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Isolation and Molecular Identification of Fungi from the Sediment of Songhua River, China

LIU Jie, DING Yan-li, FENG Wei, WANG Jing—yan, MAO Guan—nan, WANG Ying—ying"

(Ministry of Education Key Laboratory of Pollution Processes and Environmental Criteria, Tianjin Key Laboratory of Environmental Remedia—
tion and Pollution Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China )

Abstract: The current study aims to select proper media to determine the concentration of sediment fungi in the Songhua River, analyze the

differences in environmental factors, identify the representative fungi, and explore their potential environmental applications. Different media
[i.e. Potato Dextrose agar(PDA ), Czapek agar(CA ) and Sabouraud’s agar(SDA )] were used to determine the concentration of sediment fungi,
and the results were compared using Analysis of Variance and Principal Component Analysis. The internal transcribed spacer (ITS) of isolat—
ed fungi was sequenced and a phylogenetic analysis was carried out. There were no significant differences among the fungal concentrations at
the same sampling point when cultivated using three kinds of different media. However, there were clear differences in their correlation to en—
vironmental factors. The number of fungi cultivated on PDA medium exhibited a significant correlation with organic matter, nitrate nitrogen
and total nitrogen, while the fungi cultivated on CA medium showed correlation only with nitrate nitrogen. In contrast, fungi cultivated on SDA
medium were significantly associated with the total nitrogen content. The number of fungi cultivated on PDA medium was more closely related
with environmental variables than that cultivated on the other two media. Hence, PDA was a more suitable medium in the term of environ—

mental monitoring. 20 representative fungi were isolated and subsequent phylogenetic analysis showed that all of the strains could be identi—
fied. The results also demonstrated that the ITS region is a reliable element for fungal identification and ecological analysis.

Keywords: Songhua River; sediment; fungi; isolation and cultivation; internal transcribed spacer( ITS)
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R OREE R AP /K BT A A 2R O, 1
WM FA LY L BB E IR, IRURORA 5 Al
Sy FLR AP LM, BLTA 22 R RV 45 R TG
RAED A AR EENEZ — IETTRE
B TL PG KN S AT L X, AR 3R E LR
FEW L Z —, HoKRIG YA S e 458 T
FWEEEM, T —H" WEgHIA T E ARG
PRI -

T B A TR A P oy B s R 0 8 T
R SR — BTG, B ISR s 0 22 5 6
AT UE R S — B TS, SR)5 BB 5 ¢
Y SES ZITIE T E S AT, — ELISRBE Iz B T M
FEah T AR RIS N R T4 o LA A
FERIFL SEIABR X (Internal transcribed spacer, ITS), X
M A s A PR X, =57 T HL A% A DNA('DNA) |
18S rDNA 5 5.8S rDNA Z [] (1) N % 5 1] & X 1
(ITS1)F1 5.85 rDNA 5 28S rDNA FE[K 22 [] i) P 4% 5%
[ BRI 2(1TS2)-, BF5E R BT rDNA _F/Y 5.8S.
18S F1 28S rRNA FEA R K AIPRF:, BIFAESE)
12 () S B R UEPE 231 TS A R A i DXAS i AR 24
AR, e B Rz 1) B SRIERE I 1A H /N,
FEXF AR K, ZEAS R 25 1 EC R P 22 ) e B
BE g 22 509 Anderson ZEWF ST UESE 1TS 5 188
rDNA TE53 BT FREERE i B AR PRI A 30
{HSRATSRAFAE—2E R FRUS, Leblond—Bourget S:F 58 3
I ITS ARk 3 %S 18S rDNA AY 10 f50¢, 1TS1 Al
ITS2 J& RS X, PRSP PEREA ER BN
AR, Fia) 22 5 FL B B9, Ak, p 1S S
K ¥ 91— A 600~800 bp Z 18], (7541 7% 5 F i
I HE P DNA HA Y 285 DU (A5 1TS T34
BHMNF B WEARS™ EREAR Y DNA FE&, ik
P8 X Bkl S AR 1S RS2 N T I R
o3-S FRETE 3 BT iR 20,

