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The jasmonates, which include jasmonic acid and its methyl ester (MJ), play a central role in regulating 
the biosynthesis of many secondary metabolites, including flavonoids, and also are signaling molecules 
in environmental stresses. Synthesis of anthocyanins pigments is a final part of flavonoids pathway route. 
Accumulation of the pigments in young seedlings is stimulated by various environmental stresses, such 
as high-intensity light, wounding, pathogen attack, drought, sugar and nutrient deficiency. The anthocya-
nins take part in defense system against excess of light and UV-B light, and therefore it is probably main 
reason why young plant tissues accumulate enlarged levels of the pigments. The effects of exogenously 
applied MJ on level of anthocyanins, glycosides of apigenin, luteolin, quercetin and proanthocyanidins in 
seedlings of common buckwheat (Fagopyrum esculentum Moench) were studied. MJ decreased contents 
of all the found cyanidin glycosides and its aglycone in hypocotyls of buckwheat seedlings. However
contents of particular anthocyanins in cotyledons of buckwheat seedlings treated with the plant hormone 
were not significantly different from the control. Applied doses of MJ did not affect levels of quercetin, 
apigenin and luteolin glycosides in the analyzed parts of buckwheat seedlings: cotyledons and hypocotyls. 
On the other hand, treatment of buckwheat seedlings with MJ clearly stimulated of proanthocyanidins 
biosynthesis in hypocotyls. We suggest that methyl jasmonate induces in hypocotyls of buckwheat seed-
lings the leucocyanidin reductase or anthocyanidin reductase, possible enzymes in proanthocyanidins 
synthesis, and/or inhibits anthocyanidin synthase, which transforms leucocyanidin into cyanidin. 
According to our knowledge this is the first report regarding the effect of methyl jasmonate on enhancing 
the accumulation of proanthocyanidins in cultivated plants.
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INTRODUCTION

Jasmonic acid (JA) and its methyl ester (MJ), collectively referred to as jasmonates, 
are naturally occurring phytohormones synthesized from α-linolenic acid, released 
from chloroplast membranes [32]. Several physiological roles have been described 
for these compounds during plant development and in response to biotic and abiotic 
stresses [4, 7, 8, 9]. The endogenous and exogenously applied jasmonates in plants 
show that these compounds regulate the expression of several genes during plant 
development and in response to many stress types [4, 7]. Following synthesis, jas-
monates are perceived by receptor proteins, and this presumably activates a signal 
transduction pathway. Studies on the effect of jasmonates on plants can help to under-
stand the plant response to various stress factors.

Anthocyanins, proanthocyanidins, flavones and flavonols are the major subclasses 
of flavonoid compounds. Flavonoid biosynthesis takes place through the phenylpro-
panoid pathway, leading to the formation of flavonoid metabolites that include fla-
vonols, flavones and anthocyanins [34]. The flavonoid compounds have been impli-
cated in several biological processes and some of their functions include the floral 
colors attractive for pollinating insects [3].

Accumulation of anthocyanins in young seedlings is stimulated by various envi-
ronmental stresses, such as high-intensity light, wounding, pathogen attack, drought, 
sugar and nutrient deficiency [3, 13, 18, 22]. Anthocaynins take part in defense sys-
tem against excess of light and UV-B light, and therefore it is probably main reason 
why young plant tissues accumulate enlarged levels of the pigments [3, 34]. 
Anthocyanin accumulation is often observed in young seedlings and expanding foli-
age of plants. Such plant tissues are not photostable, creating a relatively high risk of 
photodamage. Therefore it is probably main reason why such tissues accumulate 
enlarged levels of the pigments [3].

Proanthocyanidins (PA), also called condensed tannins, are colorless flavonoid 
polymers [35]. They occur in a wide range of plants, are second most abundant natu-
ral phenolics after lignin and play an important role in defense against herbivores [5]. 
Recently it was suggested that PA biosynthesis is a component of a general wound 
response in plants [1]. The first committed step in PA biosynthesis that diverges from 
the pathway common with anthocyanins is believed to be the synthesis of an initiating 
flavan-3-ol such as catechin or epicatechin. The only biochemical steps that have 
been clarified are reduction of 3,4-cis-leucocyanidin to catechin catalyzed by leu-
coanthocyanidin reductase [27].

