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Abstract: [Background] High-throughput sequencing methods are widely used in analyses of
environmental microbial communities and diversities, and make it easy to investigate endophytic fungi in
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plants. However, choices of primers often lead to difference in results because fungal species detected
depend on fungal coverage rate of primers. Plants in the genus Salicornia are one kind of the most
salt-tolerant plants. Some endophytic fungi isolated from the plants produced important functional
metabolites. But few investigations on the diversity of endophytic fungi were reported. [Objective] To
investigate the endophytic fungi community in Salicornia europaea and reveal effects of different PCR
primers on high-throughput sequencing analysis. [Methods] Plants of Salicornia europaea were sampled
from Guhya Salt Lake of Urumqi county in Xinjiang, and ITS DNA of endophytic fungi was amplified
with primer pairs of ITS1-5F, ITS1-1F and ITS2. Then OTUs based on high-throughput sequencing were
analyzed. [Results] In total 102 OTUs were obtained involving 8 phyla and unclassified flora in fungal
domain. Among them, Ascomycota was dominant phylum followed by Basidiomycetes. A total of
64 genera and 20 unclassified genera were discovered, in which Alternaria, Cladosporium and Podospora
were major groups. Effects of different PCR primers on high-throughput sequencing were measured. In
total of the 102 OTUs, 44 OTUs were obtained from the ITS1-5F primer pair, 55 OTUs from the ITS1-1F
primer pair and 25 OTUs from the ITS2 primer pair, whereas only 5 OTUs were detected at the same time
by all three primers pairs. Additionally, ITS1-1F primer pair was recommended with ITS1-5F primer pair
as the supplementary strategy in investigation of the diversity of endophytic fungi. [Conclusion] There are
abundant resources of endophytic fungi in Salicornia europaea and obvious effect on analyzing the

composition and distribution of endophytic fungi in high-throughput sequencing.

Keywords: Salicornia europaea, Endophytic fungi, High-throughput sequencing, Diversity, PCR primer
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Table 1 Sequencing data of high-throughput sequencing with different PCR primers

PSS JEHE FE 51K JEHE B 4 OTU HRTHIEL 4%k OTU
Samples Raw number Clean number Total OTUs Effective number Effective OTUs
ITS1-5F 80 228 75 616 1579 44
ITS1-1F 80 101 71 038 69 711 55
ITS2 80 105 70 654 1247 25
Total 240 434 217 308 72 537 102
100 FIR RS 3064 T 1 B A 4k A 25(S. - europaea) N
sl /V/wr‘——' G BAAEH B 25 W& &1 s OTU
L e 864, 4 OTU Kf 84.3% , WK ITS1-1F
L oo A//‘// I ITS1-5F W3 Fift 55| 49 %of W] B AR 2 )7 6 A1 2 (S.
Z ol europacay LRI EEREHEALR G 2).
I /-/w*—‘—' 23 AESITETHRRNEERSH
20 SUHSLaE 230 FRZIMYETHINEES o SRR
. | | e R o ZREAESBRMEC. Simpson (J).
0 20 000 40 000 60 000 80000 Shannon (H). Brillouin 5 HOFF S HETE 19 5 51

Sequences number (tag)

1 ARG IETHANEEEMRREMLZL
Figure 1 Rarefaction curves for the sequencing with
different PCR primers

. OTU BOMFrAE IAERTS OTU B0, ffEmy . Rl
Note: Total OTUs were showed including host plant and bugs.
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BRAB TS, REn R pa, YAk
F] 70 000 45}, K ITS1-1F 514X B AL 5
OTU {34 6 1>, 29 iz i b OTU $411) 6.8%,
1M 47 000—70 000 £5/a], OTU 1 1 4~; Hogkd
P OTU TEAHN X [AR{EEE /N, BERHSEES 1S OTU 44
CHET R AT, RV E I, el
Z Ml S IR FL A o N A FL DA RTE 451
22 AREEIMTETHRAEER OTU M4 %H
MRS [P iP5 OTU JERRES T,
EBRIAEETE OTU J5, &I3Fr25HHRI OTU, Hyg:
TREI(E 2). AFE IR HLR5 JHE OTU
Bk 102 4, HALL ITSI-1F 519 %18 3545
554~ OTU, LA ITS1-5F 5% 33515 44 4~ OTU,
PLITS2 59X 915 3k45 25 4> OTU, 3 #9147
BRI OTU 2 54, 5 B3 3K15 OTU 19 4.9%.
ITS1-1F 1 ITS1-5F PAFpa | P54 3G 2 F il i
OTU J 13 4>, B 12.7%, X—45 KRR