TEJEAMET LI UK A ST BE 4 XAF 9T, N7 /KA

ARG X FR AR Z LRI 2, 07 i Hh 500 1 1%
TRV RS9, BN T R Ve L
ORI FEESSH ZAE R ARG . A ST T
HEARS T =AM B3 BT B A IR TR L, R
G B TR PR € 5 e W RFNy A W N G BeE = = ]
ARSI L RO S S A R T 2 [ A O AR A
I, 255 0 FLEM A T AU IS e stk
MR T T %€ o T B e 5e TG
Yt BB P g al BRI o

1 #REFE

1.1 HmbyRER T E

SR AR ARV T ek X ) = VL Ji it
DX TR R A i B COK T TR A B AR R
F)(GB 12998—1991) #47. RFEEFEIZR 2010 4F 6
H B TFMETL R FRET . HERI TR T RN
FEF50 mL B0, 4 CIKERAE, BRI, F
4 CARAT o RFE S BB ER B L 1. DU A
MLITE R BB S5 R 85 TR 1 a2 T v S R
B AR v

FRBURRIRVEHE 2.00 g T T KA A, K
FAEFRER K 18 mL 7% 1:10 FLBIUEATHGRE, fn ALk
£ 1/20 000 (L 80, U T iR HEdRY 2 min 14T,
SR PG AR S KR IR B 10102 15, LA 3
AHRBERLEE (107102107 IUFE S BT
12 RiRERESBEITE 4k
1.2.1 JiFedk

g 3 IR A T

(1) S5 A 2 MG B 77 5 (Potato dextrose a—
gar, PDA ) : S5 200 g Hi%IHE 20 ¢ BiihE 20 ¢ Bk
£ 0.100 g(HE R BiRHE R K 0.050 g)  ZEIK
1000 mLo R fif () A B2 K, VI (1 em?® K/ B
200 g /il 1000 mL ZE{E 7K, &3 30 min, ] 4 JZEH
JENEHR DA L U8, FEUE VRN T H I, RN ZE AR K 2

R RESMBAERR

Table 1 The location information of sampling point

RAE A KL 25 i/ R /m
FEARIITT VL ORAR (1) 20124F 6 H 19 H 130.780 47.131 103
FEARMTHT R (24) 201246 H 20 H 130.620 47.047 100
FEARIT A (3#) 2012 4F 6 H 20 H 130.771 47.111 74
FEARWINA (44) 201246 H 20 H 130.986 47.148 80
HEN SRR (5#) 20124F6 H 20 H 131.217 47331 68
HENT BTN T BT TR (6#) 20124F 6 H 20 H 131.285 47391 73
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1000 mL, FFIILA 20.0 g #AHEFT 20.0 g TR, N
b, 53%, 1x10° Pa = KT8 30 mine PLAERAEKF G
T CEAN KR ) o

(2)2 [RIUAEHE F7 5E (Czapek agar, CA) : i FREN 3
g THMRE 8 1 g BRFREE 0.5 g MR AR 0.01 g I
B 30 ¢ BilE 15 ¢ 2218 7K 1000 mL, 1x10° Pa (5 K
T# 30 mino

(3) VPR R B 15 77 3 (Sabouraud’ s agar,SDA ) :
EAMR 10 g, F%HE 40 oo BB 15 g, ZZ1E7K 1000
mL, 1x10° Pa {5 /& KB 30 mino
1.2.2 HRESEIHEL ik

W IR AR SRR K B J , 1 R ARG IR
(15 mL), FFHCBER , R BRI 50 WL BRI AT 72
BASEFRHE b 3 AT IRFEIR A A S , T 28
CHFEM BB ISR, R B ARG 24 h WA —
WK BRSO, Bi9% 5 d JRTHEO% R YRR
o XA BRI RN T o ) 2 Al
TEAHIR ARG TR Al b o g alifh . Pk R 0 PR v
FERVTE EIARE TR BB T 28 CHRSREE SR 3~7 do 45
TEANGl A HoAh 2 B, M Ak 2Rl 2k alifh , LR VR M
aipa7s .
1.3 AREEFEEFRRERSNEREFHSH