Common buckwheat (Fagopyrum esculentum Moench) is an important source of 
natural flavonoids with antihyperglycemic, antihypertensive, and antioxidative prop-
erties [33]. Three of the main classes of flavonoids were found in buckwheat: fla-
vonols, anthocyanins and flavones. Rutin (quercetin 3-rutinoside), the major flavonol, 
occurs in the leaves, stems, flowers and fruit of buckwheat. Other reported flavonols 
are quercetin 3-rhamnoside and quercetin 3-galactoside [12]. The flavones present in 
buckwheat seedlings are vitexin, isovitexin, orientin and isoorientin [30]. In the coty-
ledons and hypocotyls of young buckwheat seedlings the major flavonoids are isovi-
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texin and rutin, respectively, but the cotyledons contain ca twenty times more the 
compounds than the hypocotyls. The upper epidermis of buckwheat cotyledons con-
tained much more flavonoids than the lower, which support the hypothesis their func-
tion as a UV light protector [23]. 

The anthocyanins are accumulated in buckwheat plants mainly in stems, and in 
leaves. In tissues of buckwheat seedlings following glycosides of cyanidin have been 
found: 3-glucoside, 3-rutinoside, 3-galactoside and 3-galacto-rhamnoside [10]. Light
exposure of the etiolated buckwheat seedling causes quick anthocyanin synthesis 
[28]. Light acts both as an essential stimulus and as a factor that modulates the inten-
sity of the pigment by affecting the regulatory and structural genes of anthocyanin 
biosynthesis [13]. The major anthocyanin in buckwheat seedlings was determined to 
be cyanidin 3-glucorhamnside (cyanidin 3-rutinoside), and its level was from five to 
ten times higher in hypocotyls than in cotyledons [30]. Buckwheat hypocotyls pro-
vide a convenient model system for investigation of the role of anthocyanins because 
of their inherently low capacity for light utilization due to low levels or lack of chlo-
rophyll [10, 28]. Seedlings typically attain maximum pigmentation after few days of 
germination therefore, the experiments are easy and quick to repeat.

The mechanism for jasmonate-induction of anthocyanin accumulation in 
Arabidopsis plants recently was explained [21]. According to the studies MJ induced 
expression of the anthocyanin biosynthetic genes. The same research group deter-
mined which protein directly binds to naturally synthesized jasmonoyl-isoleucine 
(JA-Ile)/coronatine [36]. To the studies a coronatine insensitive1-1 Arabidopsis
mutant was used, which exhibits resistance to JA inhibition of root growth, and 
defects in the expression of JA-regulated genes.

MJ vapors induced the biosynthesis of anthocyanin in light-grown soybean seed-
lings, but inhibited anthocyanin accumulation in etiolated seedlings [8]. Authors of 
the studies suggested that there are two distinct mechanisms of MJ effect on antho-
cyanin biosynthesis: one in the light and another in the dark. Exogenous MJ induced 
anthocyanin accumulation in various plants and plant cell cultures [2, 8, 19, 20, 25]. 
However, in our previous studies we have found that exogenously applied MJ inhib-
ited biosynthesis and accumulation of total anthocyanins in hypocotyls (but not in 
cotyledons) of exposed to light etiolated seedlings of common buckwheat [9]. On the 
other hand, MJ had no effect on phenylalanine and tyrosine ammonia-lyases activity. 
No influence of MJ on the enzymes activities suggest, that JM inhibits later steps of 
flavonoid pathway in buckwheat seedlings. The obtained results allow us to pose the 
questions if instead of inhibition of anthocyanins, the MJ stimulate biosynthesis of 
other flavonoids that occur in buckwheat seedlings, i.e. glycosides of luteolin, api-
genin, and quercetin, and proanthocyanidins, and if decline of anthocyanins accumu-
lation would apply for all of cyanidin glycosides.

The objective of this study was to determine the effect of exogenously applied MJ,
as a stress inducer, on content of particular flavonoids present in tissue of common 
buckwheat seedlings: glycosides of cyanidin, apigenin, luteolin and quercetin. 
Another aim of this study was to evaluate a possible elicitor effect of MJ on other 
flavonoids, like proanthocyanidins, in tissues of buckwheat seedlings. 
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MATERIAL AND METHODS

