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i ZE. [% %] 94 HARLAH (ectomycorrhizal fungi, ECMF)Z&AMRAAR A RI A B, #4ET
A2 (Pinus sylvestris var. mongholica)i& & 3835 T AL A= IR3E i i o) & Zik 42, [ 8 69 ) EAEM ) oAz T
INATARIN A BARA B AR LA S A, [FiE] AL L E 03 3 ANRER(27. 33 4= 44 a) 7V iz F
A TARA BT %, R (DNAITS R E PCR 38 M 5 75 ik S 8 5047 10 WA T AN A AR AL A 2F
Bttt B S A [4R] £E XA TR 47 56 MM AFRAH OTU, £ET 21
34 8 B 154} 21 B, ¥ B AH4%EH B (Tomentella). #.3LH & (Geopora)f= T K H /& (Amphinema).
21a ATMSNEBRAB F 5 EIEHRAS, 33a ALk ECMF #) o 2 HMIEHR S, 2RFAMKREBZ
8] R A A R £ 7 (P>0.05). KR ML HAEFAS ECMF BEARGEEF, WILBHE. HEDE.
Delastria #= Mallocybe #9250 & L R i& A AR LA L ZRE . (L] L EVBETHAL
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MR 20 & KA, FREARANGERRR, FoARMIIERRABNHESTNTRE D iET
WA THRBIAEZENIKE, AHFE—FHR.
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Diversity characteristics of ectomycorrhizal fungi associated with
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Abstract: [Background] Ectomycorrhiza is a symbiosis between ectomycorrhizal fungi and host plant by
mycelium infection. It is an important approach for Pinus sylvestris var. mongolica to adapt environmental

Foundation items: National Key Research and Development Program of China (2018YFC0507101, 2016YFC0500905);
Fundamental Research Funds for the Central Universities (2017PT03)
*Corresponding author: Tel: 86-10-62338819; E-mail: gaoguanglei@bjfu.edu.cn
Received: 11-04-2020; Accepted: 16-09-2020; Published online: 21-09-2020
BEEWA . HZE AL IT1](2018YFC0507101, 2016YFC0500905); H 4k i e S A Rl 5 B 4 11 %% 42 (2017PTO3)
*BIS1E&: Tel: 010-62338819; E-mail: gaoguanglei@bjfu.edu.cn
Wi HEA: 2020-04-11; #E HHA: 2020-09-16; MLKE A HHEA: 2020-09-21



EZRWBE BYRDHRTINIME R IR I Z R RHE 3857

change and stress. [Objective] To explore a deeply insight on the ectomycorrhizal fungal community
composition and diversity in P. sylvestris plantations. [Methods] A chronosequence of plantations
(27 years old, 33 years old and 44 years old) were selected in the Mu Us Sandy Land. The community
composition of ectomycorrhizal fungi associated with P. sylvestris were identified using the rDNA ITS
segment PCR amplification sequencing, and diversity index was calculated. [Results] The 56 obtained
OTUs were assigned to 2 phyla, 3 classes, 8 orders, 15 families and 21 genera. The predominant genera
were Tomentella, Geopora and Amphinema. The highest richness and alpha diversity index were detected
in the 27 and 33 years old plantations, respectively. However, no significance occurred in the three plots
(P>0.05). The community composition of ectomycorrhizal fungi was quite different in the plantations
affected by the variations in Geopora, Tomentella, Delastria and Mallocybe. [Conclusion]
Ectomycorrhizal fungi associated with P. Sylvestris are abundant in the Mu Us Sandy Land. Community
composition rather than diversity may indicate the dynamic changes of ectomycorrhizal fungi community
with age in the Mu Us Sandy Land. With the sang ageing, the variations in functional ectomycorrhizal
fungi potentially contribute to the P. sylvestris plantations degradation. This knowledge gap needs future

exploration.
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Table 1 Overview of the sample plot

35 AN o= 3 o) MROMEE L P B
Plot Age Average Average DBH Stand Canopy
(a) height (m)  (cm) density density
(N/hm?)
| 27 12.7242.56 12.54+2.48 2500 0.82
I 33 14.06+2.08 14.21+2.85 2500 0.86
I 44 14.2142.54 20.34+3.12 1650 0.72
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Fz2 ELHRIDHIEFI ECMF R ITS X DNA F5#9 BLAST tEx4ER
Table 2 DNA sequence BLAST results of the ITS region of DNA extracted from root tips of P. sylvestris in the Mu Us
Sandy Land

ECM  GenBank FPEKE  AHE AR R A%

s HRS Sequence Nearest type strain (accession No.) Similarity Classified

ECM  GenBank length (bp) (%)

No. accession No.

