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Abstract: [Objective] We did this research to analyze the impact on the soil bacterial popula-
tion of the transgenic carnation, which laid the foundation for the safety assessment of GM
carnation. [Methods] Bacterial 16S rDNA gene clone libraries of GM and non-GM carnations
were constructed, and the soil bacterial populations of these carnations were compared.
[Results] The results showed Alphaproteobacteria, Betaproteobacteria, Planctomycetes and
Acidobacteria were shared with GM and non-GM carnation. Some differences were found in
Actinobacteria, Verrucomicrobia and uncultured bacterium clone. [Conclusion] The results
indicated that high bacterial diversity was found in these GM carnation soil bacterial libraries,
and the cultivation of genetically modified carnation did not have a significant impact on the

soil bacterial community structure.

Keywords: 16S rDNA clone library, Transgenic carnation, Soil bacterial community
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TR 16S IDNA EMAEDES s iR 2
{8 A Prbric (Biomarker), KJE7E 1 475-1 544
AR Z 8], AR ARSF X MAl AR X, E il
20 T o 8 S RN AR 2 B A o D 0 AT,
16S rDNA b b ST (1) FE) E 2 20 TRT TRTRE 23 AT rh 1
M2 ny)re:, Midxt 16S rDNA 2K 55
BRI, IR BB AR IRE & S5 R B A B £
FEPE  FhRREEHIANIX R AR ALY H AU, A SGE A
16S rDNA SElESCPER T IAWIBRE T 3 N
At AN TR RS, AR H AT
I TR PR AR

1 MEEHE

1.1 8

1.1.1 L1+ F: Moonshade (7% 3£ [H) . Moonlite
(e 3EIN) . 24k FE123 (IEBE ). 2%
(Rendiz-Vors) (AHush R, AEHSEH)FE T L
A A2 B 1488 35 by (R Ml 30 5 PR R ) B



I 55 16S rDNA 5 [ SO VA TR R e SR DA 3 A1 A %) S 20 B eV A 52 437

LTI IR ) SUZ BRI, s+
oA EMIK 2R A E AR+t
=4:4:1:1:4, TIEZEPE. PESEE . DIEAESRE
PLE A BEAEIA R A AT HRER 15 em IR, £5dh R 4)
B 3 AN IR, AT s S =,
TE S 50 % N K - H sk 0 2 o HC b i b e %) A
WERAL,

1.1.2 FEKF: PCR k5. pMD18-T I H
Takara; FREIVERX IR N UIBEIE A LA TAEY)
TR AR M S A FRA ], DH50 232 25 4 it A
RKIRAFE (L) A BR 2wl AxyPrep DNA
BB MO 7 e 1 22 SR AR M R (B ) A
FRAHE]

12 FH%

1.2.1 TIEMEE DNA BUEER S 4ifk:
i HEE% 3S DNA Isolation Kit V2.2 for En-
vironmental Samples {77 & HE B Alifk - HERE
2 DNA.,

1.22 PCR ###40% 16S rDNA A/ & 14:
PCR ¥ 4T H5149: 27F: 5-AGAGTTTGATCCT
GGCTCAG-3', 1492R: 5-TACGGCTACCTTGTT
ACGACTT-3'.PCR ¥ H L& R 4y 25 pL: 10xbuffer

2.5 uL, dNTPs (2.5 mmol/L) 2 uL, 5% PO.P6 (¥
J& 710 mmol/L)£% 0.5 uL, Mg?(2.5 mmol/L) 1.5 pL,
Tag fiff(2.5 U/uL) 0.2 uL, B DNA #i4 1 L,
ddH,O #MEZ 25 pl. kH Reconditioning PCR
M7, HA 58 SO S0 SRR [9]

1.2.3 T1EZHE 16S rDNA 55 SCERFE K& A
5 PERTFIE: PCR Y] 1% BNEHHEE R
PRSI, /N2 1500 bp ) DNA k41 23857 &1
s alifb ), 32 pMD18-T 84k |, #4{kik
A DH50 KIAFF R EAZ SN, WA T 54 IPTG
il X-Gal Z N8 &R IR I, 37 °C Bl 1k
HiYE pMD18-T #iiA& BcaBEST /%514 M13-47
FRV-M 17 FHPE repE R e, BEHUR B 1700 bp

