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SUMMARY

Horizontal gene transfer (HGT) plays an important role in bacterial evolution and the exchange of
genetic material between different species and genera. Recently, whole genome analysis demonstrated
that HGT also played an important role in the diversification of all three domains of organisms. Bacterial
HGTs are mediated by one of three mechanisms: transformation, conjugation, or transduction. In
addition to these distinct mechanisms, gene transfer agent (GTA) or membrane vesicles (MV) mediate a
transduction-like process that has been reported as an alternative HGT process. The occurrence of HGT
has been confirmed by both laboratory and field studies. Both biotic and abiotic parameters affect the
success of gene transfer events in natural environments. However, the frequency and the role of HGT in
natural environments are currently not well understood due to the difficult nature of defining the
experimental conditions required in order to elucidate this important parameter in HGT events. This
knowledge will help in the estimation of the emergence of antibiotic resistance genes among bacteria and
the potential consequences of the environmental usage of genetically modified bacteria for
bioremediation purposes. The aim of this review was to summarize the brief history of HGT and the
biotic factors that may affect the frequency of HGT in the ecosystem.
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b hD X DR S AW TIZI D &I ERER

THEETHT Ly RS, BIETOSHEENHERS
nNTnwasb., —J%, ZHFCEI 0 BEEKNICHEL S
ME IRV, gL, MR- ThEETO
TLURRBILRWL. LrLMEOZ<IE, AY
OHECHE LS DAY, S LIIIREFICH DM
fsOBIEE T, SESERFETHAEDOBES
FTERVIAKR, ALOBETELTHHAT 2%
FFoTWAZERHLIMBABNTNS, ZD XD
(2, [Al—FERT & 2 O T EARR AR & R I
GFAEZENDBEE G FOKPEERE LI
5. BREERT DWEEOEROEILL, Py
BTz < 72 B AR O HBL ,ﬂ-ﬁf@
B AKELEEICLD EZANKEZV (Aminov,
2011) . F7- DNA M om Lick $72- T,
70 BHRIZAKBRIE T REENTND Z ERH L2
&N TL b L, MEOELIZEWTH BB FKE
GRENBEBERERZ R LTS Z ERbho TE
7~ (Darmon and Leach, 2014) . & HICH M HE T
1%, M OBAGF ACPAGHE 2 5 U7z s - FH 2
B4 CICEELENTEY, BEYSCERLO
EE@E%@DTAb@E%K%<meTVé

(James, 2012; FaF:1EA>, FIRIH) .

ZO XD ICHEIEFOKRTRITAED I BT 5%
BB LR ZD ZENTE, TRICHET AR
LI TIZELB/BONTWEEIIZEZS. LrLER
Bz TéLm%®Em,%_$%%mE¢%%
ETBREEIN T &5 DK PARTE S I R F T B
WCOWTIEARBZREANE L, EBRICBIT S8BT
KRR Z 0 o WA E DR AL IO
f%%%éﬂfwﬁm:&ﬁ%w.it,k%%&

ERER DD, EMTED LRI A REREEREIC
ETRBIZOWTORERNEEZ>0H 573, :0)

ioﬁ&ﬁﬁLh%mIm%%ﬁbfﬁn®fﬁ@
SCPUEMEMERE DI 5 2 BB OV TITIE
EAEDN-TELT, EFSCARBAEOBEND
LIS OERDEENDIHHTHDH. £ TARET
g, FTME OB AKEEREBGIZ OV TR
L, RICHMAEWAERRRICBWT, KicRAELEWmiR L
DR EE D =AW EAER 2, ﬁﬁ%@*IE
T |26 KT T B2 AT 5es 2 i, 2
NETOMLEFER L THIZW.

BEFRKIEGRERICEYT SHROER
M 31T 28R T AR FARREHR L O 5 1T <

Griffith (1928) <> Avery et al. (1944) 75 fifi % W ER i
(pneumococcus) % W7o B ERH#LSE R 298 U C,

