jasmonate with the cis side chains exhibited the most
potent antibulbing activity. It is concluded that (3R, 7S)-jas-
monate derived from a-linolenic acid actually participates in the
regulation of bulb formation.
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Conclusions and Discussion

Anthocyanins are an important class of natural pigments that
mainly exist in higher plants in the forms of pelargonidin,
cyanidin, delphindin, etc. The abundance of anthocyanins leads to
the diversification of plant color”®’. The color of the basal part of
asparagus spear is one of the important traits that affect its
appearance quality. Therefore, conducting research on the locali-
zation of color trait genes in the basal part of asparagus spear and
screening of candidate genes is of great significance for efficient
molecular breeding.

This study investigated the heredity laws of purple/green in
spears of JX1513-5, JLV1718-7 and their hybrid offspring. It was
found that the purple basal part of asparagus spear was controlled
by a pair of alleles, and purple was a dominant trait over green.
Meanwhile, the BSA method was used for resequencing and gene
mapping of the F, segregation population. The purple regulatory
gene was located in the 0. 57 Mb interval on the Chr 07 chromo-
some of asparagus. There were 47 genes in the target region, and
three genes related to the formation of purple peel were identified
through annotation and comparison. After qRT PCR validation,
LOC109849442 was ultimately identified as a candidate gene for
controlling the purple/green trait in the basal part of asparagus
spear. LOC109849442 was annotated as ANS in the reference ge-
nome of asparagus, which is a key enzyme at the end of the plant
anthocyanin biosynthesis pathway that catalyzes the transformation

97 At present,

of leucoanthocyanidin into colored anthocyanins
the isolation of multiple ANS genes from plants has important value
in studying the mechanism of plant color formation and abiotic
stress physiology.

In this study, the BSA method and asparagus genome infor-
mation were used to quickly map the purple/green genes in the
basal part of asparagus spear, providing a reference for gene map-

ping of other traits in the future and laying a foundation for the
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breeding of new asparagus varieties and molecular marker-assisted
breeding.

References

[1] CAO YP, DAI P, DAI SY. Effects of arbuscular mycorrhiza fungi ( AMF)
on osmoregulation substances and antioxidant enzyme activities of aspara-
gus plant under salt stress[ J]. Journal of Southwest University ( Natural
Science Edition) , 2017, 5(7) : 43 —48.

[2] QUATTROCCHIO F, BAUDRY A, LEPINIEC, L, et al. The regulation

of flavonoid biosynthesis[ J]. The Science of Flavonoids, 2006; 97 —122.

SAITO K, YONELURA-SAKAKIBARA K, NAKABAYASHI R, et al.

The flavonoid biosynthetic pathway in Arabidopsis: Structural and genetic

diversity[ J] Plant Physiology and Biochem, 2013(72) . 21 -34.

PASTORE C, SANTO, SD, ZENONI S, et al. Whole plant temperature

manipulation affects flavonoid metabolism and the transcriptome of grape-

vine berries[ J |. Frontiers in Plant Science, 2017(8) ; 929.

BRANHAM S, VEXLER L, MEIR A, et al. Genetic mapping of a major

codominant QTL associated with B-carotene accumulation in watermelon

[J]. Molecular Breeding, 2017, 37(12) : 146.

TOPPINO L, BARCHI L, LO-SCALZO R, et al. Mapping quantitative

trait loci affecting biochemical and morphological fruit properties in egg-

[3

[

—
~
i

—
W
[

—
=)}
—

plant (Solanum melongena L.) [J]. Frontiers in Plant Science, 2016
(7): 256.

[7] QIAO J, LIU Q, LI SW, et al. Prediction of fruit color genes under the
calyx of eggplant based on genome-wide resequencing in an extreme mixing
pool[ J]. Acta Horticulturae Sinica, 2022, 49(3); 613 —621.

[8] DIAO WN, YUAN PL, GONG CS, et al. Genetic analysis and gene map-
ping of canary yellow in watermelon flesh[ J]. Scientia Agricultura Sinica,
2021, 54(18) : 3945 -3958.

[9] PETRONI K, TONELLIi C. Recent advances on the regulation of anthocy-
anin synthesis in reproductive organs[ J]. Plant Science, 2011 (181):
219 -229.

[10] BOGS J, DOWNEY MO, HARVE JS, et al. Proanthocyanidin synthesis

and expression of genes encoding leucoanthocyanidin reductase and an-
thocyanidin reductase in developing grape berries and grapevine leaves

[J]. Plant Physiology, 2005(139) ; 652 —663.

Proofreader: Xinxiu ZHU
[SIeR JeleR YeleR Jeiek AoleR JYolok Yol Jelek YeleR Yolek Jolek Jelek Yook Jolsk oieR YoleR Yol Yelek Yook YoleR Aelok Yokl Yol Yo

ulation of plant development[ J]. Int. Rev. Cytol. , 1992(135) . 155
-199.

[31] OKAMOTO M, NAKAZAWA H. Direct chromatographic separation of
the enantiomers of methyl jasmonate and its derivatives [ J ]. Biosci.
Biotech. Biochem. , 1992(56) . 1172 —1173.

[32] FUJINO K, KODA Y, KIKUTA Y. Reorientation of cortical microtu-
bules in the sub-apical region during tuberization in single-node stem
segments of potato in culture[ J]. Plant Cell Physiol. , 1995 (36) .

891 -895.

Proofreader: Xinxiu ZHU



	美生-1期-串稿 1.pdf
	美生-1期-串稿 2.pdf
	美生-1期-串稿 3.pdf
	美生-1期-串稿 4.pdf
	美生-1期-串稿 8.pdf