Plant material

Seedlings of common buckwheat (Fagopyrum esculentum Moench) cv. Hruszowska
were used in this study. Germination was carried out by placing buckwheat seeds 
between two layers of wet filter paper which were then rolled up and inserted in a 
2 dcm3 beaker containing ~200 cm3 tap water. The germination process was carried 
out in darkness at 24 ± 1 °C during four days. After the germination, buckwheat seed-
lings were taken for experiments with MJ. In beakers with seedlings the water was 
replaced with water solutions of MJ at 10–8, 10–6 or 10–4 M concentration. In the 
control sample the water was freshened. MJ was applied in three concentrations on 
basis of our previous studies [9]. Because the MJ was added in a small volume 
(0.4 cm3) of ethyl alcohol, to the control water the same amount of alcohol was 
added. After 8 h pre-incubation in darkness, seedlings samples in beakers were 
exposed on three days in 16 h/8 h night/day photoperiod and 65 ± 5% of relative 
humidity. Temperature in growth chamber was maintained at 24 ± 2 °C for day and 
16 ± 2 °C during night. Light intensity (40 μmol m–2 s–1) was provided by fluorescent 
tubes. Part of fresh material (10 seedlings per replicate) was taken to analyses of total 
anthocyanins, and rest (20 seedlings per replicate) was freeze dried and used to HPLC
analyses of particular flavonoids, and total proanthocyanidins.

Chemicals

Reagents including acetonitryl (ACN), methanol (MeOH), formic acid (FoA), hydro-
chloric acid (HCl), ethyl alcohol, and n-butanol (n-BuOH) were purchased from 
POCH S.A. (Poland). Trifluoroacetic acid (TFA) was from Merck (Germany). 
Cyanidin 3-galactoside, cyanidin 3-glucoside, cyanidin 3-rutinoside (Polyphenols, 
Norway) and cyanidin, orientin (Lut-6C-Glu), isoorientin (Lut-8C-Glu), vitexin (Api-
8C-Glu), isovitexin (Api-6C-Glu), rutin (Quer-3-Glu-Rha), or Quer-3-Rut) and iso-
quercitrin (Quer-3-Glu) were obtained from Extrasynthese (France). Methyl jas-
monate was purchased from Sigma-Aldrich.

HPLC analysis

Freeze-dried and pulverized samples of buckwheat cotyledons or hypocotyls (0.050 g)
were extracted by 30 s sonication with 1 cm3 of solution containing 60% MeOH and 
0.4% TFA. Next, the mixture was vortexed for 30 s, again sonicated and vortexed, 
and centrifuged for 5 min (5,000 g at 4 °C). The supernatant was collected, and the 
extraction was repeated five times. Finally, pooled extracts were centrifuged for 15 
min (5,000 g at 4 °C) and directly taken to HPLC analysis.



Methyl jasmonate and flavonoids in buckwheat seedling 269

Acta Biologica Hungarica 62, 2011

The extracts thus obtained were injected into a HPLC-DAD-MS-ESI system 
(Shimadzu, Kyoto, Japan) equipped with a 250 ×2.0 mm i.d. Cadenza CD-C18 3 μm
column (Imtakt, Japan). The HPLC system contained two pumps (LC-10 ADVP),
DAD detector (SPD-M10 AVP) set at 520 and 350 nm, MS detector (QP8000α), 
autosampler (SIL-10 ADVP), column oven (CTO-10 ASVP) and system controller 
(SCL-10 AVP). Chromatographic analyses were performed at 45 °C with the flow rate 
of 0.2 cm3 min–1. The flavonoids were eluted in gradient system composed with sol-
vent A (water/ACN/FoA, 89 :6 :5) and solvent B (water/ACN/FoA, 15 :80 :5).
Gradients were as follows: 1-8-100-1-1% B at gradient time, tG = 0–65–72–78–90
min.

Identification of flavonoids was done on a mass spectrometer with electrospray 
ionization at positive mode with the following parameters: CDL temperature 230 °C,
CDL voltage (50 V), probe voltage (4.5 kV), nebulizer gas (N2) flow of 
4.0 dcm3 min–1, and defragmentation voltage 50 V.

Spectrophotometric determination of total anthocyanins 
and proanthocyanidins

Total anthocyanins content was analyzed according to a method previously 
described [9]. Briefly, ten fresh buckwheat hypocotyls per one replicate were taken 
and hand cut on small 2–3 mm pieces. The tissue was extracted with 1% HCl-MeOH
for 24 h at room temperature, in darkness with occasional shaking. The extracts were 
carefully decanted and their absorbance was measured at 530 nm and 657 nm. The
formula A530 –0.25A657 was used to compensate for the absorption of chlorophyll 
degradation products. Anthocyanin content was expressed as μmoles of cyanidin 
3-glucoside in 1 g of dry matter, using 29,600 as molecular extinction coefficient.