B LB HEREHS

DNA DNEEHERME CHDHZ L&A LI-ERET
DT L. B & ITHIE A LSO DNA % 1
ViAdr, REAMOENEZEZTERBIGETHD. &
NIZHES T, #2458 (Tatum and Lederberg, 1947) <°
B N (Zinder and Lederberg, 1952) % il U7=i& {5
FAREEHERE BRI N, WTILbHIEORE
oMb BT RIEBEETH Y, HEIREE
U CMIE B CEBE DNA 25T 2R Rk %2,
BENINITIVA 77—V (77— ; MBI
Pt B0 A VR) &S LT DNA DMEEE S LA R
KaET. 2hb 3 2O, MEICkiT 585
FKRPEHEOERRETHDL EEZ BN TS (Fig
1) . F72H TIX gene transfer agents (GTAs) & FEIE
N57 7 —VEROK T %7 Lcis#E (Lang et al,
2012; Solioz et al., 1975) , DNase FEEZZMED mem-
brane vesicles (MV) %/ L CHIE M CEAR 123K FEm
XD &K (Kolling and Matthews, 1999)
nanotubes & FEIEN DMMRE L ITRARZEEZN LZs
FERREE WIS STV % (Dubey and Ben-Yehuda,
2011) .
=0 RBRFAKEEHERENE RSN
#%, 1970~80 FAREDOBIEIL, 43 TH7% DNA (5%
WO A4 BT iin L RETIZ BT 5B
BB EBEET DA TER L T < (Davison,
1999; Droge et al., 1999; Lorenz and Wackernagel,
1994) . ZZTiE, BETICET 286 ERHFEE
MY B TRV, IO T, KB
(Escherichia coli) <°*5 5. (Bacillus subtilis) O
LT AMEZANT, BET TOBREBTRE
B AWM 9 D983 2% < B8 Z 77 (Graham
and Istock, 1978; Weinberg and Stotzky, 1972) . #t\ T
B L0 or Bt L7 <2, BRECTICAER T DM
Al LIERbIBIRbhs L5222y, W)l
DINA AT 4 b WO E D HRBE TIZRBWT
LB T OKFBIEREE TVDE Z EDR éﬂ’bé%
1272~ 7= (Bale et al., 1988; Mancini et al., 1987) .
tv%&u:xA(77z:%4x®£%$ @
ZHAWT, pH RIREZIZ LD &+ D8 RRETK+
0, BARF DAKACTESEE I T T RIS OV TR
HEINDLICRSTEIZDOLZDOFERNLTHD
(Neilson et al., 1994; Stewart and Sinigalliano, 1990) .
& B1Z 1990 FEMBIL, &N LI EYZN 72
BILFEICINZ T, DNA ZEBEOKRLG L Lisy
FHEWFHRTFEPRD AN b K5 ICkole
(Droge et al., 1999; Lorenz and Wackernagel, 1994) .
ZO XD RERBINOFBREIL, BIEFAKEEHEBRS
OB oM &, B ERRICE T 2 EREHE
N T HEORBER LI E LB 65,
1990 FEPEHIZAD L, BIBETREOTEICL S H
WWH LW EEND. A 7= FHE
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donor cell to recipient cell.
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(Haemophilus influenzae) DX ) L)% 1995 T
HEINTOERY 0 ITED DT ) AN SRS
% & (Fleischmann et al., 1995) , & —#~N— X E»
5B AR 1 DO KA OIR & fif AT 3 2 B 5E 8k & &
BIbnbd ko7 -7 (Lawrence and Ochman,
1998) . 21X, KREFHH COLM &P HOKRRE
B TH oK E. coli O157: HT kD7 ) K&, 3k
JRIEPER G E. coli K-12 #RD 7 /) KD HHRIZ L -
T, O157: H7 #RIZIE K-12 BRCHEH B av7e vy sixd,
stx2, LEE 72 Y OJRIFPEIC b 2 @i mAE £ T
WHZENHBL, 205 DA prophage

WWFLLT=77—) klica—F&anTns
HHH ST 572 (Hayashi et al., 2001) . Z DI &
I, BWEEAZLDBETOKHEREICL ST, K
JEE 0157: H7 23R B2 BB #R 2 4 KAV
BHELZZEE2RLTND. 20X ) IC—RICFE
A HIEMEE T —F7) OF ) 5 B3R ER
BICL o TR INTZLEE X ORI BEBERNZ<
GENTERY, FEEAY 116 HELE LI-ET
1%, 2 TOME LV BETKEEREOEM I MR
M, BIGTFRED 144% (116 FRIZIBT 2 FH) Ak
PEFICL-sTERSINZESZIONATVD

