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TE RTS8 T99F FF BRI o A SCLAK ISR 1 5
SRR, WS T 514 799F (IS FEPE, A L ARME
b, ST AT R FH W I SR A A0 R R VR A A o3 BT
(R &R, JEEI TR,
1 #HBeEr=E
1.1 #BHK

W& (U. prolifera)FEA Upl T 2014 4 RETIL
FRINEE(N33.1°, E122.5°), FEAR Up2 T 2007 4R ET
VR, FEAR Up3 T 2011 4E R4 T = Hs I B .
FH 105°CKTE 30 min B K phise ik DL K BRI 2,
Upl Htk T20C¥#AF, Up2. Up3 Hibk T VSE Figf
W T 7
1.2 DNA R&-5

Taq Jif§ . Taq Hot Start Version , Ex Taq 4 % TaKaRa
(K%, )= . Taq Hot Start Version J&%& T Taq A9
PIA 3l Taq iy, —HIIAE 3-5FMIIREE . Bx Taq /&
H 3-5'HMIIRHE ) DNA RE 0, HA MR EME.
1.3 # & T4k 16S rDNA F B4R F

CTAB ¥ 45 5 & B DNA fiAR 2 i 7k
Jifih ) 16S rDNA HATFAZFEAE 5 e 45 DLA>),
e, RGBSR 27F/1492R(F% D#FATY 14, F
J¥ 2 94 C ALY 10 min J5 #E4T 30 MGFR(94 C AL
1 min, 56°CiE ‘k 1 min, 72°C #EA#1 2 min), fix)i 72°C ik
AT 5 min ZEAf, PCR 74 28 e InDS ) 6 (R AR ) 2lifk
Jii, %3 pGEM-T Easy Zk {A (Promega) 4 & 7 5 SC 4,
P A 0 A SR LE Bl SR e A wI IR, ¥4
2 75 He Xt 5 4R $92: (Neighbor Joining, NI) &R 43 HT,
AT 8 2 15 5 4% 45 16SIDNA J7 51 7 B

x1 AXERAMAASIMREFT

Tab.1 Primers used in this study
Nk 51459153 z%
#FK (bp) SCHR
27F 19 AGAGTTTGATCCTGGCTCA [25]
515F 19 GTGCCAGCMGCCGCGGTAA [26]
799F 19 AACAGGATTAGATACCCTG [15]
800F 20 AACAGGATTAGATACCCTGG *
806R 20 GGACTACHVGGGTWTCTAAT  [26]
926R 20 CCGYCAATTYMTTTRAGTTT [27]
1100R 16 AGGGTTGCGCTCGTTG [28]
1492R 19 GGTTACCTTGTTACGACTT [25]

*5[4) 800F R A SCi%it

) H@ART/CLE

1.4 H BT RARRIRY I F Wt R T ik

FIFH SRR S DNA 973 16S rDNA J Bt g 5o
R SCPE I, 5 S S PR S 1 U vk, AR &
IS AR B 04 5 LU R, AR W A
16S rDNA JF511 5 20 45K F #8110 64 20K F 31
Y ]2 (Proteobacteria |, Bacteroidetes , Planctomy-
cetes ., Caldiserica, Deinococcus ., Fusobacteria, Teneri-
cutes . Thermodesulfobacteria , Verrucomicrobia , Arma-
timonadetes . Actinobacteria, Chlamydiae. Chlorobi.
Chrysiogenetes . Deferribacteres. Nitrospirae . Spiro-
chaetes. Synergistetes, Thermotogae. Dictyoglomi.
Elusimicrobia, Gemmatmonadetes, Ignavibacteriae.
Cloacimonetes, Nitrospinae. Aquificae, Microgeno-
mates., Acidobacteria, Marinimicrobia, Poribacteria
WPS-2 ZEHE) I [ IR 3 51 BEAT HEXS, 2E4% 799-1492 IX
I8k, H Primer 5.0 3 A BR 1k N VIR RO R DIAL 5, 5
FR I UE 0] 75 & S A 5 2] v D R AR R
TP BIR i) 1 A ) il