Zeds (14 A B AR 1500 bp ZE 45 1Y 16S rDNA JF
HI1FN 156 bp 2 A L 17 31) %) s A i 16S rDNA
TR SO

1.24 ARDRA £ EFIMEF: K% e MHMER
PCR =44 74" 141k rDNA PRI VEREY) A B 4T

(Amplified ribosomal DNA restriction analysis,
ARDRA), ] Hinf I F1 Csp6 I FR 44 Py 47 il 114

.37 °C) o 2% M EE I UAG S 53125 B B B 1Y)
RIS A, 2854 BIPE e BB U (1352
AU, B T A AR B R S U TR S SR AL
(Operational taxonomic unit, OTU), &til$#AEsr
S FAAL ) P 28 S 48 0 S BRI 5 PRV B B
R0 45—~ OTU 26%13% 1 4> PCR 7=
Yy e AT 0 e (05> iy SR E 3L Invitrogen |5
DA B FE5ERL) -

1.25 SRFESCED T Frig & SCFE A E 2k
PR BE DL 55 5% CORPEAL, THEA N
C=(1-n/N)x100%JLH1, N ft3 16S rDNA 7l
SCIEBIEZS, ny AR FRAE 16S rDNA e b SCE H1 X
HE— R OTU M 40 M T g 3 S 11 41 BT
ZFEPELL Shannon-Wiener $8 50 TEAL, 1554

A4 H ==X RInR . Hri, PR 4 0TU
i=1

FESURE SCHEE T R L], S SRR R SO
OTU % A,

FHI DNAMAN S5 A 3 25 F A 7 2
SrHr, FHEGR LT SITE GenBank A4 A Hh ik
1T BLAST [RIUEMEAR R G T 2R IEYEF . 2450
KB WML MEGA 4 #RIF5E R, H 4R
{37 A% % (Neighbor-Joining analysis) .

2 G50

2.1 TIEREYS DNAIREIFIPCR i 1845 R
DL 4 PP A R 3ERE A S DNA PR B,
K H Reconditioning PCR Ay E:9 1 16S rDNA
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X, @55/ 1 fin. 4 Reconditioning PCR 3~
BAFRAS TR/ 1 500 bp IR B, St —, 4F
& J5 s SL 5 H 5K . Reconditioning PCR £ Hi
Thompson®M& i 1y 5%k, T B RO 4 £
SRR DNA IR GY, FrLATE#EAT PCR 471
25 R R i, HE v SR RORURE e B 1A s ke
SCEE AR EESE MR K, %7 1 T A 80T B S R XL
B, i Abh, 1 PCR R BRI K
FEA FEARF ] LA S 3 460 24 1 DNA R A
T80 SR 1y e e 19

2.2 YAE 16S rDNA BT BT E ST

2.2.1 16S rDNA BISEFESCEREENL: K 12 i
AT 3RS 16S rDNA PCR 34 r=4 43531 [ e 21
b, E4EAE pMD18-T #ifk FHAL KT, PCR
U 9E J§ 4 %511, Moonshade . Moonlite . 57 {&
FE123. Rendiz-Vors 18705113545 43, 44, 41,
31 FHMETERE

2.2.2 TIEME 16S rDNA HIBSTI DB LU
159 > PR e B OB A R Y 1S 16S rDNA, [
FR i PE A DI Hinf T 1 Csp6 T 47 4314,
> ARDRA 73 RIS RAE N —A> OTU, etk

bp M 1 2 3 4 5 6

1% 42 4~ OTU, %' A OTUL F| OTU42, {nfE 2
Ji7Re 42 4 OTU FEPUFPAE A AT T 458 i % s b
BOAEA SRS Ir T A S L ILER 1. &40t
4z, M Moonshade. Moonlite, 5%{4& FE123,
Rendiz-Vors T3 2 EkE, 430050k 21,2419,
15 F OTU, 424> OTU W4 i3 1.

