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BECFR, ATIASH I

Zi BRTR, AR T ITS HE T, iF
SRt AN [ A 9 - 1 TR A W) N A LR
FEVEAD A, IT45 G R R 2N TR] 3 (4 Bk Ak
SRR Y2 RE . R R0 5 1 AR [H]
- HET 3 L DRURURL ) N AR TG T Y
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AN fFEY), Hbanfe E48. E38, E28. E18. E9
FEL XHK, 435045 10, 8. 4. 1. 1 /10 FkiE# .
F3Hh, TERRIT ) -3 X b Y LA AP AR L
U, #2 #2 (Haloxylon ammodendron) . %% 5 3
(Alhagi sparsifolia) #1 & 2 (Atraphaxis spinosa)7E
E48 I E38 LIEXH P SIUHHAL; AR 2
(Halostachys sp.)7E E38 Fil E28 X i fIt #thfiz ;
1% %% (Chenopodium album)7E E28. E18 Fil E9 [X 1
dL#. e EL A EO X IC T WLAH M Y Rl 43 A
(£ 1). &%5E, Y PL. P2 FI P3 JhlEaE
(Chenopodium album), P5 A% £ 1 (Salsola
affinis) . P4 Fil P6 “h #2442 (Haloxylon ammodendron)
(%:Z 1)[23]O

1.3 HASEWEAT YF 0

S ARSI E IR, i
(ICS 600, Thermo Fisher, USA)X} 413 i () 3= 2
PHEFHE(Na*, K, Ca**, Mg”™, SO/ % &1
VR EE)EA ARSI . ) = B BH B vk B = R
5 AT RER (TSS) i multi N/C 2100S 434t
1% (Analytik Jena, Germany)ill g B B 1A [A] +
ey L HERE S B PR (TOC) MR . L X 414k
B b AT S (XRD) 75 12 5 031 Jale i 2 10 A [m) 38 +
HERE S 8 P A LR

A SCHG B ) R 2 3 A ) A gy 4 S AR
FE AL S BORME W2 i e 2 & R0, i
B2, JRUR R AN B SRR L R

* 1 BUBFIAARLIRFXEM AR A SEN IS HERL

Table 1.

Distribution of visible plant species in the Aral Sea onshore soil zones at different exposure periods*

Soil zones Soil TSS/ Exposure time/ Number OT Dominant plant Sample ID
(g/L) (year) plant species
E48 0.5+0.5 48 10 Haloxylon ammodendron P6
Alhagi sparsifolia
Atraphaxis spinosa
Capparis spinosa
Salsola affinis P5
Salsola brachiata
Moss
E38 0.4+0.2 38 8 Halostachys sp.
Haloxylon ammodendron P4
Alhagi sparsifolia
Atraphaxis spinosa
Ferula sp.
Moss
E28 23.3+2.1 28 4 Chenopodium album P3
Salicornia europaea -
Halostachys caspica -
Halostachys sp. -
E18 23,7475 18 1 Chenopodium album P2
E9 71.316.1 9 1 Chenopodium album P1
El 62.9+10.7 1 0 - -
EO 69.9+8.3 0 0 - -

*: Modified from Jiang et al. (2020).
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AR EL (TSS)TL N 0.5-69.9 g/L; A HLIK
(TOC) & ik 0-0.92%., TSS ML i E48 1) 0.5 g/L
(ROKER BB N 2= 58 i i R 2R AL EL 62.9 gL
(BERERFE) o TERAEM HHERVTBRE S, R 2
YR A . A de(quartz); BRIRERT 4 -
7 fi# 43 (calcite) #1 (1 = 43 (dolomite) %5 ; K A7 25%”
Y. 81K A (albite) . fRHS A (microcline), 435l
THMMM YRR MLy KiRA
(chlorite) . FHAI£ (illite) I =4 A1 (kaolinite) % ; 7%
K AE(gypsum). hE (halite)5 . X ELH K,
3 XS T B B SRR 2 A (] L 3 AR Ak kA
RGEMEAR L, B, KSR L S A
JR T T8 7 3 i (- AT ) 2 5 B ) e ) 3138 2
Ui (- S (1% 5% R BT () e ) I M HA N, T B BR R
Yo BT (k 2).,

*x2.
Table 2.