25, EPXFBIIXE 799F/1492R BX 800F/1492R
(R DY -y v b SO, RATHRIE S RE, LU
pGEM-T Easy 5t R H A (1438 1 5 [ 91 %F SP6/T7 474"
M, —J7 A B A AT U RO R BergdE A TR
X4 e AT R N UD R, AR AR
T S0P T P ) W 2 15 O o AR AR U A X
Prxt 799F/1100R [P 3474y, N A B, A/l ad
I e 5 9 4 W HL e 470 ) SR UL
1.5 EWAME 16S rDNA K BRI KA

e

L = 4540718 16S tDNA i 5] 9 (799F
1100R | 1492R)5 — 2% it 514 (800F) H T- 2L Fff A=
4HTA 16S IDNA F By 38 (5R 1) MK 2, FxF =XF
BEXF 519 =AW EREAS PSR SO FT =28 DNA
KA, I 10 41 PCR ¥ IR 41 &, ¥R T
i 94 CHUENE 10 min J5HEAT 30 DA, 94°CHAENE
1 min, 52°C (2% 56°C)iB ‘k 1 min, 72°CHEMH 1 min, %
i 72°CHEAT 5 min FEAH . ATHE A [RTUS H E pE R
SCHEI] 1.3, i FHE S 1% SP6/T7 A6 i BH 1 5 e
MM 1.4 J7 kS IR Ge it SRRk U v e BT A BH
PESERE Y i F o

2 &R

2.1 #2544k 16S rDNA B B &S50 5
I FH 16S rDNA Gl F5 [ ¥ %) 27F/1492R ¥ H8HF &
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S DNA A, FRAG =P Pkt s T, 5 A FokE sk
"—%F5, aMERELEWN, ZTFIFrER
Ulva prolifera) 5 4% #4514 16S tDNA R AE—J5 (& 1),
PE7R T AT v [ 3 5 4 B R W SRR OR TR, TE— K
H 4B 0 R IR 51 o e Ee 8 R R, 1% BT
55 40T [R5 4] e BE ALY AT A DXL PR ST DX S5 4 Ry
fiE o #E—2 X R, Z7 9 5407 16S rDNA i
519 27F, 515F. 806R. 926R. 1492R(E 1)H/¥ 4
BIse 2 ICHL, KR T 27F/1492R, BATAIEM T 515F/
806R . S15F/926R 5| Wxf P s, kM5
27F/1492R [RMHA—F, Z5REKW], AL
Ak B 4 TR T 5 | AT 3, 2352 B i g A4 [R] R
IR TR ZN TP, MELLIRAS = 3 B Ak H AT
a7/

NC001666 Zea
NCO000932 Arabidopsis
KM462869 Ettlia
KM462883 Geminella
KM462886 Pseudochloris
NCO001865 Chlorella
NCO013359 Bryopsis
Ulva prolifera

100

R

91

84 FJ423446 Chlamydomonas

I JX977846 Pleodorina
100 IOOJQ088178 Synedra I B
100 100 KC509519 Asterionella o
1Q405663 Saccharina || #53#

95 JQ408795 Porphyra
100 CP003614 Oscillatoria
E CP000393 Trichodesmium
88 CP006882 Synechococcus
66 CP001631 Actinobacteria

CP000269 Janthinobacterium i
CP001848 Planctomycetes el

79 CP002349 Bacteroidetes

| Fani

e
I AR

—
0.02

BT NT AR R ALY L BEZEANA T 16S rDNA HEALA;
R TR A SCRAF R 25 M 20 R G 5 16S rDNA #8537 471
Fig. 1 Phylogenetic tree of 16S rDNA sequences from plants,
algae, and bacteria: Boldface indicates the partial
16S rDNA sequence from the chloroplast genome of