DL AR TS Rl S8, — S Simpson (J)
RO & AU, Shannon (H)X #i g Fi
MU, 3 T LIE H, ITS1-1F 514538
OTU B . F ITS2, ITSI-5F, ifi Simpson (J).
Shannon (H). Brillouin 883K F /i, £

ITS1-1F

iTs2 ° [FS1-5F

2 FEGIMMTETHRALEER OTU BXE

Figure 2 The similarity analysis of fungal communities

R2 FRGIMOMTETHAALEER OTU HIESIT

Table 2 OTUs in the sequencing with different PCR
primers

Primers ITS1-1F ITS1-5F ITS2 Rate (%)
ITS1-1F 55 12.7% 8.8% 53.9
ITS1-5F 13 44 6.8% 43.1
ITS2 9 7 25 24.5

Vs MR RSSO A AT OTU BK, k3%
ST ECR BT OTU 05 23R 43 1.

Note: The numbers below the diagonal line of the table were OTUs
detected in two treatments; The data above the diagonal line were
percentage of OTUs detected in two treatments to total OTUs.
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Table 3 Alpha diversity analysis with different PCR
primers

5|4 OTUs Simpson (J) Shannon (H) Brillouin
Primers

ITS2 25 0.8559 3.3059 3.2550
ITS1-1F 55 0.669 4 2.486 6 2.483 4
ITS1-5F 44 0.892 4 4.004 0 3.9183

K H ITS1-1F 5 [ Y%) REHE Z AR5 N A= SRR 2 AL
T, B R AR AT B 28 AR, WAl
SIRERAR. Hp, Simpson (J)FEREIIRA] ITS1-1F
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FEARRIIZE | W fe s 2w (I F B A EL R
232 ARSEIMTETHERANEERKFESHR
XA A 102 4~ OTU HERE, MR T
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JRPARE) 102 4~ OTU Feph K R A R EL R ]
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B R W W T
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(Basidiomycota) . THER | (Ascomycota)?§ 8 1Al ]
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= Glomeromycota
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Figure 3 Frequency of phyla in fungi communities from sample
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OTU. MMk F ITS1-5F 519§ 38 REARAHBR B2 ]
(Mucoromycota) SN W H BT ], W& F W]
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(Mortierellomycota) ) 1 4~ OTU ., H.E4E ]
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OTUs; KM ITSI-1F 54Xt k15 4w )
(Ascomycota) 41 /1~ OTU HHFH [ J(Basidiomycota)
B 6~ OTU. BE[ |(Mucoromycota)¥) 1 4~ OTU ,
BB ] (Mortierellomycota)i 5 /1~ OTU k432K
PRRERY 2 4~ OTU. HiF ITS1-5F 1 ITS2 514%™
S BT A% 1y 50 v B 47 AR R AR W 18 32 A IS B A
YIF ) T4, T ITS1-1F 509 33 15 F 5L,
WHEZFEYE T R LA ITS1-1F S, HEEN
U
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X HEARIGE OTU W B34, & RS Rty 1
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S3SS S
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Figure 4 Frequence of OTUs in phyla with different PCR
primers
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MHF 18] OTU, FERAARGIPx S OTU
Fe B AR fE e B &, SR ITS1-5F 514%F 474 fr
BT RET] OTU B X3, Hopr 5 i e 6
Fi M8 ITS2 .ITS1-1F #1 ITS1-5F &4 T [ ITS1-1F
Py, ME AR T 1 . g
(Mortierellomycota){NAE % A 1TS1-1F F1 ITS1-5F 5|
DR E = (= e =S TR