223 T1EYAE 16S rDNA BIZ#HMSH: H
Y SO B R B LA H B TR o S
HZME+ 0B Ent, SORZIAHT AR &
o ARSI 753 CAEK DAl PIrAs) i SCZE % A 7
ZHMERRIRRE, MR RINE 2, NSHFA
VT LR SR E % C AT LLE H, AR
Moonlite HY# w LU BT HE 3 MFair,
L J2 T A SR v T ) A TR ) o I R e
SR AN PSS U5, A A 4 T M Sz I 44
W Z e, NIRRT R, @it aR
WA AR ) Z2 R Y Shannon-Weiner $5%0(WL% 2),
A LA B0 o 45 B A P i 3 A i VR S B
FEZHENE, {H Rendiz-Vors AL R EART
FE R R DL 2R, AT 5 A IR BT RS Y
OTU A 5K,

1 16S rDNA PCR F=4HYER A #E SR A% Fe ik B 1K
Fig. 1 The agarose electrophoresis of 16S rDNA PCR products
[E: M: DL2000 Marker; 1: %5 1§ #; 2-4: Moonshade 13 {#/E4); 5-7: Moonlite 13 /EW); 8-10: Z{k FE123 +IEHU/EY;

11-13: 223 AT IEREY.

Note: M: DL2000 Marker; 1: No-DNA template control; 2—4: Moonshade soil microorganisms; 5—7: Moonlite soil microorganisms;
8-10: FE123 soil microorganisms; 11-13: Rendiz-Vors soil microorganisms.
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*1 AEBEANLIEME 16S rDNA TFEMXESTER
Table 1 Data of bacterial 16S rDNA clone library constructed with different carnation lines
Moonshade Moonlite FE123 Rendiz-Vors
OTU  GenBank 5 KARMLIE 40 OTU 5% OTU suf#%t OTU sif#dk OTU sife4k
% (NCBI %55, Af{bLEE) PURANEERE  (FA)  (FAK)  (FAK) (HAI)
OoTu Closest relative in GenBank Phylogenetic group  Number of ~ Numberof ~ Numberof  Number of
No. (Accession number, similarity) OTU clone OTU clone OTU clone OTU clone
(Percentage)  (Percentage) (Percentage) (Percentage)
Ochrobactrum anthropi ) . 0 0 0
OoTuU2 (AB490238, 99%) a-Proteobacteria 3(7.0%) 0 3(7.3%) 1(3.2%)
Uncultured Sphingomonas sp. _ . .
OTU10 (EU794112, 97%) a-Proteobacteria 1(2.3%) 0 0 0
Uncultured alphaproteobacterium ) 3 . i 7
OTU16 sp. (AM420114, 99%) a-Proteobacteria 1(2.3%) 0 3(7.3%) 1(3.2%)
oTu1y Yncultured alphaproteobacterium o voopacteria  2(4.7%) 1(2.3%) 2(4.9%) 2(6.5%)
sp. (FN298006, 95%) ‘ ' ' '
Mesorhizobium sp. MAP-14 ) . 0 0
OTU18 (FJ560481, 98%) a-Proteobacteria 1(2.3%) 0 1(2.4%) 0
Sphingomonas sp. _ . . Q
OTU19 (AF385529, 99%) a-Proteobacteria 4(9.3%) 2(4.6%) 0 0
Sphingomonas sp. ) 3 i i 7
OTU20 (AF385529, 96%) a-Proteobacteria 0 1(2.3%) 2(4.9%) 2(6.5%)
Caulobacter sp. ) . 0
OTU26 (DQ337547, 95%) a-Proteobacteria 0 0 0 3(9.7%)
Caulobacter sp. BBCT11 ) . N
OTU38 (DQ337547, 98%) a-Proteobacteria 0 0 2(4.9%) 0
Ochrobactrum anthropi 3 Q