U. prolifera

22 HEERARRRY B EHeBEEE

BT B HF 5 K 16S rDNA 7515 20 45K
HEEHETTR 64 2K H 31 N4 11209 [E 5 5 51 1
17 Xt 5B R rT, KIRAES I W%F T99F/1492 5
800F/1492 M4 3wl N, FRHITENVIEE Hha 1 F

' H@ART/CLE

Sma 1 $8 Fa] Y)F -G G it 17 51 7 A= AN [a] T 4 7
FIRRYRFAEEE Y . o, Hha T BEFUIS P2 4224 410 bp
55460 bp BI&&AT, 1Mi Sma 1BV =2 510 bp.
190 bp 5 170 bp =5k .

FETORBEVIRG 30 1 45 R 52 2k T k4.
MEGII%F 799F/1492R B 800F/1492R 44 r=Hy () 7
R SCIE Pk Ta e, L pGEM-T Easy b [ 2044 (1) 18
MEIYxE SPe/TT #EATY 3, XT38 v Be oy wil it 47
Hha 135 Sma 10§Y), 450 FW, FRAFRE M 8 &l
T 18 2200 349 kg it AR IR 41 (18] 2), T A v b
2000 e Y S AR IR (8] 3). B 2 b, R A
PR R B SRR, RN Y SRS R Y AR
HRE; B3, PRk B AN AN R TR,
BAW R 28, HIY50E A0 ik &
T N T 3 b7 = = B v S T I 7/ DO
799F/1492R 5, 800F/1492R ™ 14 7 1y v e SC e rhrifr &5
2R AR R R Y Y 51

500 bp & e ey - X} _J
250 bp
500 bp
250 bp

K2 W AR AORIRY 547 Hha 1(E)HI Sma 1(F)RY
fitg V) Y, fc /2 A DNA Marker, HAYTKIE AFEAR
B R YkGE i [R]— PCR 724
Fig. 2 Restriction patterns of amplified products from Ulva
chloroplast digested by Hha 1 (tupper and Sma I
(lower)): The leftmost lane is the DNA marker, and
the other lanes are samples. The corresponding lanes
of upper and lower figures are the same PCR product
digested by Hha 1 and Sma 1, respectively

500 bp
250 bp

500 bp
250 bp

K3 e LA A 7Y Hha 1(CE)H Sma 1(F)H)

RV Y, B/ DNA Marker, HARKE MEEA

b TR R I Pk ][R — PCR =4
Restriction patterns of amplified products from
Ulva-associated bacteria digested by Hha 1 (upper)
and Sma I (lower): The leftmost lane is the DNA
marker, while the other lanes are samples. The cor-
responding lanes of upper and lower figures are the
same PCR product digested by Hha I and Sma 1,
respectively

Fig. 3
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2.3 WA 4mE 16S rDNA K EY IKA &
AL

FEHI T & B, 5190 T99F 7E 345K i 5 &0t

4344 16S IDNA ¥ 9 {UAFAE— 31 22 S Bl (18] 4), 799F

5y 5 (G), T IH- £ 510 SR BRI (A) . LT

799F

AACAGGATTAGATACCCTG
GAGCGAA ;\ GGATTAGATACCC TG TAGTC

cp
800F AACAGGATTAGATACCCTGG

1100R
cp

B 4 BIY5HFE K 16S tDNA VLR ZE; cp nit
LRAR, FF5 051y 503
Fig. 4 Alignment of primers and 16S rDNA sequence of U.

prolifera chloroplast; cp represents chloroplast, the
sequence direction is 5'-3'