(Nakamura et al., 2004) . ®f —7r P —D
I Lo C, DNA ARSI HIR 23 I HE 5
% &, M LSO EY T b BB T KRR OIE B A
Wra b HEIND LI 7= BIZIT e VAT XU A
< (bdelloid rotifers) XL AEH CHIIHT 24EMTH
20, M2 T < BRSO B K OBE T A2 K
WARIRIZ K o THERS LTIEBR S Do T D, 4
BB BBIZ X 5 S, M ORHES DNA OfE
ERFEICB I Rbh D e VT 2T N DEERM,
JE O 2B DIk DNA OFERFIZDIRHN - T ATREME DS 7R
B ENTVWD (Gladyshev et al., 2008) . F7=H h=
BB THEANIZ T U THEESZSZONDEIET
KA DRI D RO ->TRY, WhH~DFHAIC
HHE 72 DHREBIE T 2 F o 1B Uik, A
DHERERIHINT (ecological niche) % & DR THE
SML7ZEEZLNTWS (Acuna et al., 2012; Danchin
etal, 2010) . X HIZRRAEMWY OV ZEBREOF A F
IO FZ K (neochrome) X, vV FE (27 X
VKB LEZBETREETOWMELH L. MM
TOBBBTKBEFEERLIFlIE NS 2T TR,
CENBUHEDEIER 2D ICE S a2 BFT 5
ETHHEBRIBEVANETHSD (Lietal,2014) . D LE
Do FEEITIE, BARANDIBAME IR T 2 s
Db, AARNDOBNMED I, LK ADIGNH
W CIEROM D 2V S DOEILICE b 2 R BB T
BRSO 20, ZhbOIHLEEREEEFHEE, B
W ERERT 52 HARADBRIZEBWT, HiEC
BT DMED S BARANDBNME~ & KR L

722 EDREBEEIN TS (Hehemann et al., 2010) .
DL ITKRA R DT ) AELHIENT S EE T
2IZONT, BIGFDOKHSREIC Lo THES L7
HE &, ARAHNAM LA BEESIT5EE LB
ZhbICLH» WS, EhoRRIZEIT 28 ET
KEEE DB REZEMT 5 LT, 7 AETIER T
RFEREENZD. LM L—FT, FROBLEFH)
e THT L ECnEERD, RERTOREKE K
10 FEfEd £ 0 HEW

- -

ARSI D981, 22
BHBIIR,

B OEEFRKTREICEDL S REER

HARBREEIZZ < OB L AR GEAEMR) B XL T
LW IR A F S BHEICIEZE > TR Y, FEDKET
DERBIET 2R L LI R L. T 2 THER
AR (vA 7 maXn) ZHWT, HRREICE
TOHRE/TEL LD LT DRABPBI b TE
7. BRRITET 5 EMEF OB OV TITE
ERRABRRNRZ RSN TWDSA, Z 2 TlLEEF
BRE ORI, BIRT OKBRREICHE G4 5 BEE
KT DA A E LD TRz,

TEEEHIC L 58 6T BB P 3 HF

B THS L Y DNA B0 AT TH
B. TOTHRHMBIZONTS, 1) WY IALDORISRE
72 DS DNA OZPE, 2) i Sz #last DNA
OLEENM, 3) MEIC LD DNA OBV IAHZDOZNE
NOEB KT 52k Z e TE 7= (Tables 1
-3) . PEEHIC T 5 H BICAHE LR
WTHE, SLiEdy (2005) HEBIZE Tz,

DNA XAV ROWE TH 5729, EWHiaos
FeSFa4t DNA OPEAICE b - TV 5 Z & i3igic
Z. AKAERERIZE W T &7z DNA ©%<
73, DNase 73 & DM SMIEHRIZ &> THIFH NS 7
HIgETHEEIN5 Lo THD (Table2) . U o=
BRPAE LB LRAKEARBRICEWTE, Mgt
DNA D% N5FEH L L TAEBCEMA STV
&2 545 (Jorgensen and Jacobsen, 1996) . L 7>
UK R 100k 35 L7- DNA <2, OEABD X 512
AKIBDIRNERTTIE, DNA IO REEZ T, LI
BMEERE R LI CREMOERNTRETH
% (Lorenz and Wackernagel, 1994; Matsui et al.,
2001) . FREBAERERICBWTY, HEFORT
W& L7 DNA I3 fR 2 Z T I2< W2 L3 b T
V% (Pietramellara et al., 2009) .

