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1.1 Introduction

Microorganisms are fundamental materials for scientific and practical studies. Cul-
ture collections (biological resource centers) play a primary role in the stable
preservation and long-term storage of microbial resources and ensure regular access
to well-documented strains after a long time from their isolation for scientific or
biotechnological use [32, 33].

Various methods of preservation of fungal cultures have been reported [13, 25,
29]. Freeze-drying (lyophilization) and cryopreservation methods are utilized for
thousands of fungal strains in microbial collections all over the world [7, 12, 27].
Nevertheless, it is clear that the fungal strains of different species vary in the ability
to survive after long-time storage preservation under laboratory conditions. Some of
them are very difficult to maintain ex situ, whereas others could be easily and
successfully preserved alive by using almost any conservation technique.

Storage methods for filamentous fungi result from the type and degree of spor-
ulation. Spore-forming strains (as opposed to nonsporulating strains) can be
effectively freeze-dried. Both types can be frozen and stored for long periods in
liquid nitrogen or in a low-temperature refrigerator. The experience of long-term
preservation of fungal strains shows that the duration of storage directly depends not
only on the choice of the method but also on the laboratory protocol and temperature
of subsequent cultures storage.

This chapter presents the methods of cryopreservation, freeze-drying, drying on
silica gel, and preservation in sterile soil that are utilized in VKM fungal collection,
accompanied by data on maximal storage time registered. The methods take into
consideration the special features of cultures preserved as well as the equipment
used.

VKM fungal collection (All-Russian Collection of Microorganisms, Russia) was
established in 1955 and has a long-term experience in the preservation and storage of
fungal cultures. Collection of filamentous fungi is currently composed of approxi-
mately 7000 strains (590 genera, 1600 species) belonging to species of the kingdoms
Chromista (Oomycota) and Fungi (zygomycetous, ascomycetous and basidiomyce-
tous fungi).

All the information on preservation methods for each VKM fungal strain is
presented in the MS Access database. It keeps curated data on the strain numbers,
preservation dates as well as inspection dates in various methods, and other technical
information. Fields in the database table are presented in Annex 1. For operational
analysis of these data, we use MS Access requests – «FunPreservEnd»,
«FunPreserv_Times», «FunPreserv_MaxTimes». The maximal preservation time
is calculated automatically; the latest results (25.11.2019) are presented in Annex 2.

Preserved for many years fungi of various taxa retain their ability to produce
different substances suitable as a material for industry and medicine. For instance,
the zygomycetous fungus Cunninghamella japonica VKM F-1204D was found to
be a promising lipid producer for biodiesel production [22]. Fungi of the genus
Penicillium, which are supported in the collection for more than 40 years (VKM
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F-325, VKM F-691, VKM F-1823), are able to synthesize active compounds with
diverse structures [10]. Aspergillus brasiliensis VKM F-1119, which was accepted
by VKM 52 years ago, engaged in the vital process of biotransformation of
artemisinin, uncial medicine for the treatment of tropical malaria [34]. Recently
published data on the assessment of the effect of freeze-drying and long-term storage
on the biotechnological potential of Aspergillus section Nigri strains show
maintaining of biotechnological properties after preservation [19].

1.2 Cryopreservation of Filamentous Fungi

According to published data, the fast cooling rates followed by storage in liquid
nitrogen at -196 �C allow secure and long-term preservation of some fungal cultures
[21]. However, the ability to resist damage by freezing and warming differs consid-
erably among genera/species and depends on their particular features (presence and
type of sporulation, chemical composition of cytoplasmic membrane and cell wall,
physiological state, etc.). Selection of optimal cryoprotectants, rates of cooling, and
warming has enabled increasing the number and diversity of taxa preserved by this
method [24, 28].

More than 75% filamentous fungi of VKM are stored using various cryopreser-
vation protocols. Cultures with abundant sexual and nonsexual sporulation usually
were preserved by using fast cooling rates followed by storage either in liquid
nitrogen or in ultralow temperature freezers at �70 �C.

It was noticed that some cultures of zygomycetous fungi belonging to the genera
Mortierella, Basidiobolus, Coemansia, and Entomophthora do not survive the
ultrarapid freezing procedure even if they have abundant sporulation. Successful
preservation of such strains was achieved by modification of the cryopreservation
regime, for example, using slow programmed freezing. The same method was used
either for nonsporulating fungi (basidiomycetous fungi) or zoosporeforming former
fungi (Chromista, Oomycota).

According to our data, some parts of strains of Oomycota (20%), basidiomyce-
tous fungi (4%), zygomycetous fungi (1%), and ascomycetous fungi (1%) did not
survive cryopreservation at all freezing regimes and modification applied [9]. The
strains most difficult to maintain belong to genera Dictyuchus and Phytophthora and
to some species of Achlya and Saprolegnia. Similar situations have also been seen
with some species of basidiomycetous fungi (Suillus, Amanita, Dictyophora,
Mutinus, etc.). They are usually maintained by subculturing and preservation
under mineral oil.

It has been suggested that those microbial cultures that are able to survive the
freezing and a short storage will permanently stay in the vital state after any length of
storage [20]. According to our data, this is not quite true: some strains of Achlya
colorata, Achlya intricata, Clitocybe odora, Choanephora conjuncta, Conidiobolus
thromboides, Kickxella alabastrina, Phanerochaete sanguinea, Rhodocollybia
butyracea, and Saprolegnia terrestris have lost their ability to grow after 5–7
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years of storage in liquid nitrogen, although they were in the viable state after 24 h of
storage. The reason is not yet known. Nevertheless, the viability test showed that
representatives of 311 species of fungi remain alive after 20–30 years of storage
(Annex 2).

The cooling equipment being used in VKM is storage tanks “Bioproducts-0.5”
with a capacity of 500 liters of liquid nitrogen and ultralow temperature freezers
(�80 �C, Sanyo, Japan).

