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Abstract. Algae, epiphytic bacteria and other substances attached to the surface of submerged macrophytes affected not only the
growth of submerged macrophytes but also the mass cycling in aquatic ecosystems. Previously, many reports were focus on the influ-
ence from algae, far few were related to epiphytic bacteria. Terminal Restriction Fragment Length Polymorphism ( T-RFLP ) method
was used to investigate the epiphytic bacteria communities attached to three common submerged macrophytes ( Potamogeton pectina-
tus , Potamogeton crispus and Ceratophyllum demersum) in Lake Hongze. The relationship between environmental factors and the a-
bundance of epiphytic bacteria were analyzed by means of redundancy analysis (RDA). The results showed that: (1) Epiphytic
bacteria varied greatly in community structure among the three macrophytes. The relative abundance of 143 bp T-RF in P. crispus
and P. pectinatus reached 20% and 11% in average respectively, while less than 1% in C. demersum; the relative abundance of 89
bp T-RF in C. demersum has an average of 13% while less than 5% in P. crispus and P. pectinatus. The relative abundance of 94 bp

T-RF in P. crispus was more than 15% , but it was even not detected in other two macrophytes. (2) The diversity of epiphytic bac-
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teria were in the order P. pectinatus >P. crispus >C. demersum. (3) Results of RDA illustrated that some T-RFs, such as 89, 94,
143 and 227 bp T-RFs, were under the influence of the environmental factors. The relative abundance of 167 bp T-RFs in three
kinds of submerged macrophytes was stably distributed, which indicated limited influence from the above environmental factors. In
addition, the dominant epiphytic bacteria in Lake Hongze were Bacteroidetes, Firmicutes and Proteobacteria.

Keywords: Epiphytic bacteria; T-RFLP; submerged macrophytes; community structure; diversity of community; Lake Hongze
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TUKFE Y 36 40 3 2 AL R 3T 1 ( Bacteroidetes) | iZk B ( Actinobacteria) A8 JE [ ( Proteobacteria) | ¥
PEANTH ( Cyanobacteria ) FIPEM B ( Verrucomicrobia ) 25 [ T2 | It 34 T T 78 B 265 400 T 26 90 I 90 it it 78 vh R 4
TR, A B8 SRR A B 2 X B 2 A0 VR P R o 2 R s s e L R X R 2 T R — TR
WSR2 | DT/ B 25 20 8 B 9 AR X b el = 1Y AT Igly 26 ) X5 58 ( Vallisneria natans ) RS- SR8
(Hydrilla verticillata ) Wt & A R THET , D\ 18 FEAE XS B 25 40 5 A AR 2 . Cai """ X I A [7] Hb
SRR TS MG Al VA R IA S5 A R HEA TR 5T, R BN TR IR 5 T ok HR S5 B 6 400 1 20 W LA v B 1 AE 1B
PRI W B — & 15 £ S Hempel 2510 X 4 B ( Chara aspera) FVIK B B ( Myriophyllum
verticillatum ) W} 2 40T AOFFT AR, RE DA 200 H AR Ti) 4 22 1 2 ) S %o 9 T A5 200 DA A 30 4, L b 008
PRI TR0 200 TR =F BE 52 3 ) o 3 R s M A B . AR SR R SR LRI 3 Fh LB Tk A 0 45 AR R HE BRI Y
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1.1 R RN

BEPEIA (33967 ~33°40'N, 118°10" ~ 118°52'E ) /K E ALY 1597 km® , FHI/KIR 1.9 m, ZF. FHH 4 KikK
T, XK A A B T K B (R A2 N0 B0 5 T 30 4 SR8 3 DX K A A R bt
BT R IR I G S R S A R IR A X, 2 XK A A R S R S A, (H A7 I R L DR R
FEM 7K AR A 43 A Bk Y 25 ) 22 S B0R. AR 9 B R 3 A TR B O K AE ), L5 ( Potamogeton
crispus) B VTHR 32 ( Potamogeton pectinatus ) F14: Fa35 ( Ceratophyllum demersum ) 1 HHFFERTS.
1.2 H#RRERKRNE