1 MT229554 249 Amphinema sp. (MK342039) 100 Amphinema sp.

2 MT229555 257 Amphinema sp. (MK659788) 99 Amphinema sp.

8 MT229556 238 Cortinarius casimiri (MN947386) 100 Cortinarius casimiri

4 MT229557 241 Cortinarius hemitrichus (DQ097870) 100 Cortinarius hemitrichus
5 MT229558 248 Cortinarius hinnuleus (HQ604704) 100 Cortinarius hinnuleus

6 MT229559 319 Cortinarius spilomeus (KY657257) 99 Cortinarius spilomeus

7 MT229560 249 Delastria sp. (MG367350) 91 Delastria sp.

8 MT229561 241 Genabea fragilis (KX905050) 100 Genabea fragilis

9 MT229562 284 Geopora arenicola (MH366763) 100 Geopora arenicola

10 MT229563 300 Geopora arenicola (MH366763) 95 Geopora arenicola

11 MT229564 290 Geopora pinyonensis (MK841899) 99 Geopora pinyonensis

12 MT229565 293 Geopora pinyonensis (MK841900) 99 Geopora pinyonensis

13 MT229566 296 Geopora sp. (MK342047) 100 Geopora sp.

14 MT229567 316 Hebeloma dunense (KX687199) 99 Hebeloma dunense

15 MT229568 231 Hygrophorus sp. STDS-2-40 (LC098766) 100 Hygrophorus sp. STDS-2-40
16 MT229569 359 Inocybe cf. squarrosoannulata CLC1490 (GU980612) 95 Inocybe cf. squarrosoannulata
17 MT229570 297 Inocybe decipiens (MK342092) 100 Inocybe decipiens

18 MT229571 297 Inocybe dunensis (MK659791) 100 Inocybe dunensis

19 MT229572 243 Inocybe jacobi (HQ604813) 99 Inocybe jacobi

20 MT229573 360 Inocybe siciliana (NR164583) 99 Inocybe siciliana

21 MT229574 340 Inocybe sp. (MK342051) 100 Inocybe sp.

22 MT229575 332 Inocybe subporospora (KX602276) 99 Inocybe subporospora
23 MT229576 289 Lactarius lapponicus (KX394291) 100 Lactarius lapponicus

24 MT229577 364 Mallocybe aff. agardhii CM080 (KP826754) 98 Mallocybe aff. agardhii CM080
25 MT229578 359 Mallocybe umbrinofusca (GU980613) 97 Mallocybe umbrinofusca
26 MT229579 349 Mallocybe umbrinofusca (GU980613) 94 Mallocybe umbrinofusca
27 MT229580 332 Pseudosperma cf. rimosum (MK342036) 100 Pseudosperma cf. rimosum
28 MT229581 287 Ramaria abietina (MK342055) 100 Ramaria abietina

29 MT229582 298 Rhizopogon jiyaozi (KP893833) 100 Rhizopogon jiyaozi

30 MT229583 299 Rhizopogon mohelnensis (MH366771) 100 Rhizopogon mohelnensis
31 MT229584 297 Rhizopogon mohelnensis (MK342033) 100 Rhizopogon mohelnensis
32 MT229585 261 Russula nitida (KT934001) 99 Russula nitida

33 MT229586 261 Russula paludosa (MN947359) 100 Russula paludosa

34 MT229587 276 Russula sp. MB-2014 (KP056303) 100 Russula sp. MB-2014

35 MT229588 240 Scleroderma citrinum (HM237176 ) 100 Scleroderma citrinum

36 MT229589 195 Septobasidium sinuosum (DQ241463) 93 Septobasidium sinuosum
37 MT229590 290 Suillus pictus (JN021099) 100 Suillus pictus