1 R(Version 2.14.2) 34 F1 Canoco( Canoco for
Windows 4.5) AT XA 2= 7 225081 (Two—way
ANONA ) FILFE B4 43 M (PCA ) , L T 4% 2 48 A A Bt
BE(PDA)IEFR AL SRR (CA) 7R VR IR IR
(SDA )55 3 22 A FL PR AR B W 25 54, o0 BT 3L
IR TR
1.4 L EFRNETE
1.4.1 AL EH DNA B4

FATETE LA B ik 3G A% 3~7 d 5, BT Ie i
B FLAFE L 100 mg, {41 E.Z.N.A.TM Fungal DNA
Mini Kit(OMEGA , USA ) EL 2 #2 B B SE K] DNA, H
o DNA $2ECR FHELE DNA $2 0 & g e /4 v
FEAR PRI ER, 51595 200 WL DNA . HCS
wL DNA $2BRE S, A EB 19 1.0% (i SR
o) MBI BHEE IS ZE | XTAE 28 b (40 mmol - L™
Tris,20 mmol * ™' HA¢, 50 mmol *L~" EDTA,pH 8.0)
EA RIS, 7228 7T R SR DNA 45717, FH 15K bp
DNA Marker 1£4 DNA 43FFrfm WA S B0 25 4L, kil
FEAHY DNA J2 AR o JEEUY DNA A S CE
T 4 CHT T 0 FAY S (PCR) 8T -20 CIRAAF
#H.

1.4.2 2k B 7

i 519 1TS1-F (5’ —=CTT GGT CAT TTA GA
GGA AGT AA-3')/ITS4 (5'-TCC TCC GCT TAT TGA
TAT GC-3" )" HA BL TR 1TS X35, 51t A= TAEY)
TR M)A BRARE . PCR R 50 wL ROV
% :Go Taq ® Master Mix(Promega, USA) 25 uL, 5%
ITS1-F/ITS4 4% 0.5 pL (10 mmol * L), TG 7K (0.22
wm, Millipore )23 wL,DNA 4% 1 pL. PCR KK H
VR TRIT 194 CCHAEYE 4 min, BT 10 MEFF Ky 94 €7
P 1 min.65~55 CiIE K 1 min.72 CIEMH 1 min (E:E
UGB KIRFEREAR 1 °C), J5 25 MEIRK 94 CAF
£ 1 min.55 CiB K 1 min .72 ‘CIEfH 1 min, fJ5 72 C
JEH 7 mine PCR I EA EB 1Y 1.2%(FiE 51k
FUEE ) BB IR BEEIEAE 1 XTAE 28 vhif i B kA , 78
EAMT T MEL DNA 457, F DGL 2000 DNA Marker
Y4 DNA 43 FArit o PCR 724120 CPAAF, T IE4E
8

4ifb B PCR =43k KAV EYE AR A IR 5t
AR T I IN o REA5 2 LR P51 48 NCBI %X
P BLAST T B 47 W F 548 &=, fii
MEGA Version 5.0 24 H 1Y Alignment F2J7 X} T 15 2]
B 1TS JF7 984T 22 B A2 HES (Multiple alignments ) ,
HHEAT R G R B oI AR R 2 . SR R AR AH %
% (Neighbor—Joining) #4TEEES /304, ] Maximum
Composite Likelihood BExCTHABHE I 25, R G0 1) B
A0 3BT AR B R 2 A LLB R 3 (Bootstrap
method ) A TAG 5 , 852 RECH 1000 1Ko

2 HREHM

2.1 REEEHREFHRE

SEEGVEA T 3 MR IR AT 3 FhAE B
(107.102.107) , il R AE KB 0R JEA M2 F
M RO EUFNIBERL 100 FEFR R , X 6 N RAF a5,
(1424 38 A4 5# .6#) AT 70 BETHEL, I SR T3R5 3
VR BT, AR e VR T 85 1 L I T 7 4L
(CFU-g" )R o £ RAFE s R R 755 1T 855 75 EL R AR
U 1,

B — R i (RS2 B0 25 SRR I, AN R R A A5 A T
B E M BE A B B2 5, s — gl (1 A 2#)
H CA>SDA>PDA; 5 —#41 (3# Ml 4#) N PDA>CA>
SDA; 55 =4 (5# fl 6#) % SDASCA>PDA.
22 AEEFENEFERERESHRERFHSH

