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ME [ H Y] 7 A7 85 e AL 2R B 75 B (polyketide synthase, PKS) # 5 48 #E 46 5C &, B W1 IR 2 5 nl /il
(ketosynthase , KS ) Fl it 5 4% #4 Jif§ (acyltransferase , AT) J¥ 1 55 S i ;= 4 22 6] 9 G 38, A JC 2 R OR 9K 77 00 ) A ik
AL S [ 73] L PKSDB K0¥8 /& /Y 20 S EH R PKS 6 R #% P8 BT A KS (190 4~) Al AT(195 4~) & 3
M2y 40, I MEGA 4.0 #4453 54 d KS (AT KS + AT 3 Fp S X 0 Rk AW, IR KS R 9 3% A
R 4 A PR S . it 7 —%F KS 5 5 n 5149, 38 58 PCR J7 X5 20 BRI P il 28 141 43 25 W vk 4T 1 i
e, WE T B B RR Y KS TR A, R A AE OG KS ¥R i R G0 B R, T 0 BH R TR RREEAT T R R B 5 AR
Wb o (455 B R IR 1 [7] — PKS () KS J3 F i 1] F 2R 5l — A~ i A A, HL 48 B 7= ) 25 40 3R 25 5 [
— PKS () KS % N2 9E L B /N F 0. 300, A [A] PKS it KS #% 8] 7 2 gE b I B — K F 0. 300, AT R4 %
B 2 8 LR W S SR R A KB 0 5 TRl — PKS B9EB4> AT 43 BIAb T H A4S 20 A%, Hidy AT BU7E 0 A o KS
+ AT ZGE KRB RIMEES T KS WAL AT B4R FhZ5F0Rr 2 o RTH 13 Bk KS FHE /3 B Wbk, BT 28 KS 7
G 4% BT AR 2 0 RS o 4 BRI R BB 43 KS £ 3 3R BUMURE A9 75, 5 BRI KR 43 KS 43 51l 4b 7E B2 1 PKS
HEACRL N o DN 3 Bk BH PR B 43 2 2 T A SRR 2 7 . (458 ) e i KS ik Ak 7 X DL A R 32
M AT W LAZKSE#E4E R 35 KS 41 5 P2 45 A 5, B KS 5% 8] S 25 JE A6 7B 88 T 4 5 AR [A) PKS B #1058 bR i
FHXT T AT F1KS + AT, KS R 58K & 2125 53 B T35 T 48 3 700 S 11 50 T 288 77 40 1 s 32
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B Y PKS it 22 4> &5 4 550 LA AR B I X 4 g
52 % 2 JIKHE, 32 24 B 5 5 i ( ketosynthase,
KS) , Bt S5 B i (acyltransferase, AT) | [ Bk 48 /4 2R
F (acyl-carrier-protein, ACP) | i & i ( dehydratase,
DH) % Wk 18 J7 B ( enoyl reductase, ER) F1HH 3 if Ji
fit ( ketoreductase, KR ) 2§ 45 4 5, /=¥ F 3y KW
WNERZE R EIfL &Y. Horh KS AT 2 i A IR SF HY
PN RH AR 45 M 8, 30T 4F R 38 22 i 52 FEL G2 B ATT 10
PSR L KBTS M PKS 7= 9 2 8] i 56 &
JF. PKS /1 Jig i /8 & i B (fatty acid synthase, FAS)
i AT e S I o R N S e a4
(horizontal gene transfer, HGT) L} Az [&] J5 5 20 & H ot
iy 3 By R0 B e Y PKS W] AE 2 40
FAS F1JEUIA 10 8 42 % PKS iy 3k R 52 o ik Ak i ke
Yadav 58 NFF R T SINALH AL PKS 2% 45 14 3 i) 1 4F
5l R BCKR O T X PKS Y BF 5
Nguyen 25 A\ & ¥ HGT F1 5 4H & trans-AT % B %I
PKS HEAL i 2207 30, IR AR trans-AT 2 B PKS
) KS 25 H B W 45 S 1R 9 R R 2 S T
thailandamide A {25897 . Haydock 25 A 7 151 e %
PKS ) AT 25 U SR 7 9 b R L T 5 IR Y4 5+
PEAH I ZE R (motif) 1, Ridley 4 AR5 4052 T
M UFR YRS ST AT SR

