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Abstract: [Background] Myxobacteria are a group of higher prokaryotes with social behavior.
They are versatile predators that prey on phytopathogenic fungi and bacteria, serving as
excellent candidates for biocontrol agents. [Objective] To explore the diversity and
antimicrobial activities of culturable myxobacteria in the primitive forest of Tianshan Grand
Canyon in Urumgqi, and lay a foundation for the discovery of myxobacteria strains for
biocontrol. [Methods] Culturable myxobacteria were isolated from the soil and rotting wood
samples collected from the primitive forest of Tianshan Grand Canyon by the rabbit dung
pellets-inducing method and prey-inducing method. The isolates were identified based
morphological characteristics, physiological and biochemical properties, and the 16S rRNA
gene sequences. The antimicrobial activities of the isolates were determined with
6 phytopathogenic fungal species (Verticillium dahliae, Fusarium oxysporum f. sp. vasinfectum,
Fusarium verticillioides, Rhizoctonia solani, Fusarium culmorum, and Alternaria tenuissima)
and 1 phytopathogenic bacterial species (Erwinia amylovora) by plate confrontation method and
lawn predation method. [Results] Seventy potential strains were isolated from the collected
samples, and 36 pure cultures of myxobacteria were obtained after purification. The 36 strains
belonged to 4 genera: Myxococcus (30 strains), Cystobacter (3 strains), Corallococcus
(2 strains), and Archangium (1 strain). The 36 strains of myxobacteria presented activities
against at least two species of phytopathogenic fungi, exhibiting broad-spectrum antifungal
activities. One strain NSE37-1 with both broad-spectrum efficient antifungal activity was
screened out. Fifteen strains had predatory activity against E. amylovora, and one strain NSE25
with strong predatory activity was screened out. [Conclusion] The culturable myxobacteria are
abundant in Tianshan Grand Canyon, among which Myxococcus is the dominant genus. The
isolated and purified myxobacteria strains all exhibited broad-spectrum activities against
phytopathogens, demonstrating the value for research in the future.

Keywords: Tianshan Grand Canyon; primitive forest; myxobacteria; isolation and identification;
antimicrobial activity
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FE ) S ™ G RO A 7 I H AR K E
Z—, MEMR A K LB Em A R KE N,
PG R R Y T 5 L E AR 20 AR B
Y 20%-40%!", AR EIEA TR msETC
o0, HApIER R E R R B R TR N
i PR E AR AL " R 2 7 LR BT 2k L R 2
FREE AR . PREETS Y SE — R MR, AR,
LAY . SRR L BB BRI
A 0 2 R 4 S R BEL L i T P AR 2 R
AR EBA M EE TR, Bar, ZFk
A Z A B A Y E 25k A T 2 A
(Bacillus) . 1k #A fifl 1% (Pseudomonas) . % 25 I#
(Sreptomyces) . ¥ T 4 (Lysobacter) F A %
(Trichoderma) &%, H 3238 i ;= A= Z R il )
BT BFREEAESATES . FRHEYPUEEL
il I TR B A AR KO SR, 2RI
ZASVE A A B BE e R T, A B
TR e N H (8] S5 23 TG ME DL Al . RRiork 22
Ko 55 AN TG S m) AL, S0foH A 4 v 590 1) HH i)
FH 2 31— B B A PR

Zh 241 A (myxobacteria) /& — 23S HAG & 42 241
FOBE AT T O RRAE () 5 2= [Q R A AT, TR &
SHTA . PR AR SIS A I A PR 2 B
IR RO BN 7 oA T L
AR A RAKRERNFERESD, 5250
R IE LR B A IR TR] RS A TR AR Y A
Yibiia T A BN A . AR — 2Rl
7l (generalist predator) i G AE Wit 0 &, BEMETE
AR TiZ5), E HEGE . R FE
s RSB ZREA R S A AR At TR Ak
AT RE S 7 AR P ELRA 0 DA P B il 2R AT
AR AN, BhAN B AR IR B = u
THI X 305 358 B 23 T B S 44, B AAR o3 Ak LB vt 7
SRINENIEL -, HCPL T . JE% . RIFIE TG =
SAMRA R IAEE, (5240 08 7T DATEAR 24 o 24