SEIG R FH Canoco B4 XT AR B 38 3 (CA .PDA .
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Figure 1 Fungal concentration cultivated on different media
SDA AT KLV BEHETT T R SPHT . TR 5 o0t
Wras ST 3 o 0 1T 525 M A T 2 0 3 a0l
T, HEBITTHREN 9892%: HFH— E WA Tl RN o0 T
88.96%, 315 CAPDA Fll SDA AHSERELM12-0.603 | £, 2507 i
~0.550 F1-0.578; 45 — T 4> TR K 9.96%, H 5 <2 20107 T
z© n = =
CA.PDA Al SDA #12¢ F %5371 4 0.188.-0.803 Al g L0 -
0.566. FW] 3 Tl IR KLY BB B KA 73 ) fh 26— g 10x10°7F I l
NS N o 3 3 4 - £
TSR [, AT CA HigRIE S S 05“00 L , |
PDA JEFREERISDA B ARk 22 [A] 0] B SR FL R i HAT A FDA ShA

B . (R AH S PE |, Pearsom #H 2 R 5043510 0.833 (P=
0.039).0.948(P=0.004) . 3 FR[R]RG 7RI 0] 55558 BLA
B R 2 220 T a5 R (B 2, 38 2) R, 3 s
FEM R ERAERE FRAEEENES (P=
0.326>0.05), MASERE i Z BIAFTE A B S 1 25 Sk
(P=0.000 6<0.01)

N T BRI AR T (R 3) Z ML &R,
SIS ) B 5 L 1 R R SR B RV S IR R DT
T YA HLET (Organic mater, OM) &V ( Total phospho—

Culture medium

2 AEEFEUEFERRESHHLEE
Figure 2 The boxplot of fungal concentration cultivated

on different media

rus, TP) A AL IE J5LHL A (Redox potential ,Eh) .pH {H
%4 A (Nitrate nitrogen, NON ) . fi§ % ( Ammonia nitrogen
AON) EVA& (Total nitrogen, TN ) EZLHE (Quickly avail—
able phosphorus, QAP) LA FCRAF i i Hb LA 1 28 i
(Longitude,LO) . £ J& (Latitude, LA ) 1 74 #% (Eleva—

R2 FRBFREZBEERENREFHESTER

Table 2 Two—way analysis of variance of fungal concentration cultivated on different media

25 S5 FSS FI B /d #)5Ms F P-value F erit
FEdh 9.497x10* 5 1.899x10° 11.499 0.000 6 3.326
Higrdk 4.157x107 2 2.078x107 1.258 0.326 4.102
3 RFESTRIERTRYELER
Table 3 Physical and chemical properties of sampling points
PRI FHLF/g kg'  Ef/mg kg AL JFHLA /mV pH A /mg-kg! AR /mg kg BA/g kg A/ mg kg

1 9.287 142.189 80.1 5.62 23.252 0.190 0.865 59.480
2 10.163 92.446 35.6 6.44 40.696 0.412 0.712 37.111
3 9.826 162.278 14.2 6.65 212.878 0.253 0.917 123.077
4 8.562 91.011 13.6 6.83 16.048 0.743 0.592 36.535
5 6.978 113.491 2.7 6.97 51.484 0.381 1.002 96.096
6 4.888 294.289 96.8 5.33 4.210 1.083 0.298 101.878
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tion, HE)#EAT TAHOCHE T, 3 FIIEFREE AT G
W B2 FNER I R - 1 32 o3 HE e B A1l 3 FF 7R, PDA
BE R HE W] B IR BLA W S DU A DL R Y
Pearsom H15¢ R A 0.817(P=0.047) , 5 A5 &K B 1)
Pearsom 3¢ R 500 -0.990(P<0.01), 5 B & R EE )
Pearsom M5 R EH 0.911(P=0.012);CA EiF=FEL1) Al
R 7 HLE S5 A MR 2 1Y Pearsom AHOC R BN -
0.852(P=0.031);SDA 35 5L Al 15 55 LA MR B2 5 5L
RHER Pearsom HHEFRECH 0.817(P=0.047) -