B PKS il Tl B S 850 09 52 20 1 Lotk
T B 2R, AN R #5 DURY KS B AT B KA RE ) 51
PR [F]— LA, S KS B AT 36 R A3 11 A fE IE i i
IR BRI AL R IR B R G KB H
LTI DT RS PKS BIBEAL ST L RGERE
AR i T T BE 20 TR R R AR i AL RS
a4 ARG R BEM . Jenke-Kodama %5 A%t B
A KS FAT BEAT T R KB A0, KBA
[0 2EREAY 18 PKS kb iy R AR

AT XS 24 4 R AR 7 ) 0 H = R Ak & W) i i 1 A
eI R S AT e LI TR R R A RSB IR O R
F R o PKS fY3E £k & 2 LA SR ) 45 ) 22 1]
AR 22 AT ] S0 A N 7 ) 0 4 A, AR SC ) B e ok
OISR LAY PKS 1 RG I OC R, 4 B (E
F18 e PR i e AR, g S 15 46 B A 10 T e S 8L, Sy il 2k
TR SR T 25 7 ) 1 e e B 1R 4R 5

1Ak i

1.1 ##
L 1.1 GRbRS IR B AL L 20 Bk i A S0 00 &8

O3B TS VA I A A R SR AR R ] GYM
B [ BEJ7 40 F : Glucose 4.0 g; Malt extract 10.0
g; Yeast extracts ( Difco) 4.0 g; CaCO,2.0 g; Agar
15. 0 g;Distilled water to 1000 mL, %% pH £ 7.0
-7.3],

1,12 EZAF AL . PCR 47 38 41 & i 77 . DNA
[0 WS 28550 0 NI 1 i 55 449 G o 0 R R 4 O e
Al R4, TE R pMD-18T & 350 & 191 A 52
Y TRARAFR, S1YH EEAY TREARR S
A BRA A, A5 1 o [ 7 Bk 43 B Al
PCR {3 H1EE 5 A AL 53 51 24 Bio-rad PTC-200 Fi
Gel-Doc2000; & & # AH 4 3% {¢ & Shimadzu SPD-
M20A , {63+ YMC ODS-A ,4.6 x150-mm,

1.2 PKS RBELXHHEHSN

1.2.1 KS Fl AT & 3L 7 4 3R B : )N PKSDB %2
& ( http://linuxl. nii. res. in/ ~ pksdb/DBASE/
pageALL4. html) F1F 3% T 20 4> cis-AT # e 5 PKS
56 B DN ) LR T A, Hoh 14 Aok B iR
JE AR 12BN P B TR BUH A i KS R AT FF A
HARAG 190 4> KS 2 KA HLFR T (195 4> AT &K
BHRFH (IR 1),

1.2.2 REKRER B E XS B R B BT A KS #il
AT Z IR 751, 4% B KS (AT (KS + AT (A 4B )7 51 5
W) R F s B AT R R FHF b,
i #AF MEGA 4.0 h Clustal W #£47 )57 51 text, T30
T )5 F R LR, A Neighbour-Joining 32 43 51 4 4 3
PSR R G R B W, A R 2 2000,
HRSHERBRINBE .

1.2.3 R IR By 3F 550 8 i 4R T R IR A9 W] — PKS
R R 4R A B Ah B 45 R 4> KS IH S — R, A H
MEGA 4.0 1 /% Poisson correction 15 %Y 43 51| 31 . [A]
— PKS ) KS fE N Xy AL ey, FUAR [A) PKS #y KS
7 ] - By R AL RS o 7 WSS Rl g 28 KS B L3R
IR A A PKS 7R T3 0 A R B i AR B — A
PKS, Bl amphotericin , nystatin , pimaricin = 2 {V {4 &
pimaricin, erythromycin ,megalomycin ,oleandomycin —
HAUE B oleandomycin,

1.3 HBEE# KS FINES S

1.3.1 Rk 5 ALK ZH DNA $2 3020 #R5 PE 5
BI PR TE GYM P A | 28°C #5538 5 d J, 4% B X
ik R IRAE R 41 DNA

1.3.2 5¥icit (PCR 71y K se Bl ) 3 i 4 1
T A I TR UR Y KS LR 3 5, AR AR b
AMESE 7 5 DPQQR F1 VNQDG # it 7 — X 3 I 51
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®1 204 PKSHHEXER