1.4 HEMEYEFEA DNA 2B, PCR P A0
[=Bih=elll)a2

FETCTR 25 T FREL 0.5 g Jaifg 7 i AN ] 1 ety
+ RS, A ALFA-SEQ Advanced Soil DNA
Kit 3R & (MO AE YR A R A R, b ) i
11 SR L FE IR 4] DNA $EHL. 76 TG 244 T $REHL
YL LUE DNA, ST S, SeHRmshn Aok
PR RS IRE S FH AT B R L AR T A 4 A
B B AE AR . wPBESS , TG DA BY J1R L5 A
2-3 cm Y B, WS4 S E 45 kHz T
HFEYE 30 min, LABREDURRM HIERa I . &
BB R Y H 2R IR IAE 0.1% Tween-20
HLRMEP, PR 70%Z BEDEf TR 16T BE 3 min;
Z Ja U 5% NaOCl #17{H&: 5 min, Ff7EdE
A TR EATR AR i A E i TR

Mantel 136 BUE FIOA R LIEF W HIEERMEYAE AR EARSENMES HAHE XM
Mantel test (permutation: 9999) showing the Pearson’s rank correlation between the onshore soils

and plant endophytic fungal community compositions in the collected samples and the measured
environmental factors (TOC, TSS, plant species richness, and mineralogy) of the studied onshore soils where

the plants were sampled in the Aral Sea

Fungal community of the onshore soil

Environmental factors

Endophytic fungal community of plant

r P value r P value

Soil TSS 0.13 0.18 -0.07 0.54
Soil TOC contents 0.30 0.06 0.11 0.33
Plant species richness 0.78 <0.001 0.52 0.08
Soil mineralogical composition

Quartz -0.03 0.54 -0.19 0.75
Chlorite -0.13 0.74 -0.38 0.99
Dolomite 0.36 0.03 0.23 0.21
Calcite 0.74 <0.01 0.58 0.04
Ilite -0.01 0.45 -0.22 1.00
Albite 0.10 0.28 0.28 0.14
Microcline 0.43 <0.01 0.25 0.20
Halite 0.00 0.40 -0.22 1.00
Gypsum 0.47 <0.01 0.43 0.06
Kaolinite -0.03 0.49 NA NA

NA: the relative abundance is lower than the detection empirical value.

http://journals.im.ac.cn/actamicrocn
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MHEE . BB NREHEEL R, HHXE
IKEEGE 3-4 K. BRSNS, EHEYHSE T2
WS Eh AT T 24 h, BEEBESIMRY T
B T DNA #:HC, {8l ALFA-SEQ
Advanced Plant DNA Kit {55 & (P, Mok
A= PR BR 2 W) B RS 3 A R4 4 9 AR TR
DNA. ZJ&, fi8h NanoDrop 2000 #6: il fir $2 B
DNA WAl LRI YRR G DNA %
TRAFT-20 °C UkHH, M TIR%E PCR 71,

KA barcode Fnic iy @ T 1TSL X 5]
¥ 1TS5-1737F (5'-GGAAGTAAAAGTCGTAACA
AGG-3')/1TS2-2043R (5'-GCTGCGTTCTTCATCG
ATGC-3)P80%} + A MIFE AL A L DNA BEf T
g, —X =M, VAR R Premix Taq 2x 25 pL .
ITS5-1737F (10 mmol/L) 1 pL . ITS2-2043R
(10 mmol/L) 1 pL. DNA (20 ng/uL) 3 pL. F:it
30 uL. PCR ¥ #4#2/5 & 94 °C 5 min; 94°C 305,
52°C30s, 72°C30s, 30 MMEF; 72 °C 10 min.
PCR ¥ 3™=WH 1% R W e r Uk RS 3L e Bt
KA, UIBCH PR (29 300 bp), 4% 3 f34H
[ R /R R BE 1Y) PCR P T 5 IR AR & o S (8
Al DNA Gel Extraction Kit #%E % 4l 1k i 77 &
(Axygen, 3 [E)XHRZ PCR IRA = WattTaiifl [l
Wi, A3 20454 lumina Hiseq 1l 725K () DNA
FES o 2B Mumina Az S A 625007 4 22 o
SERCEEENS ., fFH Illumina Hiseq2500 “F- £ (2x
250 bp) XA LAY 1 SO #ES T PE250 W E (7T
ARFEREEERFRHABRA A, ),

