Research paper ML

22 August 2023, 42(8): 1661-1672 H#y2-# Mycosystema ISSN1672-6472 CN11-5180/Q Doi: 10.13346/j.mycosystema.230038

WEBWES: — 1AW THEEHAMNMAREIR
I=NEapsE

i, EAW ', MRl g#us, Ik

1 BN R A Bl b ol A= ) TARFSE B L AR % PR AR 5 (3 R o 1 20 7 B A S e
T BEFH 550025
2 FCIOE AR 2ABE, SN A 554300

& E: KA Fﬂﬂ? CER M2 L H AR R LR T S BRI EREE B —ANF A Lk
ik E. B TEREREN, KA 187-361x210-378 pm, Fiatmlh ik e L2 X HEE; &
%EE@HH@A%&@ BH 48 N R; ToTRAR 3 B 3 BEEOWLI3), 2 BEFAEE
(MWLI1-2)#= 3 &R B Z(IWLI1-3), OWL2 5 IWL3 /&£ Melzer’s X F ZixH &3 2otz e, AT
tDNA /77 [ %34 SSU (small subunit). #A™ ITS (internal transcribed spacer)#=<f 4> LSU (large
subunit) R fX; SSU-ITS-LSU# 2 AL F AT R, EMETEREEE, AW RIS X, KA
R ZAP AT T Hmey o S EAdF B 7, Fitie T 5 AL %A 6 LA 4542,

*HIE: AMBARALE; BAF, SSU-ITS-LSU; %

[5IAA]
WRrBss, JuArmn, ol , SENEE, T, 2023, {LREMBER : —DRBT i St A A AR TR, BA2A, 42(8):
1661-1672

Chen DY, Long CL, He RJ, Dong RH, Jiang L, 2023. Cetraspora huaxica, a new species of arbuscular mycorrhizal fungi
(Glomeromycotina) from Guiyang, China. Mycosystema, 42(8): 1661-1672

WENIH : [ ZBHE S H (2015BAD04B0204); 5341 28 1l [ X 2% [ 28 DR X8 2R T H (U R [8412019-GD-AM)
This work was supported by the National Key Technology Research and Development Program of China (2015BAD04B0204)
and the Guizhou Fanjing Mountain National Nature Reserve Administration Project (FGJ2019-GD-AM).

*Corresponding author. E-mail: ljiang@gzu.edu.cn

ORCID: CHEN Deyao (0000-0001-9773-6492), JIANG Long (0000-0001-7841-0155)

Received: 2023-02-16; Accepted: 2023-03-27

Copyright © 2023 Institute of Microbiology, CAS. All rights reserved. | jwxt@im.ac.cn  Http://journals-myco.im.ac.cn ~ Tel: +86-10-64807521 %%’%—"*ﬁ 1661



MREIE & RERES: —MRUTHESRMEHASEREEHM L

Cetraspora huaxica, a new species of arbuscular mycorrhizal
fungi (Glomeromycotina) from Guiyang, China

CHEN Deyao', LONG Chunli', HE Rongjian?, DONG Ruihao', JIANG Long""

1 Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region (Ministry of
Education), College of Life Sciences/Institute of Agro-bioengineering, Guizhou University, Guiyang 550025,
Guizhou, China

2 Tongren Polytechnic College, Tongren 554300, Guizhou, China

Abstract: Cetraspora huaxica, a new species of Cetraspora (Diversisporales, Glomeromycotina),
was isolated from rhizosphere soil of Chimonobambusa utilis in Huaxi District of Guiyang City,
China. It forms hyaline spores 187-361x210-378 um on pale yellow to pale yellow brown
sporogenous cells. The germination shields are hyaline to pale yellow brown with multiple (4-8)
lobes; the spores have three walls: a triple-layered outer wall (OWLI1-3), a bi-layered middle wall
(MWL1-2) and a triple-layered inner wall (IWL1-3), of which the OWL2 and IWL3 stain deep
pink to bright red-brown when exposed in Melzer’s reagent. Phylogenetic analyses based on the
sequences of nuclear rDNA (spanning the partial small subunit, whole internal transcribed spacer,
and partial large subunit segment; SSU-ITS-LSU) indicate that this species belongs to the genus
Cetraspora and forms an independent clade. Detailed descriptions of the new taxon and a

comparison with its phylogenetically related taxa are provided.
Keywords: arbuscular mycorrhizal fungi; morphology; SSU-ITS-LSU; taxonomy
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H Diversisporales, {44 E #1528 RHH A 1,
Hir, EMBHEACT 8 M. HERER
Racocetra., JEfil#E%:/& Cetraspora. )& #E% /&
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Ochl et al. (2008)H 4 HAp FREZZ5H) . &
ZEIERRAE . SSU A LSU #8140, # ) F fE