AR T FL I R 2SI & > C, MBI A
5 HRBZ RSN S 415 DNA #3819 5 41
L, RS T 7 — YV ORBYIZ Lo THIE ML &
DNA B EN BB b5 (Table 2) . EfslE
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Table 1. Stability of DNA in various aquatic environments®
Location DNA . Turn over life Method References
conformation  cycle (h)
Marine water
Ocean surface (Oligotrophic, Gulf of Mexico) linear 255 Loss of acid precipitable material Paul et al. (1989)
Surface (Puerto Rico) plasmid <24 Loss of the transforming activity of plasmid DNA  Alvarez et al. (1996)
Estuarine linear 6.6-10.3  Loss of acid precipitable material Paul et al. (1989)
Estuarine plasmid 24-36 Loss of hybridization signals of plasmid DNA DeFlaun and Paul (1989)
Freshwater
River water (oligotrophic, Southwest Florida) linear <10 Loss of acid precipitable material Paul et al. (1989)
River water (Puerto Rico) plasmid 12-18 Loss of hybridization signals of plasmid DNA Alvarez et al. (1996)
Reservoir (eutrophic, Southwest Florida) linear <11 Loss of acid precipitable material Paul et al. (1989)
Waste water plasmid 1-3 Loss of the transforming activity of plasmid DNA  Fibi et al. (1991)
Lake water (epilimnion, Lake Biwa) plasmid 72-170  Loss of the transforming activity of plasmid DNA Matsui et al. (2001)
Lake water (hypolimnion, Lake Biwa) plasmid >170 Loss of the transforming activity of plasmid DNA Matsui et al. (2001)
*Summerizes the stability of DNA in various aquatic environments, as measured by a number of different authors.
Table 2. Factors affecting the DNA production by bacteria
. Magnification of
Determinant Mechanisms for DNA Bacterial strain Experimental system total extracelluar References
production . a
DNA production
Abiotic-factors
Salinity Salinity decrement Pseudomonas capacia Monoculture in artificial 13.7 Paul and Devid (1989)
(33 — 2%o) PCO1224-1 seawater
Salinity Salinity increment Escherichia coli HB101 Monoculture in artificial 32 Paul and Devid (1989)
(2 — 33%o) (R388) seawater
Temperature Temperature shift Pseudomonas capacia Monoculture in NaCl based 2.5 Paul and Devid (1989)
(25— 37°C) PCO1224-1 buffer
Temperature Temperature shift Pseudomonas aeruginosa ~ Monoculture in jar fermentor 2.6 Hara and Ueda (1981)
(25— 37°C) KYU-1
pH pH alternation Pseudomonas capacia Monoculture in NaCl based 3 Paul and Devid (1989)
) PCO1224-1 buffer
pH pH alternation Pseudomonas aeruginosa ~ Monoculture in jar fermentor 3.8 Hara and Ueda (1981)
(7-9) KYU-1
Inorganic polyphosphate ~ Alternation of concen-  Pseudomonas aeruginosa ~ Monoculture in sodium 79 Ueda and Hara (1981)
tration (0.1 — 0.5%)  KYU-I1 acetate based medium
Growth phase Auto cell lysis inthe  Bacillus subtilis DG2 Monoculture in minimal 28° Lorenz et al. (1991)
death phase medium
Growth phase Auto cell lysis inthe  Acinetobacter calcoaceticus Monoculture in complete 4.7° Lorenz et al. (1991)
stationary phase LO25 medium
Biotic-factors
Nanoflagellates Grazing Marine bacterial community Continuous seawater culture 5 Turk et al. (1992)
Virus Infection Chlorella spp,b Co-cultivation with virus 12 Reisser et al. (1993)
Tetrahymena thermophila Grazing Escherichia coli DH5a. Co-cultivation with protist 3 Kawabata et al. (1998)
Euglena gracilis Stimulation of DNA  Escherichia coli LE392 Co-cultivation with alga 50< Matsui et al. (2003b)
release by E. coli (pKZ105)
Tetrahymena thermophila Grazing Escherichia coli LE392 Co-cultivation with protist 0 Matsui et al. (2003b)
(pKZ105)
Compared with a result from the experiment without the listed determinant. bEukaryotic phytoplankton. ‘Compared with the DNA

production at logarithmic growth phase.
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e b o7 DNA 23, B & OILERFRIZ - TRIBEH
fa kv SN s FA b HMEINTEY, EBRIC
IFHER T 7 — VI K 2 E N 22 A LA
H, flfast DNA OAEFEIC BT 5 AR HAERA R &
5T LEFEL TS (Matsui et al., 2003b)

fili e MERE IR S D L DI, EAMREEHICIT
NZW) 72 B 2 Jif < 72 < T HAIES L W DNA ZHeY
AR ) AT THRIEEISHEE] & b o 7o ME
FET . ZHFETIZ 90 FRROME TV T, £D
T EMRRAE N HERR ST\ 572 (Davison, 1999; Lo-
renz and Wackernagel, 1994; Brigulla and Wackernagel,
2010) , ARBHEBHEL RV L ARSI TH
T RIBH & &2 & - TIXfiash DNA 2 BV iAte S
PRENTETEY (Baur et al., 1996; Woegerbauer et
al., 2002) , BREZAICIIRFERD O HANE B ERHGE 2 £
OB NIFTE L TW D RIREMER RV, 2K 5
SyBfE LTS ME 0 10~14% (X, Mgk LY DNA ZH0
AR ERFEL WL W HESL H D (Frischer
et al, 1994) . tK LT B. subtilis <° Vibrio F} 0l i