15 JFEHES T

FRA Mumina P 7 A= 19 80 S5 46 1 41 1) H]
Trimmomatic #{4:(V0.33, http://www.usadellab.org/
cms/?page=trimmomatic) 17 i id g, H, 4
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FUNFHER PSSR BR . (1) & N; (2) i
{EET 205 (3) L UBJE A EEAR T 100 bp. 75
B A5 5 B AU P9 2 ), SR FLASH (V1.2.11,
https://ccb.jhu.edu/software/FLASH/) #4347 Wi
FEHBFEPI, K4 barcode H151H115 E4, I
Mothur 4:(Vv1.35.1, http://www.mothur.org)¥f ¥
G 3 Be =X AE AL BEJS , 22BR barcode 15| )15
FHUDHE R B, A, FIA] USEARCH %A
(V10, http://www.drive5.com/usearch/) X} FIr A # i
HEAFIRI ) BT (OTU) B KRB0, %5 = 9794111
JE BUE A P P 51 VA Sy [a]— R 43 25 506,
It HIEBCEE R F9I/E R OTU RRERIF41. R
TR AT REM N 2E, USEARCH #{4-7E R 25 Ay W]
A 2 AR RS PR FI 25 51 o R BLAST LEXS
Tir B (FE X B 15 BE B E R IA S 0.5 BL E )R
OTU Byt M7 515 Unite (http://unite.ut.ee/index.
php) B FE AT EL X, ATITARAT 1TS FEP (4 b
TR E o a0 3 B B A T3 — 1k Ab B
HIGEe R Ge it o B 2 T 34— 1k (n=53674) 1Y
OTU A A R i = “vegan™ e P (WA HH 451
FEALIY) Alpha ZFE0E(97% A RUEE BIME) , ffiiss
Ff OTU % . Shannon ZHEMETE%CHI Simpson
BISIREHRE
16 St

fdi [l R 55 (http://cran.r-project.org/, version
R-3.5.2, 2018-12)#1 PAST 3.0 %k {4 (nhttp:/folk.uio.
no/ohammer/past/)it4 T BHE G T Hr. fH PAST
BA T BT 0 A [] - ST - S5 LR A I AR )
A LT RIS UEAT 25T Bray-Curtis IS A9 R 245
M. AR AR 43 BT (PCoA) FI'E 4t £ K 3 7 22 43 Bt
(One-way PERMANOVA) . 26 Pk [ 345 50 45 FH 91
At B R 10 A [ 3T T S ot FRE ) 9 A LR
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V& 22 53 55 2 SR I5) [B) R ] 5 R 22 5 22 [R) A A 56
Pk ZI 73T Bray-Curtis fH 28 HASBI R 1B
“vegan”Fl“ggplot2” & F ki fr. i R EF
“vegan” & ¥ {1 JF 17 Mantel £ I (Pearson’s
permutation: 9999), T 1Ak B i
PRBE IR X FL TR AR v S5 R A S0

1.7 BRI

AT T A I P Bl C 48 FAE 3 NCBI
SRA %u#li e, WiHS K PRINAS26407, % 3%%5
(Accession Number)-& SRR8755239-SRR8755314.,

correlation,

2 HERMAH

o RO A T AR BRSBTS, LE O R AN [
B AR (n=10), HARAS 1098943 45 T
A, PR EE 109894 JR 4], Hix sk
A A HJE T 1223 OTUs, iXLE/%3040 )8 T 6 4
[T 11 ASG0F 26 AN o TEJREE I AN [R] - B A
YIkE S (n=6), JL77=E 451334 S fp s, F
¥4 75222 %%, L4k 565 4~ OTUs., X L8751
WRFEET 6 AN, 11 4149F1 26 1M .
Angﬁ@%ﬁﬁﬁﬁ%ﬁ%@H)Tﬁi
T 2 20 AN [R) - 3387 - 390 5 o B WL 3 1 L TR
OTU %k 7E 132-480 Z[a] . Shannon ZHfPEHE%k
FITE RN 2.20-3.69. Simpson $4147 B 5 85 ()7 [
1 0.71-0.95; FE R 7 A 7]+ BEF AR AL