AGGGTTGCGCTCGTTG
CAATAAGGGTTGCGCTCGTTENCAGGA

xR 2 FEIYEEHTHIMRIAKIREE S L

'm@mARm1E

DNA N, 51497 799F Bk 5 S5 fb 25 5 W3k 2.
SRR, LIRS Taq A2 B HUS shimtE
] Taq Hot Start Version, #&ZfiR KR EEH 52°CH2
T2 56°C, BIWIXF 799F/1492R TEHF & REA H i e IR
PRt fmgbse, Bt 3 ik 83.3%-100%
(R4 348 o B g ISR AAROR IR, W 799F/1492R LT
PARARK F LR A TR 9 16S tDNA §7 34 7247

SR mp@ g9 1100R FEA) et &, H 3%
i 5 W E SRR T A AR B 22 (] 4),
1100R A B4 (G), i LR 51 0 AR IZERS (A). 41
A4 799F/1100R 51#%F, F Taq B§P 14 Upl ik,
AR IR T 51 & T 2 60%; BT Taq Hot Start
Version, 7l —2 TR 50%, LILFEE G
T R X B A R TR S A A BT SR

Tab.2 Percentage of amplified products of from Ulva chloroplast using different PCR conditions

GIE7R0 DNA #iR 1B KL DNA R4l U TR SRR 5 T B o L
799F/1492R Upl 52°C Taq fif 24 100%
799F/1492R Upl 56C Taq fi§ 20 90%
799F/1492R Upl 52C Taq Hot Start Version 24 83.3%
799F/1100R Upl 52°C Taq [iff 20 60%
799F/1100R Upl 52C Taq Hot Start Version 24 50%
800F/1492R Upl 52°C Taq fiff 24 41.7%
800F/1492R Upl 52°C Ex Taq 20 100%
800F/1492R Upl 52°C Taq Hot Start Version 24 0%
800F/1492R Up2 52°C Taq Hot Start Version 24 0%
800F/1492R Up3 52°C Taq Hot Start Version 24 8.3%

TESIY) T99F MYFLRE I, 1) 375 [ AEf 1 {37 545
B B X () B 3 5 204 (G, B3 T #5149 800F (& 4).
{1 800F/1492R 5|¥%t, Fi Taq BH 14 Upl BifR,
I 2R AR R 51 B4 o LT 5 R R 41.7% R T 3T
fEAFZE R DNA B4 B0 145 S vE s, 23591
P 17 H 37-5" IR 1 %) 5 2% E Ex Taq 5 Taq Hot
Start Version. f# A& e Taq B, M2 IEF
B R A 100%, TG & 2 Taq B, &
AT 58 A BRI SRR T, 1T ELAH R 3 A R TR R
EA TS Up2 FEARRENR, [ Up3 fitk, sk
PR IRF B Y 7 Lt Ah 8.3%, WI 58 4 L 2Lt
20 TR E T8 25 AL A BT R B R

3 Wt
SR 3 AR T PCR IS 4 %5 3
B B4 TOF 75 LB AR 4 AT 52 43Rk G -k A

R T H BTG, DT T AR L B A TR 4 AL 43 B
(R 2L HFCHURT BEAE T, 799F 1Y 3R SmfEfE 5
ERIYI LA DNA FETE AR RO X Bl 3E, — iRk
255, WA AERC 1R B i3t & 520 DNA AT
HELAE— 25 A A0S

ASCAHH 27F/1492R 514X 4 3615 21 W & i 4%
& 16S rDNA FBt. HXTEI, 514 799F 1 3k
Ui 5 WF Y SR A P SN AE AE A 2 S, XA B2
S T99F FEWFE T AR SN L AT
Por= R L BIER ER JOR B, S T99F
5] LA S 4K DNA BAGR k856, H 3Kk &
A TE 6T ) P — Bk SE AN BE B LE DA 4R DNA B 1)
ERe Y 1S, T A N A B AT = DAL
A 348 7= 4 v e SR AROR R 8 5 LB AT 80%, X
— S RRW, SR T TS 6T T99F/1492R 1Y
P18 R R ASBE B R T T 8 LB AR A0 R VR A5
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5 AT

