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Isolation and identification of symbiotic fungi in roots of Picea
crassifolia on Helan Mountain in Ningxia, China
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DENG Xiaojuan"* LI Jingyu
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Abstract: [Background] Picea crassifolia, an endemic plant with great ecological value in China, is an
important tree species for forest regeneration and afforestation in desert mountain areas in Northwest
China. The diverse symbiotic fungi in the roots of P. crassifolia contribute to its growth, development, and
stress resistance. [Objective] The culturable symbiotic fungi were isolated from the roots of P. crassifolia
on Helan Mountain and identified to reveal the fungal community composition. The results provide basic
data for seedling breeding, afforestation, and ecosystem restoration of P. crassifolia. [Methods] The
culturable symbiotic fungi in the roots of P. crassifolia were isolated directly from root tips and identified
based on the morphological characteristics of colony and the rDNA ITS sequence. [Results] A total of
65 fungal strains were isolated from the roots of P. crassifolia, belonging to 18 species, 16 genera,
13 families, 8 orders, 4 classes of 1 phylum (4scomycota). Phialocephala was the genus with the highest
isolation frequency, with the isolates accounting for 31% of the total isolates. Phialocephala lagerbergi
was the species with the highest isolation frequency (22%), followed by Cadophora interclivum (18%),
Pleotrichocladium opacum (17%), Phialocephala fortinii (9%) and Alfoldi sp. (9%). The species and
number of the symbiotic fungi varied at different development stages of P. crassifolia. The fungal
isolation frequency in the roots of saplings, seedlings, and adult trees was 52%, 28%, and 20%,
respectively. [Conclusion] The symbiotic fungi in the roots of P. crassifolia on Helan Mountain in
Ningxia were diverse, the species and number of which varied at different development stages of the tree.
All the isolated fungi in this study were obtained from P. crassifolia for the first time. The results are an
important supplement to previous related studies, laying a foundation for further investigating the
resources of culturable symbiotic fungi in the roots of P. crassifolia and exploring the role of symbiotic

fungi in the process of P. crassifolia adapting to the alpine and arid environment.

Keywords: Helan Mountain in Ningxia; Picea crassifolia; symbiotic fungi; isolation and culture;
identification
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Table 1 Sample site information

RAE AL =3 NAN WHALE IR MRAERY e

Sample site Plot size (mxm) Location Elevation (m) Vegetation type Soil type

1 50%50 105°54'37"E 2210 HF=AZ . IR TR+
38°44"7"N Mixed forest of Picea crassifolia and aspen  Grey-brown soil

2 50%50 105°54'33"E 2 630 HlERAZ . IR KA+
38°43'39"N Mixed forest of Picea crassifolia and aspen  Grey-brown soil

3 50x50 105°54"28"E 2 660 HilF A2 IR Ak KA
38°43"26"N Mixed forest of Picea crassifolia and aspen ~ Grey-brown soil
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AAS 3 1 EL B S N 4] DNA SR, R B
W54 ITSIF (5-TCCGTAGGTGAACCT
GCGG-3")#1 ITS4 (5-TCCTCCGCTTATTGATA
TGC-3")#£47 PCR ¥ 34, PCR LW AR FR (50 pL):
HN4H DNA 2 uL, ITSIE/ITS4 5147(10 pmol/L)
£ 1.5 pL, 2xHieff PCR Master Mix 25 uL,
ddH,0 #hE 50 pL.PCR JZ 1 2544 : 95 °C 5 min;
94 °C 1 min, 52 °C 1 min, 72 °C 1 min, It
30 MG 72 °C 10 mine FH 1%3E R M EE L B
VKA PCR 774, XK 5 4% AR i ik 24
A TARR ) By A BR 2 w0 P

(3) ITS F 4 53 #r

WP A58 1TS J¥ 41, >k H Contig Express
(V3.0.0) 8 {4 T PR RIBHE | $258 % GenBank
P& 2 (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
4T BLAST F 41 Fext 204, 9 M NCBI AT 2
2 [ e 5 Ak 7 51, iz O MAFFT
(https://mafft.cbrc.jp/alignment/software) X 4 if
TR AN T IE, R RAXML (windows
executables V8.2.10)4X M4 L1 KUK 1 (maximum
likelihood, ML)##RG K BRI

