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NEW ARBUSCULAR MYCORRHIZAL FUNGI
ASSOCIATIONS FROM SOILS OF CRIMEAN STEPPE

The primary selection of arbuscular mycorrhizal (AM) fungi from soils of Crimean Steppe
was conducted. The most effective associations P3, P5, S1, §3, S8 and S9 were identified
using morphological characteristics of Sorgum sudanense roots colonization and spores
surface appearance. It was shown that AM fungi form Arum-type symbiosis contain well-
established spores’kinds specific to individual associations. The molecular identification was
performed in addition to the morphological data. AM fungi associations P3, P5, S1, S3, S8
and S9 were identified as Rhizophagus genus while S1 association as Funneliformis genus.

Key words: arbuscular mycorrhizal fungi, root colonization, spores, identifica-
tion, rDNA.

Application of biopreparations based on effective microorganisms’ strains
is one of the methods used in sustainable agriculture [8, 12]. Many research
studies have proved the positive effect of biopreparations based on AM fungi
on crop production [1, 3, 13]. This fact is related to the fungi’s ability to colo-
nize plant’s roots and enrich inflow of heavy soluble phosphates [6, 14] and
nitrogen [11] from soil to macrosymbiont. During the evolution these fungi
lost their ability to absorb carbohydrates. As the result they need to obtain them
through the symbiosis from plants as hexose [18]. Symbiosis with high plants
for endomycorrhizal fungi is obligated [20]. Soils of South of Ukraine, specifi-
cally Crimean, include representative population of AM fungi [7]. Isolation of
new AM fungi associations from natural habitat using analytical selection is
one of the concepts used in the production of microbial preparations. Isolated
associations are effective in plant-microbe interaction.

Therefore, the aim of this work was to select new AM fungi associations
from Steppe Crimea soils and identify their taxonomy.

Materials and methods. Isolation of new AM fungi associations from agro-
cenosis and natural phytocenosis of Crimean Steppe was performed using Brun-
drett [1] and Labutova [10] techniques. Impact of new associations’ inoculum
on Sorgum sudanense (Piper) Stapf (variety Fyoleta, SB NUL&ES of Ukraine
“Crimean Agrotechnological University”, Simferopol) mycorrhizae development
was performed in a pot experiment on sand with artificial light and regulate
watering [4, 10]. Rhizophagus irregularis BEG144 (ARRIAM RAAS, St. Pe-
tersburg) was used as the reference isolate of AM fungi — biopreparation’s agent
[21]. 21 new AM fungi associations were collected for investigation.

AM fungi inoculums were applied at 150-200 mycorrhiza-making unit per
pot rate. Quantification of AM fungi colonization on Sorgum sudanense roots
was implemented using Vierheilig et al. (staining root samples) [23] and Trou-
velot et al. (quantity) [22] methods. The efficiency of plant-microbe interaction
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was assessed by dry-weight of roots and shoots.

Statistical analysis of data was performed using error of mean calculations
[2].

Identification of AM fungi was carried out by microscopy of spore
morphology and mycorrhizal development on Sudan grass roots [5].
Complementarily rRNA gene was sequenced. Total DNA was extract-
ed from AMF-colonized roots from pot experiment, using modified
CTAB-method. Specific for Glomeromycota primers were applied: SSU-
Glom1 (5’-ATTACGTCCCTGCCCTTTGTACA-3’) and LSU-Gloml
(5’-CTTCAATCGTTTCCCTTTCA-3’) [16]. These primers were used for am-
plification of the 18S rRNA (partial) — ITS1 — 5.8S rRNA — ITS2 — 28S rRNA
(partial) gene region. PCR was conducted in 25 pl reaction volume containing
2.5 ul buffer for polymerase, 0.2 mM of each dNTPs, 2.8 mM MgCl,, 5 pM
of each primers, 1 units of Taq polymerase (Evrogen, Russia), = 20 ng of tar-
get DNA. Programmable Thermal Controller (iCyclerO, Bio-rad, USA) with
35 cycles of 94° for 30 s, 55° for 30 s and 72° for 1 min with a final extension
step of 5 min was used. Electrophoresis of PCR products was run in a 1% aga-
rose gel. DNA was visualized by ethidium bromide staining.