Research paper

22 August 2023, 42(8): 1661-1672

Mycosystema ISSN1672-6472 CN11-5180/Q

BB 5 AR R RE Y TR E—E
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%% C. gilmorei (Gerdemann & Trappe 1974), i%EH]
J& ffl % 5 C. pellucida (Nicolson & Schenck
1979) . K43 % C. Sriata (Cuenca &
Herrera-Peraza 2008). 5775144 C. nodosa
(Btaszkowski 1991). Ft/&f4E%% C. helvetica
(Oehl et al. 2010)F14: /G 4% C. auronigra
(Lima et al. 2014)3: 7 ~9Fp (http://www.amf-
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of Insititute of Microbiology, CAS) I 5t M K24

EMFR 1663



MREIE & RERES: —MRUTHESRMEHASEREEHM

R

ARk B ) A A S 2
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PEATHA DNA $2HL. SSU-ITS-LSU J¥4%H
AM HFFFRHIRATY SSUMAT-LSUmAr 5
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SSU-ITS-LSU J¥41l () &4 K B 3 7 Fl
fi )& It 32 NG, DN AR S
Pacispora scintillans (FM876831) i 4 it , 118
KARLER s (ML) A DLt 3 vk (BT 20 Ml i R 48
AW T UL R BTG SR 7

i C. helvetica, C. Sriata il C. auronigra JG
SSU-ITS-LSU J331l . 223 R b B i S e i ok
MEGA 11 %4 ) MUSCLE M REFFAT I o B
KAUSRE (ML) AT IETE CIPRES Bl2# T8 B
il RAXML-HPC2 #1715, #4# GTRGAMMA
FERY, 3247 1 000 X (Eduardo et al. 2020). F|
PhyloSuite v1.2.2 # {4+ ) ModeFinder i £ iz {#:
FHU J5 (Zhang et al. 2020), i F Mrbayes 3.2 17
M RGER T 90T RGK TWAE TreeGraph 2
TR SR

2 BER54M

21 RGAEOH

FEI T T 3 550751258 2 NCBI GenBank
B, PRI 555 OP004057 . OP004058
1 OP004059, 5T SSU-ITS-LSU J¥31,
KAUSR s (ML) FH DL 730 (BT), - DA TR 52 FlF- 38
%% Pacispora scintillans (FM876831) k4 M, #4
FRAGRFWE 1) 450 TR RUFRYFE
FIEMRERERE, 3 KT E N LR R
— I S 3, IS RS G R K
R IR 3 32

=1 SSUmAf-LSUmAr 5 SSUmCI-LSUmBTr 5|4{5 2

Table 1 The primer information of SSUMAf-LSUmAr and SSUmCf-LSUmBr
Nested-PCR 519 il PCR 7K JiE
Primers Sequence (5'—3') Length of PCR product (bp)
SR SSUmA(fI TGGGTAATCTTTTGAAACTTYA 1 800
First amplification SSUmAf2 TGGGTAATCTTRTGAAACTTCA
LSUmArl GCTCACACTCAAATCTATCAAA
LSUmAr2 GCTCTAACTCAATTCTATCGAT
LSUmATr3 TGCTCTTACTCAAATCTATCAAA
LSUmAr4 GCTCTTACTCAAACCTATCGA
EEam i SSUmCf1 TCGCTCTTCAACGAGGAATC 1500
Second amplification SSUmCT2 TATTGTTCTTCAACGAGGAATC
SSUmCH3 TATTGCTCTTNAACGAGGAATC
LSUmBr1 DAACACTCGCATATATGTTAGA
LSUmBr2 AACACTCGCACACATGTTAGA
LSUmBr3 AACACTCGCATACATGTTAGA
LSUmBr4 AAACACTCGCACATATGTTAGA
LSUmBTr5 AACACTCGCATATATGCTAGA

1664 EFIR



Research paper 22 August 2023, 42(8): 1661-1672  Mycosystema ISSN1672-6472 CN11-5180/Q

Cetraspora huaxica OP004057
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1/100