B 1100R 7 35 A UG 5 W & MR 5]
WAFE— DR 25 . 5 799F/1492R H{{ 799F
HAT BT, 5145 799F/1100R H ¥ st iy 47 14
Sl RE R AE — B R B PR, e B R T
8 BRI SRR T . (S IR 25 R R, X — R BE AL
RE RS (4738 7 W v e 25 I S A R IR 910 7 LU 491 o
F| 50-60%. X I, 519 3R 17 AVCFECAK
SR TOE BE R THY AR A L R AR AT

BTATE P H 519 800F S 5 4 1492R B L
PR T RIAR YRR . 514 800F F i 799F ] 37K
Ui SEAR T — (L G 5 IR (G), X —BRE 5 W A A
A K A0 A [ PP 370 v i o7 A B DR L . ] Taq 6
HEATY H, MERAORIET S i — PR E 41.7%,
B HXF T99F/1492R (4 Lk 100%) 4 W1 ALk . FRAlT
HED LSRR T, 800F 5 L4 [ 5y 41 iR ok 45 &
BF, W T 3 EIECE AR RO G F 3R
AU VCEIREE G BN RE S LR A R VR P 51131 k45
A, A= AE T — A WU 48 8h K i GG, A5
DNA RAEHME LI — 0 RGN HAE TR IR S
I TR JORER 4T, 800F 4 3'm{/ial fig 5
SRR AR PP 81 & A e 4B ok, il A 2E A A5 AR AT,
AT 72 A A S g T S A SR TR A 1 38 7240

J T BRI — R I g — A, FRATHET
HA 3-5" MRS PE R Ex Taq DL K BB 8018 11 1
Taq Hot Start Version, Z5 R SERFMFETM ., H51Y)
800F 5 M LR AR Bipi AR R M 45 A 1f, thF Ex Taq £
FERSXT TR, XTS5 14 800F Ay i B AUAs it 3K
U AT TN T Y], DA R4S R AP AR DA T, e
AT 100% £ AR U5 P 371, 17 Taq Hot Start Version
T AR B&RXThEE, IF Bl iH R &0~ 51
SOOF AYARFESFPEDY 3, I SEA ST 42kt e 1 2R 4
O T/

g LAk, ATES Y 799F myFEat I, &it T
BolY 800F, Sl FH514 1492R EoX}, f#i F HHU3
STEe . FBPREA XS DIRER) DNA RA T, 140
A 16S rDNA 1 H &5 43 BEHE 1Y V5-VO I AR [X A 5% 4>
T FEL T 5 S B A A D 2 R B 53 BT e 7 5K

2% ik
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Abstract: Macroalgal-associated bacteria play key roles in terms of algal growth and nutrition acquisition. Ulva
prolifera is the only dominated species of green tides in the Yellow Sea. The study of the community structure of
associated bacteria would contribute to reveal bacteria’s key function in the blooming of their host. Due to a pro-
karyotic origin and high copy numbers, the genomic DNA of plant chloroplast usually interferes with the amplifica-
tion of 16S rDNA fragments from associated bacteria. To overcome this issue in higher plants, a universal primer
799F, which has a two-bp mismatched 3’end with chloroplast DNA was developed to specifically amplify fragments
only from bacteria. In this study, for the first time, the primer 799F was evaluated in seaweed considering different
strains of U. prolifera. However, the failure of bacteria-bias amplification was revealed and attributed to only
one-bp mismatched 3’ end of primer 799F with determined U. prolifera chloroplast DNA. According to the com-
parison and modification, a new primer 800F was designed based on 799F. Coupled with the universal reverse
primer 1492R, the V5-V9 region from the 16S rDNA of bacteria could be amplified without almost any interference
from Ulva chloroplast when hot-start and non-proofreading DNA polymerase were used. This study clarifies the
principle of modified profile with new primer, which can be applied to the analysis of community structure of U.

prolifera-associated bacteria.
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