F 2014 4F 4.5 1 7 A4 HIRAET T BN IRFEME 034 A AR RIAEYIRES . 7 BB
TEARSRE, GRS m S E N BEYLREE 3 DM, G540 108 1,23, /AND BT 3 L dg
—EBUKAEPIRL 500 ¢ 2247, 37 RV TC IR Y 3R 24 4% v P oK 48 ORI HY 171552 36 = 3000 e o 2 Al . 58 A
HACH HQ30D {5 #5 =AM (LB & /K44 pH {8 V0 (DO) ¥R BE KR (WT) Sk Bifa b, I % IR AL
FAEKFENT iz 0] 928 25 0 E AR K FHE AR, ] AutoAnalyzer 3 42 [ Bl/K B L2 3h 40 HrAX (2[R SEAL 2>
A ) M E KA (TN R (TP ) (ZA(NH,-N) R BEAE -2k 3R a ¥R BEE (Chl.a) FT 90% F P R 5 9 £ 0L, 9%
J5 I Fe AT A
1.3 M EHEHFmALE

PTG S BUH UUKAEYIRE S, 2 i BOY S — B0 25 2 ZUEE F 40 o, {87 FH 72 355 -8 75 Dk 9k Yo ot 25 T
FYN . VR 1.2 wm BERREF AR A IO K ORI bR 2 B TR T AT 0.22 um BERRET 4ETR 41, IR 4
FFTE-20C F.
1.4 #m B DNAREX

IR B.Z.N.A.Water DNA %51 &5 BEHRBURE T BRI 41 4 DNA. [l NanoDrop 2000 # & 25 4366
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Tab.1 Chemical and physical characteristics of water surrounding submerged macrophytes

. TP/ TN/ NH,-N/ Chl.a/ DO/ WT/ K/
VUK H {4

T (mg/L) (mg/L) (mg/L) (mg/m*) (mg/L) C pH cm
PR N 0.08 1.09 0.07 20.98 10.68 17.90 8.88 105.67
B R TSR 0.05 1.05 0.08 16.18 15.87 22.07 9.35 93.33
ER R TIN 0.16 2.19 0.12 44.48 8.05 25.70 8.58 55.67

JEVHAG I DNA ¥ EEANZESE . DNA HEAS T -20°C A7
1.5 T-RFLP 4347

(I IS 19050 278/ 1492R 4715 165 xDNA #43 Jr Be 2. Horpr LES 19 27F 19 5 A A FAM 9Ok
FRiC. PCR § AR B DNA 2 pl, EF#E5144%¢ 1 pl,2xEasyTaq® PCR Super Mix 25 wl( TransGenic Bio-
tech) ,ddH,0 #ME 50 wl. PCR §" 8555424 :94°C 5 min;94°C 30 s,56°C 30 s,72°C 1 min,35 ME¥R;72°C 10
min. PCR P28 1% (BRI AHEEI Bk A T /5 T DNA i fkiah) & atifk.

JHER SN VIS Msp T XF 134 PCR P=#b ARV, IR A Msp T 0.5 pl, 10XRE buffer 2 ul, BSA 0.2
L, PCR 74 20 w1, I ddH, 0 5 S 1K Z 4k 2 51 40 wl. IR AJSTE 37°CHEYI 4 h,80°C AE ] 20 min 55 12
N, EEVI P88 i A ) TR BR N W) R R M A B L 4, 1 Peak Scanner Software v1.0 4443
ik BEARAT B 45 40 B B T-RELP 3.