1.4 RELLEERHESRIT S
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ANTRIRR S RO R o HE
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4ifb 30 d JFWHEEARS N 5.8-7.5 cm,
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WA 1.8-2.7 cm 1 1.9-2.6 cm.,
22 REALEHEESFEEER
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AT PR AT, #2258 % GenBank U4
HifE4T BLAST Xt , il = AR R34 HE Y
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2 PDAEFE LA 30d WEEMSHEHE

Table 2 Colony characteristics of strains after 30 days culture on PDA medium

Kl WEH© T % o 3, KB HEEE 3 UL S| TN Wk EE
Type Colony color Colony texture Colony Margin  Exudation Margin shape Colony
shape color diameter (cm)
Hl  FLP( Milky-white 084k Felted BB Oval ENo & No AL Trregular 1.8=2.7
H2 KA FREMG ZHIR Felted [ Circle J& No Jt No AHLN Irregular 6.1-7.1
Gray to black
H3 IR Dark-grey 2R Felted [ Circle JG No Ji No Y5 4% Smooth entire 5.8-7.5
H4 M4 Black S Hi IR Felted [FJE Circle [ White JG No Y68 4% Smooth entire 1.9-2.8
H5 K Dark-grey  45#iIR Felted B Circle Tt No & No ASHL Trregular 6.4-7.2
H6 {4 White S Hi IR Felted [FJE Circle J& No 7t No Y68 2% Smooth entire 6.5-7.4
H7 ¥4 Light-yellow Z§#HiR Felted B Circle Tt No & No ASHL Trregular 5.6-7.4
H8 KP4 Grey-white Z{Hilk Felted [@JE Circle JG No J& No AFEN Trregular 6.5-7.2
H9 % Black JEL AR WilRJE Oval JG No AR AFN Irregular 1.6-4.8
Thick waxy Black waxy
H10 JK{4 Grey ZHDIR Felted [FJE Circle JG No JE No AFLI Trregular 3.2-43
HIl 25 Black-white Z{HiIR Felted BJE Circle T No  J& No ASELI Trregular 6.6-7.5
H12 &4 {4 Light-red IR Thin waxy #[EIJE Oval Jt No Ji No AHN Irregular 2.8-4.3
HI13 {4 White ZREDIR Felted [@JE Circle JG No 7 No AFLN Trregular 1.9-2.6
H14 #{4 Yellow ik Felted [ Circle JC No 7t No i 4% Smooth entire 6.3—-7.3
HI5 {4 White ZREDIR Felted [@JE Circle JG No JE No AFLN Trregular 3.2-4.9
H16 % {4 Light-yellow Z§#Hilk Felted B Circle Tt No & No ASHL Trregular 1.5-3.9
H17 {4 White ZREDIR Felted [@JE Circle JG No J& No AFLN Trregular 2.8-4.1
H18 JKE {4 Grey-white 2R Felted [RFE Circle JG No JC No &4 %% Smooth entire 6.8—7.5

1 7 PDA E5E L4 K 30 d FRIE B SHHE
Figure 1 Morphology of fungal colony isolated from roots after 30 days culture on PDA medium.
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Table 3 BLAST results of rDNA ITS sequences of symbiotic fungi Picea crassifolia

WVERA AR FAL LA FRALE BHRECR R ZE WS
Colony type Strain No. Similar fungal species (GenBank Similarity ~ Strain Isolation  Reference strain No.
accession No.) (%) amount  ratio (%)
H1 B51 Polyphilus sieberi (KT269499) 97.10 1 1.54 MG7196888
H2 Al6, AS7 Dactylonectria macrodidyma 99.60 2 3.08 -
(MK841907)
H3 A37, B10, C. interclivum (MF979577) 99.44 12 18.46 MF979577-Holotype
B30, B40
H4 B65,B19 Varicosporium sp. (KX100406) 95.21 2 3.08 JQ412864
HS5 B11, B15, B18 P. fortinii (LC206662) 99.50 6 9.23 NR103577-Isotype
Hé6 B43 Cladosporium cladosporioides 100.00 1 1.54 NR119839-Neotype
(MT635286)
H7 B37 Penicillium raistrickii (MK450710) 99.78 1 1.54 NR119493-Neotype
H8 A2, A6, B21, P.opacum (MT294424) 99.65 11 16.92 NR155696-Epitype
B52
H9 A7, A15,B17, Alfoldia vorosisii (NR171211) 94.85 6 9.23 NR171211-Holotype
B56
H10 B31 Pleosporales (LT821464) 99.58 1 1.54 -
HI11 B42 Xylaria sp. (KF871461) 95.47 1 1.54 -
H12 B58 Lecanicillium fungicola (KY400076) 100.00 1 1.54 NR119653-Epitype
H13 Bo4 Monocillium constrictum 92.87 1 1.54 NR157501-Holotype
(MGB827006)
H14 B3 Neonectria ramulariae (KM249079) 100.00 1 1.54 JF7353138¢
HI15 B24, B66 Ilyonectria crassa (MT573482) 100.00 2 3.08 JF73527583¢
H16 A10 Dactylonectria novozelandica 100.00 1 1.54 NR121499-Holotype
(MN817697)
H17 B12, B22, B32 P. lagerbergii (AB190400) 99.80 14 21.54 -
H18 B27 Paecilomyces sp. (KF871460) 100.00 1 1.54 -

