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Abstract Kiwifruit bacterial canker disease, caused by Pseudomonas syringae pv. actinidiae (Psa), is the
most destructive disease in kiwifruit production. Management of Psa is a critical issue in kiwifruit industry
worldwide. Emerging resistance strains of Psa against antibacterial agents such as streptomycin makes it
difficult to control the cankers disease. Currently effective treatments for Psa infection are scarce, and copper
contained agrochemicals are often sprayed in kiwifruit orchards. Therefore, control of the pathogen with new
antibacterial compounds and bio-compounds that required to replace the agrochemicals. This study has
focused to investigate potential resources as new anti-Psa agent in lichen extracts and Streptomyces spp.
libraries. Among 622 lichen extracts, 7 lichen extracts were selected as anti-Psa resources through screening
for strength inhibition the Psa pathogen growth. From 1,006 Streptomyces spp., 4 strains effectively inhibited
the Psa. The finding suggests that the 7 lichen extractions and 4 Streptomyces spp. could be useful to control

the kiwifruit bacterial canker disease.

Key words

M B

Ayl (Actinidia  chinensis) Al (Kiwifruit bacterial
canker) Pseudomonas syringae pv. actinidiae (Psa)ll <]
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(Takikawa et al., 1989). =io} oJE]ololl A= 19940]
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et al., 2003). Psa= L&} =X = A3 9ElE 20
A9 T2 F7ll M= BlwA oFgk FeE B 3iTH(Ferrante
and Scortichini, 2010). Z&1} 2008d%=HE o|gzlo}
(Balestra et al., 2009; Ferrante and Scortichini, 2009)5 A|
2o 7 L=%E7ZH(Balestra et al., 2010), 2= ](Balestra et
al., 2011), &2~ (Vanneste et al., 2011) 5 73 A A H9j
A7t goem, 2010378 E 29t 72 A= (Everett et
al,, 201X = FAlFH o] BarE et

Al Psa= 42 54 9 Ailske 540 mEt biovar
1, 2, 3,5, 622 EFE}(Fujikawa and Sawada, 2019). =
ol A= biovar 29} 39 €3 Psa @571 BALEloH,
biovar 2 #F UM HAEG T 2E540I
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natineS AJ2k @W(Lee et al., 2017; Vandelle et al., 2021)
Biovar 3 oFE 201139 =Wl g wAES
biovar 29} A = Fok) iR Ao HAEE »]‘:}
(Koh et al., 2012; Kim et al., 2016; Lee et al., 2017). Psa
7F e BaE dEYME  phaseolaotoxing AAFS=
biovar 10] BT E]0™ 20143 biovar 3¢} 7 I )
vl xo) AR olA WA Jrh(Takikawa et al, 1989;
Sawada et al., 2015). ZZol= Y2 A7 XY X+= biovar
59} 60] BN (Sawada et al., 2016; Poulter et al.,
2017), Q¥ FRE A3l T =71l biovar 3
F9 B YA McCann et al., 2017; Sawada et al., 2019).
okl A BAE fal T2 A9k A F=
AREEATHLee et al., 2020). A oA AME-E= FA
£ copper hydroxide, copper sulfate’} .o, A=
streptomycin, oxytetracycline, validamycin, kasugamycin &
o] o= 24E °FA7F Utk(Koh et al, 2017; Kim
and Koh, 2018; Lee et al., 2020). IA4A] 5 7174 ol A
SH= ZEERo|Ale] - oprfo} FT7tollM = ARl
7 AA T AR oA = 7 A ol Al oS}
3 JtHK(Scortichini et al., 2017). ©]2]3dt 3} ‘:”11194
§ Aol mA|= o), Aol FFsle Al 5ol oH,
53] A3l WeAlwte] S o= sl A WAl 9l
o] o]H$-2 713 tHKim and Koh, 2018; Lee et al., 2020).
ol9} 7 FAINE sl ds] sl A=A Ad thdet
HAbES EHldke AR FEES WAAS o83 o
T7F &ds] o]FolX tH(Basile et al., 2015; Sugathan et
al,, 2021). XAt 5Es 25 7% A 2)F(Lichen)
& W78 AR ke TAAY] AdAE AAAIA S
2 gy B¥3ks JAE T shio|ti(Crittenden et al,
1995). Eaj x|o]FolH WA EE 17}, 23} grARHEES oF
22 Zgo] Hojk Aog A NS, streptomycin
3} penicillin®] A F Ao FollA HH] == tiAF ARzl
Hato] Hop &) A7 8= Atk(Ingolfsdottir et al.,
2002). L A= S sk B ARSI usnic
acid®} & FetAtgo] g gakHESe] BT
(Ingolfsdottir et al., 2002). 3+ R "*iL(Actmomycetes)%
w9 TpFetal FH-g 22k AR F28} 7)ss T
o ZF7HA] dE3 = F 75% ol %ﬂﬂ?iﬁ‘ﬂ
HZ 2097 RE A, WY 284 T o A
BEde WAFAdA 82% ol el H ke Bt 9l
(Fguira et al., 2005; Arafat et al., 2021). ©]9} 7+& tjek3l
FAEAS Tl WA AldF 23] A e et
28-S st 78 HAENA F8&35 FEL ATE
thal Y& % th(Horinouchi and Beppu et al., 1992). °]& &
3 A=lEd 249 &8490] mig- Fasittal AZsAIT,
e =] FAF A e Adsolth(Berdy,