1.2

-1.2

-1.5 12
B3 BFEERRESHMERFHERS ST
Figure 3 Principal component analysis between the fungal

concentration and different environmental factors

23 GUEFRNEESER

TEST R AR SRR AP Y PR
Fringesishaifl, S i TAEaifbd B b 5 24
AR TR T AR S e alifl, , I ZAq B alifb . itk
HHAREL DNA J5 , 2517 1TS JP8I I S 434 K4 3
I PR AT e 28wl A TN o 4 1S R 7471
#£ NCBI GenBank #E17 Blast, it H AL = 19
i, O T HER M E 1TS FF 41, il MEGA F iR DA i 1k
WL 4, 258558, F4.F6.F10 . F11.F22.F25.F34
J&TRERE (Hypocrea), JFHIAHLIE R 99%;F18
J& F L& (A cremonium ) , ¥ FVAHAYE 1 100% ;
F27 J& THR I (Fusarium) , ¥ SAHBIPE S 1009% ;
F9 J& T 7 5 1 & (Penicillium) , ¥ SN AN 96% ;
F23.F32 J@ THEJE (Aspergillus), JPHIAMIE R
100%;F13 . F21 J& T KW FH Trichocomaceae ) , ¥4 HH
L 43 53 2 99% Fl 100% ;F3.F31 J& T Davidiel-
laceae BB TR (Cladosporium), J¥HVFHALIYE R

100% ; F14 J& T5E48 0 )& (A liernaria) , JF AN AR A
100%;F19 J& T /5" (Mortierella), AL
99%;F8.F16 J& T E&F} (Mucoraceae), AHEIYE R
100% . FT#33E 7 517E NCBI GenBank HI3EZ 5K
JQO88815- JQ988834

3 iTtig

3.1 EEEFEITH

T 2203 R W] 3 M SR I eSO A R E R
ZeselE, TR RAE S E PDA RIS B S
WE/NT CA HI SDA RIEG IR G AR, RO 3 Fif
B R A FUA TR B AL T — e 2 b it HAUA
TR M E RS I E EARREE (K
2) o AN BT R B PAOE T HECR B IR A S b g
RN R 2 AT 22 TR U TR A A AN
S IEFRIE BN RN A AR DR ZE , [N 3 7320 Ar {2
N 3 R EE IR B AR — TRy B AT ke 3 Rl SRk
B, PRI AT DA et — b B R RS IR BE kA T
THEC A R BE IR0 R S BB 5 P05 DX 1 AH
KM R, 5 CA Al SDA FEFRHEAHEL , PDA
B e Benyn] B IR A BCR SR IR T N T 35 A
K, SRV R LT L AFIAE S A LAY A
SEG YRR R AL, ARSI B PR I Rk
Rousk 55 FBENE AR R 70 B 1 RUIE XS 5 3 - 398 240 1 11
FLRAEAS 25 SR 2R I U At o o b 52 i) L A
HAE ), Henriksen SEAHF5E 46 H 20 RE ] L 19 A4
K1, AR R IE 25 1 R0 30 B A K AT A [R5
i o ASBIESE A3 HT T SRR B R (A SR B RJ DX
HRARKMEN, 458380 B A K 5 8 A
B AR ARG, TS5 RO 35 0URH 5G , PDA B R ik
TEF T 03 e B A 5 PR R R B AR B G ZR 1) A L)
VE RS e e R AR AL 1 G T IT BV i e 1L
PRI 1) 3 A R IE SR PR ST T
32 EREERHEEMMEFHIN A

AW IRV B, X R B A T T
4lifl X5 1TS Fe i R G IR o0 A o, S5 Fr
EAFENN 17 DR E T8RN (Pezizomycotina ),
Horp o MEPRE T EE R H (Hypocreales ) , 5 4™k
J&F & (Trichocomaceae ) ,3 A~ BFEJE T 25 i
AN E 1) FLA (Fungi incertae sedis) T Y9 258
MERF, AW as KR, 78 178 J7 5 317
T 4 FAT BRI, BB % PR b i R
gaN s
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79

99

92

Trichoderma inhamatum isolate (AF455502.1)
Trichoderma piluliferum isolate (EU520051.1)
Trichoderma harzianum( AJ230664.1)
Hypocrea lixii isolate (HQ259311.1)
16(JQ988817)

F4(JQ988816)

F25(JQ988830)