= TERCHE R R A ) B LR Y 1

Note: —: The sequence of model strain is not inquired in the database.

34 MUER R CBR AR HEDIEEF 117
4408 H 13816 )8 18 Flr, Hirh %5 2 Fhk -
A 124> 508 BEAKE A 5 A A3
HIKFHA 14K 4). B35 I2HR
A BEETFRE T FRET, Hd B12,

B22. B32. A37. B10, B30, B40. B65. B19,
B1l., B15, BI18. B51 X 13 4~k 551 R AE
a3 1 b, RJE TS E A (Leotiomycetes) s

B42. B27. B58. B64. A57. Al6. A10, B24,
B66. B3 iX 10 NMEAKRITFIIRAESS LI I, F

J& FZEFe AN (Sordariomycetes); A2, A6, B21,
B52. A7. Al15, B17, B56, B31, B43 iX 10 4~
AR 17 S0 R AE 70 S IV B, SR JE T AR 2 TR 4N
(Dothideomycetes), B37 J¥ 5| F i REALE 4 1M1
b, RIEFEEEE I (Eurotiomycetes) .
24 REAXLEEMSBRER
RIS ASHRIEM rDNA ITS #5140 4,
SRR 65 MRAR R ILAE H LK E S 12 Fh
(% 4)o AN R I p H A0 B RO M B AR
ZEMBIR (R 3), PR ILERIIRA 51,
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C. interclivum (MF979577)
C. interclivum (KT270049)
Cadophora sp. (IN859243)
Cadophora sp. (IN859251)
B40 (NMDCNO000ONQ4)
B30 (NMDCNO00ONQ3)
B10 (NMDCNO00ONQ2)
A37 (NMDCNOOOONQ1)
100|C- interclivum

80

41

S

62

B12 (NMDCNO0OOONPU)
B22 (NMDCNO0OOONPV)
B32 (NMDCNO000ONQO)
Phialocephala sp. (AB752265)
Phialocephala sp. (MK671610)
P. lagerbergii (AB190400)
P. sieberi (MG719688)
99| P. sieberi (MG719687)
P. sieberi (KT269499)
B51 (NMDCNOOOONPT)
B18 (NMDCNO000ONQ9)
93 [B11 (NMDCNO00ONQ?7)
B15 (NMDCNO00ONQS)

P. fortinii (MF948647)
P. fortinii (NR103577)
P. fortinii (LC206662)
85 - B65 (NMDCNO00ONQS)

B19 (NMDCNO000NQG6)

91 Varicosporium sp. (KX100406)

V. delicatum (KF730849)
V. delicatum (JQ412864)
100 | B42 (NMDCNO00ONQJ)
Xylaria sp. (KF871461)
Xylaria badia (MG98059)

N. ramulariae (KM249079)
N. ramulariae (JF735313)
B3 (NMDCNO000ONQO)

94,B27 (NMDCNO00ONQU)
—73‘—{ Paecilomyces sp. (KF871460)

Paecilomyces sp. (MT487852)

D. novozelandica (MN817697)
D. novozelandica (NR121499)
100 {A10 (NMDCNOOOONQT)
D. macrodidyma (MK841907)
A16 (NMDCNO0OONQS)
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99 | P. raistrickii (MK450710)
P. raistrickii (KY558623)
P. raistrickii (NR119493)

100 | C- cladosporioides (MT635286)
4{ C. cladosporioides (NR119839)