PCR products were cloned in Echerichia coli DH5a using pTZ57R/T vector
from InsT/AcloneQ PCR Product Cloning Kit (Fermentas, USA). The blue-
white screen and PCR with M13 primers were used for detection of recombi-
nant bacteria with cloned insertion. Sequencing was conducted using CEQO
8000 Genetic Analysis System (Beckman Coulter, USA) in according to the
manufacturer’s protocol. Similarities between sequences were determined us-
ing the BLAST service provided by GenBank. Sequences were aligned with
other published Glomeraceae sequences using the ClustalW. Further visual
alignment was performed in Mega 3 software package.

Results and discussions. New arbuscular mycorrhizal fungi associations
were selected from Crimean Steppe soils. 21 associations were collected from
mycorrhiza formed in agroecosystems of Glycine max (L.) Merr, Medicago
sativa (L.), Phaseolus vulgaris (L.) and in natural ecosystems of Onobrychis
sp., Trifolium sp., Medicago sp., Vicia sp., Setaria sp., Artemisia sp. and Thy-
mus sp. First screenings have shown that 7 associations are capable of intense
plant roots colonization with 90 — 100 % occurrence frequency.

The efficiency of AM fungi associations was verified on S. sudanense plants
in the pot experiment. There was no mycorrhiza in the nontreated control
(Tab. 1). The reference isolate R. irregularis BEG144 and new associations
S5, S9, P5 had formed mycorrhizal structure on plant roots with higher rate
than in another treatments: intensity of mycorrhizal colonization and arbus-
cule abundance was higher in 1.2 — 6.6 times; vesicle abundance — from 1.6 to
23.8 times. The root dry-biomass of host plant and the mycorrhiza develop-
ment intensity are an important characteristics of biopreparations based on AM
fungi. The greatest effect was showed in variants with new associations S5, S8,
S9, P5, where application of AM fungi inoculum had increased the root dry-
biomass from 2.4 to 2.8 times comparing to control and from 1.9 to 2.3 times
comparing to the R. irregularis BEG144 strain. Furthermore, S1, S5, S9, P5
associations have also influenced the increase of shoot dry-biomass of plants
up to 133.3 —216.7 % and 16.7 — 58.3 % in variants without treatment and
treated with reference isolate, respectively.
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Table 1
Efficiency of S. sudanense inoculation by arbuscular mycorrhizal fungi
(pot experiment on sterile sand)

Treatment M, A, B, d -l‘tji(())(t)ltlass d ilzgg:ass
%/cm root %/cm root | %/cm root Yy ’ y ’
g/plant g/plant
Control 0 - - 0.26+0.13 0.06+0.02
Reference isolate
BEG 144 69.3+£15.9 44.9+£27.9 1.0£0.5 0.32+0.04 0.12+0.01
New associations
S1 39.1+36.8 30.4+33.1 2.142.1 0.49+0.21 0.1440.01
S5 53.6+32.9 28.2+18.7 11.0£2.2 0.70+0.10 0.15+0.02
S8 55.2+5.5 22.3+3.2 6.9£1.8 0.62+0.16 0.11£0.05
S9 71.9+5.5 48.0+8.5 47.54+6.2 0.65+0.01 0.17+0.01
P2 46.3422.3 23.4424.7 6.4+5.8 0.13+0.01 0.10+£0.04
P3 16.8+15.3 7.3+4.6 2.0£1.9 0.37+0.09 0.11£0.02
P5 55.5+5.1 34.2+3.5 26.6+1.0 0.72+0.05 0.19+0.03

Note: M — intensity of mycorrhizal colonization;
A — arbuscule abundance;

B — vesicle abundance.

The identification of new associations is a necessary step for their subse-
quent use. All this associations belongs to the form of Arum-type mycorrhiza,
like S5 and P3 shown in fig. 1. Substantially, arbuscules had cylindrical stem
with dichotomy branches, which got tighten by diameter to terminal end. Most
of vesicles were thin-walled and have ellipsoidal shape. The amount and time
of their appearance had varied depending on the environmental conditions and
associations used. Intraradical hypha had spread in parallel to lengthwise root’s
axis, in rare cases they were curled, except for the areas around the infection
penetration places. Hypha were transversally connected by lateral branches.
Frequently, the infected areas had melded to form continuous colonization of
plant’s roots. Olden mycorrhiza was mostly presented by hypha and generous
amount of vesicles.