1.3 Freeze-Drying of Filamentous Fungi

Currently, freeze-drying is used to preserve approximately 85% of filamentous fungi
maintained in VKM. Fungi from different taxonomical groups (zygomycetous fungi,
ascomycetous fungi – both teleo- and anamorph) able to produce dormant structures
(spores, sclerotia, etc.) usually survive freeze-drying [11]. According to our data,
about 90% of strains of these fungal groups remain alive in this method. We noticed
that the freeze-dried strains of 817 species stored at 5 �C for more than 20 years were
in a viable state, and cultures of 289 species have been sustained for even 40–50
years of storage. Some species did not survive freeze-drying even when the sporu-
lation is abundant, those are Conidiobolus coronatus, C. thromboides,
Entomophthora thaxteriana, E. conica, E. dipterigena, Cunninghamella
homothallica, and C. vesiculosa. Species of genus Botrytis (B. fabae and B.
squamosa), forming only sclerotia as a dormant structure, remain in a vital state in
freeze-drying only for rather a short time – less than 10 years [9].

Nonsporulating microorganisms from Oomycota and basidiomycetous fungi are
not stored in VKM by freeze-drying, since sterile mycelia generally do not remain
viable.

The equipment used in VKM for freeze-drying is the centrifugal freeze-dryer
system Micromodulyo (Edwards, UK).

1.4 Drying in Sterile Soil of Filamentous Fungi

This simple and popular method for the preservation of fungi was applied at the
beginning of the twentieth century [18]. Species of Aspergillus and Penicillium can
be maintained by this way more effectively than other micromycetes. According to
T.P. Suprun [31] who investigated the preservation of 78 Penicillium species (more
than 1000 strains) in sterile soil for 7–10 years, the best preserved strains were
representatives of Assymmetrica section. Less effectively preserved species were
Biverticillata-Symmetrica, and the lowest effectiveness was observed with strains of
the section Monoverticillata.

This method is also efficient for preservation of some human, animal, and plant
pathogens with retaining their virulence [21]. For example, Alternaria japonica (syn.
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A. raphani), Fusarium oxysporum, and the species of Septoria (S. avenae, S.
nodorum, S. passerinii, S. tritici) have retained their ability to infect a plant host
after 2–5 years of storage [2, 8, 23]. Some degraded strains of micromycetes partly
recuperated their lost qualities after preservation in soil [30].

According to our data, fungal strains of 167 species stored by this method are able
to maintain viability for more than 30 years, and cultures of 87 species have been
sustained for even 40–55 years of storage.

1.5 Drying of Filamentous Fungi on Silica Gel

Immobilized cells of microorganisms retain viability and biological activity at action
of different stressors, as a rule, better than free ones [4]. Therefore, the preliminary
drying of the cells on the adsorbent allows the microorganisms to remain viable for a
longer time. As an adsorbent on which a suspension of microorganisms is applied for
subsequent drying, silica gel (a dried gel of polysilicic acid with numerous pores) is
most often used [5]. Silica gel promotes the dehydration of microorganisms and
helps them to survive a thermal stress [24]. Since the silica gel can prevent all fungal
growth and metabolism, the risk of any morphological, physiological, and genetic
changes could be minimized [1].

Using of anhydrous silica gel particles for maintaining stock cultures of Neuros-
pora crassa was suggested by D. Perkins in 1962 [17]. This new method has proved
consistently useful and effective over several years.

At present, this method is widely used in relation to different taxa and ecological
groups of fungi. So, the method was effective for the storage of entomopathogenic
fungi of the order of Hypocreales for 2 years [3] and, in particular, Metarhizium
anisopliae [6], as well as for fungi of many other taxa, including the spores of
obligate biotrophic parasite Podosphaera fusca [16] and rust fungi, which cannot be
grown on agar media [1].

As a disadvantage of the silica gel preservation method, researchers note that the
time of storage is quite short (between 2 and 4 years) [14, 26]. But it is clear that the
features of the methodological protocols can be crucial for the fungi preservation by
this method, wherein the temperature at which frozen fungi are stored affects how
long they could be preserved while remaining viable.

The method of storage on silica gel was introduced in VKM in the middle of the
1980s [24]. Our experience has shown that several groups of fungi can be preserved
by this method without losing vitality for many years (Table 1.1).

The viability of more than 300 strains of zygomycetous fungi with various types
of sporogenous structures (6 classes, 6 orders, 15 families, 35 genera, and 118
species) and near 300 strains of dark-colored anamorphic ascomycetous fungi with
different types of conidiogenesis (7 classes, 18 orders, 34 families, 79 genera, and
164 species) (Table 1.2) was assessed from 1 to near 30 years of preservation (Figs.
1.1 and 1.2).
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Table 1.1 Drying of VKM fungal cultures on silica gel (storage time)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