B RIATE, B RIFMREMERE S 1,
AR BIFIEIR LB, FEANTE HA TIEMAY)
FETE AR ST T REN . 250 0 AT A 3 S R L
B R — 2 HLAG AR 7 0 T W R AR B A
Picli . SR, H RTOC T 25 40 5 0 H THE Y%
F B BB TEAR BT HA A= B i A AR
%, RHZ 2l THMEE R — IR 57
AP B A aifb RIxE. A IR AE R I
RKEEPY T RA A g et b et
FEmRHES) TR o B alif TR, (HHE
BT AR5 A0 260 A B8 S U T A A B, 3R AR
K St 19 268 20 TR R B % R I R O e A
S

AT 3 B AR 1Y) A 38 R0 R 2 40 15
FHANTA . & BB Fh A0 TR B IR 1 S g o O, 43
41, Yamamoto 25U H 7R J2= A IS AR - RE 43
23] Vulgatibacter incomptus gen.nov., sp. nov.fll
Labilithrix luteola gen. nov., sp. nov. 2 {~%h 21 [
BrE sk AU PO RS R ARAR Y 18 L
AR T B A il 4 8 3 22 R M 4 25 1 e o a
P J& (Melittangium) 2 4K B 8% 14 J& (Chondromyces)
MR ik s AR S PR L ARk e
I3 B — Bk 4% {0 3 B Bk B (Corallococcus
flavoviridis), &% h I EK 1R s BB b

KL R I 25 Ji 4 AR AR b b BT S 4E B /R B iR
X GEARFFEEEN, AT R I FRAgICIE v
IR A H R 2 (42°09'~43°28'N, 87°12'~87°50'E),
= ERIL, SR 2 000 m, BEEAA JLIRA K
Bifi T SRR, A SR A Y
KRS, AFRIR 4-6 °Co RINKRBEAS N A
Fe N o= M S =TI ER  E 1Y Gl
A IS, MRS, BA XLk
BRI TR B AR, TR BRI\
BN S AR U 1 M5 + . I RS 1 | K
RS R A, o DU 5 5
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B Y/ SRR Y N sy 1= U N T N A i S )
PRI . FE M ARTIR R 2R Rk
R X SR R A T BE D2 Ml X ) ZR AR £
B A R IR DI RE B A . Hoa A M
{EL AR 80 4 T 9 5 . AR 9% R FH R 2805 3 0 Rk
MRS, MR 4 B 2l A 2 20
ERE, 45 A TEAFMEE 16S rRNA F:[H 751 7
BT 240 W TR AR HEAT A0 S e, IE X T i TE
PEVEAT AN M, LA K 36 20 200 B4 A B TR Ak B4
Kt

1 MR5r%

1.1 #R
1.1.1 TEHRBIRE

2021 4F 7 A BT 4E B R IR IX B8RS
KL R Ik 25 15 58 AR PR A Bl (42°09'-43°28'N
87°12'—87°50'E, 4k 1 846—2 360 m)FR4E 11
FEd o AR R T st FAR YA TR, BEMLR S
- ERE S 44 By, Horpos il AR 19 4,
TR AR IR 25 1, RERE N
KZ 0-10 cmo REJEAFEM 5 0o FEAL RS
B % N KGR B SR, TR TR R
112 sE5FE. EERFIFNEE

LB WiAR: 7R3 . LBS MAR L. VY/4
Rigedk . WCX B3R5 . TPM B 38 5L F1 PDA B
FRIESHSCHR[201BC 0], NA B53R3E | NB A
BRI S SR [21]FL 6], MD1 K555 3
K[ 1478

YL R 2 DNA $EBOR 7 &, RARA LR
FALTOHARA A, PCR P& X H e

YREIO WL, Eppendorf 23w BEI IR R4,
Bio-Rad 2v i ; fHIIEFRAN, TUILRILA)