o)
pos

2012). mEpA A28 714 =S D] S8l A
£2¢] A7 st

2 A= #JAoe ASELG Pseudomonas syringae pv.
actinidiae (Psa)yg W/JO=2 A&7 FE2EI U EGA]
o

e Wl = Aok APl e s B
ol FET 55 A ‘:’ELG}J_ AR 7o) Al SAS
W N2 A2 S LS 913 7R E et
2} st
ST
Xo|f 52 # ot ASHAZT i =A

ARl AREEE Aol F FEEE AdRF A ZH%
3 (Korea Lichen Research Institute, KoLRI)oIA #%F ¥

6222 A oF FEES ARSI 28| %“1]&/‘3 A
AF FEES Awsy] 98 HYFS 1/5 TSA media
(TSB, 6 g; Agar, 20 g per hter)% AZste] GA) wjFr] 2
e w7194 20°C, 397+ Bl A THKim et al., 2019).

X o 7 -’F—§§9-| oty HYHAR U= M S HE

Psa3 7% 1/5 TSA mediadl] A3 =23te 20°Col|A] 3
A7 A H & 5, AAE DL colonyE 1/5 TSB media
10 mL (TSB, 6 g per liter)ol] HF3t3L 20°ClH 347+ %
g st 13} screeningoll A B o] $5¥ Psa3 o5+
= 1/5 TSB mediaZS ©|-&3l ODg*IA 0.12 343t 96-
well plate (SPL, Korea)oll Z}Z} 100 pL 53332, 622%
o] AolF FEEL 10uL (VV)E 38202 H7 i) 2
2} screeningS 12} screening? T3l FFE ODge0l4
0.12 g4 5 96-well plate] Z} 100 uL #F3F9 L &
AdEo] =2 AoF FEa2 AdAdstr] fsl 5ul (V/V)
2 3ukEo 7 Hrisldnt. 283 33 screeningS A 9)H
FEE9] 42 1L (VIV)E 20| sukE o 2 AT}
A= 24 M7 722 3 600 nmell 4 Microplate
reader (BioTek, Synergy HI1, Nederland)E ©]&3l 20°C %
A0 R 48A7F ot A6t %S Bal Hoiel A
orHl 2 9] /\gx}o] AAE e ATS T71A] wpHoz Mur
SFATE. Aohzk FAIQ1 48A17F i T ODgy oA vl A
ODgy #olE Boll A¥shs st Ad X9 1
(Represents  inhibition rate)i Agsto] 12} >90%, 23}
05%, 33} >08%2 7%= AWsIth(Liu et al, 2021),
HFHORE F7HA A iy Rl sfdein dlE s
Uehd A 87 FEES AEsisl

