
15

Bulgarian Journal of Agricultural Science, 19 (2) 2013, 15–17
Agricultural Academy

EFFECT OF CHILLING AND FREEZING STRESSES ON JASMONATE CONTENT 
IN ARABIS ALPINA

M. KOLAKSAZOV1, F. LAPORTE2, K. ANANIEVA3, P. DOBREV4, M. HERZOG2 and E. D. ANANIEV1*
1 University of Sofi a, Faculty of Biology, Dept. Plant Physiology, BG – 1000 Sofi a, Bulgaria
2 University of Grenoble Joseph Fourier, Laboratoire d’Ecologie Alpine – LECA
3 Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, BG - 1113 Sofi a, Bulgaria
4 Institute of Experimental Botany, Prague, Czech Republic 

Abstract

KOLAKSAZOV, M., F. LAPORTE, K. ANANIEVA, P. DOBREV, M. HERZOG and E. D. ANANIEV, 2013. Effect of chilling 
and freezing stresses on jasmonate content in Arabis alpina. Bulg. J. Agric. Sci., Supplement 2, 19: 15–17

Depending on the temperature involved, there are two types of cold stress: chilling stress exerted at low positive tempera-
tures around +5°C and freezing stress when temperatures are below zero. As an adaptation to cold stress, plants have evolved 
multiple mechanisms for tolerance. These mechanisms can be mediated by a number of stress phytohormones and plant growth 
regulators, including ABA, JA, SA, ethylene. It is well known that stress phytohormones exert their action by triggering phos-
phoprotein cascade pathways, which in turn lead to expression of genes, involved in the acquisition of cold stress tolerance. 
The perennial plant Arabis alpina (Brassicaceae), closely related to Arabidopsis sp. was selected as a model plant in this study. 
A. alpina is wide spread in mountain areas of the northern hemisphere, some of its populations being tolerant to frost. Using 
HPLC-MS analysis, we represent experimental data on JA and JA-ile content in three A. alpina populations exposed to chilling 
or freezing stress: frost tolerant (T), non-tolerant (NT) and plants with a short hypocotyl (SH).
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Abbreviations: ABA – abscisic acid, JA – jasmonic acid, JA-ile – jasmonate isoleucine, SA – salicylic acid, T – tolerant plants, 
NT – non-tolerant plants, SH – plants with short hypocotyl, LOX – lipoxygenase, DW – dry weight, HPLC – high pressure 
liquid chromatography
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Introduction

Abiotic stresses such as drought, cold or high salinity are 
among the major environmental factors that limit the produc-
tivity and growth potential of plants. Cold stress affects crop 
productivity in most parts of the world, as many crop cultures 
are intolerant to cold. Moreover, with the late global climate 
changes acute temperature variations may occur comprising 
short warm periods followed by subsequent freezing temper-
atures, the latter damaging the plants (Schwartz et al., 2006). 
Depending on temperature, there are two types of cold 
stress: chilling stress, which is exerted at low positive tem-

peratures (around +5°C) and freezing stress arising at tem-
peratures below zero. As an adaptation to cold stress, plants 
have evolved multiple tolerance mechanisms at physiologi-
cal, biochemical, and molecular levels, thus enabling them 
to survive under unfavorable environmental conditions (Shi-
nozaki et al., 2003). A number of stress phytohormones and 
plant stress regulators, including ABA, JA, SA and ethylene 
can mediate stress tolerance in plants (Wasternack, 2007). 
Thus, it was found that in wheat the content of JA and SA 
increased after cold stress (Kosová et al., 2012). In addition, 
JA content increased several times in a population of Pinus 
pinaster, when plants were exposed to low temperature and 
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drought (Pedranzani et al., 2007). Moreover, the expression 
of LOX (one of the fi rst enzymes in JA biosynthetic path-
way) in kiwi (Actinidia delicosa) and Caragana jubata was 
regulated positively during cold stress (Zhang et al., 2006; 
Bharwaj et al., 2011). The object of this work was the pe-
rennial mountain plant Arabis alpina (Brassicaceae), which 
is a new model plant, relative to Arabidopsis, that has been 
recently used in cold stress adaptation research. Up to now, 
little is known about the changes in phytohormone content in 
A. alpina under conditions of chilling and freezing stress, as 
well as the mechanisms of hormone-mediated cold tolerance 
in this plant. The main objective of this work was to study 
the possible involvement of endogenous jasmonates (JA and 
JA-ile) in cold stress tolerance of A. alpina. 

Materials and Methods

Seeds from three populations of Arabis alpina were 
selected according to their tolerance to frost: tolerant (T) 
collected in the French Alps (Col du Galibier), non-tol-
erant (NT) (harvested in the mountain of Vercors), and 
plants with a short hypocotyl (SH), considered as an ad-
aptation feature to the snow coverage. The plants were 
grown for 2½ months in a cultivation chamber (Percival) 
at 22ºC, 12/12 h photoperiod, photon fl ux density of 220 
μmol m-2s-1 and 70% relative humidity. Afterwards the 
plants were exposed to chilling stress (4ºC) for 4 days at 
the same conditions and freezing stress (–7ºC) for 12 h 
in darkness. Endogenous JA and JA-ile were extracted 
from 100–200 mg fresh weight in methanol/formic acid/
water (15/1/4, v/v/v) and purifi ed using a dual-mode solid 
phase extraction method, which allows separation of hor-
mones of basic and acidic character by sequential elution 
from Oasis MCX column (Waters Co, Milford, MA, USA) 
(Dobrev and Kaminek, 2002). Detection and quantitation 
of JA and JA-ile was carried out using HPLC (Ultimate 
3000, Dionex) coupled to hybrid triple quadrupole / lin-
ear ion trap mass spectrometer (3200 Q TRAP, Applied 
Biosystems) set in selected reaction monitoring mode. 
The fi rst elute contained the acidic hormones (including 
JA and JA-ile), while the second consisted of the basic 
ones (cytokinins). The samples were dissolved into aceto-
nitrile, centrifuged and analyzed by LC/MS. 