TR IR G He IR A, LI Sl A e i 3 28 7] 5
4 A SRR, BUHIRERH A PR A A

1.1.3 ik Ek

L E IR 1 (Erwinia amylovora) . K #T
(Escherichia coli) . 185 259 78 R Il 40 4% 1
(Verticillium dahliae) . # 1€ 2595 5 B 2 £ 4k
J) B %% = % {k &I (Fusarium oxysporum f. sp.
vasinfectum) . ¥ £ 218 995 9 TR 40 48 B B 1 55
(Fusarium verticillioides) . 46 7 Ab I B LAk
22 1% 1% (Rhizoctonia solani). J7 7 36 Ak 22 9k
{45 ) T (Fusarium culmorum) . 3 75 5448 B
955 T AT BEA% F61 1 (Allternaria. tenuissima)4 i T
SRR AP AR 2 BE AR W S B = Ol , FH T2
PR SR A3 5 ST TR T T
1.2 HHEEERNT S
1.2.1 HIEAB AL E

By L FEEUR 24 30 g 43 53T 90 mm JC
BrgRlllep, B 58 °CHUMLA AL BE 30 min, fF
ARV TNE A LA IE Ty 25 pg/mL (TR 1R i
W, TERIRMRR, BREHERRE &
o XPFBARMM, S5 E TR,
T A BE N 50 png/mL Y IR T B , 1276
24 h, FHR LT BIRE i BR RIS T 56 °Chb 3
10 min, 7.
122 REFFSE

%% Reichenbach® [ )7, 1EJCH RF 3= 1L
BRG) B R WP A 3 DR RS,
30 °CEIKGFR, 5 d IR MERIERR |73
RIEBUIE S, FREMEE 15 d.
123 HWHEEFESE

%% Peterson® {5 ¥k, LUK AT AEL
KR TR AE B B TS S R Al e SR e
Bo W RIAAT BN BE RERS B 43 54570 T NB
WARREFRIEH, 30 °C 160 r/min 7% 55 37147,
WK H AR FR AR 12 000 r/min 250> 1 min, 15
BN T ATTTE ISR /KRR 3 Ik, 2 100 L
TCRE KB TR ATV E A T B . TG TR 2l
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PAHIE I 22 L 3 R P T (MR 54 25 pg/mL)
) WCX B RS mR < H 774k, T, Bl
FUAL R A SRS E T 4 TR
30 °CIRIREE I 72 h JGHFE0E T ST S I .
1.2.4 FHAEOAENLS R

PN A T N | AN G R TN
4T VY/4BMD1 i #2430 cCHER R SR .
TR TR LR T B TR RS, PRI A S b
gralifk, HREIARWAK . B0 TH R
FiF LB WiARE #2369, 30 °C. 180 r/min k3%
BRI . TR AREAE LB WA R
AR, H e el s A K, NI UgR LB
B IR A R F W R A T 2R S O . A R
FRHE MR L ERAAAES S, Wi —2 kA
Tk alifh2:(58 °C/KIE 30 min)Ef A %4l ik
(—80 °C¥2 ¥ 36 h, K R 3 )i tr4lifk .
B 200 T PR T IR T 20% A9 H i, AT
—80 °CYKFE T ; BLTE IO TR H 28 3R 1HI 26 [T 2t fb 4
FOZEANTE, 30 °CHEFE 3-5d, FHEANmI7ERIEsR
RS G, HRIEEATEECE, I8
FREAT AR ORERLAY [ B8 P 20 TR R
1.3 FhHEMELE

H IO T 240 B 1 43 2R 58 F 2R P
BAFMELILEE 16S tRNA HER M 4 %8 3 H (i
lepA. gryB)IFF ST, L5 oM s Ho oy
ML, PIADE SR+ AR E 7 M4
AEFRA AN AE AT 16S TRNA JE B 5 41 23 #r o 43
B E A R TS
1.3.1 FEEEVUE

I A A0 08 A5 RN SR AR ML R B8 ke 7 - 52
RIEA . WIEEATIWE I, S
R [25 TR SCHK [26]70 25 40 08 19 20 S5 bR, X 4RA5
A 260 2 DA S B R TR AR A T 0 28 S 0
1.3.2 EBEWNE