21 BURUAFRLIET PEMEWAERER  grscsin OTU $iEHE K 207-274. Shannon
V&SP yﬁi?ﬁ%&@ﬁOMﬁ& Simpson 4]
X R R AN R AT R A ALY FREUTE R 0.13-0.22, JalifE R AN [R] - A Y
(A} 600 (B) 10 {C) 10
9 . )
5)500— . o xo,g,} % *
k" L
S E; ! * z 6 Z o6} :
Z 300} 3 =
z 4 Z 04
£ 200 | + g 3 . &
Z w0l e« o 23t $ ‘} L
S 1
O EASTI8EREIB E9 L1 T0 0 EISEIESEIS B9 L1 B0 00 EIRT38E2REI8 I9 BT O
Oy o0 ® g o
2 300 | o4t . 0.8
o W0y : 3t 2 0.6
T 300 | S =
z L] L =] 2t 2 0.4t
2 200 ° « * ° = g
o L 2 i *
100 | L L e . 70274 e e e
0 0.0
ﬁﬁ@@w@ @@&@v@ ﬁg&@@@
FFFF FFFTF & F T &

1.
# 2. Shannon ZHMIEEFN Simpson 5 E %)
Figure 1.

BB FIAARLIRFE HIRERE (A, B, C)FIEMIAE EERHE(D, E, F)RY Alpha Z 35 ¥ (FF MR OTU

Diversity indices (Observed OTUs, Shannon index and Simpson index, respectively) of the soil

fungi (A, B, C) and endophytic fungi (D, E, F) of the studied soils collected from the different onshore soil

zones of the Aral Sea.
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+HERE S B Shannon AR 8 B(E 1-B) FI
Simpson 5] EEFREU(E 1-C) ok H LB 8 AR {4
o TN TSR ILE OTU i (K 1-A),
FATR IR EL RS AN, 70258 I A0 1Y S
din E18., E9 Fl EO rp T M4 3 i FL T OTU Hhtfik
TR R I )R 1) SRR Y E48 . E38 I E28. 1E
JRHE 5 AN ] S R AR b, ] — A
(P1. P2, P3, 7&ZZ Chenopodium album; P4, P6,
#2442 Haloxylon ammodendron)fi# 2. i Alpha Z#E4E
FRECUER 21 OTU %k (&l 1-D) . Shannon £ £f
PEAEE (A 1-E)Fn Simpson 57 (A 1-F)H
I MASIEFIFELY) P5 % 3% (Salsola affinis) i) EL
W HETS Alpha ZREVERRBONG =T P1, P2 55 P3
Y& # (Chenopodium album) Fll P4 5 P6 #2 1%
(Haloxylon ammodendron), {HAHXS 1Ml & I sl 284k
AU b, BEEREERRI A, TERE R
AR T F A s TP RN AE I Alpha 24
PRI B P/ MNE 1-D. E. F).
JRHE R i AN ] A 3T A A TP LA A
TR A BRZE (8] 2-A). Billn, + I3RS E48
(FH2 T 1970 422 Fin) 0y HL i FE 2L R 2
4 75 1 20 (Leotiomycetes , (5 27%) F1 JiE % [ 4H
(Dothideomycetes, (5 24%)%H i, ; +3%4E 4 E38 (&
BT 1980 AR R EL TS B R HEC
g 48%) . HL T N
14%) A1 #E & N
(Leotiomycetes, 5 10%); +3EkEMh E28 (BERT
1990 4FZH) M LI F B R E R R TR
o 29%) FOHL 2 R N
(Eurotiomycetes, 5 8%); +IEFES E18 (BEET
2000 A Z i) A B B 35 A VR T 4 2 O S TR AN
(Dothideomycetes, (5 4%); +T3EFEA E9 (BEET