For determination of proanthocyanidins was used a method based on the fact that 
they give rise to anthocyanidins and their absorbance increased when heated in HCl-
butanol was used [17]. Freeze dried buckwheat tissue (10 mg) was hydrolyzed with 
mixture 4 cm3 of n-BuOH-conc. HCl (95 :5, v/v) and 0.2 cm3 of a 2% (w/v) 
NH4Fe(SO4)2×12 H2O in 2 M HCl. The mixture was incubated at 95 °C for 60 min. 
After centrifugation, the absorbance at 550 nm was measured. Values of absorbance 
of reaction mixtures were measured before hydrolyzes, and subtracted from final 
absorbance of proanthocyanidins. Absorbance values were converted in proanthocya-
nidin equivalents using molar absorption coefficient of cyanidin chloride in 5% HCl-
butanol solution [17].

All chemical analyses were carried out in three–four replicates, and subjected to 
statistical evaluation according to Newman–Keuls test, p ≤ 0.05 and p ≤ 0.01.
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RESULTS

A particular anthocyanins and glycosides of luteolin, apigenin and quercetin in 
hypocotyls and cotyledons of buckwheat seedlings were analyzed using HPLC/ESI-
MS. On the basis of this method it was found, that all anthocyanins in the tissues of 
studied buckwheat seedlings were glycosides of cyanidin. The following anthocy-
anins were identified in buckwheat hypocotyls, based on retention time of commer-
cially available standards and molecular ions ([M + H]+): cyanidin 3-galactoside 
(Cy-3-Gal) (m/z 449), cyanidin 3-glucoside (Cy-3-Glu) (m/z 449), cyanidin 3-glu-
corhamnoside (Cy-3-Glu-Rha) (m/z 595) and cyanidin aglycone (m/z 287). The fifth 
one, found by us in buckwheat tissue – cyanidin 3-galactorhamnoside (Cy-3-Gal-
Rha) was tentatively identified based on obtained mass spectrum (molecular ion 
[M + H]+: m/z 595 (100%) and m/z 449 (M–rhamnose) (5%). In buckwheat cotyle-
dons we found three anthocyanin types only: Cy-3-Glu, Cy-Glu-Rha and Cy-3-Gal-
Rha. Major anthocyanin found in both analyzed parts of the seedlings of Hruszowska
cultivar was Cy-3-Gal-Rha. Level of major anthocyanin: Cy-3-Gal-Rha, was ca.
fivefold higher in hypocotyls of buckwheat seedlings than in cotyledons (Table 1).

During our investigations of seven-day-old seedlings of common buckwheat, the 
anthocyanins set was composed of five various anthocyanins. The level of Cy-3-Gal-
Rha was ca. ten and twenty times higher than cyanidin 3-glucorhamnoside (Cy-Glu-
Rha) in cotyledons and hypocotyls of studied buckwheat seedlings, respectively 
(Table 1). The cotyledons from control samples contained 1.7 μM (1.0 mg) of Cy-3-
Gal-Rha and 0.2 μM (0.12 mg) g–1 DW of Cy-Glu-Rha, and the hypocotyls 9.4 μM 
(5.6 mg) and 0.6 μM (0.36 mg) g–1 DW, respectively. Besides these anthocyanins 
hypocotyls contained 1.0 μM (0.45 mg) g–1 of Cy-3-Gal, and small amounts of Cy-3-
Glu, and cyanidin aglycone.

Exogenously applied to root zone as a water emulsion, high concentrated (10–4 M)
methyl jasmonate, similarly reduced contents of all cyanidin glycosides present in 
hypocotyls of buckwheat seedlings (Table 1). In case of cyanidin di-glucosides 
(Cy-3-Gal-Rha and Cy-3-Glu-Rha) decrease of its level was the result of treatment 
with MJ 10–6, and 10–8 M, too.

In case of cotyledons, we found that the levels of all particular anthocyanins in 
buckwheat seedlings treated with JM were not significantly different from control, 
although a slight tendency to increase the Cy-3-Gal-Rha content was noted in seed-
lings treated with highest dose of the plant hormone, i.e. 10–4 M (Table 1).