0.99/92

0.63/73

1/98 Cetraspora gilmorei FN547602

1/88

0.99/97 4

1/98 Cetraspora armeniaca MG459217
0.88/100 4——___| Cetraspora nodosa FM876833
0.98/84—— | Cetraspora nodosa FM876836

Cetraspora pellucida AY 035662

Cetraspora pellucida AY035663

1/100 [ Racocetra fulgida FR750137

Cetraspora gilmorei FN547601

Cetraspora gilmorei FN547603
Cetraspora armeniaca MG459216

197 .96/85

1/100 Racocetra fulgida FR750138
— Racocetra fulgida FR750141
1776 Racocetra weresubiae FR750134
0.7/70 Racocetra weresubiae FR750135
0.99/81 1/991 Dentiscutata heterogama FR750160

Dentiscutata heterogama FR750163
1/100

0.99/73

Dentiscutata savannicola HE962433

0.60/64 Dentiscutata savannicola HE962462

Dentiscutata reticulata AJ871270

1/81 Dentiscutata reticulata AI871272

1/97

Dentiscutata reticulata AJ871271

0.99/80 1/100[ Gigaspora margarita FN547553

1/100 Gigaspora margarita FN547554

Mciigaspom rosea FN547574
Gigaspora rosea FN547575
M{ Scutellospora calospora MT765443
Scutellospora calospora MT765569

1/100

— Scutellospora calospora MT765695

1/95

1/100 | Scutellospora ovalis KY362434
Scutellospora ovalis KY362435

0.99/50 1/100 1 Scutellospora spinosissima FR750149
Scutellospora spinosissima FR750150

Pacispora scintillans FM876831

0.02

1 T SSU-ITS-LSU FHIMIIMET ARG L BN ML WAYFHFMESE 5 DU A g RAE L, A&
DAV SR M R s X R GER B W LN S FI°F- 4% Pacispora scintillans 4 s DL 5 50 HE4£>0.6
Je ML H2#{E250% (BYPP/MLBP)RIELE T i G B MBS AT /0 B A bR ;s A R U 0.02
Fig. 1 Phylogenetic tree generated from Bayesian analysis based on SSU-ITS-LSU sequence, including
Pacispora scintillans as outgroup. The tree topology of the maximum likelihood was similar to that of Bayesian

analyses. Bayesian posterior probabilities >0.6 and ML bootstrap values >50% (BYPP/MLBP) are given above
the nodes. The strains isolated in this study in bold; Scale in 0.02 substitution per site.
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Cetraspora huaxica D.Y. Chen, R.J. He & L.
Jiang, sp. nov.  Fig. 2

Fungal Name FN571069

Etymology: Huaxica (Latin), referring to
Huaxi District, Guizhou Province, China, where
this fungus was originally found.

Holotype: China. Guizhou Province: Huaxi
District of Guiyang City (106°3931"E,
26°27'13"N; 1 100-1 140 m above sea level),
January 2022 and March 2022, D.Y. Chen, C.L.
Long. Holotype, Fungarium of Insititute of
Microbiology, CAS, voucher HMAS 286821.
Isotypes were deposited at the Plant Physiology
Laboratory of the University of Guizhou
(GZ-HX-GO01 to G07).

Description: Sporocarps unknown. Spores
borne singly in soil, globose to subglobose,
hyaline/white, 187-361x210-378 pm (wideX
long), formed terminally on bulbous sporogenous
cell (Figs. 2A-2C). The spore contents are hyaline
and oil droplet shaped, and these oil droplets
appear milky white near the germination shield as
the spore maturates (Fig. 2B).

Subcellular structure of spores consists of an
outer, middle and inner wall (Fig. 2D). Outer wall
is composed of three layers. Outermost wall layer
(OWL1) is hyaline, permanent, about 0.5-1.2 pm
thick. OWL2 laminate and extremely rigid,
hyaline, 3.80—8.76 um thick, staining deep pink to
bright red-brown in Melzer’s reagent (Figs. 2E,
2F). OWL3 tightly adherent to OWL2, 0.6—1.0 pm
thick, difficult to observe in crushed spores.

Middle wall (MWLI1-2) is 1.1-2.4 pm thick
in total and two hyaline layers: a flexible outer
layer MWLI1 and a semi-flexible layer MWL2.
MWLI is 0.3—0.8 um thick and generally does not
separate from underlying MWL2 but often shows
several folds in crushed spores. MWL?2 is 0.8-1.6
um thick, and generally more rigid than MWLI.
None of the layers reacts to Melzer’s (Fig. 2E).