(Vibrionaceae) 72 X OETFIVHIEZ A WT, HRIE
BHHARE D AP RO Z < RIS M S T
Y (Chen and Dubnau, 2004; Sun et al., 2013) ,
BECHINI DR RE e &4 DNA DY iAZICEEL BI5-
LI ENMBNTETWVD (Table 4) . AWK
FTORBIZET I WERITEALERON, LEOA
MHEIZL > TERBEBRBEENTRD LV oW
HEMRH D (Paul etal, 1991) . F7=Fx OFFETIE
T FIEATOMECHH SN DRBEWIZL -
T, FEER B. subtilis O BN EISHNIH S b 2
EbBBIZ SN (Matsui et al,, 20032) . D B
TWEEABIR N Z 25, BBELHTWAEY
DGR O W S 2 i 7= T R E N R/ 720,
WG H E VA THRWD, 5% ELR
LA HF SN A THD.

BEEIREEIC L BB TR FAEIZ B P S AT
AR T, MRAYERELE U CEEEMmT
L2 EICLoTHEEBEIFARZEND. ZODARE
FRIZB W T O OBEN & < TRENEGOT VY
AT, B ZAZIEETGTE, A 47 4 L AHROEY DR
ORFRY, EBITIIXREOEYDIFBED L S 5
I CHEIZEZDEE 25 TWD (Aminov, 2011;
Droge et al., 1999) . #E8{RETIE, HUAEMEINIES
EEEMMER S, REACE (L2 L0 TEE T %
R & LIZFERMA RSB RRRE o 7oiz e, fthok
PAEREREIR L0 b BREER 7 DR B A M L 72 A2
RV, Table 4 1%, HEAIREITEEE KT T RER
TOEBIZONTEHELIZLOTHD. EFERED
TS pH, R, SR & O B2 MGt Lo

TN LD, FEEMLDHEORER L, %
EYERERICH T DM 2R IR L2 HHEp
BN OB D,

ERRRITIET A=, EERE, MERELED
MEEZHRET2EREMN S HFET D, KIEAERE
FTE, ThoEMPMEEZHRE T2 LIk
T, MEICERMS NI RBIECAHEM I IRE L LT
AERERITETT SN D BISR % microbial loop & FEOY, %
EMARRRIZIIT DWERRZWE T 5% L LT
AME-FEEBRICIER T 2R ED b TE 7

(Azam et al., 1983; Legendre and Rassoulzadegan, 1995;
HEF, 2015) . ERAEDO R P OME D%
DRI NTICATEL, BEMESMCKRES Z
EHHALMIZENIZ U ST (Barker and Brown, 1994;
King et al., 1988) . & SITHIEE ORFBHEMESFAL
MOMEIZL > CHIME 5 Z & (Bkelund and
Ronn, 1994) , HEAREIC L 28R BRGNS, HME
ORBIGEME L EQOHBEERT Z L ERRE I

(Smets et al., 1993) , FE-IHEHBMRIT, ARERIC
BWTHEET OB EHICEEL KIFTEMGRE LT
bEY EFonbd X )i/ -7 (O'Morchoe et al.,
1988; Otto et al., 1997) . fx ¥, T HEPIZRIT
DRGHE O LEEME~OEASREICEEE 5 2
D BIK & I L7 <1k, LB o FAEAY OIF
HEIED THIE~OMBEEZEM LI 25, #E
IREBIZ X » TRIBE D DB T 52 Z T B> 7B o
BB ERA L2 Z L 235 LT 5 (Serensen et al.,
1999) . ZOERTIHESZEDR (RBEZKITH
THRBFEZITRTMEOR) BB A6
o lzlo®d, BRI E DWMER O R, 0
EFFEERICL o THEEBE T EZ5% T o I ME B o
WER-> Tz, 2O—5T, #ERT T e AT