Spores were produced singly or/and in aggregates terminally on extraradical
hypha. The association P3 had single type of spores, S1 — 3 types, S5 — 3 types,
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Fig. 1. Mycorrhiza development of new AM fungi associations S5 (1) and P3 (2) in

S. sudanense roots
Note: AR — arbuscules; H — hypha; V — vesicle; VC — vascular cylinder. Scale bar = 50 pm.
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S8 — 1 type, S9 — 2 types. Circular and slightly oval shapes were observed, but
of the different sizes (from 40.5 pm to 228.6 um) and colors (fig. 2).

The spore wall consists of several layers had continued with a wall of
the subtending hypha. Sometimes intraradical spores were observed instead
of vesicles. Such mycorrhizal development on roots and spores forms indicate
that new isolated associations belong to the Glomeraceae family [5].

Sequencing of rDNA and internal genomic spacer (ITS) is one of the most
precise methods to identify of AM fungi systematic position. Therefore, the
total DNA was extracted from isolated associations. Partial rRNA genes were
amplified from all extracted DNA with specific SSU-Glom1/ LSU-Glom1
primers. Obtained products were about 1080 bp length (fig. 3). Given size of
products corresponds with other GenBank rDNA sequences of AM fungi.

14 PCR-fragment from 7 association were cloned into the target rDNA se-
quences. Obtained sequences were submitted to the GenBank. Associations P3,
PS5, S1 (clone G04), S8, S9 were identified as Rhizophagus irregularis while
association S1 (clone C04) were identified as Funneliformis mosseae based on
BLAST-analysis of partial rDNA sequence (Table 2). Systematic position in
Glomeromycota genus of associations S3 (clone A05), S3 (clone D0S5), S5 by
BLAST was not identified.

The phylogenetic tree was constructed in order to describe the taxa position
of new associations. All genera of the Glomeraceae family (allocated nowa-
days [15, 19]) and Acaulosporaceae (out-group) were used for construction of
the phylogenetic tree. Totally, 271 sequences from GenBank were employed
(Fig. 4). The phylogenetic tree corroborated these associations had shown the

Fig. 2. Spores formed by associations P3 (1), S1 (2), S5 (3) and S9 (4)
Note: Scale bar =200 pm.
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Fig. 3. rDNA PCR-products of AM fungi associations,amplified using
SSU-Glom1/ LSU-Glom1 primers
Marker: Gene Ruler Mix (Fermentas)

Table 2
Comparison partial rRNA gene of AM fungi associations with GenBank
Association 1** BLAST result in GenBank Identities
P3 Rhizophagus irregularis DAOM229456, 57— 490/513(96 %)
KM376420 isolate spore 3, clone 0312 16 29 37— 508/515(99 %)
P5 . . . o
KM376421 Rhizophagus irregularis clone pMK100-4 Full — 1048/1103(95 %)
S1 C04 Funneliformis mosseae isolate Att109-28, 57 —223/237(94 %)
KM376419 clone pCKO081-11. 3°—579/588(98 %)
S1 G04 Rhizophagus irregularis isolate from , 0
KM376418 Poland (trap culture), clone pMK108-5 37— 416/435(96 %)
S3 A0S Uncultured Glomeromycota clone KP_ 57— 180/190(95 %)
KM376417 Co033 3’ —629/636(99 %)
S3 D05 . , 0
KM376416 Glomus sp. 8 SUN-2011 isolate 08 7 10 57— 657/660(99 %)
55 Glomus sp. 8 SUN-2011 isolate 08 6 11 3’ —583/591(99 %)
KM376415 P- - °
S8 Rhizophagus irregularis strain , 0
KM376414 DAOM181602, clone EI2_7 29 37— 491/51096 %)
S9 Rhizophagus irregularis DAOM181602, 57 —452/474(95 %)
KM376422 isolate spore 1, clone EI2 3 6 3’ —544/569(96 %)

systematic position of TDNA of isolated AM fungi associations. Associations
P3, P5, S1, S3, S8, S9 were located in Rhizophagus cluster, C04 clone from S1
association was located in Funneliformis cluster.