OTU39 (AB490238, 99%) a-Proteobacteria 0 0 3(7.3%) 0
Burkholderia cepacia i : i 7
oTuU4 (GQ359110, 99%) [-Proteobacteria 0 0 3(7.3%) 2(6.5%)
OTU6 LB A7 5 B-Proteobacteria 0 0 0 2(6.5%)
(GQ359110, 99%) '
Burkholderia sp. i . 0 0 0
OTU9 (AB366329, 97%) B-Proteobacteria 3(7.0%) 0 3(7.3%) 2(6.5%)
Azoarcus anaerobius i : . . Q 3
oTu21 (NR_026438, 98%) B-Proteobacteria 2(4.7%) 5(11.4%) 2(4.9%) 1(3.2%)
Azoarcus sp. i . .
oTu27 (AB241406, 91%) [-Proteobacteria 0 1(2.3%) 0 0
Ralstonia sp. i . 0
OoTuU28 (AB503703, 95%) B-Proteobacteria 0 1(2.3%) 0 0
Burkholderiaceae bacterium : Q
OTU30 (DQA90294, 97%) B-Proteobacteria 0 1(2.3%) 0 0
Burkholderia xenovorans : i i
OTU33 (EF467847, 95%) B-Proteobacteria 0 1(2.3%) 1(2.4%) 0
Acidovorax sp. i . 0
OTU35 (AMO84035, 99%) B-Proteobacteria 0 1(2.3%) 0 0
Herbaspirillum frisingense ) . 0 0
OoTU41 (AJ238359, 98%) B-Proteobacteria 3(7.0%) 2(4.6%) 0 0
(f5£%)
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oTu8 m;fglzlgfézhgz% y-Proteobacteria 1(2.3%) 0 0 0
OTUA40 (Pégjgj’ﬂgg‘?‘zg% y-Proteobacteria 2(4.7%) 0 1(2.4%) 0
oTU23 ?E”Jggg‘ﬁ% ;;%angiaceae P §-Proteobacteria 0 1(2.3%) 0 1(3.2%)
oTU1 g&‘&”&g‘gggs'&%‘%’"ycm""'es P planctomycetes 0 0 1(2.4%) 1(3.2%)
OTUS &g‘i’;‘é[ﬁ: 97';'3‘”“0“‘393 P planctomycetes 3(7.0%) 4(9.1%) 5(12.2%) 3(9.7%)
OTU14 t’gg‘i’;‘ég 98'03/(')‘;‘”Ct°my°es P Planctomycetes 1(2.3%) 0 0 0
0TU29 g:;ggz;g‘ésg’sﬂz‘; T Planctomycetes 0 2(4.6%) 1(2.4%) 0
OTU31 ;:)r.]c(Lljzl‘]tgzré%%P;z;ggomycetaceae Planctomycetes 0 2(4.6%) 0 0
OTU36 EL?;;‘;T{;??;%MDZlCOB Planctomycetes 0 1(2.3%) 0 0
OTU42 (P'Li;‘g;%rzi’gfgaiﬁjj)ba“e”“m Planctomycetes 2(4.7%) 0 2(4.9%) 0
OTU12 (L’é‘sg'ltg;’zdS Qg;i)“obacte”a P Actinobacteria 1(2.3%) 0 2(4.9%) 0
OTU15 ?A”Jgrl"gg%‘?gg%‘“me”” Actinobacteria 2(4.7%) 1(2.3%) 2(4.9%) 0
OTU24 ?E”;é‘ég‘zrgf gg/‘(’)i)d"bame”a P+ Acidobacteria 0 2(4.6%) 0 2(6.5%)
OTU32 &‘&“&gﬂgg& gAsf,/io‘iObaCte”a P~ Acidobacteria 3(7.0%) 2(4.6%) 0 0
oTU37 ES&”?ES;’L@’Z‘;;S’O;S%”& bacte- A cidobacteria 0 1(2.3%) 2(4.9%) 0
oTu? :Jpr"c(‘;';g;%%zz’vgg%omicrObia'es Verrucomicrobia 2(4.7%) 1(2.3%) 0 0
oTU22 f:ﬁg‘;‘gogfs%%) agarolyticus o comicrobia 0 1(2.3%) 0 0
OTU34 (UEnFc(l)Jllgjzrgg g\)/:or/[r)l;comicrobia P \errucomicrobia 0 2(4.6%) 0 0
0TU3 k’g‘g‘;’;‘;&eﬁg gg’oa/:)te”“m el %Qggﬁ‘l;;d 3(7.0%) 5(11.4%) 0 6(19.4%)
v Ut e dow RS om0 o
o Yt o dme U ng om0 o
I R