Inner wall (IW) is triple-layered (Fig. 2E).
The outer IW layer (IWL1) is hyaline,
semi-flexible and 0.5-1.4 pm thick. The second
layer (IWL2) is semi-flexible, and is 0.6—1.2 um
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thick. The innermost layer (IWL3) is rigid, mostly
tightly adherent to IWL2. IWL3 stains deep pink
to bright red-brown when exposed to Melzer’s
reagent.

Germination shield forms on the outer IW
surface, pale yellow to pale yellow brown,
ellipsoid to cardioid, 88.6-126.1x113.3—-147.9 um
wide x long, partitioning 4-8 lobes with nicked
margins formed by shallow incisions. Generally,
each lobe had a circular germ tube origin (gti;
4.2-10.3 um in diam.) (Figs. 2H-2J).

Sporogenous cell (Sc) is globose to elongate,
3249 pm wide and generally pale yellow to pale
yellow brown. Two wall layers are visible on the
young sporogenous cell, which are continuous
with OWL1 and with laminated OWL2. Layer 1 is
hyaline, 0.4—0.9 um thick. Layer 2 is pale yellow
to pale yellow brown, 1.2-2.6 pum thick at the
sporebase, thinning distally to about 1 pm. One to
two (rarely) ‘hyphal pegs’ are often formed on the
sporogenous cells (Figs. 2C, 2G).

Auxiliary cells (aux) are formed in small
aggregates (2—8 cells) on coiled hyaline hyphae
3.5-5.5 um in diameter. Each cell (14.80-28.35x%
21.20-30.65 um, wide X long) in aggregates is
subglobose, pale-yellow, cells almost smooth or
ornamented with tuberculate surface, with
swellings 1-6 pum high and 3-8 um wide (Figs.
2K, 2L).

Mycorrhizal associations. By dual culture and
in single-species cultures with Trifolium repens L.
as host plant, C. huaxica formed mycorrhiza with
vesicles, intra- and extra-radical hyphae (Fig. 3).

Distribution and habitat: Spores of C. huaxica
were isolated from rhizosphere soil of
Chimonobambusa utilis in Huaxi District, Guizhou
Province, China where had typical subtropical
humid mild climate, with no severe cold in winter
and no heat in summer. It has a long frost-free
period (The average frost-free period is 246 d)
and abundant rainfall (the annual rainfall is
1 178.3 mm) and high humidity (the mean annual
temperature was about 14.9 °C). Soils are
yellowish soil, with 2.7% of organic matter and a
pH ranging from 4.5-5.5. At the same time, this
site is the only place where this fungus has been
found so far.
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2 EEMESESHEME A-C: FEMMWT. D: PVLG FMMBEFRMET. B/RETE)ZOW fl
GW), K& (gs), FEfAMMEI(Sc), B &% (gt). E, F: Melzer’s iR 7] H 7 T BE )2 454 (OW+MWHIW).
IWL3 5 Melzer’s ik e b £ WM O B2 204650, G: PP EE 2454 (ScWL1-2) M “TR22%]” 458
(peg). H-J: K ZF)E EREA— D RIRZEfL(gp), EHBRBTTEOMTERILNRA, S50 Bl
—MIRZFE R IR R (et). 1, T: 78 PVLG P HI# S DR & 25 8 AL B, B 2P G RE(gsWL1-2)
5 Melzer’s RN & A RN K, L: BAKE IR 045 Bh 240 i

Fig. 2 Microscopic morphological characteristics Cetraspora huaxica. A—C: Intact spores. D: Crushed spore
on PVLG showing spore wall layers (OW and GW), germination shield (gs), a sporogenous cell (Sc), germinal
tube (gt). E, F: In Melzer’s reagent, the spore wall layers (OW+MW-+IW). IWL3 shows deep pink to bright
red-brown reaction in Melzer’s reagent. G: Sporogenous cell wall layers (ScWL1-2) and ‘hyphal pegs’
structure. H-J: Germination shields (gs) with a initial central germ pore (gp), and several lobes that are
generally separated by large folds (f); The lobes may regularly bear one germ tube initiation (gti). I, J:
Independent germinated shields were completely separated from spores by tearing with a dissecting needle in

PVLG liquid, and these shield wall layers (gsWL1-2) did not react in Melzer’s reagent. K, L: Auxiliary cells
(aux) in root organ culture.