FHR CIAZR AN S5 2 F ) Bl g 4 i

A0 JE i A B A AL R A Al i i B
M PERIETT LB WA R LR SR . KIAFF A
FIAH . BERRER AR . BRI AL . 27 48 2K %
IRBEA T . n7E-80 I . MIIRLTRES | JE sk
ff . AW IRAL S oA USRI 5
1.3.3 ZH4HE 16S rRNA £ [F PCR ¥ 12 K [F 75
S

K PN KR 4] DNA $REGR 7 &4 g,
Y7 S DNA. DAZHIEE 519 27F (5-AGA
GTTTGATCCTGGCTCAG-3")F 1492R (5'-TACG
GCTACCTTGTTACGACTT-3")4 B 40 16S
rRNA FE[H B2, PCR R AR 2 B by 448
Z7% HR[16]. PCR W) i A T A9 TR (1)
et A BR A R A TINT o B 3751 7E GenBank
B ¥ B (https://www.ncbi.nlm.nih.gov/) # ik 17
BLAST #i %, 68 FARIE e s s X B bk
) 16S rRNA KL 741, FIF DNA Star 24
FrEWEE LA, TEH MEGA 7.0 #F DAAR B
(neighbor-joining method)F4 % 16S rRNA FE K 2
BRBEW
14 FhMEMEEME D
141 FHAEMENREEREMESH

W 15 AL AT IO Bh AN P B Fh & LBS WA 37 0
F1, 30°C. 160 r/min 3% 3—4 d, 12 000 r/min
B0 1 min WCERTEIR, 5 BI85 4 T4 R 44 72
SRATHC, A TC B 7K 32 il 45 B ODgoo 2 2.0 1)
BN VA R o B/ INHR AR I ORAF 1 RN R A
W ARG TR IR
SEATLLRETE . ORI . AN AR A D
% PDA 570t &, 28 °ClHEREFEKE, H
KM TR WG LG B 29 b 2 1B
2 mmx2 mm BRI T VY/4 Ftlha],
FAEMEEHe 02 2 em &b, bR 2247 U LA R
FREERD 20 pL Z54H 18 R (ODg0o=2.0). H R
BT 5, A 28 °CREFRA G 5% . DAl E i
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AR LA AR R T R, AR 3 A
HwE . X 5 d JERIH A A S AR
FEI B BRI A, TSR
F5 P (Y)=(h) 41 1 75 1 AR — Ak 2 20 1 9% T
TR/ BRAH TR 7% T ) % 100
142 FAREREE R INEREEENE

22 TP ik AR B KRR T, PR
FATR VR HEA NB AR SR 5, 30 °C L 160 r/min
R F2 B ODgoo A 0.8, 12 000 r/min E.L»
1 min, 3 B3, WAL TCHE KD 3 K,
RSN BIE I EE A A 2 LBS Wik
Regededr, 30 °C. 160 r/min B335 3-4 d, 153
{4 285 41 TR B 12 000 t/min 250 1 min, BEAK
UUVE TR /KIEYE 3 Uk, K al T A 280 200 v 1
FAFTEL, e HICRE/KEE S ODg M 1.0,
#5176 TPM [EM A 37 5 b ol B s sl 42 5
YD TR AR S0 pl, HERXT, TEM I 20 R 0 &
HUCM B S HE 3 L Zh A D TR AR R, K R e
3 ul EHEK, FE XTGBT 30 °ClE R =48
B3R5 d, AL BB I 24 h ULESEL 2
PR DA B 32 Sh B O, 5 d 5 FH G B R A
TEE AR, R BIRATRIrE,
BB EEEL 100 uL F NA SEHIS A AT, PR
AE 30 cClEESE MR ZRERK L, it
PRVEEL, TTRAR A TEANMEL, PEAN RS

1.5 BUEEDHT
F ] SPSS Statistics 19.0 {44 T840 17

2 EREGHN

21 FHEREREHKNS BRI

FIHRERS . KB RES LR KW
EAES 3 Bk, N 44 0y L3RRS R 3L
B 70 PREN 2N R BELL B bR, i BRI S AR S
Ak Ty AR AT 36 ARAITE . Hh RESE R B
23 BRTE, ZUEH 11 8k, ZHEEN 47.83%; K
WAkt 7 ik B R R e 2, (Balife
ARG RE Y T, A ik 10 BRZE 40
AR TR, SRR 34.48%; B IIERT A 5
TR I bR D, B Al RS
BHANEA 15 #k, 4l %N 83.33% (& 1) DL 5y
JEAR NS AR, RAS M S T BB oK
W, (Hl TEARMNMWRE Z WA K ERT, H
Pk 7o s, MELIBRE, ARBEAlifLH
Zh A DA TR AR
2.2 MHAEEKRNETE
2.2.1  FHEBE R KA LA HHE