1(%) = (C[é—;T) X 100%

*CK: OD of untreated, T: OD of treated
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WMTol iz HLHAD U] AMS HH
I8 74792 paper discHS 2351912 H (Ahn et al.,
2009), Psa U< 1/5 TSB media (TSB, 6 g per liter)*l
20°CollA 347t ek wiekstsitl. 12} screeningoll A 1/5
PDK media (potato dextrose, 2 g; peptone, 2 g; agar, 20 g
per liter)oll 96-pin microplate replicator (Boekel Scientific,
Feasterville, PA, USA)S AFE-3l 28°CollA 547+ v a5
T} Z12]3L 1/5 TSB brothol|A] 347F v oket A W+
< 1/5 TSA media (TSB, 6 g; Agar, 3 g per liter)o] ODg,
oM 03Z 84 F smL ¥F38led 20°ColA] 227 v dst
o] 9ol F49H ASAA]dl (growth inhibition clear zone)
o] A71E AT 23} screeningS paper disc (8 mm)
£ 43 T2 0D MM 0.622 4% WAg ZASE
HE 10 pL BFF 28°C A0 5A7F whakiTh. wik
%, 12} screening?} LA AYH HYHFS 551 A
FAAN ] 2715 gRlsisint. A 32} screeninge 24}
screening®l| 4] BHdte] EFFS 20 uLE st 39k 13
staoH, B &5 48A1F & AR 275 =

Bt

He GM7Fol DNA %

Akl WAES 16S 1RNA, apD, rpoB 183l trpBe)
7ML o] g3s] 45N, MS agar (mannitol soya;
mannitol, 20 g; soya, 20 g; agar, 20 g per liter)ol] A&t A4
T st 28°CollA 3U7F i &, @A colonyE MS
agar WiX|ol] HH = 3fed 28°Coll A 5U7F vk, il
Fte] DNA & g2 v 2t 1.7mL E-tubedl
CTAB buffer [2% CTAB, 20 mM EDTA.Na,.2H,0, 14 M
NaCl, 100 mM Tris, pH 8.0] 500 pL. (Valizadeh et al; Kim
et al., 2017)% MYt 458 €2 F, Lysozyme solution
(50 mg/mL)S 15 pL A7FsE & 37°CollA 1A17F v g3isl
t}. ©]F Proteinase K solution (20 mg/mL)S 8 uLE 7}t
g E2514] 65°C Heating blockolA] 3027 WS I3t
"k & 2ol A 105%7F 2131 th2- PCI (Phenol:Chloroform:
Isoamyl alcohol, 24:25:1) 500 pLE ¥ 5~738] 92 &
Bo] AT T 12,470 x g2 1027 94ET7|E
A5sldom, A5 400 uLs AMZ2 E-tubed &7
Isopropanol 400 uL A718IAth H71E tubeE 5~73] 25-
2 EB0 EF F 12470xgo® 5E7 AR A
DNAE FHAA FATh. 9.2 70% Ethanol 500 pL
A7vete] LalEE)7]olA 527 w2 AlFl e o]l A%
AE WL 1-247F 7HF 125 I8t 2E tube
o 20 uLel TE-buffers H7Fsled DNAS =< & §%5
A73s7] 918l 1 ulE ©]&3ll Nano Drop 2000C spectro-
photometer (Thermo scientific, Waltham, MA, USA)Z =
A3l AA1E DNAE 16S tRNA, atpD, rpoB and trpB

538

-
i

F9E FZ317] Y8l 168 rRNA 22k thale] 27F (5°-
AGAGTTTGATCMTGGCTCAG-3’)/ 1492R (5’-TACGGY
TACCTTGTTACGACTT-3"), atpD Al thale] atpDF
(5’-GTCGGCGACTTCACCAAGGGCAAGGTGTTC
AACACC-3’)/ atpDR (5’- GTGAACTGCTTGGCGACGT
GGGTGTTCTGGGACAGGAA-3"), rpoB -7} tha}o]
poBPF  (5’-GAGCGCATGACCACCCAGGACGTCGAGGC-
3’) rpoBPR (5’-CCTCGTAGTTGTGACCCTCCCACGGC
ATGA-3"), rrpB &3 2}o] thale] tpBPF (5-GCGCGAGG
ACCTGAACCACACCGGCTCACACAAGATCAACA-3%)/
trpBPR  (5’-TCGATGGCCGGGATGATGCCCTCGGTGCG
CGACAGCAGGC-3") primer (Rong and Huang, 2014)E
ARESIRAL 9714 E F4] Macrogen (Seoul, Korea)ol| 4]
8srRom FrE A714E> NCBI nucleotide blast
search program (https://blast.ncbi.nih.gov/Blast.cgi)s 53l
FAAE $4 % maximum likelihood methodE AHE-3}
o] MEGA 10 program +AMd %S Fall A5+ HEt
Wiet.