1 Absidia caerulea Bainier 1889 4 13,98 8,84 29,95

2 Absidia cuneospora G.F. Orr et Plunkett 1959 1 1,21 1,21 30,57

3 Absidia cylindrospora Hagem 1908 2 16,15 11,79 30,02

4 Absidia glauca Hagem 1908 4 10,77 7,78 29,95

5 Absidia repens van Tieghem 1878 1 1,07 1,07 29,44

6 Absidia spinosa Lendner 1907 1 1,66 1,09 30,00

7 Acrophialophora fusispora (S.B. Saksena 1953)
Samson 1970

1 32,24 22,34 32,24

8 Actinomucor elegans (Eidam 1884) C.R. Benjamin
et Hesseltine 1957

7 15,52 11,34 30,04

9 Albifimbria verrucaria (Albertini et Schweinitz
1805) L. Lombard et Crous 2016

1 11,05 11,05 32,41

10 Alternaria alternata (Fries 1832) Keissler 1912 5 10,98 8,66 31,61

11 Alternaria atra (Preuss 1852) Woudenberg et Crous
2013

4 31,81 13,31 31,87

12 Alternaria botrytis (Preuss 1851) Woudenberg et
Crous 2013

9 25,40 11,32 32,11

13 Alternaria brassicicola (Schweinitz 1832) Wiltshire
1947

1 21,75 10,36 31,68

14 Alternaria chartarum Preuss 1848 4 26,64 10,07 31,97

15 Alternaria consortialis (Thuemen 1876) Groves et
Hughes 1953

3 9,63 8,25 32,25

16 Alternaria japonica Yoshii 1941 1 6,96 3,04 32,26

17 Alternaria macrospora Zimmermann 1904 2 5,47 1,63 31,97

18 Alternaria multirostrata E.G. Simmons et C.R.
Jackson 1968

1 1,30 6,18 31,56

19 Alternaria oudemansii (E.G. Simmons 1967)
Woudenberg et Crous 2013

1 1,00 4,89 31,26

20 Alternaria radicina Meier et al. 1922 1 5,88 2,84 32,32

21 Alternaria solani Sorauer 1896 1 1,19 3,21 31,91

22 Alternaria tenuissima (Kunze 1818) Wiltshire 1933 1 22,35 10,91 32,26

23 Amerosporium concinnum Petrak 1953 1 31,26 9,91 31,26

24 Ampelomyces artemisiae (Voglino 1905) Rudakov
1979

1 10,61 6,64 31,95

25 Ampelomyces heraclei (Dejeva 1967) Rudakov 1979 1 10,61 10,61 31,97

26 Ampelomyces humuli (Fautrey 1890) Rudakov 1979 1 31,99 10,61 31,95

27 Ampelomyces polygoni (Potebnia 1907) Rudakov
1979

1 0,72 2,51 22,56

28 Ampelomyces ulicis (Adams 1907) Rudakov 1979 1 22,03 10,61 31,95

29 Ampelomyces uncinulae (Fautrey 1893) Rudakov
1979

1 21,69 1,35 31,62

(continued)
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Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

30 Apenidiella strumelloidea (Milko et Dunaev 1986)
W. Quaedvlieg et P.W. Crous 2014

1 0,96 3,09 32,48

31 Aposphaeria caespitosa (Fuckel 1869) Jaczewski
1917

1 10,64 3,30 32,05

32 Arthrinium arundinis (Corda 1838) Dyko et Sutton
1981

1 10,28 10,30 31,62

33 Arthrinium sphaerospermum Fuckel 1874 1 21,99 10,57 31,91

34 Ascochyta malvicola Saccardo 1878 1 2,17 2,17 31,62

35 Aureobasidium melanogenum (Hermanides-Nijhof
1977) Zalar et al. 2014

6 28,72 8,05 32,33

36 Aureobasidium microstictum (Bubak 1907) W.B.
Cooke 1962

1 31,99 6,68 31,99

37 Aureobasidium pullulans (de Bary 1866) G. Arnaud
1918

7 24,50 9,05 32,09

38 Backusella circina J.J. Ellis et Hesseltine 1969 1 4,30 7,25 29,98

39 Backusella indica (Baijal et B.S.Mehrotra 1965) G.
Walther et de Hoog 2013

1 4,42 4,42 30,49

40 Backusella lamprospora (Lendner 1908) Benny et
R.K. Benjamin 1975

3 6,55 4,25 29,93

41 Backusella oblongielliptica (H. Naganishi et al. ex
Pidoplichko et Milko 1971) G. Walther et de Hoog
2013

1 1,33 1,33 29,67

42 Backusella recurva (E.E. Butler 1952) G. Walther et
de Hoog 2013

1 4,45 7,42 29,84

43 Backusella tuberculispora (Schipper 1978) G.
Walther et de Hoog 2013

1 4,11 6,66 28,58

44 Backusella variabilis (A.K. Sarbhoy 1965) G.
Walther et de Hoog 2013

1 7,42 4,45 29,84

45 Beauveria brongniartii (Saccardo 1892) Petch 1926 1 2,98 6,02 32,37

46 Benjaminiella poitrasii (R.K. Benjamin 1960) Arx
1981

1 16,01 7,33 29,84

47 Berkeleyomyces basicola (Berkeley et Broome 1850)
W.J. Nel et al. 2017

1 3,24 3,24 31,99

48 Bipolaris australiensis (M.B. Ellis 1971) Tsuda et
Ueyama 1981

4 19,07 5,70 31,58

49 Bipolaris cynodontis (Marignoni 1909) Shoemaker
1959

1 21,62 10,21 31,56

50 Bipolaris sorokiniana (Saccardo 1890) Shoemaker
1959

2 8,51 8,45 31,82

51 Bipolaris victoriae (F. Meehan et H.C. Murphy
1946) Shoemaker 1959

1 0,96 0,96 21,23

52 Bispora antennata (Persoon 1801) E.W. Mason 1953 1 4,79 1,70 31,19

(continued)
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Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

53 Bispora betulina (Corda 1838) S. Hughes 1958 1 3,38 3,38 3,38

54 Bispora effusa Peck 1891 1 6,24 2,17 10,30

55 Blakeslea trispora Thaxter 1914 8 16,69 12,33 29,84

56 Botryotrichum piluliferum Saccardo et Marchal 1885 4 17,10 6,78 25,82

57 Botrytis aclada Fresenius 1850 2 10,87 6,84 32,22

58 Botrytis anthophila Bondartsev 1913 1 5,82 2,72 32,20

59 Botrytis cinerea Persoon 1794 8 1,30 1,65 15,34

60 Botrytis convoluta Whetzel et Drayton 1932 2 5,23 6,26 32,11

61 Botrytis elliptica (Berkeley 1881) Cooke 1901 1 1,02 1,02 1,02

62 Botrytis galanthina (Berkeley et Broome 1873)
Saccardo 1886

1 1,02 1,02 1,02

63 Botrytis gladiolorum Timmermans 1941 2 2,11 4,48 17,66

64 Botrytis tulipae (Libert 1830) Lind 1913 1 0,08 0,08 2,90

65 Cadophora fastigiata Lagerberg et Melin 1928 1 10,76 3,35 32,14

66 Cadophora malorum (Kidd et Beaumont 1924) W.
Gams 2000

4 8,82 6,40 32,16

67 Cadophora melinii Nannfeldt 1934 1 3,31 8,34 32,07

68 Cephalotrichum gorgonifer (Bainier 1907)
Sandoval-Denis et al. 2016

1 3,02 7,00 32,24

69 Cephalotrichum purpureofuscum (Schweinitz 1832)
S. Hughes

1 0,98 0,98 31,24

70 Cephalotrichum stemonitis (Persoon 1801) Nees
1812

3 3,21 4,22 23,24

71 Chaetocladium brefeldii van Tieghem et G. Le
Monnier 1873

2 23,8 12,77 30,4

72 Chaetocytostroma sp. 1 0,01 1,02 21,34

73 Chloridium caesium (Nees et T. Nees 1818) Réblová
et Seifert 2016

1 1,32 1,32 31,58

74 Chloridium virescens (Persoon 1797) W. Gams et
Holubova-Jechova 1976 var. caudigerum (Hoehnel
1903) W. Gams et Holubova-Jechova 1976