38 MT229591 276 Tomentella badia (JQ711882) 99 Tomentella badia

39 MT229592 277 Tomentella pilosa (MK342058) 100 Tomentella pilosa

40 MT229593 275 Tomentella sp. ‘LT56’ (U83482) 99 Tomentella sp.4

41 MT229594 276 Tomentella sp. (KT353056) 99 Tomentella sp.3

42 MT229595 273 Tomentella sp. (KX438355) 100 Tomentella sp.2

43 MT229596 275 Tomentella sp. (MK342038) 100 Tomentella sp.1

44 MT229597 274 Tomentella sublilacina (KP783476) 100 Tomentella sublilacina
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(3 2)
45 MT229598 173 Tuber beyerlei (MK342037) 100 Tuber beyerlei
46 MT229599 305 Uncultured Lactarius (KC455337) 100 Lactarius sp.
47 MT229600 259 Uncultured Russula (KU176270) 100 Russula sp.
48 MT229601 279 Uncultured Tomentella (FJ554299) 100 Tomentella sp.5
49 MT229602 279 Uncultured Tomentella (KU176245) 99 Tomentella sp.6
50 MT229603 275 Uncultured Tomentella (KY574410) 99 Tomentella sp.10
51 MT229604 275 Uncultured Tomentella (LC013826) 99 Tomentella sp.8
52 MT229605 276 Uncultured Tomentella (LC013858) 100 Tomentella sp.9
53 MT229606 275 Uncultured Tomentella (LC013869) 100 Tomentella sp.7
54 MT229607 275 Uncultured Tomentella (LC013869) 100 Tomentella sp.7
55 MT229608 288 Uncultured Tomentellopsis (JQ177145) 99 Tomentellopsis sp.
56 MT229609 264 Wilcoxina rehmii (MH366752) 100 Wilcoxina rehmii
THRVPHETH 33 a 45 44 a TR —
ECMF Jaccard #1 Sgrenson AH{EFE B K, 4051 =;V;§;?1x;»;a
mema
J& 0.87 F10.93, A 33a 5 44 a A\ T Hkf ECMF | Cortinarius
REEUL BRI 4); 27 a5 33 a A TRk gH Geopora
\ RN N7 W Hebel
BB, T FLR 27 a5 44 a A TARHIHE B {lsorophorus
* \ % Inocybe
IREESARK; 27 a'5 44 a A TARIARDIMESS 5 Fg%n);cybe
W N ~ Others
fz/IN, Jaccard Fi1 Sgrenson AHLITETE E0{Y & 0.73 Fil Pseudosperma
Ramaria
0.85, UifH 27 a 55 44 a A\ T M) ECMF BEV&4H A Russula
Scleroderma

111

B 1 ESHDHIETH ECMF FESH(OTU KF)
Figure 1  Venn diagram of ectomycorrhizal fungi
associated with P. sylvestris in the Mu Us Sandy Land
(OTU level)

el 27a ATHK; 1 33a ATAK; 1. 44a AT Ak R
Note: I: 27 years old; I1: 33 years old; I1I: 44 years old. The same
below.

B Tomentella

2 ELHEDHIEFIRECMF #HEHEN S E(BKT)
Figure 2 Relative abundance of ectomycorrhizal fungi
associated with P. sylvestris in the Mu Us Sandy Land
(genera level)

W MIXFZ /N 0.1%09 B 5 & 14 “Others”.

Note: Genus with a relative abundance<0.1% was counted as
“Others”.

x3 ELFRIDHIETINECMF SHEMESHT
Table 3 Diversity of ectomycorrhizal fungi associated
with P. sylvestris in the Mu Us Sandy Land

Plot  Richness Shannon Simpson Pielou

| 38+2.64a 3.12+0.63a 0.79+0.10a 0.59+0.12a
I 37+3.85a 3.39x0.44a 0.85+0.05a 0.65%0.07a
Il 37+3.63a 2.98+0.64a 0.79+0.13a 0.57%0.10a

e R R B [E /NG PR RN (R IE A b R AS A A 535
% 5(P>0.05, n=5).

Notes: Same lowercase letter in different plots indicates
nonsignificant difference (P>0.05, n=5).
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x4 ESRIDMIETIR ECMF 8% HEEUIEIEH
Table 4  Similarity index of ectomycorrhizal fungi
composition associated with P. sylvestris in the Mu Us
Sandy Land
Jaccard (Sgrenson)

|
0.75 (0.86)
0.73 (0.85)

i 0.87 (0.93)
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SBEE ARG, RV HIAE L 27 a 5 33 a A
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[ 44345 7l 400, Mallocybe 23 % 27 a 5 33 a A T.
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FRHTR )& Al Delastria J2i& AL 33 a Fil 44 a A T4k
ECMF HE& LA 2E 5 EZ R N AL s .
H B JE . Delastria #1 Mallocybe &1 /% 27 a 5 44 a
N THhk ECMF BV 4 b2z 5+ 2RI
3 WiE4i
3.1 bHbiEFAY ECMF 8% 4HR

B YR T ECMF FE 8 FH T3
I'1(84%), HUCHFRE], SaiAXREEEY
(Populus deltoides) . JHAASF ML ECMF A5 7RI bt

b Microbiol. China
NMDS
Stress=0.087
0.25 Il
o Ra;naria
_ Amphinema :
‘8 Pseuddqsperma
= 0.00 :ﬁ;berGeupom
= I .
Delastria
Tomdntella Ma.f.rocybe
~0.25 m
-1.0 -0.5 0.0 0.5
NMDSI
3 ELSFHIDHIETFIN ECMF BE% NMDS (B
KF)
Figure 3 NMDS analysis of ectomycorrhizal fungal

community composition associated with P. sylvestris in the
Mu Us Sandy Land (Genera level)
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Note: Only Top10 relative abundance species genus was labeled,;
red dots: 27 years old; orange dots: 33 years old; green dots: 44
years old; confidence ellipse represent confidence region in

different plots («=0.05), long and short diameters represent the
SD of position coordinate components.
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