http://journals.im.ac.cn/wswxtbcn



FIEE45: 16S rDNA B [ SO A TR B 3 D A 41 170 SR T A 1) R ) 441

bp M 1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20 21 M

bp M 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 M

2 42 7h ARDRA A%
Fig. 2 Forty-two patterns of ARDRA

x2 TREAMIRAEMNESE CEMER-HEMNELY

Table 2 Coverage C and Shannon-Wiener index of soil bacteria in different carnation lines

R BIRi R CHH TAR-AENFEEL
Line Coverage C (%) Shannon-Wiener index
Moonshade 82.9 4.257
Moonlite 70.5 4.329
FE123 87.8 4.100
Rendiz-Vors 83.9 3.701

224 RFEEHH WA OTUPIR LA TEkE T
PEAFIT, 25 R GenBank %4 7 ik £
BLAST Hoxf, ArRILAHMRIME IR, 45003 1.
X ARAG TSR R Ge R BRI 3 s,

42 /> OTU 4338 T A 9 > F ik
B, IF HL TS 7 5 5 80008 2 iy 50 B R
AR, $97E 89%—100% 2 fi], H:rr 4 A
AR A B 95% L) I, Hih, 5F AT+
P E AR S AT R TR R R
& F AT & J&@ (Ochrobactrum) . 5 i 2. Jfd 7 J&
(Sphingomonas) . # 4% % J& (Mesorhizobium)

A HT i & (Caulobacter); 5 7 1 47 £ & v 4fl i1
MR N B-ZIEE T HE FE &M R
A J& (Burkholderia) . [ %03 1# J& (Azoarcus)
O # & (Herbaspirillum) . F & # &
(Ralstonia) . & I J& (Acidovorax); 5 & A 47T
TIEP AR S - BIE TR E £
%2R A i B JE (Pseudomonas) . Aquicella
F i 8 T & T 1] (Planctomycetes) | iR A T4
I'T(Acidobacteria) . £ 5[] (Actinobacteria) .
¢ ok B ] (Verrucomicrobia) . 8-74% B & ]
(8-Proteobacteria) ) K £ J& R i FF 1 -
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26 OTU19
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75 OTU26
[ OTU23

P

—
[\U]

100 ~ Uncultured Polyangiaceae sp. (EU665110)

N tonhaetae:
O=T OO oacicria
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Fig. 3B

Agquicella siphonis (NR_025764)

a0 OTUR

y-Proteobacteria
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160
OTU13
100 ————— QTUI2

Unclassified Bacteria

22

- Uncultured Actinobacteria sp. (CU918748)

LOTULS

Actinobacteria

100 OTUts
100 Arthrobacter monumenti (AJ315070)

OT1HY /I

ITY

68 [~ Uncultured Acidobacteria sp. (AM934963)

AOTLIRD

99

UTuSZ

75 Uncultured Acidobacteria sp. (EF663281)

Acidobacteria

Uncultured Acidobacteria bacterium (EU449684
ne— ( )
4 0TU37

100 T Uncultured bacterium clone(EUT34679)

OTU25

Unclassified Bacteria

100 I Uncultured Verrucomicrobia sp. (EF018226)

OTU34

76

78 Uncultured Verrucomicrobiales sp. (F1516822)
Alterococcus agarolyticus (AF075271)

Verrucomicrobia

94 _E OTU22

OoTu7

Fig. 3C

w
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Burkholderia xenovorans (EF467847)
OTu9

79

OTU30
91 OTU33
Burkholderia sp. (AB366329)
OTU6
OTU4

13

—

.