1 1,13 1,13 31,39

75 Choanephora infundibulifera (Currey 1873)
Saccardo 1891

1 17,56 7,35 29,88

76 Circinella muscae (Sorokin 1870) Berlese et de Toni
1888

3 21,11 5,88 30,11

77 Circinella umbellata van Tieghem et G. Le Monnier
1873

1 15,27 6,34 28,33

78 Cladophialophora chaetospira (Grove 1886) Crous
et Arzanlou 2007

1 10,57 3,21 31,91

79 Cladosporium aecidiicola Thuemen 1876 1 1,01 4,82 31,24

(continued)
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Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

80 Cladosporium brevicompactum Pidoplichko et
Deniak 1941

2 6,23 6,21 31,65

81 Cladosporium cladosporioides (Fresenius 1850)
G.A. de Vries 1952

2 9,08 5,15 32,41

82 Cladosporium colocasiae Sawada 1916 1 1,04 2,94 32,15

83 Cladosporium cucumerinum Ellis et Arthur 1889 1 1,07 1,07 32,07

84 Cladosporium elegantulum Pidoplichko et Deniak
1938

2 10,51 10,53 31,86

85 Cladosporium gossypiicola Pidoplichko et Deniak
1941

2 16,32 6,72 32,08

86 Cladosporium herbarum (Persoon 1794) Link 1816 15 9,14 7,05 29,98

87 Cladosporium lycoperdinum Cooke 1883 1 4,82 4,82 31,24

88 Cladosporium macrocarpum Preuss 1848 3 3,32 4,61 31,68

89 Cladosporium pseudocladosporioides Bensch et al.
2010

1 31,22 9,87 31,22

90 Cladosporium sphaerospermum Penzig 1882 5 10,02 7,61 30,28

91 Cladosporium straminicola Pidoplichko et Deniak
1938

1 3,09 3,09 32,48

92 Cladosporium transchelii Pidoplichko et Deniak
1938

1 11,13 3,09 32,48

93 Cokeromyces recurvatus Poitras 1950 2 16,73 7,31 29,45

94 Colletotrichum gloeosporioides (Penzig 1882)
Penzig et Saccardo 1884

2 13,94 2,12 20,95

95 Colletotrichum musae (Berkeley et M.A. Curtis
1874) Arx 1957

1 9,94 1,00 31,26

96 Conidiobolus coronatus (Costantin 1897) Batko
1964

1 1,74 1,74 30,37

97 Coniothyrium concentricum (Desmazieres 1840)
Saccardo 1878

1 31,62 21,69 31,62

98 Coniothyrium hellebori Cooke et Massee 1886 1 10,96 1,05 10,96

99 Coniothyrium rosarum Cooke et Harkness 1882 2 10,49 6,52 31,83

100 Coniothyrium wernsdorffiae Laubert 1905 1 1,28 2,15 2,15

101 Cunninghamella blakesleeana Lendner 1927 1 7,80 7,80 30,16

102 Cunninghamella echinulata (Thaxter 1891) Thaxter
ex Blakeslee1905

11 17,54 6,51 30,00

103 Cunninghamella japonica (Saito 1905) Pidoplichko
et Milko 1971

7 10,65 7,76 29,56

104 Curvularia comoriensis Bouriquet et Jauffret 1955
ex M.B. Ellis 1966

1 3,17 10,59 31,93

105 Curvularia geniculata (Tracy et Earle 1896) Boedijn
1933

2 5,44 3,45 16,72

(continued)
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Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

