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Abstract: [Background] Endophytes associated with halophytes have a wide range of
activities, such as promoting plant growth, improving stress resistance, fixing nitrogen, and
degrading toxic compounds. [Objective] To deeply understand the diversity, community
structure, and potential roles of endophytic fungi of halophytes in the arid land. [Methods]
Amplicon sequencing was performed for the endophytic fungi in two halophytes (Anabasis
eriopoda and A. truncata) growing on the coast of the western Aral Sea in Uzbekistan. [Results]
A total of 166 amplicon sequencing variants (ASVs) were obtained, representing 49 genera of
4 phyla, among which the dominant taxa were Neocamarosporium, Botryosphaeria, Alternaria
and their higher taxa. The diversity and community composition of endophytic fungi showed
significant differences between the two halophytes, which harbored potential novel taxa.
Functional prediction by PICRUSt2 and FUNGuild demonstrated that the endophytic fungi in
the two halophytes exhibited diverse roles and trophic modes, being host specific. [Conclusion]
Our results suggest that the endophytic fungi in halophytes have high diversity and potential
resource values and remain to be studied.

Keywords: arid zone; halophyte; endophytic fungi; diversity; function prediction
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Plant samples description. A: Anabasis eriopoda (Schrenk) Benth. ex Volkens (AE). B: Anabasis
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Table 1
based on DADA2

Statistics of sequences from the two halophytes after filtering out low-quality and chimeric reads

Sample Input

Filtered Percentage of Denoised Merged

Percentage of Non-chimeric Percentage of

Effective

ID input passed input merged input non-chimeric annotation
filter (%) (%) (%) reads
AE1 182 530 149 841 82.09 149 226 139222 76.27 123 668 67.75 7 085
AE2 220 594 185059 83.89 184515 172116 78.02 155 376 70.44 4 804
AE3 220 356 178 297 80.91 177570 166 151 75.4 146 972 66.70 11142
ATI1 208 114 179 630 86.31 179102 171382 82.35 163 307 78.47 34950
AT2 245002 211 086 86.16 210281 203403 83.02 185 066 75.54 23001
AT3 175 888 152 433 86.66 151999 146987 83.57 142 758 81.16 16 219
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Figure 2 Rarefaction curves based on the sequences of the ITS1 region of endophytic fungi associated with

two halophytes.
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Figure 3 The shared and exclusive ASVs among TEMIM L) AR LR, T Didymosphaeriaceae

two different halophytes. TE AT H43 4 8), Mycosphaerellaceae 7E#: i
A Observe | B ' Shannon | C | Simpson
ok 2.5 NS NS
1 1 1
60 -
08
50 20+
i k3 )
?;E; e E é 0.7 Group
= & a M AE
'.5- fﬂ- E_ BAT
< < <
30 L5
0.6 —
20
1.0 - 0.5
10
| | | 1 | |
AE AT AE AT AE AT

4 HEERRTAMBEEYRNEERENSHEMER . HABFEES; NS: LREMHER
Figure 4 The boxplots show the differences of diversity of endophytic fungi associated with Anabasis
truncata (Schrenk) Bunge and Anabasis eriopoda (Schrenk) Benth ex Volkens. **: Significant difference; NS:
Non-significant difference.
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Figure 5 Endophytic fungal community at the phylum (A), class (B), order (C), family (D), and genus (E)
levels (top 5) in different samples.
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Figure 6 Endophytic fungal biomarkers based on LEfSe analysis (LDA>2, P<0.05).
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Figure 7 Principal coordinate analysis (PCoA) of
different microbiota in different samples.
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Figure 8 Taxonomic dendrogram showing top 100 ASVs members of the endophytic bacteria of two
different halophytes. The color straps and color ranges identify phyla within the tree. Modules with different
shapes and colors represent different classes. Colored bars represent the relative abundance of each ASV in
the different halophytes. The taxonomic dendrogram was generated with one representative sequence of each
ASV using QIIME2 and displayed with the use of iTOL (interactive tree of life).

3 WREER

AR Hlumina = & PEA, B
9% T A KT 52500 ve Wi vo i A g
JE A AR T T J A A AR g 98 6 A ) 9 2 LT
M ZHEE . BFR AR B, X PR ER AR A N
HHEWTE ASVs KV EHAAFBFEEME
FEPE. ABFIE3R15 166 1~ ASVs IHJE T 4[]
134¥ 25 H 37 %l 49 J& , H: " Neocamarosporium,

B0 R €
BT A R A Al A A

X as k]

FETE PO [R) 2 B A St v L A BRI A T Y
FREZEFER . 7E AE2 £, animal pathogen

undefined saprotroph-wood saprotroph . dung

saprotroph-ectomycorrhizal-litter saprotroph-
undefined saprotroph. plant pathogen. animal
pathogen-endophyte-lichen parasite-plant pathogen-

wood saprotroph DA} leaf saprotroph %578 ## 2
AU TR F ARG AE AT FEShd

fungal parasite-undefined saprotroph . plant

pathogen-wood saprotroph %5 Hth 5 F= 2R 1) B
[CREEY PO

Botryosphaeria il Alternaria 2 H: |24 50 J5BEAE
AE FI AT 9 o Lo, e TR ERe. REvadl

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AR PURhER AR A AR O AR L T RE TN