SHEMZ|

A8 F FEE2] 32 screening®] ApkE o] &3 A
A 2 Z= R program (version 4.0.3)2] ggplot2 package
AHEBt AlZbels ettt e a W] Al
2 =247k folAd 402 Kruskal-Wallis Rank Sum
TestE F3Y3F5om ALE B0 F Tukey’s honestly signi-
ficant difference tests P3te] Ao 5¥ AH 3
R program (version 4.0.3)9] ggplot2 packageE ARE-3}o]

24 9 A73E Fasin

ar
b

=
=

S
[¢]

A5 3 nH
Xof FEE29 AYEAZ A

A ) FAEA] &4 23] (Korean Lichen Research Institute
(KoLRNZHE] HF gk 622%9] A|oF FE2ES e
2 Ze) AFBYd Pseudomonas syringae pv. actinidiae
(Psa)ell T3t A 8E& gleth(Fig. 1). Aozt A
Q1 48217 v Y - ODgy0lIA Bl . ODgl AFolE E4l
Ak 1082 C-3B, C-TF, E-10B, G-1A, G-5B, G-7A, G-
8A, H-5D, H-7F, H-8E°|le™ Z+ Parmelia sulcate,
Melanelia, Parmotrema, Crustose sp., Myelochroa irrugans,
Parmelia pseudolaevior, Umbilicaria esculenta, Lecanora,
Stereocaulon sp., Pamalina conuplicans 4FZ5E FZ5F
ATHTable 1). Ad a2 7K A7 o= 5 1
(Inhibition rate, %) ZAZsks &3l C-3B, C-7F, E-10B, G-
7A, G-8A, H-5D, H-7F (Parmelia sulcate, Melanelia,

Parmotrema, Parmelia pseudolaevior, Umbilicaria esculenta,
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Fig. 1. Inhibition effect of lichen extracts against the
Pseudomonas syringae pv. actinidiae. The bacterial stock
added 100 puL and lichen extracts is 1 uL on 1/5 TSB broth
medium (n=15). Plate-96 well is incubated at 20°C for 48 h.
Lichen list: C-3B, C-7F, E-10B, G-7A, G-8A, H-5D, H-7F.
Bacterial growth curve was calculated with ggplot2 package of
the R (4.0.3).

Lecanora, Stereocaulon sp.)%] F2= 7<= HETHoZ A
LEGTHTable 1), FEHCR Al Aof{ FEEL
Table 20141 7502 SRlEom I F 552 A+

PFES 7 AeZ By} =S oh(Rankovié et al,
2006; Chauhan and Abraham, 2013; Wei et al., 2008; Santiago

Table 1. Selection status from antibacterial lichen extract
candidates

5 2o AR A A7) 124 AR e @
% 91& Zlojet AR gL,

g

ol Erie HLHYT M AME HE I &
=&
2 AN 3 EYelA £ g Bl Ak
LOOGHE oz Hoe ANHLAQ  Pseudomonas
syringae pv. actinidiae®l| 3t A3 58S IRASATHFig.
2). AR 5 1,006/ 5 Psa%t 12} thX] wigS Falf A3
TS A WA SA, 23F RS Fa 7N, 3 o
Aol 47 7F HE ALEATHTable 3). FAlT2HE-0]
7H¢ $423 F5= GUIETS2A Fole) AE L o)
2l A3t Bt AR Ho] 56.7% Ao, 2t
2= GUIDT (55.8%), GU2CT (54.2%), GU2CS (50.8%)
To 72 vk APEAds IS gl ¢ U
(Fig. 2). Bt WS AEslA 2 tx+ B Wi+
A7t Wt S oS Ea AAleke s &
olsllom, ol RAE Streptomyces racemochromogenes
WI1SF4 (Kim et al., 2019) 2t} ¢F 24]€] clean zoneS &
dote AoE SRIHAT 7} A o4 gels 9
&l Kruskal-Wallis Rank Sum TestS 218593, A3 ko
Z P 3kl 0021748122 0.058.0} vk 7He YEh Ag+

Table 3. Selection status by order through the selection process

] Methods of antibacterial Strepfomyces spp. candidates
Screening - -
ODy after - ODyg, before 12 anti-Psa strain number
Non-screening 622 622 Non-screening 1,006
1* screening 52 85 1* screening 51
2" screening 10 13 2" screening ¥ 5
3" screening 10 7 3" screening 4

 selected candidate numbers

? Antibacterial rate: 2™ screening, >30%; 3™ screening, >50%

Table 2. Lists of antibacterial lichen extract for suppression of Psa growth

Sample Isolated lichen species Inhibition rate (/%) ® Function References
C-3B Parmelia sulcata -H—l- (100%) Antibacterial Rankovi¢ et al., 2006
C-7F Melanelia +HH- (100%) Unknown -

