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Abstract A new recorded species of Mortierella was recovered during the investigation of fungal communities in soil samples
collected from different locations of Gangwon-do, Korea. The species was identified and described as Mortierella alpina on the
basis of phylogenetic analysis of internal transcribed spacer sequences and morphological characteristics. This species has not
been officially reported from Korea thus far.
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The Mortierellales are a long-known, species-rich order of
the basal fungi. With nearly 100 described species, the
Mortierellales are one of the largest basal fungal orders.
However, only 13 genera are described in one family, the
Mortierellaceae [1]. The first species of the type genus was
described by Coeman in 1863 as Mortierella polycephala,
originally isolated from a mushroom [2]. The name Mortierella
was given in tribute to M. Du Mortier, the president of
Societe de Botanique de Belgique [2]. Mortierella alpina is
an oleaginous fungus producing lipids accounting for up to
50% of its dry weight in the form of triacylglycerol, which
is used commercially for the production of arachidonic acid
[3]. During studies on the diversity of fungal communities
in crop field soils of Gangwon-do, Korea, a species of
Mortierella previously unreported in Korea was encountered.

Based on its morphological and molecular characteristics,
this species was identified as M. alpina and named M.
alpina KNU13-5.

Collection of soil samples and fungal isolation. Soil
samples were collected from various parts of Taebaek,
Gangwon-do, Korea in 2013. Each soil sample was taken
from approximately 15-cm depth, air dried, and stored in
plastic bags at 4oC until use. The fungi were isolated by
conventional dilution technique and cultured on potato
dextrose agar (PDA; Difco Laboratories, Detroit, MI, USA)
supplemented with 100 µg chloramphenicol (bacteriostatic
agent)/mL PDA for 5 to 7 days at 28oC until growth of
fungal colonies was observed.

Sequence analysis of internal transcribed spacers.
Genomic DNA of isolate KNU13-5 was extracted using the
DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) following
the manufacturer’s instructions. The internal transcribed
spacer (ITS1 and ITS2) regions, including the 5.8S rRNA
gene were amplified with the primers ITS1 and ITS4 [4].
The amplified PCR products were purified using the
QIAquick PCR purification kit (Qiagen, Valencia, CA,
USA) following the manufacturer’s instructions. The PCR
products were sequenced using the ABI Prism 3730 DNA
analyzer (Applied Biosystems, Foster City, CA, USA). The
sequences were compared with reference ITS1~ITS2 rDNA
sequences from NCBI’s GenBank using the basic local
alignment search tool (BLAST; http://www.ncbi.nlm.nih.gov/
Blast). The nucleotide sequence reported here has been
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deposited at GenBank (accession No. KJ921606). The
sequences of closely related strains were aligned using the
MultAlin program. The DNA sequences were analyzed for
phylogenetic relationships using molecular evolutionary
genetic analysis (MEGA 6) software [5]. The sequence of
isolate KNU13-5 was compared with the sequences in
GenBank by using BLAST. The neighbor-joining tree was
constructed using the Kimura 2-parameter substitution
model [6]. The phylogeny of the tree was inferred using the
maximum-likelihood heuristic search option with nearest-
neighbor-interchange. Bootstrap analysis was performed
with 1,000 replications to determine the support for each
clade. The ITS regions of isolate KNU13-5 were identical
to those of M. alpina (Fig. 1). The ITS sequence (ITS1 and
ITS2) of KNU13-5 was 99% identical to that of M. alpina
d27 (accession No. GQ922556) [7]. These results indicated
that isolate KNU13-5 matched with M. alpina.

Morphological characteristics and identification.
Morphological features of the fungus were observed on
PDA medium after three-point inoculations in 9-cm petri
dishes and incubation in the dark at 28oC for 7 days. The
morphological characteristics were identified with the aid
of differential interference contrast microscopy, as detailed
by Pitt [8] and Frisvad and Samson [9]. Photomicrographs
were taken with a Kodak DCS 14n digital camera (Eastman
Kodak Company, Rochester, NY, USA) attached to a
compound microscope. Morphological structures of isolate
KNU13-5 are shown in Fig. 2.

Colonies on PDA are fast growing, attaining 35~45-mm
diameter after 7 days when grown at 28oC, producing a
concentric pattern, sporulating well, and having Mortierella-
like odor and milky-white color (Fig. 2A and 2B). Mycelia
are septate and coenocytic with complex branching (Fig.
2C). Sporangiophores arising from the mycelial substrate

Fig. 1. Neighbor-joining phylogenetic analysis of the partial 18S-ITS1-5.8S-ITS2-28S rDNA sequence of Mortierella alpina
KNU13-5 obtained from crop field soil in Korea. The phylogenetic tree was constructed using the MEGA 6 program. The
sequence obtained in the study is shown in boldface. Numerical values (> 50) on branches are the percentage of 1,000 bootstrap
replicates that support the branch. Umbelopsis nana and Umbelopsis autotrophica were used as outgroups. The scale bar
represents the number of substitutions per site.
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are 60~110 µm in size, erect, and unbranched (sometimes
dichotomously branched) with terminal sporangia (Fig.
2D, 2E, 2F, and 2H). Sporangia are hyaline, obovoid when
young and spherical at maturity, 12~15 µm in diameter,
and multispored with a deliquescent wall (Fig. 2H).
Sporangiospores are cylindrical, 5~7 µm in size, and
sometimes curved to irregularly shaped (Fig. 2I and 2J). In
conclusion, the phylogenetic analysis and morphological
characteristics of strain KNU13-5 indicated it to be M.
alpina.