Table 1  Information of the 20 PKSs retrieved from PKSDB
PKS pathway Abbreviation No. of KS No. of AT Producer
amphotericin ampho 19 19 Streptomyces nodosus
ascomycin * ascom 10 10 Streptomyces hygroscopicus
avermectin averm 12 13 Streptomyces avermitilis
erythromycin eryth 6 7 Saccharopolyspora erythraea
megalomycin megal 6 6 Micromonospora megalomicea
niddamyecin * nidda 8 8 Streptomyces caelestis
nystatin nysta 19 19 Streptomyces noursei
oleandomycin * olean 7 Streptomyces antibioticus
pikromyecin pikro 7 Streptomyces venezuelae
pimaricin * pimar 12 13 Streptomyces natalensis
rapamycin rapam 14 14 Streptomyces hygroscopicus
rifamycin * rifam 10 10 Amycolatopsis mediterranei
spinosad * spino 11 11 Saccharopolyspora spinosa
tylactone tylac 8 8 Streptomyces fradiae
epothilone epoth 9 9 Sorangium cellulosum
myxalamide myxal 7 8 Cystobacter fuscus
myxothizol myxot 5 6 Myxococcus fulvus
stigmatellin stigm 9 10 Stigmatella aurantica
soraphen sorap 8 9 Sorangium cellulosum
pyoluteorin pyolu 3 2 Pseudomonas fluorescens

# PKS pathways from actinomycetes used to compute evolutional distances in 1. 2. 3.

1. KSF (5'-GARGCSCTSGARAYSGAYCCVC-3") Al
KSR (5'-CCGTTSGACGCRCCGTCCTGGTTSAC-3"),
FHIZXXF 5140 % 2 O B P 41 DNA 47 PCR 9731,
PCR & & & 50 I.LL,@,/E\ 0.4 pmol KSF,0.4 pmol
KSR,0.2 mmol dNTPs,1 wL DNA,5 {7 Taq Fff,
1 x buffer( & Mg>* ) #l 3 pL. DMSO, PCR &% W .
95°%C 5 min;95°C 45 5,64°C 45 5,72°C 50 s, f§¥ 28
U;72°C 10 min, PCR JZHI28 1. 5% B A Bk I
VKA (HL TR 100 V), [Tl 2y 570 bp /9 H #5 A
B, R @ oAb s s ey o Ak R BE AL B 10 -
12 A SEBEEAT T .

1.3.3  KS JF0 5 #r : 45 77 51 i i BLAST L X} 53
Br ARG IE 5 51 D RE o 48 OO 45 2R vh e S AR (L1 45
ey HARGE A 7 W) Bk 58 B R N 1 PKS, FR I
8 > PKS ( chlorothricin, lasalocid, lipomycin
meridamycin | nanchangmycin | nigericin | salinomyecin |
tetronomycin) [ ff A KS #4135 10 A~ M T it 5
KS ik 15 25 1 i 26 5 PKS 19 KS 7 51 & BT 0 43 5
W AR A — A A R Gk B R A5 /9 KS JF 41
GenBank 7 £ 5 L 2,

1.4 EMREBREFUNSBAUSERE

L.4.1  RPRAREE /NGB R 13 #k PKS B2
TR Pk e — Bk S B Bk JCM 3373 9Btk GYM A4 ifi
AR 3 AT 100 mL A9 GYM - 4 45 57 5, 28 C
FFE IR T do R ABE: N B E3 B8 & GYM

ik BN B Bl A AT 100 mL GYM BUIE By
500mL = ff i v, L4 250 iR 53T 25 Lok A,
28CHEpELEFET d,

1.4.2 W WOk o B 2l - /N B 5 0 8 R 1 52
B8 (R B R T A RS BT 500 mL = A IR A
100 mL Z W52 5 il $12 5 8 5 1 B 2 2 9 2 - L il
JEWRAR 22, 1 2 mL Y fifp o 4 ) J B Tt
P REARE: 25 L A bk E3 04[5k & 7= 9
SRR O I SRR Gy Al B 3 W, BRI 2 R O3
IA H W 48 J5 1 O TR CBEAE I3 U s (26 T
A HURH J5 7 KL 52 95 L3R W) 28 I & ik i (1100-200
F)JEMr e LH20 e R 5159 1A EE aife &
o