E-10B Parmotrema -H—|- (99%) Antimicrobial Chauhan et al., 2013
G-7A Parmelia pseudolaevior -H-|- (100%) Antifungal Wei et al., 2008
G-8A Umbilicaria esculenta -H—|- (100%) Antifungal Wei et al., 2008
H-5D Lecanora HH (99%) Unknown -

H-7F Stereocaulon sp. -H—|- (99%) Antimicrobial Santiago et al., 2010

985% ~87%, +; 88% ~ 95%, ++; >98%, +++



ot

Chel Al

o
o
Ml

Pseudomonas syringae pv. actinidiaedl| CHst

iZ xoF FE2 Y YuIF ML 225

Kruskal-Wallis Rank Sum Test
P =0.02174812

*kk

*k K

*k k.

100 * Kk *

* kK

*k Kk

** k.

Antibacterial rate (%)

& &
00

Treatment

Fig. 2. Antibacterial rate of anti-Psa strains against Psa by disk diffusion assay. Strepfomyces spp. was pre-inoculated with 20 pL of
ODyg 0.6. After 5 days later, added 5 mL of Psa bacterial stock (ODg 0.3) incubated at 20°C for 2 days (r = 3). Tukey’s honestly
significant difference test and bar graph were calculated with ggplot2 package of the R (4.0.3).

H o Apols JRIYAL FQlsiitt. a2 A £HoE
Tukey HSD (Tukey’s honestly significant difference test)=
3l EAse W P A3 el 0.0018 T B ZlS 8]l
o g qlom, WS A AT AElekA] G A
277t Zpol7t frojn) gk As It o] del Bard S
racemochromogenes W1SF49} Adgl vl 49] ?ﬂf‘ﬂﬂ =
g Egk p A3} gho] 0.0015Th Yol xpo)7} ks A
sRlsiatt. dltsds vepd vl Aitre A
FNMEE T 27 2 S AYsisitt. AHAE Bl
gHE 997|482 NCBI (National Center for Biotech-
nology Information) BLASTE °]&3ly F42 &4
AR AAE 71O Z Streptomyces sp.2F 99%2] FAF

AL BEAon EAAEEH §4 3 T4 % 3 &

S & 7 USMTHFig. 3). ©I& HEOE AT A
AE BA% A3} Sweptomyces sp. GUIDT (Accession

number: MZ081661), Streptomyces sp. GUIE7 (Accession
number: MZ081647), Streptomyces sp. GU2C5 (Accession
number: MZ081658), Streptomyces sp. GU2C7 (Accession
number: MZ081660)°.Z HH3Ith 12]a ZF #5]
16S tRNA, atpD, rpoB, trpB +7AAE AH&-5to 71]]Eﬂxq
FAHAE E4T A3 B 455 5 AR 52 8l
© Zo® gelo] Hlew, S 7k S racemo-
chromogenes W1SF49h= Th2 7102 31519 t}(Fig. 4).
SHelME o AP i W2 e T4 Ee= &
AA7E F2 ARE AL Qe Ad8olth(Lee et al., 2020). ©]

213t s}k WA= AE nAE oslet el 1 T
o A9 FAIZE AUtk E3] olejgt WAIA] AFS 7t
7 HAA 7] Edolgk= ofE oS AL th. Streptomyces

T FAME A= WA JAAEA T Baot
o]Fo)XH o™ streptomycin, chloramphenicol, tetracycline,
kanamycin, hygromycin (Procopio et al., 2012) 53 722
A EZA 3} rapamycin, amphotericin, pikromycin (Hwang
ot al,, 2014) 53} 2-& THFE o JARIES B A3t 9
of WL Aol tist X183 WAAE &85 . 7]
Fo] Ryd w=w i AGHLd]  Pseudomonas
syringae pv. actinidiae® FHFE-E AYIL U= Strepromyces
sp/F Ra® v} Qltk(Fang et al, 2017; Kim et al.,
2019). 28] A2 5 (Lichen)?] 73§ thi- oF& 02 Al
H AT streptomycin?} penicilline] LAE 3 thAl A=
of #g A7t 2ws] I rh(Ingolfsdottir et al.,
2002). 7 5 ohSsE tiaHEE o] W E ]l eH, AA] 29
7o FEE9 Fgtggol Bt Hh AT Psaol| T
&t Ao 7o) Mt Aas obd Havt | Aol gtk 2