Thus, the morphological and molecular identification had ascertained the
taxonomy of AM fungi comprised in new associations. It was shown that new
associations P5, S5, S9 were highly effective. They have increased the biomass
of Sorghum sudanence roots and the mycorrhiza development, indicating that
these associations can be applied in plants biotechnology.

The authors would like to express gratitude to A.G. Pinaev, O.Yu. Shtark,
G.A. Akhtemova, A.Yu. Borisov and other staff of the ARR Institute for Ag-
ricultural Microbiology and V.S. Zotov (A.N. Bakh Institute of Biochemistry)
for assistance in molecular data receipt.
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Fig. 4. Phylogenetic tree showing the systematic position of rDNA of AM fungi
associations (names are underlined), constructed using neighbor-joining methods based
on Kimura 2-parameter model. Numbers on branches show the bootstrap support for
the respective topologies
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Peszwme
B po6ori mpoBeneHa nmepBUHHA CeIEKIis TpudiB apOycKyasipHOI Mikopu3u (AM) i3
rpyHtiB crenHoro Kpumy. Haifedexrnnimi acomianii P3, PS5, S1, S3, S8, S9 inentudi-
KOBaHi 32 MOP(OJIOTiYHUMHU OCOOIMBOCTSIMHU KOJIOHI3aIll KOPEHIB CyJIaHChKOI TPaBU Ta
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30BHILIHIM BUIIISLAOM criop. [Ipu nboMy BHsIBIIEHO, 1110 BCi JociiukeHi rpudu AM ¢op-
MYIOTb Arum-TAN cuM0103y 1 MalOTh BUAM CIIOP, XapaKTepHi AT OKPEMUX acorialii. 3a
BHUKOPUCTAHHS MOJICKYIIIPHO-010JIOTIYHIX METO[IB ITOKA3aHO, 10 0 CKJIAY acolliarii
P3, P5, S1, S3, S8, S9 Bxos1Th nipencTaBHUKY pony Rhizophagus, a no ckiany S1 — Takox
i Funneliformis.

KnxwodoBi cioBa:epubu apbyckynapnoi mikopusu, KoIOHI3ayis Kopenis, cnopu,
i0enmudchixayis, p/[HK.
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HOBBIE ACCOIIMAIIMM TPUBOB APBY CKYJIIPHO MUKOPHU3HI U3
IMIOYB CTEIIN KPBIMA

Peswwme

B pabore npoBeneHa HavanpHas cenekiys rpudoB apOycKyIspHON MUKOpH3HI (AM) 13
moyB crerHoro Kpeima. Hanboiee addexruBhbie accormanuu P3, PS5, S1, S3, S8, S9 Obuiu
AICHTU(DUIMPOBAHBI TIO MOP(OIOTHISCKIM 0COOCHHOCTSIM KOJIOHU3AIINU KOPHEH CynaH-
CKOI1 TpaBbI ¥ BHEIITHEMY BUTy criop. [Ipy 3TOM BBISBIICHO, YTO BCE UCCIICIOBAHHBIC TPHOBI
AM dopmMupyroT Arum-Tun cuMOn03a U COIePKAT YCTOSIBIIUECS BUJIBI CTIOP, XapaKTEPHBIC
JUTS OTACTBHBIX accoruaruid. [Ipu ncrons30BaHIN MOJICKYISPHO-OMOIOTHIECKHUX METOIOB
MOKa3aHo, uTo B coctaB acconuanumii P3, PS5, S1, S3, S8, S9 BxoasaT npeacraBurenu pona
Rhizophagus, a B coctaB S1 — Taioke u Funneliformis.

KnrogaeBBI e C 0B a:epudbl apoyCKyIAPHOU MUKOPU3bL, KOTOHU3AYUS KOPHEll,
cnopul, uoenmugurayusi, p/{HK.
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