HE— 2B & T OTU WY E BG4 740 By
(8 5)FT LA Y, SR ITS1-1F 5[ ) 4 1 i o,
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VBT 5 2R s TTS2 51144 3575 2 4
T/ OTU, Wi I bl o 5 o FREB T
67. 2% T[] 32.7%; K ITS1-5F 5145%7,
TFRETH 64.9%MMFHEI] 243%, HEh
10.8%.
233 ARG ETHRNEERBKESHR

WL, SCEERIRRY 102 4~ OTU 43
ATEETR P 64 N8 I 20 MR EET, £HER
FAFL(S. europaea)(F1ER F & ZHE N A BLF BT,
BAFAEE R EIETEHFIE . SRS [94 54 bt
FEFBAEEV RN 2ZERGR 4), Alternaria JETE

100 - | I
S gk
g
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a
G
S 40}
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=
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® Rozellomycota ® Mucoromycota
Monoblepharomycota Mortierellomycota
u Kickxellomycota u Glomeromycota
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5 ARSI ETITKEREEFIIES L
Figure 5 Phylum-level distribution of fungi with different
PCR primers

KLY 3418 A T B E (>20%)
K JH ITSI-1F | ITS1-5F 510 1507k B, 7ET
b7 LBIHEZ T 5 )8 905 & BLS B 79.2% 1
64.3%, Alternaria. Cladosporium . Podospora ¥J¥
ZHI S, EERMENERRNFERE. ERES
b, BE Coniophora. Mortierella. Podospora .
Fusarium . Pichia . Penicillium . Stemphylium .
Alternaria .Cladosporium &4 2 1~ OTU 4h(CE 5),
HEeR¥RA 14 OTU, FFEL M F N A B R AR
B BRIE],

x4 ARG ETREE RS L

Table 4 Major genera in fungal communities with different PCR primers

ITS2 Ratio (%) ITS1-1F Ratio (%)  ITS1-5F Ratio (%)
Wallemia 233 Alternaria 55.30 Alternaria 23.2
Cutaneotrichosporon 23.3 Others 19.46 Inocybe 15.6
Alternaria 22.1 Podospora 19.10 Podospora 13.1
Candida 10.3 Aureobasidium 3.90 Others 12.1
Cladosporium 5.90 Cladosporium 0.60 Cladosporium 8.3
Issatchenkia 3.50 Stemphylium 0.30 Arthrocladium 4.1
Podospora 2.50 Saitozyma 0.30 Mortierella 3.5
Aureobasidium 2.50 Mortierella 0.23 Coniophora 2.7
Papiliotrema 1.20 Ascobolus 0.20 Neocosmospora 2.6
Pleospora 0.86 Penicillium 0.20 Hohenbuehelia 2.5
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Table 5 Major species in fungal communities in Salicornia

europaea

@44 OTUs i REpfh 44 Fe 5 Kicie:

Genus Closet species Sequences
numbers

Podospora 6 Podospora cochleariformis 31

Podospora sp.1 5730
Podospora sp.2 3420
Podospora sp.3 1589
Podospora sp.4 405
Podospora sp.5 2 166
Alternaria 4 Alternaria alternata 38 180
Alternaria sp.1 958
Alternaria sp.2 69
Alternaria sp.3 48
Mortierella 3 Mortierella humilis 42
Mortierella sp.1 96
Mortierella sp.2 59
Fusarium 2 Fusarium oxysporum 29
Fusarium proliferatum 10
Cladosporium 2 Cladosporium colombiae 208
Cladosporium 375

sphaerospermum

Penicillium 2 Penicillium simplicissimum 105

Penicillium rubens 30
Stemphylium 2 Stemphylium solani 156

Stemphylium sp.1 79
Coniophora 2 Coniophora olivacea 20

Coniophora sp.1 22

3 W54
30 ARSI ANEERE S TR

5 | ()35 R X v A e AT LT 2R A
R, R HER SSU, LSU A1 ITS HAW A
BUPHN AT LR T B R AU b, (RN
AXNAEEERZEHCRA TS P85
Mro M FIERREN AL FUE DNA B f 2R 2
TEVE H & DNA, W SRESRIRATAE PCR 4 HGHTXT
S TAEN I ERE . HET, A SCE ITS P89
W H M5l W 2, W E WA A
ITS5-1737F/ITS1-2043R . BITS/B58S3 . ITS1-F/ITS2
ERFXVAE . AR, FSEITTWNAERER