1.6 HHEALE

T-RFLP K%K A Genemarker V2.4 FAFIEATALFE. B4~ T-RF ( Terminal Restriction Fragment ) f% A X I
EFR(P,) LA P, =n,/Nx100% AT, A 0, 804~ T-RF 9 S2BRug AR, N S P v 4 e 1 T
FRZ A RSy PARACR A BEKJEAE 50~ 650 bp IX[A]HY T-RF $0E TS H1EAE M4 T-RF AYAIRT 3
BE AR /N 1% 19 T-RF AT 8. 115 Shannon-Wiener Z2FE P38 2UA1 Simpson ZFEMEFEEL. W Phy-
logenetic Assignment Tool (4% % (https: // secure. limnology. wisc. edu/trflp/ ) XF EE T-RFs i {0 AW Rt 17
HED.

HRAEAFIRE it oy T-RE (9742 B K R R B R 47 4R e AL b BRUS  il3d Canocod. 5 HRAFHEAT U543
Br(PCA). g T RIS REE 251 S HEE R TG R , B X R B 17 5 38X B 404 (DCA ), 45 R R W1 2R
—HEFRACEE N 1.603 (/T 2) , PRI EE HRE TR PR A TUA 4307 (RDA) . SR T Bl e 8%, $0 1 X e v &5
7R A S F 500 ( P<0.05) By EREE K1, #] F Monte Carlo permutation test I RDA HEF M aF(E 00 B 3
PE. FIH] PRIMER #RPEXT 3 Mt AE Y B R Bef Es—IT ANOSIM GEit73#r A I € 17 =22 1] Y A B

2 ER5H

2.1 3 MK EY B E W E B R LR

ANFIVUKAEY 5 A TIE LS Z R —E 25 (B 1), 45% W, K BN 91 bp 9 T-RF 7E &3R5
FRARBAG I I HLAE T 7 ANER S R AR R RS T 20% , JUIAE A SRR L P KR BEG S AR X
IKF 27%. KK 167 bp 1Y T-RF W) VZ A T ETA MR T, BAES AR AR E B R F 10% , 9578 14
S IR RS IR F] 30% . KN 143 bp BY T-RF 75 E 4 IR 1SRN B4R b S AR % 32 5 0 i3k
B 11% F1 20% , 176 4 f B R i AP AR £ BEHIN T 1% ;89 bp A9 T-RF 78 4 £0 58 E 5 A AR X 3 B 245 245
13% , 7 5 AR B 4 R S s R R BEAIR T 5% 594 bp (19 T-RF 78 T8 50RE 5 iR AR X =2 BB I 15% , 1M
AE AR S AR 591 bp F1 167 bp FrARFRAYAN R AE 3 Fh UK Y B 408 h B o Lo v B i
ARXTARE . FET RS T-RELP 17 R0 5 40T (1 2) , T AP A I 0 30 2 AR DL R o vy, &85
R FTA RS KB LIS Ry 2 AT I, 4 sl ] DS 3 Sy — 2T B 4 HR SR AN E ] LR S —
28 U0 R RO 1A IR S 4 B o A0 R TV 2 B A — 8 AR . Dy itk — 28 T g AN (W] TR A ) B 2 At T
RE S H AR UM B0, R PRIMER K 4%F 3 R )i — 5T ANOSIM Ge it 40 #r, R (HAR R 1, RIIFEA
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ZA] AN 25 S, AT T4 25 B R o) RO A BE . 45 50 B B IR T3 A4 B K 4H 1) 22 I K (R =
0.815,P=0.1) , R B B f & M 3 BEVE (R=0.407,P=0.1) , TH A M E VIR TR IR S5 £ B B /N (R =

0.185,P=0.3).