During our present investigations, in tissue of buckwheat sprouts glycosides of 
luteolin, apigenin and quercetin were identified by a comparison of their retention 
times and mass spectra with authentic standards, except one. We identified seven 
flavonoids (five in cotyledons and three in hypocotyls) in buckwheat seedlings: ori-
entin (m/z 449, [M+H]+), isoorientin (m/z 449, [M+H]+), vitexin (m/z 433, [M+H]+),
isovitexin (m/z 433, [M+H]+), rutin (m/z 611, [M+H]+; m/z 465, [M+H-Glc]+; m/z 
303, [M+H-2Glc]+), isoquercitrin (m/z 465, [M+H]+); m/z 303, [M+H-Glc]+) and 
unknown compound (m/z 611, [M+H]+); m/z 465, ([M+H-Rha]+; m/z 303, [M+H-
2Glc]+). Because the mass spectrum (MS) of the unknown compound is very similar 
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Table 1
Anthocyanins content (μM g–1 dry weight; means± SD) in seedlings of common buckwheat cv. 

Hruszowska treated with methyl jasmonate

Concentration of 
methyl jasmonate

Cy-3-Gal Cy-3-Glu Cy-3-Gal-Rha Cy-3-Glu-Rha Cy

Cotyledons

Control (0) tr – 1.71±0.03 0.18±0.02 –

10–8 M tr – 1.68±0.04 0.17±0.01 –

10–6 M tr – 1.66±0.05 0.16±0.02 –

10–4 M tr – 1.93±0.08 0.12±0.03 –

Hypocotyls

Control (0) 0.97±0.09 0.28±0.03 9.42±0.12 0.55±0.09 0.14±0.03

10–8 M 1.21±0.13 0.26±0.04 8.65±0.09* 0.47±0.08 0.17±0.04

10–6 M 0.99±0.06 0.24±0.03 8.06±0.11* 0.43±0.06 0.13±0.04

10–4 M 0.39±0.04** 0.16± 0.02* 4.22±0.22** 0.31±0.05* 0.03±0.01**

Abbreviations: Cy – cyanidin; Gal – galactose; Glu – glucose; Rha – rhamnose; tr – traces. Asterisks
* and ** indicate significance of difference from control according to Newman–Keuls-test with p ≤ 0.05 
and p ≤ 0.01, respectively.

Table 2
Contents of glycosides of apigenin, luteolin and quercetin (μM g–1 dry weight; means± SD) in seedlings 

of common buckwheat cv. Hruszowska treated with methyl jasmonate

Concentrat-
ion of methyl 

jasmonate

Lut-8C-Glu
Orientin

Lut-6C-
Glu

Iso-orientin

Api-8C-Glu
Vitexin

Api-6C-Glu
Isovitexin

Quer-3-Glu
Iso-querci-

trin

Quer-3-Glu-
Rha

Rutin

Quer-3-Gal-
Rha1

Cotyledons

Control (0) 20.1±0.4 22.7±0.3 18.4±0.3 34.1±0.9 – 15.2±0.3 5.8±0.2

10–8 M 21.4±0.3 24.1±0.4 19.0±0.2 35.3±0.6 – 17.1±0.5 6.4±0.3

10–6 M 19.7±0.2 22.4±0.6 17.2±0.5 31.9±1.1 – 14.8±0.4 5.2±0.4

10–4 M 20.5±0.2 23.0±0.5 17.7±0.6 32.9±0.5 – 15.2±0.3 6.2±0.3

Hypocotyls

Control – – – – 1.4±0.1 8.3±0.3 8.6±0.4

10–8 M – – – – 1.7±0.3 8.6±0.2 10.5±0.3*

10–6 M – – – – 1.2±0.3 7.7±0.2 8.4±0.2

10–4 M – – – – 1.1±0.2 10.5±0.3* 8.3±0.2

Abbreviations: Lut – luteolin; Api – apigenin; Quer – quercetin; Gal – galactose; Glu – glucose; Rha 
– rhamnose. Asterisk * indicates significance of difference from control according to Newman–Keuls-test 
with p ≤ 0.05.

1Tentatively identified, calculated on rutin standard.
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to MS of rutin, but retention times both compounds were different, we tentatively 
identified the unknown as quercetin 3-galactorhamnoside (Quer-3-Gal-Rha). 