Culture examined. KNU13-5, isolated from soil samples,
Taebaek, Gangwon-do, Korea.

Note. Shin et al. [10] described the morphological
characteristics of the species M. alpina S49, but the
identification was tentative, and they did not perform
genetic analysis. There have been limited studies on M.
alpina in Korea with respect to arachidonic acid production
efficiency and its effect on the growth and learning ability
in animals; furthermore, the source of the isolates was not
indicated [11, 12]. In other cases, M. alpina DSA-12 was
used for the production of arachidonic acid by using an
organic nitrogen source and optimizing the culture conditions
[13, 14]. However, strain DSA-12 was obtained from

Doosan Biotech, Korea, and the mycological information
on the strain has not been officially reported in any
publication. Furthermore, in a study on submerged and
solid-state fermentations by the species for production of
arachidonic acid, the isolate used was obtained from the
American Type Culture Collection (ATCC) collection [15].
Therefore, to the best of our knowledge, this is the first
authentic, official report of M. alpina in Korea.

ACKNOWLEDGEMENTS

This work was supported by the National Institute of
Biological Resources (NIBR) under the Ministry of
Environment, Republic of Korea, for the project on survey
and discovery of indigenous Korean fungal species.

REFERENCES

1. Kirk PM, Cannon PF, Minter DW, Stalpers JA. Ainsworth
and Bisby’s dictionary of the fungi. 10th ed. Wallingford:
CAB International; 2008.

2. Coemans E. Quelques hyphomycetes nouveaux. 1. Mortierella
polycephala et Martensella pectinata. Bull Acad R Sci Belg Cl
Sci 2 1863;15:536-44.

3. Wang L, Chen W, Feng Y, Ren Y, Gu Z, Chen H, Wang

Fig. 2. Mortierella alpina KNU13-5. Colonies grown on potato dextrose agar (A, front view; B, back view) for 7 days at 28oC.
Mycelial hyphae under a stereo-microscope (C), sporangiophore branching (D), sporangiophore with terminal sporangia (E, F),
sporangiophore under scanning electron microscopy (G), sporangia (H), and sporangiospores (I, J).



404 Yadav et al.

H, Thomas MJ, Zhang B, Berquin IM, et al. Genome
characterization of the oleaginous fungus Mortierella alpina.
PLoS One 2011;6:e28319.

4. White TJ, Bruns T, Lee S, Taylor J. Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics.
In: Innis MA, Gelfand DH, Sninsky JJ, White TJ, editors.
PCR protocols: a guide to methods and applications. San
Diego: Academic Press; 1990. p. 315-22.

5. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S.
MEGA6: molecular evolutionary genetics analysis version
6.0. Mol Biol Evol 2013;30:2725-9.

6. Kimura M. A simple method for estimating evolutionary
rates of base substitutions through comparative studies of
nucleotide sequences. J Mol Evol 1980;16:111-20.

7. Nagy NG, Petkovits T, Kovács GM, Voigt K, Vágvölgyi C,
Papp T. Where is the unseen fungal diversity hidden? A study
of Mortierella reveals a large contribution of reference collections
to the identification of fungal environmental sequences. New
Phytol 2011;191:789-94.

8. Pitt JI. A laboratory guide to common Penicillium species.
3rd ed. North Ryde: Commonwealth Scientific and Industry
Research Organization; 2000.

9. Frisvad JC, Samson RA. Polyphasic taxonomy of Penicillium
subgenus Penicillium: a guide to identification of food and
air-borne terverticillate Penicillia and their mycotoxins. Stud

Mycol 2004;49:1-174.
10. Shin HS, Oh IH, Lee JH. Isolation and production of

arachidonic and eicosapentaenoic acid by fungi. J Ind Technol
1994;2:43-52.

11. Rhie SG, Kang HY, Park YJ. The effects of Mortierella alpina
fungi and extracted oil (arachidonic acid rich) on growth and
learning ability in dam and pups of rat. J Korean Soc Food
Sci Nutr 2002;31:1084-91.

12. Rhie SG, Park YJ. The growth effects of Mortierella alpina
contained diets and burn healing effects of Mortierella alpina
extracted oil (arachidonic acid rich) in rat. Theses Collect
Univ Suwon 2001;19:285-97.

13. Ha SJ, Park CS, Ryu YW. Selection of organic nitrogen source
and optimization of culture conditions for the production of
arachidonic acid from Mortierella alpina. Korean J Biotechnol
Bioeng 2004;19:78-82.

14. Hwang BH, Kim JW, Park CY, Park CS, Kim YS, Ryu YW.
High-level production of arachidonic acid by fed-batch
culture of Mortierella alpina using NH4OH as a nitrogen
source and pH control. Biotechnol Lett 2005;27:731-5.

15. Shin HT, Lee SW, Park KM, Song JW, Suh DS, Lee JH.
Characteristics of submerged and solid-state fermentations
for production of arachidonic acid by Mortierella alpina.
Korean J Biotechnol Bioeng 2005;20:60-5.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /CreateJDFFile false
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