1.4.3 = Y4ifg 25 /&R 0™ W)l ] HPLC-
UV/VIS-ESI-MS/MS 43 #f., HPLC % Al Shimadzu
SPD-M20A ( PDA #; il #%,190-800 nm ) , & & 2 ¥
K15 min P BT EE VR BE N 50% T2 100% , 3%
2 . YMC ODS-A 4.6 mm x 150 mm 3% 4 ; 7
1.0 mL/ming A% 5 O =5 | B2 B i 20 pl
ESI-MS/MS 43 #1 % | Thermo-Finnigan LCQ DECA
XP gAY, 1B/ B 7 BRI . KR Y
i) ESI-MS 43 #1 % F Thermo-Finnigan LCQ DECA
XP J5t 3% AL, 1B/ 8 7 R UK I s NMR I & R H
Bruker DRX-600/400 % 4% % 3 3 4%, 0U H 35 if Jo¢
(TMS) Sy 5
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F2 ALWEFEH KS EEFF GenBank Tt 5

Table 2 GenBank accession numbers of ketosynthase genes identified in this study

SeqID Accession No. SeqlID Accession No. SeqlD Accession No.
FXJI1. 264-1 GU363593 FXJ1. 066-7 GU363624 FXJ1.172-6 GU363654
FXJ1.264-2 GU363594 FXJ6. 141-1 GU363625 FXJ1.172-7 GU363655
FXJ1.264-3 GU363595 FXJ6. 141-2 GU363626 FXJ1.172-8 GU363656
FXJ1.264-4 GU363596 FXJ6. 141-3 GU363627 FXJ7.346-1 GU363657
FXJ1.264-5 GU363597 FXJ6. 1414 GU363628 FX]J7.346-2 GU363658
FXJ1.264-6 GU363598 FXJ6. 141-5 GU363629 FXJ7.346-3 GU363659
FXJI.264-7 GU363599 FXJ6. 141-6 GU363630 FXJ7.3464 GU363660
FXJI.264-8 GU363600 FXJ6. 141-7 GU363631 FXJ7.346-5 GU363661
FXJI.264-9 GU363601 FXJ6. 141-8 GU363632 FXJI1. 068-1 GU363664
E3-1 GU363603 FXJ6. 1419 GU363633 FXJ1.068-2 GU363665
E3-2 GU363604 FXJ6. 050-1 GU363634 FXJ1.068-3 GU363666
E3-3 GU363605 FXJ6. 050-2 GU363635 FXJ1.068-4 GU363667
E3-4 GU363606 FXJ6. 050-3 GU363636 FXJ1.068-5 GU363668
E3-5 GU363607 FXJ6. 0504 GU363637 FXJI.262-1 GU363669
E3-6 GU363608 FXJ6. 050-5 GU363638 FXJ1.262-2 GU363670
E3-7 GU363609 FXJ6. 050-6 GU363639 FXJ1.262-3 GU363671
E3-8 GU363610 FXJ6. 050-7 GU363640 FXJ1.262-4 GU363672
E3-9 GU363611 FXJ6.050-8 GU363641 FXJ1.262-5 GU363673
E3-10 GU363612 FXJ6.050-9 GU363642 FXJ1.262-6 GU363674
A33-1 GU363613 FXJ6. 050-10 GU363643 FXJ1.262-7 GU363675
A33-2 GU363614 FXJ6. 196-1 GU363644 FXJ1.121-1 GU363676
A33-3 GU363615 FXJ6. 196-2 GU363645 FXJI1.121-2 GU363677
A334 GU363616 FXJ6. 196-3 GU363646 FXJ1.121-3 GU363678
A33-5 GU363617 FXJ6. 1964 GU363647 FXJ1.1214 GU363679
FXJ1.066-1 GU363618 FXJ6. 196-5 GU363648 FXJ7.329-1 GU363684
FXJI. 066-2 GU363619 FXJI1.172-1 GU363649 FXJ7.329-2 GU363683
FXJ1. 066-3 GU363620 FXJ1.172-2 GU363650 FXJ7.329-3 GU363682
FXJI. 0664 GU363621 FXJ1.172-3 GU363651 FXJ7.3294 GU363681
FXJ1. 066-5 GU363622 FXJ1.172-4 GU363652 FXJ7.329-5 GU363680
FXJI. 066-6 GU363623 FXJ1.172-5 GU363653
Clade A il Clade B( & 2) ,dEji 4 B R R 1) AT 354y
2 Z£R SR AE WA T A A 0 A0 1L i £k TR SR R AT )