100%
other 603 bp
90% - 601 bp 598 bp
. 596bp = 593 bp
80% 546 bp = 544 bp
i 241bp = 239 bp
70% = 237bp = 229bp
-kiﬂ 60% - -227bp l219bp
= 182bp = 167bp
-,-Hi_ 50% = 143bp = 141 bp
[y = 130bp = 128 bp
*40% = 126bp = 116 bp
=114bp = 112bp

30% =110bp = 107 bp
=102bp = 99 bp
=96bp = 94bp
=9lbp = 89bp
=87bp = 85bp
=83 bp

20%
10%

0% -
P.cl P.c2 P.c3 Ppl Pp2 Pp3 Cdl C.d2 C.d3

1 BEFEWIAS DT B G A REE 250 (P.c Pop A1 C.d 3 SR I B IR 738 4 fh ke )
Fig.1 Community structure of epiphytic bacteria on different submerged macrophytes in Lake Hongze(P.c, P.p,
C.d represent Potamogeton crispus, Potamogeton pectinatus and Ceratophyllum demersum samples, respectively)
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Pl 2 JEF T-RFLP 1 34T (Poc \P.p (C.d S35 RFRATRE B AR S 6 8 i )
Fig.2 PCA for T-RFs of three submerged macrophytes. Ellipses show similar groups( P.c, P.p, C.d represent

Potamogeton crispus, Potamogeton pectinatus and Ceratophyllum demersum samples, respectively)

A 20 TR P AT LEXT X — SR 3 T-RFs AUR MR HEATHEM. 43324 Firmicutes (89 bp) | Bacte-
roidetes(91 bp) . y-Proteobacteria/ Actinobacteria ( 143 bp) ., Actinobacteria/a-Proteobacteria ( 167 bp) %5 ]2,
Bacteroidetes FEIR /KA S R G0 Pl 25 4 2 M VE T, mT AV B o0 45 HL K 40 F 9 T 43> . Vander
L2 By BF 5T 22 W JHE VAR e 2o A g A 7= 3 1 K S 0 TA H L Cyanobacteria M MAE LS A K A
FELW) A 722 T K 25 8YE FP U LA Bacteroidetes Ji& 22, 1% 55 L SEBRIE CARST. 1T Proteobacteria |12
O3 T ABORFZE B IA T B O R X AN A I [ AR

X 3 T LR 400 57 200 TR 7 20 1) 22 ) S DR HEA TR 9. 1 e, YRRV 147 R 2 1y S TR 1 i
WS TR 3 MUK Y R ARS8 Sl ok, BT IR T3 it i 2T s TR iy LR Bt
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BV 25 S VORI « G 0T A ke S O RO RPAR AT . R I 4 0 4
TR MEEA . AU 20 8 25— B[ Y 53 1, e A B U A0 T s O 9
B, e M AR P £ A7 T A 2050 LU T 2 0155 0 I 3 o B0 L=
—IERS BN, I LR A% A RO AT P20 " IS0 WA 02 I S 15 L P P 2R
SOV, TR SURERREIR 0 58 2 25 20 S 0 . S B A B4 7S
S EEHER BTN (6 1) AT RIS 2 BB 20 4 45 304 O ) 2 LA

o 3 BRI A SR 2.2 3 PRI 2 G S RS AR

S = 35 T S [ 22 IEagule 7.
Tab.2 Diversity index of epiphytic bacteria on VLT B AT R SR £ B A AT T-RFs F

three submerged macrophytes BPECH G025 44 49 F1 35 4. 3 FhUTKAEY) BE &

‘ 3 _ N SRS B AL 5 T-RFs 28 (L 3 A — 3

g TS SIS BTSN AN 0 B K

SR, 4 BB AN ) 2 RE M R B IR

P. crispus 1 2.539 0837 0.6760  Shannon-Wiener 5% 1 Simpson 15 %k [ i % 52 31—
P erispus 2 2:507 0854 06629 gy w3/5) B H MO LA R R AE (3% 2).