(Tetranymena thermophila & %\ NX T. pyriformis) %
FAWIZERTIE, 7 M7 e A TOHFEICL > TS
CESE (BEFZHAME T 28EBF2%0T
WMo MEOH) HNEATIZERHREIN TN

(Matsuo et al., 2010; Schlimme et al., 1997) . B4+
B A F T2 FEBR IR A AE M FE 23 R TE S TR
T &, FREBRKRO KRG EILESO T EME TiEk
WEWS RIFBE LN EWIT RN, MEICE -
TIRAAY O ITE RS & v 5 A OlE 721
Th<, BEFEKHERESEL2ME»HITEOE
BRdDET2HIN0OHREE, HEFHEEREIY
BB LS DT H 2 2R 2R3 & LTk
R, IS S AW EAER A EERE IR D
L61E LT, 7A BT B (Microcystis aeru-
ginosa) O KIS PED 3 M OTE M & B A &
W, HEOBEAHEL ROV MERELH D

(Ueki et al., 2004) .
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Table 3. Factors affecting the bacterial natural transformation®

37

Magnification of
Determinant Mechanisms Bacterial strain (recipient)  Transformation References
frequency
Abiotic factors
NaCl Addition of NaCl (0.5 — 100 mM) Bacillus subtilis1G20 (trpC2) X 27 Romanowski et al. (1993)
CaCl, Addition of CaCl, (1 — 10 mM) Escherichia coli IM109 X 2,000 Baur et al. (1996)
Nutrients Nutrient amelioration marine Vibrio strain WIT-1C not altered Frischer et al. (1993)
Bovine serum albumin (BSA) Supplementation (0 — 10%) Bacillus subtilis 0G1 X 1/3 Brautigam et al. (1997)
Casein Supplementation (0 — 10%) Bacillus subtilis 0G1 X 3 Brautigam et al. (1997)
Salinity Salinity shift (2 — 33%o) marine Vibrio strain WIT-1C X 100 Frischer et al. (1993)
Temperature Temperature shift (29 — 37°C) marine Vibrio strain WJT-1C X 1/100 Frischer et al. (1993)
Growth phase Growth phase — stationary phase marine Vibrio strain WJT-1C X 10-100 Frischer et al. (1993)

Biotic factors
Ambient population
Tetrahymena thermophila

Tetrahymena thermophila
with Euglena gracilis

Microbial interaction?

Repression by both grazing and metabolites

marine Vibrio strain WJT-1C
Bacillus subtilis ISW1214

E. gracilis attenuate the metabolite mediated Bacillus subtilis ISW1214

repression by 7. thermophila

not altered—x 1/29
X 1/100
X 20

Paul et al. (1991)
Matsui et al. (2003a)

Matsui et al. (2003a)

“Summerizes the factors affecting the bacterial natural transformation under various experimental conditions, as determined by a number

of different authors.

Table 4. Factors affecting the bacterial conjugation in aquatic environments

Determinant

Effect

References

Abiotic-factors

Presence of nutrients (organic matter)
Presence of food matrices (full-cream and
skimmed milks)

Presence of surfaces

Presence of liquid layer

pH

Presence of ions

Presense of selective agents (e.g. catabolize
xenobiotics)

Temperature

Humic acids

Biotic-factors
Incompatibility groups of plasmids

Predation by protozoa

Predation by protozoa

Presence of plant roots

Enhancement of bacterial activity
Stimulate the conjugation
Provide colonizable space

Aquatic environment is preferred for bacterial
conjugation

Extreme pH values detrimental to bacterial
activity

Bivalent cations enhance bacterial activity
High salinity induce stress

Enhancing the growth of donors and transcon-
jugants

Physiological temperature enhance bacterial
activity

Prevent conjugative transfer in the liquid layer
of soils

Host ranges are varied by plasmids

Digestive vacuoles are favorable for conjuga-
tion

Reduction of prey population

Stimulate the growth and the bacterial activity

Roszak and Colwell (1987); Fernandez-
Astorga et al. (1992); Goodman et al. (1993)

Modrie et al. (2009)

Hausner and Wuertz (1999); van Elsas et al.
(2000)

Shintani et al. (2008b)

Khalil and Gealt (1987); Rochelle et al.
(1989); Fernandez-Astorga et al. (1992)

Khalil and Gealt (1987); van Elsas et al.
(2000); Shintani et al. (2008b)

Shintani et al. (2008a, b)

Khalil and Gealt (1987); Fernandez-Astorga
et al. (1992)

Shintani et al. (2008b)

Shintani et al. (2010)

Matsuo et al. (2010); Schlimme et al.
(1997); Otto et al. (1997)