ER T RS AR e — B S B
PP RTS8, (H R LR R S | 5
A 2 R AR R, AR 43501 SR FH e 3
FEN ) FHELIE S %) 1TS2 . ITS1-1F, ITS1-5F 45
3XF514, @it PCR ¥ 1Al e, 2550 k3
ANFE G P8 14X £ A FL(S. europaea) N A HL B
Ve R BT 2 S A A SR 4 AT A5
102 4~ OTU Hr, FIH ITSI-1F 5140%5 k15
554~ OTU, ITSI-5F 5|¥%f3k45 44 4~ OTU, ITS2
SRR 25 4~ OTU, {H 3 Fhg|4itin3ki5 5
) OTU BULH 5 4, RUIARFESG P4 14 s
PR AR B IIF A IS 51 1TS2
FITS1-5F 514064 58 Fr i e 51 v S e KA )
8 EIP N HSNE SIS . BT, TEHRIUE
DNA HfEfe SR EUEAEYITE £ DNA, HIES &
di B DNA B 254y, BRI R A R it &
GRS ER 1), P34 PR 7 9 v 4 R 280751
MFEYIE EP SR, (HALE BT P9 AR B
P AN S AR I 2 ) S B AT R, EE B SR
REFREAA B B nT 0 . IRh ZRERG S T
ITSI-1F 5IYpAEA B R e, fef ok
T8 RPN T, (HHARLERE S A LR A2k
WA Bt 0 PG o 3 3 4 B FRATT & BRLIRD R
ITS1-1F Al ITS1-5F WFp5 x4 14, WiE &3t
3 OTU unl 523 OTU Ui 84.3%, AI LA ML
R AR BN AR B E R AN . L, JEF BB
G50, WEAFTENAE A 2R A L ITS1-1F 5
YIxt k32, ITS1-5F 51455t Gk, k4T
A PR A TR RV AL LA

RS IT R, SR ITSI-1F 540 3~
WAERE OTU W E & T ITS2. ITS1-5F, 1M
Simpson (J). Shannon (H). Brillouin 850K T )5
WiE, FURA ITSI-1F 5145 5E 8 Z RS M A
FLAME ARG, (BA A Rh ) AR = 2 2
R, YIRS ERER. Hr, Simpson (J)R#(K
KR ITSI-1F 5148 0 3 L A G (A
th, 1 Shannon (H)FEIRRBIZE | W6 24 S8
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FER) FLR AP . (HAUA SIS, R (S
europaea) N A= FLE AR AR = B R ENH, R
ITSI-1F 5|2 H S SFEE M TN FIEF AR
255, A RrE a8 2 AN E B Ry X R R B
B, R SR SR G TR
32 BARNEREEERINE T

A BB AN A R F IR A 2 —
FI T M S A A LR RIS & R 4l .
Petrini ZUI7E 1986 4F 1 YU £ M LR MY S
perenni WAESLTEIEATOIFE, MHZE 7393 32 #&
WAEELE, KBS RTINS0 h A ff
TR E 25, Pleospora salicorniae TEZEWPHA &
%8, i Pleospora bjorlingii £ BAFAE TN I
A, Stagonospora EEAFAET HHFEYIH L
I 2 3 VO8I L Mg 2 45 (S, bigelovii) H 43 B85
Cunninghamella. Phoma. Fusarium %§JEWWNAH
W, RIS MOREENE, R AR T ILEH
YR Cunninghamella bigelovii, ASFFT 1< 58 &
WP AR XS ER A (S, europaea) WA FLE AT T HF
5T, SERILAT 102 NSNAITE OTU, # R ITE A
M8 NIRRT KB, HhT2ET]
(dscomycota) i % Xt AR F, H IR A H FRE ]
(Basidiomycota). TEJRJZUKF- L, EMENAER
WAL K 64 M@ S 20 SRR, T Alternaria
Cladosporium . Podospora 55 3 A~J& NMILFHE &,
RI T EHREERAEREI N Pleospora
Stagonospora ., Cunninghamella, Phoma. Fusarium
FEJm OTU WIFETE, IFHURE Al RBFE S B E L
RHTANE , e — A2 R FA RL(S. europaea) £ 5 11
WA LR BT IRAR B TR AR