106 Curvularia inaequalis (Shear 1907) Boedijn 1933 1 31,91 6,96 32,01

107 Curvularia lunata (Wakker 1898) Boedijn 1933 2 5,93 3,35 32,11

108 Dematioscypha delicata (Berkeley et Broome 1859)
Hosoya 2014

1 0,00 1,94 4,99

109 Dicyma ampullifera Boulanger 1897 1 6,20 6,20 6,20

110 Dicyma olivacea (Emoto et Tubaki 1970) Arx 1982 1 0,80 5,90 5,90

111 Didymella glomerata (Corda 1840) Q. Chen et L. Cai
2015

6 32,92 8,97 31,92

112 Didymella pomorum (Thümen 1879) Q. Chen et L.
Cai 2015

2 16,31 6,67 31,95

113 Dinemasporium strigosum (Persoon 1801) Saccardo
1881

1 1,30 1,30 31,56

114 Discula brunneotingens E.I. Meyer 1953 1 0,00 0,96 0,96

115 Discula pinicola (Naumov 1926) Petrak 1927 var.
mammosa Lagerberg et al. 1927

1 5,83 5,83 31,28

116 Dothiora prunorum (Dennis et Buhagiar 1973)
Crous 2016

1 31,97 10,62 31,97

117 Entomophthora conica Nowakowski 1883 1 1,33 6,86 29,67

118 Entomophthora thaxteriana I.M. Hall et J. Bell 1963 1 0,10 0,10 30,7

119 Epicoccum nigrum Link 1815 2 2,20 2,20 31,98

120 Exophiala castellanii Iwatsu et al. 1984 1 0,00 2,92 32,33

121 Exophiala salmonis J.W. Carmichael 1966 1 5,99 5,99 31,42

122 Fennellomyces linderi (Hesseltine et Fennell 1955)
Benny et R.K. Benjamin 1975

1 16,94 7,34 29,39

123 Fonsecaea pedrosoi (Brumpt 1922) Negroni 1936 1 1,07 1,07 29,34

124 Fulvia fulva (Cooke 1883) Ciferri 1954 1 0,00 0,00 1,32

125 Geomyces pannorum (Link 1824) Sigler et J.W.
Carmichael 1976

1 5,82 5,82 10,79

126 Gilbertella persicaria (E.D. Eddy 1925) Hesseltine
1960

1 16,72 16,72 30,37

127 Gliocephalotrichum bulbilium J.J. Ellis et Hesseltine
1962

1 1,04 1,04 32,24

128 Gliomastix murorum (Corda 1838) S. Hughes 1958
var. murorum

1 6,23 6,23 31,66

129 Gongronella butleri (Lendner 1926) Peyronel et Dal
Vesko 1955

5 0,90 3,34 24,40

130 Gonytrichum macrocladum (Saccardo 1880) S.
Hughes 1951

1 22,34 22,34 32,24

131 Hansfordia pulvinata (Berkeley et M.A. Curtis 1875)
S. Hughes 1958

1 0,98 5,83 31,24

132 Harzia acremonioides (Harz 1871) Costantin 1888 3 6,29 6,31 31,46

(continued)
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Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

133 Helicostylum elegans Corda 1842 1 18,23 18,23 30,33

134 Helicostylum pulchrum (Preuss 1851) Pidoplichko et
Milko 1971

2 10,5 10,5 30,36

135 Hesseltinella vesiculosa H.P. Upadhyay 1970 1 0,10 0,10 0,98

136 Hormoconis resinae (Lindau 1906) Arx et G.A. de
Vries 1973

8 17,31 13,39 32,08

137 Hormonema macrosporum L. Voronin 1986 1 3,21 10,60 31,97

138 Humicola fuscoatra Traaen 1914 2 16,11 2,02 31,73

139 Hyphopichia burtonii (Boidin et al. 1964) Arx et Van
der Walt 1976

1 10,98 3,11 32,33

140 Kickxella alabastrina Coemans 1862 1 8,30 8,30 17,34

141 Lecythophora decumbens (J.F.H. Beyma 1942) E.
Weber et al. 2002

1 11,05 11,05 32,41

142 Lecythophora fasciculata (J.F.H. Beyma 1939) E.
Weber et al. 2002

1 31,99 10,62 31,99

143 Lecythophora hoffmannii (J.F.H. Beyma 1939) W.
Gams et McGinnis 1983

2 27,12 10,72 32,08

144 Lecythophora mutabilis (J.F.H. Beyma 1944) W.
Gams et McGinnis 1983

1 32,18 2,98 32,18

145 Lichtheimia blakesleeana (Lendner 1924) Kerst.
Hoffmann et al. 2009

3 16,79 11,03 30,38

146 Lichtheimia corymbifera (Cohn 1884) Vuillemin
1903

11 15,65 7,93 29,86

147 Lichtheimia hyalospora (Saito 1906) Kerst.
Hoffmann et al. 2009

1 16,72 11,88 30,37

148 Linderina pennispora Raper et Fennell 1952 1 1,00 1,00 30,16

149 Macrophoma mantegazziana (Penzig 1882) Berlese
et Voglino 1886

1 1,19 1,19 31,91

150 Memnoniella echinata (Rivolta 1884) Galloway
1933

2 12,21 6,52 31,57

151 Menispora ciliata Corda 1837 1 0,96 0,96 31,15

152 Microsphaeropsis olivacea (Bonorden 1869)
Höhnell 1917

1 22,13 10,73 32,03

153 Monodictys paradoxa (Corda 1938) S. Hughes 1958 1 32,47 11,05 32,41

154 Mortierella alpina Peyronel 1913 1 7,10 4,51 28,99

155 Mortierella beljakovae Milko 1973 1 0,10 0,10 29,63

156 Mortierella capitata Marchal 1891 1 22,67 7,03 29,8

157 Mortierella dichotoma Linnemann 1936 exW. Gams
1977

1 1,33 4,35 29,67

158 Mortierella exigua Linnemann 1941 1 6,87 1,29 29,63

159 Mortierella gemmifera M. Ellis 1940 1 6,90 4,34 29,63

(continued)
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Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