—_—
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YR . huaxica (P TiE), FRHETHMNETE
BIX, ZERERVIH KT

FRAARA: BN E R ERX (R&
106°39'31", db&h 26°27'13", 2022 41 A .
2022 4E 3 H, BRfERE, B, BRAPRALETH
FEBL 2 B i A P 5% B B IR AS TR (AR A
HMAS 286821; RIftrA: HMAS 286822-23),
] 2 bR AS R AF T 50 MR S A 9 A RS 0 =
(GZ-HX-G01-G07).

ik fFRAM, FrRAET g, &3
o, M 22 AR N AP L, BOE 2
PERIE , K/INA 187-361%x210-378 um (& 2A-2C).
61 PN 0ad R AR, Bl 6 BUATE K 2R
BT 2 L (] 2B)

61FBEFHAMEEZ(OWL) . HHEEJZ(MWL)HI
REZ(IWL)4 (& 2D), fiF7MeE 3 Z2(OWL1-3),
OWLI B K AMERE, B 0.5-1.2 pm; OWL2 &
BHMI: 240, J& 3.80-8.76 um, 7E Melzer’s
TR S 6 B ALk (] 2B, 2F); OWL3
5 OWL2 BENE, JE2)0.6-1.0 um, TEAEHE
R G M H

REEZH 2 Z(MWLI1-2), &, EELH
1.1-2.4 pm, MWLI1 Ny ZPEEE, JE2Y 0.3-0.8 pm,
WHAGIERIZEH MWL2 2397, ANTE RS
FH LR MWL2 2 pErER:, &
2] 0.8-1.6 um, #H L MWLI1 B, MWL1-2
TE Melzer’s i85 AN &A= i (K] 2E).

NEEZ 3 JZ(IWL1-3), IWL1 B, EerkeE,
J& 0.5-1.4 pm; TWL2 FZEPERE, J& 0.6-1.2 pm;
TWL3 N MITERE, 5 TWL2 B304, 76 Melzer’s
SRR EWSRPNY V) SRS R A R 7

KRG (gs)hi T INEEJZRTH, Bl 2ikiE A
FEIRERE, MREE0E, K/ 88.6-126.1x
113.3-147.9 um, HA 48 1M, HANLEEZ]
o BASA A NMETEIRZEE R LR f(gt),
HA% 4.2-10.3 um (& 2H-2J),

FEZM (ST ERIE 2R, 62 32-49 um,
WE R EARRERG, BA 2 BEEAHMN
(ScWL1-2), 43il54MeEZ OWL1 #1 OWL2 #H
., ScWL1 &M, J& 0.4-0.9 um; ScWL2 Ak
O RIR VAR, AR 1.2-2.6 pm, 1LY
AHRLY 1 pm, WE RN IR AR 1-2 A
(1B UL 2257 (peg) (K 2C, 2G).

HBh AN (aux)il H 2-8 PDREME, H4E
FTHAEN 3.5-5.5 um WEMEHNFEZ L, i
BRIE, MK/ 14.80-28.35%21.20-30.65 um,
2 R RE IR U (0, R SRTEDE I SRR R, R’
#HE 1-6 um, & 3-8 um (& 2K, 2L).

PR G 2, 3 3ok B D G RN B IR SR 15 3
MITRIAR , 28y 5 WA BN SE | AR Y FIAR Sh 1R 22
45k (1A 3).

AT S A . R A B A AR R Hh X
SR AR PR L3 B AR R X (R &
106°39'31", 4645 26°27'13" ; ¥4k 1 1001 140 m)
Shy B TR g ST B N Vi L R S, AR R
W2 149 °C, VI ToHM 246 d, FRFEWE
11783 mm. TIERAUGEE, AL ES
2.7%, pH {HTE 4.5-5.5. XEE&45 N ILZYHp
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Hyphaes
e X
LI |
aux : ‘2.0]0_;% Doi“
3 ERERESERES A BEERPOEZMEMAANE. B, C: FH 0.5%MHERA2/K 40
e B = AR R (BT 22 I 454 )
Fig. 3 Mycorrhizal structures of Cetraspora huaxica. A: Hyphal network and auxiliary cells in dual culture.

B, C: Mycorrhizal structures of C. huaxica in roots of Trifolium repens L. stained in 0.5% ink-vinegar (hyphae
and vesicles).
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