REFERENCES

[1] Hao XIJ. Plant Endophyte[M]. Beijing: China Agricultural
University Press, 2010: 1-10 (in Chinese)
e . MY AR M. dEat: dEROE R R R
1, 2010: 1-10

[2] Akutse KS, Maniania NK, Fiaboe KKM, et al. Endophytic

colonization of Vicia faba and Phaseolus vulgaris (Fabaceae)
by fungal pathogens and their effects on the life-history

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

parameters  of  Liriomyza  huidobrensis  (Diptera:
Agromyzidae)[J]. Fungal Ecology, 2013, 6(4): 293-301
Rodriguez RJ, White Jr JF, Arnold AE, et al. Fungal
endophytes: diversity and functional roles[J].
Phytologist, 2009, 182(2): 314-330

Bokulich NA, Mills DA. Improved selection of internal
transcribed spacer-specific primers enables quantitative,

New

ultra-high-throughput profiling of fungal communities[J].
Applied and Environmental Microbiology, 2013, 79(8):
2519-2526

Taylor DL, Walters WA, Lennon NJ, et al. Accurate
estimation of fungal diversity and abundance through
improved lineage-specific primers optimized for illumina
amplicon sequencing[J]. Applied
Microbiology, 2016, 82(24): 7217-7226
de Filippis F, Laiola M, Blaiotta G, et al. Different amplicon

and Environmental

targets for sequencing-based studies of fungal diversity[J].
Applied and Environmental Microbiology, 2017, 83(17):
¢00905-17

Rezacova V, Gryndler M, Bukovska P, et al. Molecular
community analysis of  arbuscular mycorrhizal
fungi—contributions of PCR primer and host plant selectivity
to the detected community profiles[J]. Pedobiologia, 2016,
59(4): 179-187

Chen ZB, Xia TY, Wang DK, et al. Diversity analysis of
endophytic fungi in Mentha using MiSeq
high-throughput sequencing technology[J]. Medicinal Plant,
2016, 7(S1): 46-50

Zhao HM. Eco-physiological characteristics of halophyte

Illumina

salt-worts and their potential utilization in environmental
mediation and germplasm improvement[J]. Bulletin of
Science and Technology, 2004, 20(2): 167-171 (in Chinese)
XN AR AR A B R R R R IT R R B
B, 2004, 20(2): 167-171

Liu XF, Feng X, Wang QZ, et al. Recent study on the
chemistry and pharmacology of Salicornia plant[J]. Chinese
Wild Plant Resources, 2012, 31(2): 8-11,16 (in Chinese)
XiGewe, 1, E, 5F SR s n o P2y B
WEFEHERE[D]. P EBFAEARYI B, 2012, 31(2): 8-11,16
Lee H, Choi J, Kim Y, et al. Effect of dietary intake of
Salicornia herbacea L. hot water extract on anti-obesity in
diet-induced obese rats[J]. Journal of the Korean Society of
Food Science and Nutrition, 2012, 41(7): 950-956

Yi LP, Wang ZW. Root system characters in growth and
distribution among three littoral halophytes[J]. Acta Ecologica
Sinica, 2011, 31(5): 1195-1202 (in Chinese)

R, FHMA. SHET 3 A AR R AK
RG], A AS2E4R, 2011, 31(5): 1195-1202

Wu F, Yu M, Lu ML, et al. Cloning and functional
characterization of three superoxide dismutases genes from
halophyte Salicornia europaea and Thellungiella halophila[J].
Acta Botanica Boreali-Occidentalia Sinica, 2012, 32(10):

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



SRAGAREE: AR5 W0t e e A e o M e A O R A R

419

[14]

[15]

[16]

[17]

[18]

[19]

1957-1964 (in Chinese)