Z¥ (Sordariomycetes ,

(Eurotiomycetes , &

(Sordariomycetes
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2009 4F Z HiI) B9 FL TR F2 R T 32 0 AR A T 2N
(Dothideomycetes , 5 5%) F1 2 #; 7 W ]
(Ustilaginomycotina, 5 5%); +#EFEN E1 (R
T 2018 4FEZ AT EL I F B F RO R WA
di 55%) Ml 3 ¢ W K
(Sordariomycetes, & 4%); T F IR EO
MEWEFEMHEFELEETRBEE L]

(Eurotiomycetes

(Ustilaginomycotina , /& 10%) . < 7N
(Agaricomycetes , 5§ 9%) . Hf % 4
(Eurotiomycetes , /i 9%) Ml fE H H W

(Leotiomycetes, i 9%). fHG—EMJE, 7613
FEih E28., E18 Fl EO Hp, RN SEHbA Y EL TR 2
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Figure 5. Linear regression analysis showing correlations between the fungal community dissimilarities of the
onshore soils and plants in the different Aral Sea soil zones and the exposure time distance and total soluble salts
(TSS) difference (Gray shade indicates 95% confidence). A: correlation between the soil fungal community
dissimilarities and the exposure time distance; B: correlation between the soil fungal community dissimilarities and
the TSS difference; C: correlation between the plant endophytic fungal community dissimilarities and the exposure
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Influence of lake desiccation on the entophytic and soil fungal
communities on the Aral Sea shore
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Abstract: [Objective] To explore the diversity and community compositions of onshore soil and plant endophytic
fungi in the soil zones at different exposure periods and their response to continuous lake desiccation in the Aral
Sea. [Methods] Soil samples were collected from farshore (exposed before 1970) towards the present shoreline in
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the Aral Sea, followed by geochemistry and mineralogy analysis. At the same time, soil samples and dominant
aboveground plants from different onshore soil zones were collected, and their fungal diversity were analyzed by
ITS gene high-throughput sequencing. The fungal response to lake desiccation (such as salinity, mineralogy and
plant species) were explored. [Results] The results showed that the continuously exposed lake bed formed an
increasing gradient of total soluble salts: E48 (exposed before 1970, total soluble salts (in abbr. TSS): 0.5+
0.5 g/L); E38 (exposed before 1980, TSS: 0.4+0.2 g/L); E28 (exposed before 1990, TSS: 23.3+2.1 g/L); E18
(exposed before 2000, TSS: 23.7+7.5 g/L); E9 (exposed before 2009, TSS: 71.3+6.1 g/L); E1 (exposed in 2017,
TSS: 62.9£10.7 g/L); EO (the present shoreline in 2018, TSS: 69.9+8.3 g/L). These soil zones were inhabited by
different plants: Haloxylon ammodendron were dominated in the E38 and E28 zones; Chenopodium album were
dominated in the E28, E19 and E9 zones; and no visible plants were found in the E1 and EO zones. In addition, the
mineralogical composition varied among different soil zones: the contents of clay mineral and evaporites generally
increased from farshore towards the present shoreline of the Aral Sea, while the content of carbonates gradually
decreased. The dominant fungal communities (>5%) in the studied soil samples were Eurotiomycetes,
Sordariomycetes, Leotiomycetes, Dothideomycetes, Ustilaginomycotina and Agaricomycetes, and were clustered by
plant species richness. While a large number of unknown fugal species (>97.8%) were dominated in the endophytic
fungal communities, and were clustered by plant species. Linear regression showed that the fungal community
differences in the soil sample from different onshore soil zones had a significant (R*=0.32, P<0.05) correlation with
the exposure time difference, whereas there was no significant correlation with the difference in total soluble salts.
In addition, there was no significant difference between the plant endophytic fungal community difference and
exposure time distance and total soluble salts difference. Mantel test showed that fungal communities in different
soil zones had significant (P<0.05) correlations with plant species richness and dolomite, calcite, microcline and
gypsum. Among them, plant species richness and calcite were the most important factors influencing on soil fungal
communities. There was a significant (P<0.05) correlation between the plant endophytic fungal community and
calcite. [Conclusion] The community compositions of soil fungi and plant endophytic fungi in different Aral Sea
soil zones show temporal and spatial variations, which could be ascribed to plant species (richness) and specific
mineral compositions, but not significantly correlated with total soluble salts.

Keywords: Aral Sea, soil fungi, endophytic fungi, lake desiccation, mineralogy
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