A+E T3l ALE Smeptomyces sp.ta Ao)F FEES
WA el RS AL e ek Aol tiste Al

HaL
TS AUL lom A B @5 2 2L AEA
Aoz AY AL 8 2ANAM] & Y T AT
< &l Nzwol gelEivk 5 Friehe] PRl Ak
s¥

o 7191 = & ol AR

P

—1—’
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(A) Streptomyces sp. GU1DT

Streptomyces sp. strain GJL
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Streptomyces fradiae strain YNX2
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0.10

(C ) Streptomyces sp. GU2CS

Streptomyces sp. strain SCZ18

Streptomyces sp. strain GJL

Streptomyces narbonensis strain F31
Streptomyces subrutilus strain DSM 40445
Streptomyces globisporus strain KCTC 9026
Streptomyces griseus strain ATCC 10137
Streptomyces badius strain DB-1

P strain ICN1055
Kitasatospora herbaricolor strain LZ11-09
Kitasatospora cystarginea
Kitasatospora aburaviensis strain RCS252

[ Erwinia amylovora strain BC2280

Erwinia gerundensis strain EM595

Xanthomonas campestris strain LMG 568

Xanthomonas oryzae strain LMG 5047
Pseudomonas putida strain R43
Pseudomonas syringae JCM 14315

0.10

Streptomyces sp. strain GJL
Streptomyces sp. R353
Streptomyces sp. SAUAC2-1
Streptomyces fradjae strain YNS2

P sp. GUTE7
Streptomyces subrutilus strain DSM 40445
Streptomyces globisporus strain KCTC 9026
Streptomyces griseus strain ATCC10137
Streptomyces badius strain DB-1
Kitasatospora herbaricolor strain LZ11-09
Kitasatospora cystarginea
Kitasatospora aburaviensis strain RCS252
Streptomyces coelicolor strain xsd0816
Streptomyces coelicolor strain E72
Streptomyces coelicolor strain DSM 40233
Streptomyces coelicolor strain ICN1055

E Erwinia amylovora strain BC2280
Erwinia gerundensis strain EM595

Xanthomonas campestris strain LMG 568
Xanthomonas oryzae strain LMG 5047
Pseudomonas putida strain R43

Pseudomonas syringae JCM 14315

Streptomyces sp. GU2C7
Streptomyces sp.GS15
Streptomyces sp. strain Ecaf-6
Streptomyces sp. MJM3671
Streptomyces prasinopilosus strain 54-Y1
Streptomyces costaricanus strain K21C31
Streptomyces subrutilus strain DSM 40445
Streptomyces globisporus strain KCTC 9026
Streptomyces griseus strain ATCC 10137
Streptomyces badius strain DB-1
Kitasatospora herbaricolor strain LZ11-09
Kitasatospora cystarginea
Kitasatospora aburaviensis strain RCS252
E Erwinia amylovora strain BC2280
Erwinia gerundensis strain EM595
Xanthomonas campestris strain LMG 568
Xanthomonas oryzae strain LMG 5047
Pseudomonas putida strain R43
Pseudomonas syringae JCM 14315

0.10

Fig. 3. Phylogenetic tree of the anti-Pseudomonas syringae pv. actinidiae strains based on gene sequences by the maximum
likelihood method and MEGA 10 alignment. The sequences of reference species were obtained from NCBI GenBank. (A):
Phylogenetic tree of Streptomyces sp. GU1D7, (B): Phylogenetic tree of Streptomyces sp. GUIE7, (C): Phylogenetic tree of
Streptomyces sp. GU2CS, (D): Phylogenetic tree of Streptomyces sp. GU2C7.

— Streptomyces sp. GU1D7

sp. GU2C5

ptomy

Streptomyces sp. GU1E7

W1SF4

fradiae

ptomy P

[ Streptomyces sp. GU2C7

Streptomyces costaricanus

oo

Fig. 4. Phylogenetic tree of strains GU1D7, GU1E7, GU2C5
and GU2C7 based on 16S rRNA and housekeeping genes
(atpD, rpoB and trpB). Sequences were compared by multiple
alignment analyses using Maximum likelihood method of
MEGA 10 alignment.
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