L - e PRSI0 AR5 2 20 14 2 2 A A

P. zeczinatus 2 2.876 0802 oqiay TEIRLMSEATHLILG D), EERAD U fUIl

P. pectinatus 3 2750 0885 07365  DV(IMBZE)  REGEXS HAULOETR AL W s A W 7 A 5

C. demersum 1 2.329 0.833 06722 TPV BB LA UK AL AR AT

C. demersum 2 2.283 0.831 0.6563  FERUMBFIY X TAURGE PR 1 A4, K& L Ah 531

C. demersum 3 2.378 0.846  0.6792 Wyl REAS EH X 1 by 400 o) — ol sl 3 LR 4 R 10 A

A5 B 50 A BT P A S BRI D, 3 R TR A
G A0 AT R B A G T B A IR TSR AL R AAT
o7 P 5 AR IEIR P 2 | kT Rl S 5 304 10 95 B A0
VAR T 5351 2 FhITUK A Y S A
X 143 bp 2.3 FUIKEYME AR RS SN SIMNEE FAEXES
® RAE RLAMAK BURE SR (3R 1), AP X K 1A
B AR R W . PR A M IR T
SIEHEDAJH FEL K A K A 8 BR AR 28 AN K IR T 4 £ 9
TN, IO = BE B 3 5% M P35 T-RFs #£47 RDA
43HT. 89,227 F1 91 bp T-RFs [+ 5 TP TN Fint
| | S a IR IE M, 5 AR FE R U
10 B (51.5%) 15 87,94 Fl 143 bp T-RF 1) 4 JF 15 V% fift S0 vk JEE 52 16 A
3 BESL T-RFs 530855 10 RDA 4007 J, M5 TN TP 22 a WS TR G 1m0 167 A
Fig.3 RDA showing different T-RFs in 114 bp T-RFs Pr{CRATRAYF 5 L 4 IR
relation to the main environmental factors TZREHOCHELL BN, WA 87 bp T-RF 57K 5
TS 3).

TR 57 3 W PRBE R X R 40 T AV K — 2 (52 0 . RDA 43 BT 485 SR 588 98 4 A 5 40 1 2 59
PRBEIH 5200 FL/I, A 167 bp T-RFs, B REAEAEIF UMM BRE. 53 50— LLTRE, 11 89 91,94 143 7
227 bp T-RFs 3% JEA AR IE PR AR A AR I . A AT 32 B AR AR TT LA T A — 28300 2 25 R gl ek
M., 1l y-Proteobacteria BRI AN FE /K FAS LT, M Bacteroidetes BRI AYA: 5 35S BT 1Y A AL 400 o 948 it oo o
EIRR

3 &it

o

91b 114 b
° P ° P

2 (14.3%)

1) 3 RT3 A R R v 2 F B — 5 22 57, 2R B L BeRh 28 SR X 2 BEAN TR, L i
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FIVEE VR B SRR i R K AR AR LS HE , (RS SR AT AE R 23 T-RFs IAR XS 2 A B 22 5, DAL AT LA 0
KA A B A — S R E 10T R 20 G AR 2 BE ™ 2R TR, (R B — A9 R Pk

2) Fh o BRI A Bt 42 BE AR AR, 10 89 194 143 1 227 bp T-RFs X 8625 5 — e f L e 7 ANl
BB PREE 22 520 SR ST T8 21 AR I KRS SRR S X AT R R, IR 75 2R AT, T4
167 bp T-RFs 7E 3 FHURRY AR BERON RS | 32 b IRFRIE R T BRI/, 3803 R e i A7 7 T
ANFIEY 2 EATRERS IE 1 A A7 PRI HL AR L5l ARAT AT BEXT B35 240 1 A9 T v S5 K AN D e AT 5 2L
.

FT 168 rRNA 1950 1AW= J5 ik SR AMEGE 3 B 15 37 07 TR IS AL, DT B 4 T b 1 e PR 358 VP Al A
RV 4548 . (H i T T-RFLP BOAREVE /W A B E P L2 —F T-RF 1 RE AR —FhEE 2R A
A 3 3o S A S P e O P A AR A B S A TR AR A T AT — 25 i R B T % T4
FRERSEAS B WA AL AT, B R R AT TR 0K 2 8] PR OC & | BT 2 R 5 X UK ARG
W R P R B A — A
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