160 Mortierella globulifera O. Rostrup 1916 1 1,33 1,33 29,67

161 Mortierella hyalina (Harz 1871) W. Gams 1970 var.
hyalina

3 2,24 3,24 29,47

162 Mortierella jenkinii (A.L. Smith 1898) Naumov
1935

1 1,15 1,15 7,06

163 Mortierella lignicola (G.W. Martin 1937) W. Gams
et R. Moreau 1959

1 15,82 7,06 28,99

164 Mortierella mutabilis Linnemann 1941 1 0,10 15,44 28,38

165 Mortierella parvispora Linnemann 1941 4 2,43 2,43 18,19

166 Mortierella polycephala Coemans 1863 1 2,12 6,20 28,16

167 Mortierella pusilla Oudemans 1902 1 4,78 1,29 29,63

168 Mortierella reticulata van Tieghem et G. Le Monnier
1873

1 0,42 0,42 1,29

169 Mortierella stylospora Dixon-Stewart 1932 1 7,16 7,16 7,16

170 Mortierella verticillata Linnemann 1941 5 2,12 3,32 29,52

171 Mortierella zychae Linnemann 1941 1 0,10 0,75 3,05

172 Mucor aligarensis B.S. Mehrotra et B.R. Mehrotra
1969

1 1,24 2,40 29,27

173 Mucor bainieri B.S. Mehrotra et Baijal 1963 1 6,27 6,27 29,10

174 Mucor circinelloides van Tieghem 1875 var.
circinelloides

9 20,75 6,18 29,34

175 Mucor circinelloides van Tieghem 1875 var.
janssenii (Lendner 1907) Schipper 1976

7 21,2 11,56 30,09

176 Mucor circinelloides van Tieghem 1875 var.
lusitanicus (Bruderlein 1916) Schipper 1976

6 12,73 5,61 30,02

177 Mucor durus G. Walther et de Hoog 2013 1 15,4 6,43 29,27

178 Mucor exponens (Burgeff 1924) G. Walther et de
Hoog 2013

4 7,54 2,87 29,95

179 Mucor flavus Bainier 1903 13 10,27 7,5 30,04

180 Mucor fuscus Bainier 1903 3 5,72 4,15 30,19

181 Mucor genevensis Lendner 1908 3 3,02 2,95 28,98

182 Mucor griseocyanus Hagem 1908 2 16,08 4,08 29,88

183 Mucor guilliermondii Nadson et Philippow 1925 1 7,27 4,39 29,78

184 Mucor heterogamus Vuillemin 1903 1 4,62 4,62 30,16

185 Mucor hiemalis Wehmer 1903 var. corticolus
(Hagem 1910) Schipper 1973

2 12,46 12,2 30,24

186 Mucor hiemalis Wehmer 1903 var. hiemalis 13 10,78 7,06 29,94

187 Mucor hiemalis Wehmer 1903 var. silvaticus
(Hagem 1908) Schipper 1973

3 2,30 2,30 29,78

188 Mucor indicus Lendner 1930 2 16,86 12,54 30,29

189 Mucor laxorrhizus Y. Ling 1930 5 4,24 5,36 25,11

(continued)
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Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

190 Mucor luteus Linnemann 1936 2 0,70 0,70 30,14

191 Mucor microsporus Namyslowski 1910 1 0,71 0,71 28,16

192 Mucor moelleri (Vuillemin 1903) Lendner 1908 4 12,54 9,00 29,84

193 Mucor mousanensis Baijal et B.S. Mehrotra 1966 1 30,38 8,33 30,38

194 Mucor mucedo Linnaeus 1753 6 6,99 6,70 29,71

195 Mucor odoratus Treschew 1940 2 1,46 3,22 29,02

196 Mucor piriformis A. Fischer 1892 3 8,27 5,37 29,02

197 Mucor plasmaticus van Tieghem 1875 1 0,99 0,99 29,88

198 Mucor plumbeus Bonorden 1864 10 16,68 9,50 28,71

199 Mucor psychrophilus Milko 1971 1 17,19 7,02 29,75

200 Mucor racemosus Fresenius 1850 var. racemosus 17 17,53 10,28 30,10

201 Mucor racemosus Fresenius 1850 var.
sphaerosporus (Hagem 1908) Schipper 1970

1 16,79 30,07 30,07

202 Mucor ramosissimus Samoutsevitch 1927 1 15,23 6,27 29,10

203 Mucor saturninus Hagem 1910 1 4,47 17,10 30,55

204 Mucor sinensis Milko et Beliakova 1971 1 16,57 7,95 30,29

205 Mucor strictus Hagem 1908 1 7,32 7,32 29,84

206 Mucor zonatus Milko 1967 2 16,42 7,75 29,97

207 Mucor zychae Baijal et B.S. Mehrotra 1965 var.
zychae

1 0,10 0,10 30,49

208 Mycogone cervina Ditmar 1817 1 31,58 5,33 31,58

209 Mycogone nigra (Morgan 1895) C.N. Jensen 1912 3 15,45 7,84 31,88

210 Mycogone rosea Link 1809 4 0,87 1,23 31,30

211 Mycosticta cytosporicola Frolov 1968 2 5,76 2,06 21,25

212 Mycotypha africana R.O. Novak et Backus 1963 1 18,05 18,05 30,51

213 Myrothecium sp. 2 0,94 0,94 31,12

214 Neocamarosporium betae (Berlese 1888)
Ariyawansa et K.D. Hyde 2015

1 11,01 11,01 32,37

215 Neottiospora caricina (Desmazieres 1836) Hoehnel
1924

1 4,76 4,76 31,17

216 Nigrospora gorlenkoana Novobranova 1972 2 6,00 6,00 31,78

217 Nigrospora gossypii Jaczewski 1929 1 5,91 5,96 31,24

218 Nigrospora oryzae (Berkeley et Broome 1873) Petch
1924

2 10,55 4,13 31,90

219 Nodulisporium verrucosum (J.F.H. Beyma 1929) G.
Smith 1954

1 5,82 2,94 29,15

220 Ochrocladosporium elatum (Harz 1871) Crous et U.
Braun 2007

1 22,58 11,13 32,48

221 Oidiodendron cereale (Thuemen 1880) G.L. Barron
1962

1 9,92 9,92 31,24

(continued)
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Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