R, M, Bk, S ERMETRELIT 3 SR
TERE DR 1 e R RSN RE AT ). PU-E A4k, 2012, 32(10):
1957-1964

Gao H. Study on several halophytes for improvement of
secondary salinization in soils[D]. Hefei: Master’s Thesis of
Anhui Agricultural University, 2018 (in Chinese)

(. JURPER AR X el H R AR SR B BT SE[D]. &
JIE: Z AR R L2118 3, 2018

Petrini O, Fisher PJ. Fungal endophytes in Salicornia
perennis[J]. Transactions of the British Mycological Society,
1986, 87(4): 647-651

Zhao YH, Yang HY, Xin ZH. Anti-tumor components from
fermentation products of fungus Salcoli6 derived from
Salicornia herbacea[J]. Food Science, 2011, 32(21): 6-11 (in
Chinese)

XE I, AilEe, FRZ AR AL Salcoli6 &
T 7 W T IR 36 R AT IE ST [D]. BBk, 2011, 32(21):
6-11

Zhan DR, Meng XL, Li LQ, et al. Isolation and identification
of endophytic fungal strain Salicorn 35 from Salicornia
bigelovii and optimization of its fermentation conditions for
production of antioxidants[J]. Food Science, 2013, 34(19):
158-165 (in Chinese)

WAL, mIEEE, FEW, F. O REBMTAFNERER
Salicorn 35 {7 B %E SHUAM K BERIFILILD]. iR
2#,2013, 34(19): 158-165

Guo J, Wang H, Liu D, et al. Isolation of Cunninghamella
bigelovii sp. nov. CGMCC 8094 as a new endophytic
oleaginous fungus from Salicornia bigelovii[J]. Mycological
Progress, 2015, 14(3): 11

Wang L, Sun X, Wei JG, et al. A new endophytic fungus
Neofabraea illicii isolated from Illicium
Mycoscience, 2015, 56(3): 332-339

verum[J].

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

White TJ, Bruns T, Lee S, et al. Amplification and direct
sequencing of fungal ribosomal RNA genes for
phylogenetics[A]/Innis MA, Gelfand DH, Sninsky JJ. PCR
Protocols: A Guide to Methods and Applications[M]. San
Diego: Academic Press, 1990: 315-322

Lu LH, Yin SX, Liu X, et al. Fungal networks in
yield-invigorating and -debilitating soils induced by
prolonged potato monoculture[J]. Soil Biology and

Biochemistry, 2013, 65: 186-194

Gardes M, Bruns TD. ITS primers with enhanced specificity
for basidiomycetes — application to the identification of
mycorrhizae and rusts[J]. Molecular Ecology, 1993, 2(2):
113-118

Xiong W, Zhao QY, Xue C, et al. Comparison of fungal
community in black pepper-vanilla and vanilla monoculture
systems associated with vanilla Fusarium wilt disease[J].
Frontiers in Microbiology, 2016, 7: 117

Edgar RC. Search and clustering orders of magnitude faster
than BLAST[J]. Bioinformatics, 2010, 26(19): 2460-2461
Wang S, Wei J, Yang Y, et al. Diversity and community
structure of entophytic fungi in roots of Ammopiptanthus
mongolicus in different recession degrees[J]. Mycosystema,
2018, 37(4): 411-421 (in Chinese)

EIL, WA, B, 5 AFERERSE AT RN AR
SRR SEEELT]. HYIEAR, 2018, 37(4): 411-421

Xi GJ, Li JB, Shi J, et al. Diversity of endophytic fungi
in Bletilla striata[J]. Acta Agriculturae Zhejiangensis, 2017,
29(12): 2077-2083 (in Chinese)

FEHIR, B, R, % FRANERRENZREED].
LA 2A4E, 2017, 29(12): 2077-2083

Chen YH, Xing XK, Guo SX. The endophytic fungal
community composition of Gymnadenia conopsea in
Beijing[J]. Mycosystema, 2018, 37(1): 35-42 (in Chinese)
WKL, THBER, SBIUR. JLaih X T2 M X R

AWM. Bk, 2018, 37(1): 35-42

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