Results and Discussion

Our results showed very high content of JA (4–6 nmol 
g–1DW) in the three studied populations at control tem-
perature of 22ºC (Figure 1A). After chilling stress at 4ºC, 

the content of JA in T-plants did not change considerably 
in contrast to the 10-fold reduction in NT and SH popula-
tions (mean value of 0.5 nmol g–1 DW). However, upon 
exposure to frost, JA content dropped in the T-population 
reaching the levels in the other two populations, which 
remained similar at both chilling and freezing tempera-
tures. The content of the bioactive jasmonate compound 
JA-ile at control conditions (Figure 1B) was signifi cantly 
higher (5-fold) in T-plants (1.5 nmol g–1 DW) compared 
to NT- and SH- plants (0.26 and 0.6 nmol g–1 DW, respec-
tively). The subsequently exerted chilling stress led to a 
2-fold reduction in the content of JA-ile in T-plants, the 
latter still being 10 times higher (0.67 nmol g–1 DW) com-
pared with NT- and SH-plants (0.07 nmol g–1 DW and 0.09 
nmol g–1 DW, respectively). JA-ile content in T dropped to 
a level comparable with that in NT-plants after freezing 
stress (0.18 nmol g–1 DW and 0.11 nmol g–1 DW, respec-
tively) (Figure 1B). Our results indicate that JA content 
was much higher compared to its amino acid conjugate 
JA-ile in all studied A. alpina populations, thus suggest-
ing that JA may play a principle role as an intracellular 
mediator of the environmental stress. Furthermore, the 
content of JA was much higher in T than in NT after chill-
ing stress, which is in agreement with the data published 

Fig. 1. Endogenous content of jasmonic acid (A) and 
the biologically active jasmonate-isoleucine (B) in three 

populations of Arabis alpina:  frost tolerant (T), non-
tolerant to frost (NT) and plants with a short hypocotyls 
(SH). Plants were grown at 22ºC (control conditions) for 

2½ months, then exposed to chilling (4ºC) or freezing 
stress (–7ºC) for 12h in darkness
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so far (Pedranzani et al., 2007; Kosová et al., 2012). In 
contrast to JA, the content of bioactive compound JA-ile 
decreased after the chilling stress thus indicating that in A. 
alpina JA may be the principle jasmonate mediator of the 
cold stress. Detailed analysis of jasmonate biosynthesis 
via investigation of specifi c genes expression is now in 
progress.

References

Bhardwaj, P., J. Kaurb, R. Ch. Sobtib, P. S. Ahujaa and S. Ku-
mara, 2011. Lipoxygenase in Caragana jubata responds to low 
temperature, abscisic acid, methyl jasmonate and salicylic acid. 
Gene, 483: 49–53. 

Dobrev, P. and M. Kamı́nek, 2002. Fast and effi cient separation of 
cytokinins from auxin and abscisic acid and their purifi cation using 
mixed-mode solid-phase extraction. J. of Chromatog., 950: 21–29.

Kosová, K., I. T. Prášila, P. Vítámvása, P. Dobrev, V. Motyka, 
K. Floková, O. Novák, V. Turečková,  J. Rolčik, B. Pešek, 
A. Trávničková, A. Gaudinová, G. Galiba, T. Janda, E. 

Vlasáková, P. Prášilová and R. Vanková, 2012. Complex 
phytohormone responses during the cold acclimation of two 
wheat cultivars differing in cold tolerance, winter Samanta and 
spring Sandra. J. Plant Physiol, 169: 567–576.

Pedranzani, H., R. Sierra-de-Grado, A. Vigliocco, O. Miersch 
and G. Abdala, 2007. Cold and water stresses produce changes 
in endogenous jasmonates in two populations of Pinus pinas-
ter Ait. Plant Growth Regul., 52: 111–116.

Shinozaki, K., K. Yamaguchi-Shinozaki and M. Seki, 2003. 
Regulatory network of gene expression in the drought and cold 
stress responses. Curr. Opinion Plant Biol., 6: 410–417.

Schwartz, M., R. Ahas and A. Aasa, 2006. Onset of spring starting 
earlier across the Northern Hemisphere. Global Change Biol., 
12: 343–351.

Wasternack, C., 2007. Jasmonates: An Update on Biosynthe-
sis, Signal Transduction and Action in Plant Stress Response, 
Growth and Development. Annals of Bot., 100: 681–697.

Zhang B., K. Chen1, J. Bowen, A. Allan, R. Espley, S. Karun-
airetnam, I. Ferguson, 2006. Differential expression within 
the LOX gene family in ripening kiwifruit. J. Exp. Bot., 57: 
3825–3836



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