B43 (NMDCNO0OONQA)
100 |Pleosporales (LT821464)
—| Pleosporales (KT268671)
B31 (NMDCNO00ONQJ)
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100
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0.050

& 2

L. fungicola (KY400097)
4100{ L. fungicola (NR119653)
B58 (NMDCNO000ONQM)

96 | M. constrictum (MG827006)
M. constrictum (NR157501)

B17 (NMDCNO0OONQI)
B56 (NMDCNO0OONQJ)
A7 (NMDCN000ONQH)
A15 (NMDCNO00ONQG)

A. vorosisii (NR171211)
99 '4. vorosisii (IN859336)
96

I

P. opacum (NR155696)
P. opacum (LC206637)
A2 (NMDCN000ONQC)

A6 (NMDCNO00ONQD)

B21 (NMDCNO0OONQD)
B52 (NMDCNO00ONQD)

P. opacum (MT294424) -
Orbilia tonghaiensis (NR172397)

—_
1 Orbilia ellipsospora (NR172385)

ETIRAXEERRHILMUF rDNAITS FIIRARAMURAETMENRFELER

o332 g

TR LHER ARG SRR LI 4 B A B AR T H1 5 O. ellipsospora (NR172385)F1 O. tonghaiensis

s T

(NR172397) 24P KM

Figure 2 The phylogenetic tree based on rDNA ITS sequences of root symbiotic fungi and related species
using maximum likelihood. The number at the branching point indicates bootstrap; The bold numbers
represented the cultures isolated in this study. Orbilia ellipsospora (NR172385) and Orbilia tonghaiensis

(NR172397) are outgroup.
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Table 4 Identification results of culturable symbiotic fungi in the roots of Picea crassifolia
w5 T N H # J& if
No. Phyla Class Order Family Genus Species
1 TR JHE R T 2N A B Melanommataceae Pleotrichocladium P. opacum
Ascomycota  Dothideomycetes  Pleosporales
2 Amorosiaceae Alfoldia
3 Cladosporiales  FifREF} KRR FIRAL L
Cladosporiaceae Cladosporium C. cladosporioides
4 I TR 44 BERER H Calloriaceae Polyphilus P. sieberi
Leotiomycetes Rhytismatales
5 FIERHA W iz LA} IS P. lagerbergii
Helotiales Mollisiaceae Phialocephala
6 TR ALk R
P. fortinii
7 Ploettnerulaceae BHREE C. interclivum
Cadophora
8 Hydrocinaceae Varicosporium
9 e W i FAHIE Penicillium  TCTT
Eurotiomycetes ~ Eurotiales Aspergillaceae P. raistrickii
10 FOTHN BT H BSATR} BSATE Xylaria
Sordariomycetes  Xylariales Xylariaceae
11 Sordariales Aspergillaceae PEER Paecilomyces
12 A JAE TR H Cordycipitaceae WEWY TR 8 Lecanicillium L. fungicola
Hypocreales
13 Niessliaceae HEETLIE Monocillium
14 Nectriaceae Dactylonectria D. macrodidyma
15 D. novozelandica
16 Ilyonectria 1. crassa
17 NIRFERL Neonectria — N. ramulariae

519N P. lagerbergii.. C. interclivum . P. opacum .
P. fortinii T Alfoldia sp., 73 BRMIK N 22%
18%. 17% . 9%H1 9% ik & (Phialocephala)
BRI RR 0 0 B A0R R 31%, S 43 B AR 45 vy 1A
P, 18 3 DFEHLEY 32 O AE i R 3 0 B BZ S
TR

AR E BB = IR R 2 B AR Y
AR LA Y B A B R B AR (R 5). A
TSR R BRI E W 18 7, 2o
BNy 28%; 4B By B B R AR
B 34 Kk, J B A 52%; BURE Y B A B A

FIMR A AR BB 13 0R, B I0R 20%. 757 1
“EBARKR TR B, &R ILA B Y 4 5 00
8 R B IR R 2l > 1 > B

3 L& #

EAMRE RN, R i R AR
HEWG IR R B EIE B EA N, SRR
HREHEEHSY, AHEsERR T B
A T R E A, P 22 35T & (Inocybe) |
W 5C HJ& (Sebacina) . 25 J& (Cortinarius) FI
H 1 & (Tomentella) MR A58 K A
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Table 5 Number and isolation frequency of
culturable symbiotic fungi in roots at different
development stages Picea crassifolia

