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PRELIMINARY COMMUNICATION

Summary

Hop glandular trichomes are developing on the epidermis of hop cones bracts. Th e 
anticline cross cut of hop peltate glandular trichomes in Environment Scanning 
Electron Microscopy (ESEM) observations confi rmed spheroid shape of cells. In our 
research, length of internal peltate glandular trichomes cells varied from 16.00 to 
21.47 m, width from 4.21 to 4.70 m and volume from 1.19 × 10-6 to 1.99 × 10-6 mm3. 
Th e diameter of cell walls varied from 2.11 to 2.94 m. Volume of observed peltate 
glandular trichomes varied from 1.65 × 10-2 to 1.95 × 10-2 mm3. Th e cell structure 
of bulbous glandular trichomes in anticline cross cut was not observed. According 
to 121 observations, bulbs formation was visible on the surface of peltate glandular 
trichomes in the last phase of morphogenesis. Biosynthesis of hop secondary 
metabolites and activation of their genetic mechanisms are the most intensive at the 
end of technological maturity of hop cones of hop cultivar Aurora. It is possible that 
bulbous glandular trichomes represent the fi nal stage of peltate glandular trichome 
morphogenesis, instead of being separate morphological formations. During 
biosynthesis of hops secondary metabolites partial pressures of liquids and gasses 
increase causing breakage of cell walls, which withdraw towards tunica and form 
papillary texture.
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Introduction
Hop glandular trichomes are developing on the epidermis 

of hop cones bracts. Two types of hop glandular trichomes – 
peltate and bulbous were described by Oleveira and Pais (1988, 
1990). Mentioned authors found that fully developed peltate tri-
chomes are built of a glandular head consisting of 30 to 72 cells, 
four stalk cells and four basal cells. On the other hand, bulbous 
trichomes were also formed from a protodermal cell by an an-
ticlinal division, followed by two periclinal ones which produce 
the initials of the glandular head cells, and the basal and stalk 
cells. Moreover, according to the same authors, fully developed 
bulbous trichomes consist of four (occasionally eight) head 
glandular cells, two stalk cells and two basal cells. Th e density 
of peltate trichomes decreased with the expansion of the leaves. 
However, both glandular trichomes, also referred to as secretory 
or peltate trichomes, are lypophilic glands comprising a group 
of secretory cells and a cuticle-enclosed cavity that fi lls with 
the secreted compounds (Oliveira and Pais, 1990; Saito et al., 
1995; Kim and Mahlberg, 2008; Wang et al., 2008). Th e plastids 
in glandular trichomes have less-defi ned membrane structures 
than chloroplasts and may be associated with synthesis and/or 
secretion of secondary metabolites, such as terpenoids and fl a-
vonoids (Oliveira and Pais 1990; Wang et al., 2008). Th ere are 
seven morphological development stages of peltate glandular tri-

chomes and also the relationship between their morphogenesis 
and accumulation of secondary metabolites was well described 
(Saito et al., 1995; Hirosawa et al., 1995; Čeh et al., 2007; Nagel 
et al., 2008; Wang et al., 2008). However, development of lupu-
lin glands is strictly divided into a growth phase and biosyn-
thetic-secretory phase.

Aft er slightly detaching of cuticle from the glandular head 
cells there was a strong activity of VPS gene, encoding valero-
phenone synthase that is involved in the fi rst steps of bitter resins 
(α-acids) biosynthesis (Sugiyama et al., 2006). Th e biosynthesis 
of hop secondary metabolites is divided into three biosynthet-
ic pathways A, B and C (Wang et al., 2008) (Fig.1). VPS gene is 
active in C pathway of biosyntesis of terpene derived hop natu-
ral compounds. It is important to point out that the fi nal step 
of C pathway is biosynthesis of humulone or -acids, which is 
the most important hop compound (Nagel et al., 2008; Wang 
et al., 2008). Th e accumulation of humulone or -acids is most 
intensive in third and fourth week aft er hop fl owering (Wang 
et al., 2008).

Th e aim of this research was to provide the comparative stud-
ies of hop peltate and bulbous glandular trichomes in order to 
fi nd the changes in their morphology and structure from the 
beginning till the end of glandular trichomes morphogenesis. 

Figure 1. 
Biosynthetic pathways for 
terpene-derived natural products 
found in hop trichomes, 
showing EST abundance in the 
hop glandular trichome cDNA 
library (Wang et al., 2008)
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Materials and methods
Research was carried out in the hop garden of Hop Co-

operative in Gregurovec (northwest part of Croatia), during veg-
etation year of 2009. Considering the weather conditions during 
the hop vegetation, the year of 2009 was completely normal in 
the comparison with data of multiyear climatological monitor-
ing. From the beginning of technological maturity (August 10) 
till the end of hop harvest (September 15), fi ve samples of hop 
cones were collected from hop plants of cultivar Aurora. Th e 
samples were collected from upper parts of the same plants. 
Th e 121 ESEM observations of hop glandular trichomes mor-
phology and structure were provided on bracts separated from 
central string (rachis) of the chosen hop cones, which were of 
approximately equal length and diameter. Th e cross sections 
of peltate glandular trichomes were made with surgical scalpel 
(for neurosurgery operations). In ESEM studies, Philips XL 30 
ESEM (detector: Edax, type PV 9760/68 ME, resolution 134.30 
eV and BSE detector: Philips PW 6848/00) and soft ware EDAX 
Genesis v.5.21 were used. Photographs were taken at an accel-
erating voltage of 25 kV under recording time of 5 seconds and 
diameter of observed area was 10 mm. 