O'Morchoe et al. (1988)
Zhang et al. (2014)
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TEEEANIC L 386K TFAEIZED ST
WEEANL, 77—V %0 L ClERM Tl 28
BZEINHIMETHD. T TT 7=V ORRYT
»5D, RAMIEOKZNESS, BEENOOT 7 —
VHEHBENZBEET AR T & LT, RIMROME 2
MU REDBRIZER LIZMEERED N TE T2
(Weinbauer, 2004; Wommack and Colwell, 2000) . F
727 7 —IIE R EENE WD, BONZE
I TLMBEEBETORZNINZWNEINETIEE X
BRTE7. LaL, iz ofifar ~)LCEEA
Z BB+ % F % (CPRINS-FISH) % M\ T HLHE
77— OB ~ 00 Y & ST L 72 AFFE T,
77— U A IEICTEEEA L TV AR R
SR T3 (Kenzaka et al.,, 2010) . F7-WEEZ2R L
T BB A O FERFE R % I, Tampa Bay D¥E/KIK
(T AV B 7Y ZIN) 1T DI EE A% K
WI-RFFE T, 4RI 1.3 x 10™ B OREE AN
Tampa Bay TR Z > TWA EAEL LN TWVD
(Jiang and Paul, 1998) . I HLIFEHETIEL, GTA &40
L CEBEE CEEBE T OKEEHEN T TNDL &
EE LIl HY, R TXHMED 47% 25 GTA
ENLUIEIBEEAOKRIZRY H 5 EHEES T
% (McDaniel et al., 2010) . Z1 5 OfERZ Ef TS
DD L DN, WFEPSSEESIZME 113 koS
J DRGSR TIE, 64 BREVIRIE 7 7 — kD
BRFIMN AN Y, 21 XV GTA 72 & Bbh 5E 5
MWROD ot DHELH D (Paul, 2008) . HIED
& 2 A GTA RirIZ B89 2 M 1 3ie 2 361 2 WF5e sl
DIHT, WAKIECHE 2 & OBREE N D OREH 1T 72
V. MV, RO AR R - A 1E AT D
WL UCHR SN TEAZERE 50~250 nm O /Makk
REERTHD. KIBE E. coli RBEPIRELFINE & L
THI B D Acinetobacter baumannii TlX, MV Z4 L
THIEM Ttz 7822 s b Z EnHE S hTw
% (Rumbo et al., 2011; Kolling and Matthews, 1999) .
F 72U TIE, WEEED Prochlorococcus W2 BT
MV 20 LEEEETOKEEHEIER I TWD
(Biller et al,, 2014) . BB CTHB L, HEKO
REFRA~OHELGELHENLEEZ LN TNWSE T VEET
D70, R TR > THEET3KFER
SN TWDAHREMED @V,
BEFPCLEEEANRRL A Z L EBLIC
1980~1990 4 X 1T fif 38 & 1 C ¥ 7= A (Miller,
2001) , GTA X° MV %4 L2 B B8 O6 % 59
5L, 2000 FLBE L MEBIAHNTND. L LE
BHRECEA LT R, EMR TS BEE A O
JENC RAE T A M LR 2EBliT s Sh e
V(2015 4E 3 ABUE) .

FEH

INFETRTERZLHIC, DNA OISR E R
WO & BB O MR Z2m iz L v, #
E7E T, BEEMIBOTHEIB DK
BHENELTCWDZERHLNCES2OB .
25 RO 1990 FFERHIFEIIZ D 7e o o2
23, M2 Tide < 2 0EYOELBRIZ B Y
T, H LWERIASLAERHA OS2 Em T DK
PAGTE DR B G L CE 2 aTREMEAN BV, Z 2 T
BLZVWOE, Fany ) AMERIVBHMLTNS
BIEFAPREOEML, FEALEDEA, £Ho
HELBRRIZBWTHRE TR P EBEO A EBE L
TWHHETHDH. EPicxt L THEMEZRTEET
R0, BRRMEEZ RS RO SR B S T DK B &
NTWizE LT, ZOBEBTOIFEAEITKFER
FBHZICHEALTLEY, Z0EMEOF CREFSN
TIhholoeEZX BN TWS (Berg and Kurland,
2002) .