1122(JQ988828)

F10(J(Q988820)

H.schweinitzii( X93966.1)

Hypocrea pseudokoningii strain(FJ605099.1)
99| Tlongibrachiatum(Z48935.1)

Trichoderma cf. longibrachiatum(GU830969.1)

Trichoderma atroviride isolate(HQ115671.1)
90| Trichoderma viride (AJ230673.1)

Hypocrea viridescens isolate (GU934535.1)

Hypocrea intricata strain(DQ381955.1)

F11(JQ988821)

98| F34(J(Q988834)

99

93

Hypocrea koningii isolate(HQ607942.1)
Hypocreales sp.(G(Q923983.1)
Trichoderma gamsii isolate (JF509737.1)
90| Trichoderma ioningiopsis strain(EU718083.1)
100 F18(J988825)
Acremonium sp.(FJ430713.1)

991 F27(3(988831)

Fusarium oxysporum isolate (JN232136.1)
Fusarium solani f. radicicola( AB513851.1)
Cosmospora coccinea strain( HM484537.1)

Cosmospora aff. viliuscula( JN955630.1)

95 Cosmospora vilior isolate(GU726755.1)
F21(JQ988827)

Talaromyces sp.(HM484305.1)
Penicillium verruciilosum isolate (HQ607791.1)
Talaromyces flavus strain( JN602366.1 )
Penicillium duclauxii strain(JN899342.1)
Penicillium diversum strain(JN899341.1)
F9(JQ988819)

Penicillium marneffei isolate(HM595497.1 )
Penicillium aurantiacum strain( JN899380.1)
97 |Aspergillus sydowii strain( HQ889716.1)

100

96

Aspergillus sp.(HQ832961.
100 Asﬁerglillus vgrsico or strain%]N997427.1 )

F32(JQ988833)
Aspergillus hortai( FR837962.1)
] 100 Asﬁergllus tubingensis isolate(EF661209.1)

100

Aspergillus terreus isolate(AF455426.1)
123(J(988829)

79 89 | Eupenicillium yavanicum strain(GU966506.1)
Eupenicillium reticulisporum strain( AF033437.1)
99 Penicillium ochrochloron( A]J509865.1)
F13(JQ988822)
Penicillium simplicissimum strain( HM469430.1)
F3(JQ988815)
II Cladosporium tenuissimum(AJ300331.1)

Davidiellaceae
100 |_| F31(JQ988832)

Cladosporium cladosporioides isolate (JN084017.1)
114(JQ988823)
|A lternaria alternata strain( JQ070079.1)

Alternaria brassicae isolate(JN108911.1) A ;
100 |A lternaria porri isolate (JF422730.1) liernaria
Alternaria tenuissima( JN542519.1)

99| Mortierella alpina(]J271630.1)
Mortierella sp.(HQ637325.1)

10| Worierellaceae sp.(HM589296.1)
Rhizomucor variabilis(JF904893.1)

0.05

4 Amylomyces rouxii straingggl 18998.1)

100 Amylomyces rouxii strain 927296.1)

F16(J0988824)
18(JQ988818)

Mucor circinelloides strain(DQ118987.1)
Mucor hiemalis strain( AY243944.1)

B4 G EREERSGHUR
Figure 4 Phylogenetic tree of purified fungi

F10(J(088326) Mortierellaceae

Hypocreales

Trichocomaceae

Pezizomycotina

Mucoraceae
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FIF TS FP 00 BT HEA 7 4858 F O3 F-A60 , RE AR
AMEGE TR W) 5 FIRS I 7k A /220, i T ITS
GITEAN[R) R TR D 22 [ HAT AR A8 S, TEEA T TR
TREEMZAREDT I BAT ) R R A e, 52
a5 R, 245G HoAh oy ¥ A HEOR 1TS P81 a] LA
T3 B A A VT 3 38U U8 EL TR 9 A= ) 2 R E  Yuriko
Nagano 553K PCR-ITS J37 41 5t B H A AN [RI1 TR B2
FIRAE L R IIE R P A SR A TOF S, R AR R T A
I B A BT R I LI 5 Lai 55508 18 TTS-DNA BRI
53T (ARDRA ) 55— R WF T 1 [ i Vi R g Ak
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