Volume of peltate glandular trichomes and their cells was 
calculated by following equation for volume calculation of sphe-
roid bodies (1):

baV 2
3
4 ⋅= π          (1)

a= width (distance between two points on x-axis in μm)
b= height (distance between two points on y-axis in μm) 

Results and discussion
It was obvious that phases of morphogenesis (Fig. 2) in 

general correspond with the results of Saito et al. (1995) and 
Hirosawa et al. (1995). 

Volume of observed peltate glandular trichomes varied from 
1.65 × 10-2 mm3 to 1.95 × 10-2 mm3, depending on phase of mor-
phogenesis. Th e cells of hop peltate glandular trichomes in an-
ticline cross cut had spheroid shape. Volume of internal peltate 
glandular trichomes cells varied from 1.19 × 10-6 to 1.99 × 10-6 

Figure 2. Hop peltate glandular trichomes in different 
phases of morphogenesis (magnification 84×, bar = 200 μm)

Figure 5. Formation of bulb on peltate glandular trichome 
(on left side of microphotography) in the last phase of 
morphogenesis (magnification 167×, bar = 200 μm)

Figure 4. Anticlinal cross cut of bulbous glandular trichome 
(magnification 240×, bar = 100 μm)

Figure 3. A  nticlinal cross cut of peltate glandular trichome 
(magnification 1041×, bar = 20 μm)
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mm3. Length of peltate glandular trichomes cell lumen varied 
from 16.0 to 21.47 m, width varied from 4.21 to 4.70 m and 
diameter of cell walls varied from 2.105 to 2.94 m (Fig. 3).

On the other hand, in the comparison with peltate glandu-
lar trichomes, bulbous glandular trichomes in their anticline 
cross cut were empty, i.e. there was no visible cell structure of 
their interior (Fig. 4).

However, aft er 121 observations formations of bulbs on the 
surface of peltate glandular trichomes in the last phase of mor-
phogenesis were visible (Fig. 5).

Considering biosynthesis pathways of hop secondary me-
tabolites (Fig. 1) as well as genetic mechanisms that cause it, 
it is well known that biosynthesis of secondary metabolites is 
most intensive on the end of technological maturity of hop cones 
(Sugiyama et al., 2006; Čeh et al., 2007; Nagel et al., 2008; Wang 
et al., 2008). So it is possible that bulbous glandular trichomes 
are not separated morphological formations, but they represent 
the fi nal stage of peltate glandular trichome morphogenesis.

Th e increase of partial pressure of liquids and gasses during 
the biosyntheses of hop secondary metabolites caused the break-
age of cell walls, which withdrew to the internal side of tunica 
making the papillary texture of bulbous glandular trichomes 
interior visible. However, this hypothesis has to be confi rmed 
by the future researches. 

References
Čeh B., Kač M., Košir I. J., Abram V. (2007) Relationship between 

xanthohumol and polyphenol content in hop leaves and hop 
cones with regard to water supply and cultivar. Int J Mol Sci 8: 
989-1000

Kim E. S., Mahlberger P. G. (2000) Early development of the 
secretory cavity of peltate glands in Humulus lupulus L. 
(Cannabaceae). Mol Cells 10: 487-492

Nagel J., Culley L. K., Lu Y., Liu E., Matthews P.D., Stevens J.F., 
Page J.E. (2008) EST analysis of hop glandular trichomes 
identifi es an O-methyltransferase that catalyzes the biosynthesis 
of xanthohumol. Plant Cell 20: 180-200

Hirosawa T., Saito T., Tanaka T., Matsushima H. (1995) SEM 
observation and HPLC analysis of the accumulation of alpha- 
and beta-acids in the fresh developing hop (Humulus lupulus L.) 
peltate glandular trichomes. J Electron Microsc 44: 145-147

Oliveira M. M., Pais M. S. (1988) Glandular trichomes of Humulus 
lupulus var. Brewers Gold: Ontogeny and histochemical 
characterization of the secretion. Nord J Bot 8: 349-359

Oliveira M. M., Pais M. S. (1990). Glandular trichomes of Humulus 
lupulus var. Brewers Gold (hops): ultrastructural aspects of 
peltate trichomes. J Submicr Cytol Path 22: 241-248

Saito T., Hirosawa T., Horiuchi S., Murakami A., Matsushima H. 
(1995) A study of SEM examination on fresh hop (Humulus 
lupulus L.) peltate glandular trichomes. J Electron Microsc 44: 
39-44

Sugiyama R., Oda H., Kurosaki F. (2006) Two distinct phases of 
glandular trichome development in hop (Humulus lupulus L.). 
Plant Biotechnol 23, 493-496

Wang G., Tian L, Aziz N., Broun P., Dai X., He J., King A., Zhao 
P. X., Dixon R. A. (2008) Terpene biosynthesis in glandular 
trichomes of hop. Plant Physiol 148: 1254-1266

acs75_21



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /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