222 Paraconiothyrium fuckelii (Saccardo 1878) Verkley
et Gruyter 2012

1 10,28 21,69 31,62

223 Paraconiothyrium sporulosum (W. Gams et Domsch
1969) Verkley 2004

2 7,00 6,78 32,05

224 Paramyrothecium roridum (Tode 1790) L. Lombard
et Crous 2016

1 31,81 10,46 31,81

225 Parasitella parasitica (Bainier 1884) Sydow 1903 1 6,31 6,31 28,33

226 Pestalotia pezizoides de Notaris 1841 1 21,69 9,27 30,59

227 Phialophora atrovirens (J.F.H. Beyma 1935) Schol-
Schwarz 1970

1 2,94 1,04 32,15

228 Phialophora bubakii (Laxa 1930) Schol-Schwarz
1970

1 10,83 22,82 32,18

229 Phialophora lagerbergii (Melin et Nannfeldt 1934)
Conant 1937

1 0,98 3,22 31,99

230 Phialophora verrucosa Medlar 1915 1 8,27 8,27 31,99

231 Phycomyces blakesleeanus Burgeff 1925 4 4,75 5,50 23,91

232 Phycomyces nitens (C. Agardh 1823) Kunze 1823 2 7,47 5,91 29,44

233 Phyllosticta pucciniospila C. Massalongo 1900 1 3,19 3,19 31,95

234 Pilaira anomala (Cesati 1851) J. Schroeter 1886 1 4,39 4,39 29,78

235 Pilaira caucasica Milko 1970 1 6,92 17,12 29,75

236 Pirella circinans Bainier 1882 var. volgogradensis
(Milko 1974) Benny et Schipper 1988

1 6,29 6,29 29,1

237 Pirella naumovii (Milko 1970) Benny et Schipper
1992

1 8,05 8,05 30,33

238 Pleotrichocladium opacum (Corda 1837)
Hernández-Restrepo et al. 2017

1 22,09 10,64 31,99

239 Pleurophoma cava (Schulzer 1871) Boerema 1996 3 18,57 7,63 21,54

240 Pyrenophora biseptata (Saccardo et Roumeguere
1881) Crous 2013

1 9,89 0,98 31,24

241 Radiomyces spectabilis Embree 1959 1 15,95 7,16 29,98

242 Rhinocladiella atrovirens Nannfeldt 1934 1 22,34 6,95 32,24

243 Rhizomucor miehei (Cooney et R. Emerson 1964)
Schipper 1978

1 17,04 8,54 30,49

244 Rhizomucor pusillus (Lindt 1886) Schipper 1978 3 16,98 16,65 30,10

245 Rhizomucor tauricus (Milko et Schkurenko 1970)
Schipper 1978

1 16,52 7,92 30,24

246 Rhizopus arrhizus A. Fischer 1892 8 17,71 8,60 29,74

247 Rhizopus microsporus van Tieghem 1875 var.
chinensis (Saito 1904) Schipper et Stalpers 1984

2 16,67 10,37 30,17

248 Rhizopus microsporus van Tieghem 1875 var.
microsporus

4 15,88 6,76 29,38

(continued)
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Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

249 Rhizopus stolonifer (Ehrenberg 1818) Vuillemin
1902 var. stolonifer

13 19,86 9,71 29,17

250 Scopulariopsis brevicaulis (Saccardo 1882) Bainier
1907

1 31,22 9,87 31,22

251 Spadicesporium acrosporum V.N. Borisova et
Dvoinos 1982

1 21,69 10,32 31,64

252 Spadicesporium acrosporum-majus V.N. Borisova
et Dvoinos 1982

1 6,22 6,22 31,64

253 Spadicesporium bifurcatum V.N. Borisova et
Dvoinos 1982

1 6,22 6,22 31,64

254 Spadicesporium bifurcatum-majus V.N. Borisova et
Dvoinos 1982

1 21,69 6,22 31,64

255 Spadicesporium copiosum V.N. Borisova et Dvoinos
1982

1 10,32 6,22 31,64

256 Spadicesporium persistens V.N. Borisova et
Dvoinos 1982

1 10,28 2,14 31,60

257 Spadicesporium ramosum V.N. Borisova et Dvoinos
1982

1 21,69 10,30 31,64

258 Sphaerostilbella penicillioides (Corda 1840)
Rossman et al. 2015

2 9,88 5,80 31,22

259 Stachybotrys chartarum (Ehrenberg 1818) S. Hughes
1958

9 18,27 5,33 31,88

260 Stachybotrys cylindrospora C.N. Jensen 1912 1 31,95 10,57 31,91

261 Stemphyliomma sp. 1 10,57 5,52 31,91

262 Stemphylium botryosum Wallroth 1833 1 10,59 10,59 31,93

263 Stemphylium sarciniforme (Cavara 1890) Wiltshire
1938

1 3,17 6,67 31,93

264 Striaticonidium brachysporum (Nicot 1961) L.
Lombard et Crous 2016

1 10,37 6,31 31,70

265 Striaticonidium cinctum (Corda 1842) L. Lombard et
Crous 2016

1 0,01 2,35 5,16

266 Syncephalastrum racemosum Cohn ex J. Schroeter
1886

6 18,97 8,06 30,08

267 Syncephalis cornu van Tieghem et G. Le Monnier
1873

1 18,62 18,62 30,48

268 Thamnidium elegans Link 1809 2 19,05 6,77 29,2

269 Thamnostylum piriforme (Bainier 1880) Arx et H.P.
Upadhyay 1970

2 16,7 23,5 30,35

270 Thysanophora canadensis Stolk et Hennebert 1968 1 0,90 3,50 32,26

271 Thysanophora penicillioides (Roumeguere 1890)
W.B. Kendrick 1961

4 0,61 2,13 18,34

272 Torula ligniperda (Willkomm 1866) Saccardo 1906 1 31,91 1,28 31,91

(continued)
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The analysis of the results testifies that this method has proved very successful for
the storage of most of the investigated fungi within 3–7 years (Table 1.2).

Where it is desired to keep and constantly to renew cultures within 1–2 years, a
temperature of 5 �C is perfectly applicable. More than 97% of the studied
zygomycetous fungi and 94% of ascomycetous fungi were viable after storage.
For long-term (more than 10 years) storage, however, this temperature is not reliable,
since the viability of fungi in both groups is reduced to 57% and 55 % respectively.

A temperature of �12 �C is least favorable for long storage. Only 60% of
zygomycetous fungi and 35% of ascomycetous fungi stored at such a temperature
were viable after 10 years. After 17–20 years viability decreased to 10–13% and 4%,
respectively (Fig. 1.1). Among zygomycetous fungi representatives of the classes
Mortierellomycetes, Entomophthoromycetes, and Kickxellomycetes lost their vitality
most rapidly at these temperatures. After 17 years of storage, their viability
decreased to 0–4%. In contrast, the strains from the psychrotolerant species
Helicostylum elegans and Thamnostylum piriforme and thermotolerant species
Rhizomucor pusillus remained steady. Among dark-colored anamorphic ascomyce-
tous fungi the best viability at temperature�12 �C after 20 years was found in strains
of the genera Acrophialophora, Alternaria, Coniothyrium, Gonytrichum,
Hormoconis, Paraconiothyrium, and Phialophora. After 30 years, only 1 strain
(Hormoconis resinae) was viable.