In our studies the major flavonoid in cotyledons of common buckwheat sprouts 
was isovitexin (32–35 µM g–1 DW). Four others: orientin, isoorientin, vitexin and 
rutin were found in almost equal concentration ranged from: 15 to 23 µM g–1 DW
(Table 2). Much lower concentration of Quer-3-Gal-Rha was noted (5.2–6.4  
µM g–1 DW).

During our studies, in buckwheat hypocotyls three flavonoids were found in meas-
urable levels: Quer-3-Gal-Rha, rutin and isoquercitrin (Quer-3-Glu). Isoquercitrin
was present in buckwheat hypocotyls, not in cotyledons, although its level was ca.
five to ten times lower than the other flavonoids (Table 2). Content of Quer-3-Gal-
Rha was ca. 50–70% higher in hypocotyls than in cotyledons, opposite to rutin whose 
concentration was much lower in buckwheat hypocotyls than in cotyledons. 

MJ had practically not significant effect on the accumulation of glycosides of 
apiegnin, luteolin and quercetin, occur in buckwheat seedlings (Table 2). In buck-
wheat cotyledons no significant differences were found between control and sprouts 
treated with various doses of MJ. In case of hypocotyls a significant, but small 
increase of rutin level was noted after applying high concentration (10–4 M) of MJ.
On the other hand, the level of other flavonoids (Quer-3-Glu and Quer-3-Gal-Rha) 
was slightly increased by a low dose of MJ (10–8 M) (Table 2).

According to our earlier studies the lowest dose of the phytohormone (10–8 M) was 
not efficient, medium concentrated (10–6 M) partly declined total anthocyanins accu-
mulation, and the highest (10–4 M) clearly inhibited anthocyanins production and 
growth of buckwheat roots [9].

Fig. 1. Content of total anthocyanins and proanthocyanidins (means± SD) in hypocotyls of common 
buckwheat cv. Hruszowska treated with various concentration of methyl jasmonate (MJ). Asterisks * and 
** indicate significance of difference from control according to Newman–Keuls-test with p ≤ 0.05 and 

p ≤ 0.01, respectively
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Results of analyses shown in the present paper gave an answer to what were accu-
mulated instead of the anthocyanins in buckwheat hypocotyls (Fig. 1). Treatment of 
buckwheat seedlings with MJ clearly caused stimulation of proanthocyanidins bio-
synthesis in hypocotyls. Already MJ at concentration 10–6 M significantly reduced the 
level of total PA. Much higher influence was noted after application of 10–4 M of MJ.
In this case level of PA increased ca. 80% (Fig. 1). High concentration of MJ caused 
decrease of anthocyanins level ca. 9 μM g–1 dry weight, and increase of PA ca. 10 μM 
g–1 dry weight.

DISCUSSION

Biosynthesis of anthocyanins in young seedlings of plants is a typical physiological 
reaction to high irradiation in which phytochrome is involved, but the light dependent 
anthocyanins production is affected by temperature as well [18]. According to our 
earlier investigations accumulation of total anthocyanins (measured by spectrophoto-
metric method) in buckwheat hypocotyls was strongly reduced when vapor or solu-
tion of methyl jasmonate (MJ) were applied before exposition of seedlings to light 
[9]. It has been suggested that such reaction of buckwheat tissue on MJ may be due 
to inhibition of the catalytic effect of light in anthocyanins biosynthesis, through 
blocking of light receptors present in buckwheat tissue. Using contemporary HPLC-
Mass Spectrometry method, we decided to check, what kinds of anthocyanin glyco-
sides were present in buckwheat seedlings tissue, and if the MJ had similarly reduced 
all particular types of anthocyanins. Moreover, we wanted to get answer, if instead of 
anthocyanins other types of flavonoids are synthesized in buckwheat seedlings treat-
ed with MJ: glycosides of flavonols and flavones, and/or proanthocyanidins.

According to our results in seedlings of common buckwheat cv. Hruszowska gly-
cosides of cyanidin were present only. Similar data was obtained earlier for many 
cultivars of common buckwheat by Kim et al. [10]. All glycosides of the cyanidin 
were identified by comparison of retention times and mass spectra (MS) of standards, 
except one. Basis on MS of the unknown anthocyanin we suppose that it is cyanidin 
3-galactorhamnoside (Cy-3-Gal-Rha). The obtained MS contains molecular ion 
[M + H]+: m/z 595, and ion resulted after cut off the rhamnose moiety, equal m/z 449 
(M – 145). Similar identification of the anthocyanin in sprouts of buckwheat was car-
ried out by Suzuki et al. [24]. 