B & h s & Lz AEMSHEEo AT
DT, AW OMEEHERE S 0L Y i
ZHMEDAIHICES BS LTEZ ENEL Mbh
TWa (R KFEAREHEIE 7 2 — 3L COE,
2013) . iR O F B> XD BAR T K A3 O i
THLROLND LI, BEFKEEENPEZ D7D
WZix, e AE R o LEYBEMEER O SN
X, T OUIRIR L 72 B EMRED ZMER E BN
BEThDH. AROEMZERIEEZEM 2010 TiXAD
LR DIRIK Z, OANBNEEREHEMIC S 726
THE, QAMIEBOE(ITHES BREOEMNZEL,
@S FE-L LM E 22 T K D AR OREL, @Ht
FRIRIELIC L D BED 4 SIZHBE L TWHA (BREE
4, 2010) , ZZTHY EiFsnTn b4~ OJEIN
0, SRR & U Cl s T O K AR
FEWC G e K E 4 ATREMEIT A V. Table 3, 4 THAAT
L7z & 9ie, #HWAEwfEZ2 @R Lo ERAERERE
HWT-ER T, AMHHEAER BB OKPR
FENRIK L CEAN T OREE KT THERRE S
NTW5A., LALIHbDREZTTIE, B4R
RITBIT DM SRR DS BAR T O AR ARG
BN RIETHEZ T CTEDEBEICIEE> TR
W SR AEM SO R LR T K EARTEEE O
BIRIEZ B ST B 72010, FTAEERICET
DAL iB M & IR RT3 5 I O WESL A5 4
HEb.

FEETIE, ABNEENZ L - T, EETOKF
RIREBE BRI ERT RN ELHEND Z &
boho TE. EOMNRENIKFIMIERE D LT
b5, FUEMEIZERBNLATY, SESSKED
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BGICBWTREBIHEHAIN TS, ZoDH
HSCBE U < O HIESOKIRIE, H 4 HiAEWEICE
HEANTEREE L 2D, FUAWEMNERET 2R OM
WA, PUAEWESHORELZ T ThRWEFTOK
WZIAT, HEBP OB TFELAFET D L oWE
MNENTWD (Pruden et al., 2006) . Z L5 DOEREEH
THAWEIMEEOGFERNEHWERB L LT, ik
WVE OB L D WHERE ORI T TiEie <, K
158 % U C B O 1A ) C it PR B AR 2SRk L
=2 ENRIHEEIN TS (Allen et al., 2010; Aminov,
2011) . Fioal EETIE, TR RLELDN)KRE T
FICHENAT Z EREL, TOFIZEENTWVD A
[ mh oD 995 JRL A B L 2 AR I B 8 R SR O LA W BT
BB RMMEET DI &b bo TE 7 (Cabello,
2006) . ZDO LI ITELBTOKEEEZE LI-AE
HEeRFIH DB 0 J7=0, IR E RS HUA W B &R T
ST HRIESCHE O M ofME s 7o T
W% (Allen et al., 2010) .

7, TEEDOIGEME OREIEEEF OKRRE
EIEHLE D &b B s Tns. £
M EIE L CiEY R o Tk 2 b2 FiEE AN
AF VAT 42— g EIESN, (GG
B &R TE DMENE R WA, ATk 05
Yl DEALREZ R > - 2 AT 5 FIESHV
LD (NAAF—=TAT—var) . LML
AN UTZHHE DS, TH%H EME & OBFICAT T
LE->THEREETRNE L L. 22 ThHA I
T HEE TR, BAHED S 15 ME A~ KL
SHTHENMDRELZESELIRALENH D (Ikuma et
al., 2012; Top et al., 2002) . +HEHTIE, J& D ICHAEF
LCWDMENEN L BB TOREMICES LT
WAHZ ELHLMNZEN D25 Y (Shintani et al.,
2011) , ZARERICEIT DB in T K AR IS & HLAR
T 5 L THHEBRRNIESETHD.

BETOKHEHRICEHEL TLIBEINDZ L
D=, BT YRR R EL KIE
FTAREMEN KT DD, B THMEZ EH R ETER
\CHER B % AT LT BRI 2 Vs, v Z
FEICEAS WM A o BT E A 21X, B
FOKRFARFEICHT 23 MAFTENTND. LAl
LTGRO & BI 72 5l 7 B DWW I
EE->TEST (RIFIFH, HRT) , H20%s
W6 L CREMIICE 2D =010, AERICBIT D
BETKEEEOBETE~OFEILEV. 5%
i, ARRRICBT 2EG T AHEEHRRICED 55
BERF- DR ESe, ERERICE T DK EARIEIR G DM
EORE, &5ICERMICEE HaEEE LTI T
XL TLEORBNETETHEILR->TLD LB X
bbb,
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