2.1 PKS RZEABHENW

2.1.1 KS AT } KS + AT 24 % & H ¥/ : KS
FFO R G kB MWK 1, 9 4~ PKS 2 I B
(1n1t1at1ve) (2] E’J KS % i /b Bl it A, 6 A SR IR T
R TE PKS /9 KS 9 07 T % & W ANE (& 1) , i
14 S PKS 19 KS, BRorde i s P oh , 2446 F
KEMMNIE. AR — PKS i 45 K H 5 KS #ab1e
TR A A, JEH R L E Y KS, Ascomycin
FN rapamycin [§) ‘#Wﬁi?ﬁ%ﬁ—fﬂﬂ%ﬁ*ﬁ TE B8 K 4

#% ; amphotericin ,nystatin A1 pimaricin X 3 4~ PKS
KS B A — iR IE i — KR A AL
AT 73 2 58 4 & B3 180T P AS KA kA A

7390 RAE A R AEA A B AR o R IR T T 2 1 14 [R]
— PKS BYFERIr AT 58P # J Joll b - P A R kA s
WL AT W Bk A A R PR B,
avermectin F1 rapamycin, Amphotericin, nystatin Fl
pimaricin X 3 > PKS (1) AT [ElFE R IE & 08 .
190 4~ KS + AT J3 51 # g 1) R G W] i afe 2L T
KS 1 AT A4 19 41 0 45 44 07 1 (8 3) - AR Tl 4R o U8
R 51 BEAE T A R TR R U A R S U SR AE N Z
EIGBI P INE R ANE X — F 5 KS M —HG N E
9 SR B T AN R A0 SR A A, X R 4 Fh &5 4
AT #f—F, Ascomycin Fll rapamycin ##E4LAL , LA M
amphotericin | nystatin I pimaricin FJ 1§ & 70 & 7
Clade A 1 Clade B H3¥E 04 o
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9 | F———E v/mecal
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L megal22
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L megal 1.1
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epoth 3.4%*

100 *
——eess@illl] sorap
——— N
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myxot 1.2%

e - ciousien®
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—— . BEl
100 epoth 2.1*
75 1 myxot2.1*

1 RiE 20 MR EEIE PKS 89 190 4~ KS S5 # /¥ 5 #9 2 &9 Neighbour-joining #f
Fig. 1 Neighbour-joining tree of 190 KSs from 20 PKSs published. Clades containing KSs from the same PKS

|

pathways are marked with black triangles. KSs from non-actinomycetes are marked with symbol # . The first number of
each KS represents the number of module, and the second number represents the order of KS in the module. Significant

bootstrap values ( >50% ) are indicated at the nodes. The scale bar represents 0. 05 mutational events per site.

2.1.2 EfEiEE .10 Aﬁﬂzé&;rﬁﬂé?ﬁ i) PKS 35115 rapamycin X 3 41 KS # [0] 3 ¥ 9F 1k B B 4 0 R
KS % N 34 #f 46 B B A0 4% (8] S R AL BE BT . KS %% 0.292.0.272 0. 265 #b, H: Ak 42 21 KS 7% 6] 2 1t 1k

P2 E A6 B B BR pimaricin 2 0.302 AF, H 4 9 P B R T 0,300, 5 KA 0. 367, S FH41E R 0. 325,
PKS By #% N 1 ¥ 3 46 BB 25 145 /) T 0. 300 F/J\fﬁj\:l 2.2 SBEEHMKS FISMH
0. 140 (rapamycin) , 5 F3{H 0. 225, F& avermectin 5 FH KSF/KSR 5| #%} 20 ¥4 % &tk k4T PCR

oleandomycin , avermectin 5 spinosad, ascomycin 5 455 13 Mo B, £ vE B 5 A1 BLAST b X %
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B2 iR#E20 MAEKRIER PKS 89195 A AT S EE 5 5] #9 & 1) Neighbour-joining i}
Fig. 2 Neighbour-joining tree of 195 ATs from 20 PKSs published. Clades containing ATs from the same PKS pathways are

marked with black triangles. ATs from non-actinomycetes are marked with symbol # . A couple of methoxymalonyl-specific ATs

and ethylmalonyl-specific ATs are marked with symbols @ and ® , respectively. The first number of each AT represents the

number of module, and the second number represents the order of AT in the module. Significant bootstrap values ( >50% ) are

indicated at the nodes. The scale bar represents 0. 1 mutational events per site.