In both separately analyzed parts of buckwheat seedlings: cotyledons and hypoco-
tyls, the Cy-3-Gal-Rha was the major anthocyanin. Due to the lack of commercial 
standard we calculated its content on cyanidin 3-glucorhamnoside (Cy-3-Glu-Rha)
basis. We have noticed that level of the total anthocyanins was ca. fivefold higher in 
hypocotyls than in cotyledons. A similar variation of anthocyanin accumulation in 
cotyledons and hypocotyls of common buckwheat seedlings has been described ear-
lier by Watanabe [30]. The author of the mentioned paper found that hypocotyls of 
commercially obtained buckwheat sprouts contained three to fifteen times more the 
anthocyanins than cotyledons. 
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Our results indicate that sprouts of the Polish buckwheat cultivars contained much 
more anthocyanins than any cultivar studied by Kim et al. [10]. In general, 7-day-old 
seedlings of Polish common buckwheat contained more anthocyanins than Japanese,
Russian and Chinese cultivars studied by Kim et al. [10] and Watanabe [30]. The
reason for such discrepancies is unknown, but it may be an effect of differences 
among analytical details, genetic variation, and mainly due to variability of sprouting 
methods.

The stress symptoms induced by exogenously applied to root zone methyl jas-
monate (MJ) similarly reduced contents of the all cyanidin glycosides present in 
hypocotyls of buckwheat seedlings, but not in cotyledons. The results confirm our 
earlier data, in which more a sixfold lowering level of spectrophotometrically ana-
lyzed total anthocyanins in hypocotyls of buckwheat seedlings was found [9]. Why
MJ affected the anthocyanins accumulation in buckwheat hypocotyls but not in coty-
ledons, is not clear. Probably the difference is due to various functions of the pig-
ments in both types of plant tissue, which could explain the variying sensitivity of 
anthocyanins synthesis to MJ [3, 22]. Another reason of the phenomenon can be 
associated with an unknown system existing in photosynthetic tissue of buckwheat 
cotyledons which protects the anthocyanins, or cause that MJ is inactive in that case. 
It looks like photosynthetic tissue of buckwheat seedlings is much more resistant to 
MJ, than hypocotyls.

There is some evidence that anthocyanins can protect photosynthetic tissues from 
photoinhibition by reducing the amount of light reaching the chloroplasts [22]. 
Possibly, due to the importance of the anthocyanins’ role, they biosynthetic pathway 
is more resistant to MJ action, however, further studies are needed in the area. 

The obtained results for buckwheat hypocotyls are contrary to previously pub-
lished in many papers data, where application of MJ induced anthocyanin accumula-
tion in various plants [8, 25]. According to Franceschi and Grimes [8] vapors of MJ
induces a five- to sevenfold increase in anthocyanin accumulation in light-grown 
soybean seedlings, but inhibits anthocyanin biosynthesis in etiolated seedlings. 
Similar stimulation of anthocyanins biosynthesis by MJ was observed in plants of 
Kalanchoe blossfeldiana [20] and Crassula multicava [19]. MJ functions as a stress 
second messenger in plants. Support for this hypothesis was found by Farmer and 
Ryan [7] who demonstrated that MJ induced the expression of proteinase inhibitor 
genes, known to be involved in resistance to herbivory. Finally, accumulation of high 
amounts of anthocyanins was the plant response to MJ signal. In buckwheat seedlings 
there exists another mechanism of response to MJ. During our previous studies we 
have found, that MJ had no effect on phenylalanine and tyrosine ammonia-lyases 
activity in buckwheat hypocotyls, what can suggest, that JM inhibits not beginning 
but later steps of flavonoid pathway in the tissue [9]. 

We identified in buckwheat seedlings following flavonoids: orientin, isoorientin, 
vitexin, isovitexin, rutin, isoquercitrin, and unknown compound. Mass fragmentation 
pattern of the unknown flavonoid was very similar to well-known quercetin 3-glucor-
hamnoside (other name quercetin-3-rutoside), but both compounds had different 
retention times. We tentatively identified the unknown as quercetin 3-galactorhamno-
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side (Quer-3-Gal-Rha). Earlier Moumou et al. [15] found the flavonoid cell culture 
obtained from tissue of buckwheat hypocotyls, however they also identified men-
tioned flavonoid tentatively, without detailed studies. 