3367
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S 117 TP R A ABUAR IR A 2 L T A 2 A Pk P
A ASINRE, RTE BRI A A [ A= 25 A0 N AR TR
TRV SE RIS MR o SR Eh A A 9 A i AR
ARSI R S A R AR | AR ROIRZS
AR IR N R A . AFTEER A B,
PR AN [7) A (B W0 P4 A O ZURCE R L

AT EEREOR, FIREE HARRFEY)
SENATE 25

SRR AR SER AR B 38 5 | P Eh f By
AR AR AT T s R A AT, R Bk
#5102 4 OTU, fJETEHEAM 84T, Hrp
Ascomycota £ fie i, BOMAEXTHEIAET, 2t
MREE BT = MUY 1 350 AR
LY o egs) 318 BRINA HE, JRiFATIF
K ZBe AL b, 45 R3] Ascomycota iy 4 %)

A mm AE = AT 95% confidence intervals
L-tyrosine degradation 1 o 9.27¢-3
Adenosine ribonucleotides de novo biosynthesis == o 0.019
Phospholipid remodeling (phosghatid lethanolamine, yeast) =5 ol 0.027
Pentose phosphate pathway (non-oxidative branch) == o 0.027
Fatty acid & beta;-oxidation (peroxisome, yeast) =5 ° 0.028
Palmitate biosynthesis I (animals and fungi) i o4 0.030
Guanosine nucleotides degradation I =5 ° 0.030
Methyl ketone biosynthesis e 0.031
NAD/NADH phosphorglanon and deﬁhosphor lation == ] 0.032
Glycogen biosynthesis I1 (from UDP-D-glucose) ° 0.032
Pyruvate fermentation to isobutanol (engineered) =3 B 0.033
Trehalose degradation V o 0.033
_ Aerobic respiration I (cytochrome ¢) 59 o 0.033
Aerobic respiration II (cytochrome ¢) (yeast) | o 0.033
Monoacylglycerol metabolism (yeast) | o 0.034
Glucose and glucose-1-phosphate degradation o 0.034
tRNA charging == o 0.034
NAD/NADP-NADH/NADPH mitochondrial interconversion (yeast) =3 ] 0.034
Mevalonate pathway [ | o 0.035
NAD/NADP-NADH/NADPH cytosolic interconversion (yeast) o 0.03
L-valine biosynthesis =3 ° 0.035
Sucrose degradation II1 (sucrose invenase% |—] L} 0.035 _
tearate biosynthesis 111 (fungi) == Hot 0.036 T
Octane oxidation | o 0.036 5
TCA cycle Il (plants and fungi) =3 o 0.036 2
Glyoxylate cycle | rol 0.036 2
Superpathway of pyrimidine nucleobases salvage =3 ol 0.036 <
Pentose phosphate pathway 3 0.036 2
CDP-diacylglycerol biosynthesis | B 0.037 =
Superpathway of phosphatidate biosynthesis gyeast E 0.037 7
Sulfate reduction | (assimilatory) === o 0.037 &
Superpathway of L-serine and glycine biosynthesis | == o 0.037
Fatty acid beta-oxidation V (unsaturated, odd number, di-isomerase-dependent) BHFceree —e—  0.037
GDP-mannose biosynthesis | o 0.037
Pyrimidine deoxyribonucleotide phosphorylation i —o— 0.038
Pyrimidine deoxyribonucleotides de novo biosynthesis 1 == =] 0.038
Pyrimidine deoxyribonucleotides biosynthesis from CTP i e 0.038
Superpathway of L-threonine biosynthesis =4 e 0.038
Glycolysis IIT (from glucose) | o 0.03
L-proline biosynthesis II (from arginine) &5 o 0.038
Superpathway of adenosine nucleotides de novo biosynthesis I | 1o 0.038
4-amino-2-methyl-5-phosphomethylpyrimidine biosynthesis (yeastg i 1ol 0.038
Formalde {lde assimilation I1I (dihydroxyacetone cycle) E=e=s —o— 0.039
DP-N-acetyl-D-glucosamine biosynthesis 11 —o— 0.039
Superpathway of adenosine nucleotides de novo biosynthesis I1 | 1ol 0.039
S-aminoimidazole ribonucleotide biosynthesis | == © 0.03
Galactose degradation 1 (Leloibpathway) | Fo- 0.040
rea cycle | ro1 0.041
1,3-propanediol biosynthesis (engineeredg o 0.041
D-galactose de%radation V (Leloir pathway) == e 0.041
L-tryptophan degradation to 2-amino-3-carboxymuconate semialdehyde B3 o 0.042
Phosphopantothenate biosynthesis | == o 0.044
Chitin degradation to ethanol ® 0.047
L-leucine degradation I | roi 0.049
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9 MEEFEMINESATN A Eid STAMP #MF Ho & W Rl A [a) 16 A= HE 40 o8 AF B 3 F
PICRUSt2 il i) 78 7 T BE 22 5% (Welch’s t #5563 P<0.05). B: PICRUSt2 Tl ¥ 7E A9 urea cycle . C.

FUNGuild f PN AE B I S RE 7 A T 70

Figure 9 The functional groups prediction of endophytic fungi. A: The potential functional differences of
endophytic fungi associated with two different halophytes predicted based on PICRUSt2 were compared by

stamp software (Welch’s t test; P<0.05). B: PICRUSt2 predicted urea cycle abundance. C: FUNGuild
predicted the functional groups of endophytic fungi.
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