0Q
70 9

~

64

97

Burkholderia cepacia (GQ359110)

QA — Raletnni

niggn (A
748 IGLSTORIG SP. (41

OTU28

RAN?I7N2)
ISR VA NAVA Y

100 OTU41
Acidovorax sp. (AM084035)

100 'OTU35

79 — OTU21

A i min AN AN AN
— Azoarcus sp. (AB241406)

61

—————— Azoarcus anaerobius (NR_026438)
OTU27

82

Uncultured bacterium clone (EF157249)
[ Pseudomonas sp. (GQ241352)

0.02

L 0TU40

10N
1uv

Burkholderiaceae bacterium (DQ490294) 7]

Herbaspirillum frisingense (AJ238359)

y-Proteobact eria

100
32 [ OTU11

Uncultured bacterium clone (EU881147)

OTUl

80— Uncultured sludge bacterium (AF234736)

OTU29
r Uncultured Planctomycetaceae sp. (F1543038)

89

100- OTU31

Uncultured Planctomycetales sp. (AM935325)

—— Uncultured Planctomyces sp. (FJ543082)

— OTU14

Planctomycetes

77

9% otus

3
g7' Uncultured Planctomyces sp. (F1543006)

79

100——— Planctomycetales bacterium (AY673410) _

r OTU3

100" Uncultured bacterium clone (DQ3532258)

Unclassified Bacteria

0.02

B3 16SrDNA EFREXENRTLEH

Fig. 3 Phylogenetic tree of 16S rDNA gene sequences of the obtained clones
TE: Ar o, 8, yBIEHET], BRI, BRATET], RU0E AN, Jei]; B: B, v/ BIEENT; C: H&EREI], AifENAE,; 55
WRRFSIPE 75, ARRANER 0.02 FEALIEES B4 ; Bootstrap {EL(FT /ME) bR AE > SCAL.
Note: A: a, 8, y-Proteobacteria, Actinobacteria, Acidobacteria, Unclassified bacteria, Verrucomicrobia; B: B, y-Proteobacteria; C:

Planctomycetes, Unclassified bacteria. GenBank accession numbers are given in parentheses. The scale bar indicates the 0.02 evolu-
tionary distance unit. Bootstrap values (percent) are shown at branch nodes.
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225 AREATLTIRME 16S rDNA 5EFEXE
HIELER: HOBOR IR A 7T T 40T 16S rDNA 3%
BESCPEMZE R LIE 4, R ARG L & A AT
TIPS H SR BRI, Fe RN EFE AT EA
B FE 2R

4 PP AT 13 16S rDNA 58 [ S 415 5
KSR IR T 725 L 1 1] (Proteobacteria) i TR, £
15 a, B, v, SBIETE ] ALTE T IR SEREAE 4 R oe
G SCE R BT 7 Le 453 530 - Moonshade  53.5%,
Moonlite 38.6%, FE123 63.4%, Rendiz-Vors
54.8%. Hrv a, B-ZRIE [ T7E 4 M 3SR T
a7 LR, Ty, S-ABTETET 1T o LU AR X 4%
/N, BN, FEEEH ] (Planctomycetes) . FRFF ]
(Acidobacteria)th & % 5k N AR BL I A 4 47 1
8 v b SO BT A B R

4 Fhf A AT L A0 TR v R S P 2 R A AR
iy 25, Moonlite W o-ZETEE T T ELAIIEE/DN, B-
AL TR, 1% 5 HAD 3 Tl 42 71 2 IUAH
R #5453 OTU TESCPEZ (8] S BUR)fir 43
i, W o-ZE BT RN AT R (0OTU26 .

18 r

OTU38) . & A (OTU39) I B-25 I B T T i
RAAVEERH (OTU4, OTUBYUAEAE TR L 7
AT IS RE SO, MR S AT e
Be SCE bR g Ao B A, 2 T
(Actinobacteria) f 7E - Moonshade . Moonlite
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Fig. 4 Comparison of bacteria community in different carnation soil
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FESL R ARG L R B a1 T i LA A
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e WA IRE
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