Results of our measurements have shown that the level of major glycosides of 
quercetin, apigenin and luteolin in buckwheat cotyledons was almost equal, but was 
substantially higher than in hypocotyls. Similar situation was found in cotyledons of 
commercially available sprouts of Japanese buckwheat cultivars [14]. In Chinese
studies of the common buckwheat sprouts four flavonoids: rutin, isoorientin, vitexin 
and isovitexin were found, and rutin was the major compound [11]. However Quer-
3-Gal-Rha was not found in Japanese [14] and Chinese [11] studies. 

Concentration of orientin, isoorientin, vitexin and isovitexin measured in cultivar 
Hruszowska was ca. 2–4-fold higher than presented in earlier mentioned papers 
Watanabe [30] and Matsui et al. [14]. Contrary to that, level of rutin in buckwheat 
sprouts published by Matsui et al. [14] was ca. twice higher as we found in 
Hruszowska cultivar. Observed discrepancies between our results and Japanese data 
are probably caused by differences in preparation of buckwheat sprouts, and/or 
genetic variation among cultivars. According to Lin et al. [12] polyphenolics in buck-
wheat reached maximal levels after 8–10 days of sprouts production. In their studies 
4-day-old buckwheat sprouts contained 6-time less quercetin, rutin and total phenols 
than 8-day seedlings.

Because a decrease of anthocyanin was evident under MJ treatment, we expected 
an opposite effect on glycosides of apigenin, luteolin and quercetin occur in buck-
wheat sprouts, but the influence was practically not significant. However treatment of 
buckwheat seedlings with MJ caused clear stimulation of proanthocyanidins (PA)
biosynthesis in hypocotyls. Already MJ at concentration 10–6 M significantly reduced 
the level of total PA, but much higher influence was noted after application of 10–4 M
of MJ. In this case the level of PA increased to ca. 80%. Proanthocyanidins (PA) are 
common in buckwheat tissues in which occurs in the bran-aleurone layer of the seed 
[6] and hulls [30]. Quettier-Deleu et al. [17] reported that buckwheat seeds contain 
mainly polymers of proanthocyanidin B2. Proanthocyanidins B1, B2 and epicatechins 
were also found in callus cultures [16] and hairy root [25] of Fagopyrum esculentum.
Recently Matsui et al. [14] have found that green stem mutant of common buckwheat 
accumulated three times more PA and no anthocyanins, compared to the red stem 
genotype. Authors have suggested that such a situation is due to lack of proper 
enzyme or by variation of the corresponding genes expression among both buckwheat 
types.

There is not much information on the effect of jasmonates on proanthocyanidins in 
plant tissues. Recently a paper has been published on the effect of JA on PA in tur-
tlegrass – a marine plant, although no induction of PA synthesis was found in leaves, 
meristematic or sheath tissues in response to treatment with 5 mM jasmonic acid [1]. 
One of the first biological activities observed for jasmonates was the plant senes-
cence-promoting effect [29]. It seems like the increase in the level of PA under MJ
treatment can be one of the senescence or aging symptoms in hypocotyls of common 
buckwheat. Jasmonates play a central role in regulating immune responses to herbi-
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vores and pathogens, as well as stress responses to UV light and ozone. Many plant 
antiherbivore defense responses are activated upon wound-induced accumulation of 
JA [32]. In buckwheat hypocotyls PA probably take part in defense system in these 
biotic stresses, and treatment with MJ induces leucocyanidin reductase (produced 
2,3-trans-catechin) which is key enzyme in PA production and/or inhibits anthocya-
nidin synthase, which transforms leucocyanidin into cyanidin [14]. On the other 
hand, there exists another way of PA synthesis – via conversion of cyanidin into 
2,3-cis-catechin by anthocyanidin reductase [5]. This pathway can also be activated 
in buckwheat seedlings treated by MJ.

According to our knowledge this is the first report regarding the effect of methyl 
jasmonate on enhancing the accumulation of proanthocyanidins in cultivated plants. 
The stress condition caused by MJ in buckwheat hypocotyls caused the loss of antho-
cyanins, and becomes manifest in a substantial increasing of proanthocyanidins con-
tent. The data presented here provide evidence that MJ directly or indirectly enhanc-
es certain enzymes of the PA biosynthesis. However, further studies are needed for 
full explanation of the role of MJ in the proanthocyanidins formation and accumula-
tion in plants.
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