Table 1.1 (continued)

No. Name of species
Number
of strains

Storage time at
different temperature
(years)

5 �С
�12
�C

�70
�C

273 Trichocladium asperum Harz 1871 1 32,13 3,31 32,07

274 Trichocladium griseum (Traaen 1914) X. Wei Wang
et Houbraken 2018

2 15,71 1,31 26,17

275 Trichocladium nigrospermum (Schweinitz 1832) X.
Wei Wang et Houbraken 2018

1 10,83 10,83 32,18

276 Trichoderma deliquescens (Sopp 1912) Jaklitsch
2011

1 31,15 9,79 31,15

277 Truncatella angustata (Persoon 1801) S. Hughes
1958

1 1,05 1,05 31,68

278 Umbelopsis isabellina (Oudemans 1902) W. Gams
2003

6 16,65 6,59 29,24

279 Umbelopsis longicollis (Dixon-Stewart 1932) Y.N.
Wang et al. 2015

3 20,11 5,82 28,9

280 Umbelopsis nana (Linnemann 1941) Arx 1984 2 7,07 4,29 29,78

281 Umbelopsis ramanniana (Moeller 1903) W. Gams
2003

6 14,18 8,67 29,29

282 Umbelopsis vinacea (Dixon-Stewart 1932) Arx 1984 1 4,34 3,34 29,41
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The most acceptable temperature for the storage of mycelial fungi is the temper-
ature �70 �C. In these conditions after 30 years of storage, 90% of strains were
viable (Fig. 1.1).

The advantages of storing mycelial fungi at different temperatures on silica gel
are obvious. On one hand, this method is so simple that the storage at 5 �C and �12
�C can be carried out for the most part in poorly equipped laboratories. On the other
hand, the presence of a low-temperature refrigerator (�70 �C) means it is possible to
support large numbers of cultures in a small area. The advantages of this method are
also a minimum of preparatory work, the rapid reconstituted part of the stored
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Fig. 1.1 The long-term preservation of zygomycetous fungi on silica gel at different temperatures
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Fig. 1.2 The long-term preservation of ascomycetous fungi on silica gel at different temperatures
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material by transferring a few granules on appropriate culture medium, as well as the
possibility of using the same vial without defrosting for a long time.

The cooling equipment being used in VKM is ultralow temperature freezers
(�70–80 �C, Sanyo, Japan) and household refrigerators (5 and �12 �C).

1.6 Protocols

Protocols of cryopreservation, freeze-drying, and drying in sterile soil were
described earlier [15].

1.7 Protocol of Drying on Silica Gel

1.7.1 Preparation of Sterile Silica Gel and Ampoules

• Silica gel is pre-dried and sterilized by dry heat for 3 h at a temperature of 160 �C,
conducting careful control of sterility.

• Plastic ampoules (Nunc) (3 for each culture) are labeled and sterilized by
autoclaving, at 121 �C for 20 min.

• Sterile silica gel that has been washed with a concentration of cobalt chloride is
placed in the ampoules to indicate the humidity. The cobalt chloride is deep blue
when dry and turns pink when wet.

• A sterile cotton ball is placed on top of the indicator.

1.7.2 Preparation of Cryoprotectant: 10% (v/v) Glycerol

• Pour 5 mL of 10% glycerol into 12 mL glass tubes.
• Sterilized by autoclaving at 121 �C for 20 min.
• Stored at +5 �C for no longer than a month.

1.7.3 Preparation of Cultures

• Grow sporulating fungal cultures on slant agar under optimal growth conditions
and on suitable mediums (www.vkm.ru).

• Wash off spores from agar surface with 5 mL of cool sterile 10% glycerol.
• Titer of spores’ suspension should be not less than 106 spores/mL.

20 S. M. Ozerskaya et al.
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1.7.4 Silica Gel Inoculation

• Add 75–100 silica gel granules (40 grade, 9–16 mesh) in a sterile Petri dish.
• Add 1 mL spore suspension to sterile and dry silica gel.
• Shake the Petri dish with the granules.
• Put the Petri dish in desiccator and store in the refrigerator 12 h at 4–7 �C.

1.7.5 Filling of Vials

• Add silica gel granules with fungal spores (20–25 pieces) to 3 plastic ampoules
with a sterile spoon.

• Place cryovials in the boxes and transfer them to the refrigerators (5 and �12 �C)
and the ultralow temperature freezer (�70 �C).

1.7.6 Control of Viability

• Place ampoule in a special metal container, thermostatic inside by expanded
polystyrene, to prevent defrosting.

• Transfer one granule of silica gel from ampoule on fresh suitable agar medium
and incubate under optimal conditions.

• The remaining granules were resealed and stored as described. Thus, each
ampoule with fungal spores adsorbed on silica gel may be used repeatedly.

Result
The real storage time estimates obtained in VKM are given in Table 1 and Annex 2.
They are not final data: the cultures are still being stored, and we expect to get longer
storage times later on. Some cells of the table are empty; this is the case if the culture
is not stored by this method.

There is at present clear that more than 98% of fungal cultures preserved by
cryoconservation method remain viable after 20 years of storage. For lyophilization
and storage in sterile soil methods, these figures after 30 years of storage are 95 and
85%, respectively. For long-term storage of fungal cultures on silica gel, the
temperature �70 �C should be chosen. At this temperature, over 90% of spore-
forming fungi retain their viability after 30 years of the experiment.

Conclusion
The conservation techniques used in VKM presents effective preservation of the
stock of filamentous fungi from different taxonomic groups. The possibility and
practical time estimates of secure long-term storage of fungal cultures belonging to
1600 species and 590 genera were shown. The represented information could be used
as a reference for researchers intending to maintain pure cultures of microorganisms
for a long time. The data produced are also accessible online on the VKMWeb site.
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Annexies

Annex 1: Fields Attributes in the Table «Database Preservation
Methods»

Code Counter

EntryDate Date/Time

Method Text

Col Text

Strain Numerical

dep Text

pat Text

Curator Text

Dubl-cart Text

Dubl fond Text

Dubl fond new Text

Ampules Numerical

Data Date/Time

Result Text

Data2 Date/Time

Result2 Text

Days Numerical

Year Numerical

Comments Text

Data3 Date/Time

Result3 Text

Data4 Date/Time

Result4 Text

Data5 Date/Time

Result5 Text

EditDate Date/Time

Protector Text

Programm Text

Location Text

Type Text

Annex 2: Maximal Preservation Times for VKM Fungal
Species
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