=}

FEJE, AR TE 20 B3R5 T 4 - 10 SR [E KS # 01
FI A, 33545 89 A KS 5 DAY P41 o X 26 75 41 Fl
18 4~EL%1 PKS ) KS P34k 249 XM EN R G KT

4 I
— &, A HER AR KS SR, 4 Bk S R AR
E3 . A33 FXJ6. 050 Fll FXJ1.066 1)K HB4r KS & H H

Pl 4o B e bk B R R 70 KS 422 I8 B ik 20 il 3R A
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B3 RiE20 MARERIERM PKS £ 190 A KS + AT & E B 7 51#9# 89 Neighbour-joining #f

Neighbour-joining tree of 190 KS + ATs from 20 PKSs published. Clades containing domains from the same PKS pathways
The first number of domains

Fig. 3
are marked with black triangles.

represents the number of module, and the second number represents the order of domains in the module.
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Table 3 Chemical data and products identified from the positive isolates

Strain No. uv Pseudomolecular ions of compounds (m/z)

Compound identified

JCM 3373" 304

MS,:[M+H]" =591,[M+NH,]" =608,[M+Na]' =613,[M+K]* =629, [M-H] =589;

lasalocid A

MS, (613.5): 359.2, 377.3, 395.0, 569.4, 577.4, 595.3, 613.3;

FXJ1.172 304

MS,:[M+H]" =591,[M+NH,]" =608, [M+Na]* =613,[M+K]" =629, [M-H]~ =589;

lasalocid A

MS, (613.6) : 359.2, 377.4, 394.9, 569.4, 577.4, 595.3, 613.2;

FXJ1.068 234 MS,: [M+NH,]" =884, [M+Na]" =889;

nanchangmycin

MS, (889.7) : 447.3, 491.3, 591.4, 631.3, 725.4, 743.4, 761.4, 853.4, 871.4, 889.5

234 MS,: [M+NH,]" =884,[M+Na]' =889;

MS, (889.7): 447.0, 491.1, 591.3, 631.3, 725.3, 743.4, 761.4, 853.4, 871.4, 889.4

E3 none [M+H]" =569, [M-H] =567

griseochelin

# Strain JCM 3373 is reported to produce lasalocid A.

3 it
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Fig.5 Polyketide compounds with similar chemical structures involved in this study.
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Phylogenomic analysis of modular polyketide synthases in
actinomycetes and its application in product screening

Hao Wang, Ning Liu, Ying Huang"”
( State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101,
China)

Abstract : [ Objective ] To elucidate phylogenetic relationships of modular polyketide synthases ( PKS) in actinomycetes,
and to provide a guide for screening and discovery of polyketides. [ Methods ] We retrieved amino acid sequences of 190
ketosynthases ( KS) and 195 acyliransferase ( AT ) of 20 modular polyketide synthases from database PKSDB, and
constructed Neighbor-Joining trees based on amino acid sequences of KS, AT and KS + AT respectively using MEGA 4. 0.
We computed the mean distances within and between groups of KSs. We designed a pair of degenerate primers based on two
conserved regions of KS, and screened 20 bioactive isolates by PCR. After sequencing the KS genes of positive strains, we
constructed a Neighbor-joining tree of the 89 KSs identified in this study with the 160 known ones. We also fermented 13
KS-positive isolates and carried out chemical analysis of the fermentation extracts. [ Results] KSs from the same PKSs of
actinomycetes tended to group respectively into clades, and KSs responsible for synthesis of products with similar structures
tended to cluster together. The mean distances within groups of KSs from each PKS pathway were less than 0.300, and the
mean distances between groups of KSs from different PKS pathways were generally more than 0.300. All the ATs grouped
into two big clades according to the substrate specificity. Some ATs from the same pathway were grouped within the two big
clades respectively, and the rest were scattered. The tree of KS + AT integrated the topological structures of both KS tree and
AT tree. The majority KSs from individual isolates tended to group into clades. Most KSs from four of the isolates grouped
into four distinct clades, and most KSs from another five isolates respectively fell into four clades of known pathways. We
isolated and identified three predicted compounds as expected. [ Conclusion ] Vertical evolution is likely to be the dominant
evolutionary mode of KS genes in actinomycetes, while AT genes may have evolved mainly through horizontal gene transfer.
Considering that KSs cluster according to the corresponding product structures, and that the mean distances 0. 300 between
groups of KSs could sever as an evaluation criteria for different PKS pathways, the phylogenomic analysis of KS is more
suitable than that of AT or KS + AT for guiding the screening of polyketide compouds from actinomycetes.

Keywords ; actinomycetes; evolution; polyketide synthase; ketosynthase; acyliransferase; phylogenomics; product screening
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