AR KRB BB (k7316 o iE S

Stage of development Strain amount Isolation ratio (%)
4 Seedlings 18 28

H Sapling 34 52

A Adult trees 13 20

M B B2 50 B 55 92 0, ARl V& T8 S R AE
rDNAITS #5173 i W], 751 = A 2 Al 157
HAEHEMEFE, DIREH N4 B (dark
septate endophytes, DSE)N FZIHE, H iR
3k %5 J& (Phialocephala) WL #V & , P. lagerbergii
1 C. interclivum NARHF o ASWFGE 738 % 5E 1)
WAL BHITEFE 2 B IRIE

Walsh 25O T2 K0 & 11 ZR AR = A2 AR
R P8 1 2 88 R (Cadophora) ) 2 it 3%
Y1 C. meredithiae 1 C. interclivum, 3t % B EA]
RS N R 4% S5 8] B (internal transcribed spacer, ITS)
J¥515 GenBank HEYIR R A S PR Z A
78 ELA B B ARARLE , T ELaX SE AR AL T 81
KUz, WERHEYS P BAR Y IR R
HERRATARSUR R H A4, B st
C. meredithiae 1 C. interclivum | 1Z &8 TFE 4
RFR . FIEHEEY SR o TS AR KIS
WA AZRAR A TE0E, KEF 21 FERE
W, P P lagerbergii. 5 %R %% )& (Cadophora)
TR FE )& (Neonectria)iX 3 Fl i AR EL 1 5 AR
S o M E B Ry S A B AR R . AR 4 2 A BESE
MAM TR R, RN LI P. lagerbergi
C. interclivum & € T =AZJBHEYIR R, I
BORZ AR R I R AL F . P. lagerbergi
1 C. interclivum R] BEXT = A2 JE AP 00 A F
HAEBTERY I

k5 B B e — M RE R Y Z R 1Y
A AT, SAFRAEERGETHZFHEY
HENT A SRR FER/NDL LW M X FE R AR
T HE T [ 5 R el o] P21 TR S8 AR i
JERCAE P Foy /NN OEAR /i (NN ) =29 /N
AR, AR R B AR X e 2080 0k
DLW b Hh DX AR B AR RN R T A DY)
ARG ERHE Y AR IE . AR LB, TR
YoE M EE T, Sk R B S B R
L, HEFBZER A BRI HEREE,
1M H 5 DL E i oSk 25 s B A TR TR R S R
fE—2, kR ER e Y AR SEER
FXF KNG i E SR e R R SR A RS K
AR F AP RE BT AL R B T
FEY | TR, HEkEHEBIENE TS
AR WA H RS , T THEN X
Ve 2 A28 ™ T A A TG A AT B

KRR, AEEEOEERRIZRA
A FL BB RN A AR AR R 22 57 TES)
BB B B RS T I = A2 R A A LA R A
KM RZ, TERWE B BT HA AT
BBt B PSR B B S A S ol o A B
A BN TR & B W AR S AR g b R
B, HERSHA 4y 2 B 0B S LA E A R
W 22 (22.41%) , HUO i BIRAR Uy 3
(17.39%) . 2 (15.05%). B & #(12.37%),
A KB GRS 9.36%, T EIR 10.02%)
SERIMERD . DL BRI RV, MY tE
FLRTEA A K& & B B i A A e 22 5 Lt
XTAR ) A B AT A B, R A
IO YR 5 R ) A R A A SR, XA RE I R
S b S R AR2S AT BRCAR I o

ARk, Bl R R B Tz N A
KT HBEERALEAFH R CBE T E
BN, R T H AR R R R 45
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SR FCR AT I, R v I S B
TP AT Bt T R EZHEE, AR
X BT AP R B B4 e, HAT, P ItA
HIFERMA " | Y SRR RS
Y5 07 A A AR AT, e s A
SEREIT AR RSN TSR, Wodk | PRIP AR T 3E A
PRI A A S AT E™
ABIF TR PR B B B SRk 1 OO i A2 R
AR LA R AT T e B E, RS
Ruemmi s iZMRAERERZHEU LS
St A ECpw a] A9 36 A AR AL ST SRt T KLl 4
¥, WAHFBEERITEN . BERMESR
GERIR A SR TR TR i H
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