XF 43 B 36 AR HEATTE WSS, A4 T
SARFIRE Bt . TR RHIE S Re & EA T I AT
B, AL 635, 1. TSR NERIE, B4
i, BRSO (E 1A), B 8k A

x1 DBRAEURSHHARRERY

Table 1 The number of myxobacteria strains obtained by isolation and purification

VINCWIRIS SrEHIBELIR A E S il A RS

Methods of isolation Number of the isolated Number of the purified Purification rate of the
strains strains strains (%)

RIEF L 23 11 47.83

Rabbit dung pellets inducing method

RIS 15 29 10 34.48

Escherichia coli inducing method

BB R T 15 18 15 83.33

Erwinia amylovora inducing method

Bt Total 70 36 51.43
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LY, TR A S HES TSR (B 1B);
I: FSRBEESREE, e, BAN1hE,
FIOEH, FhRERZ(E 10), FIER.GEY R,
TS5 1D); T PRI RE
FLAM, B4, ERE4E 1E), WKL EA
WBCRY R, EEHE 1F); V. FokEkE

PR LR e, A UIkn(&l 1H); Ve £
WRINERIE, A, WIBARS# 6, f5UEas
WOMGAR NS, ShPRE(E 10), FEEEAM
MR Y e, WA TIREEWE 13); VI: +
SRR R B, BEE & B AR TR AR
WL sRE O (F 1K), WSS, 580

FRATIRE, g AR 1L).

SR, WA 1G), 7R FRERAT,

Bl 1 BAFPETEAREERSE  A: NSD9, FiEkiE(Myxococcus) 321k, B: NSD9, FhERH
(Myxococcus)# 7% . C: NST15, ZBRE (Myxococcus) T34, D: NST15, ZERE (Myxococcus) 7% E: NST24,
ZhERE (Myxococcus) 722K, F: NST24, ZhERE (Myxococcus)#7%. G: NST17, HH#iEKkES (Corallococcus) T
SZiK.H: NST17, HH9IEKE (Corallococcus)f7%. I: NSE37-1, figE4T £ (Cystobacter) F-5244. J. NSE37-1,
T (Cystobacter ) i 7%. K: NST47, JRFERE (Archangium) 324K, L. NST47, J54E# (Archangium)i 7%
Figure 1 Morphological characteristics of some isolated myxobacteria strains. A: Fruiting bodies of
Myxococcus sp. NSD9. B: Colony morphology of Myxococcus sp. NSD9. C: Fruiting bodies of Myxococcus
sp. NST15. D: Colony morphology of Myxococcus sp. NST15. E: Fruiting bodies of Myxococcus sp. NST24.
F: Colony morphology of Myxococcus sp. NST24. G: Fruiting bodies of Corallococcus sp. NST17. H:
Colony morphology of Corallococcus sp. NST17. I: Fruiting bodies of Cystobacter sp. NSE37-1. J: Colony
morphology of Cystobacter sp. NSE37-1. K: Fruiting bodies of Archangium sp. NST47. L: Colony
morphology of Archangium sp. NST47.
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222 FHMEERAEIRE WAFE

Xl b 0 TR R A T AR FRAR AR, R IR
BRI LB MAREE SR AK, ATl
FI R 6 B KB o e ik -80, W FRFMISR 21, W]
AR . SRR ER I . VERMIK AR, [HANRE
FEffrerdiz:, FrampRm A AR S (AR
FG 2 T8 T )7 ST 4 3 B4 286 40 B ) AR AIE AR A
G55 LSRR IX 36 BRI RBP4 R 4 1
J& , 43 W h B BR R JE (Myxococcus) . SRR 14 s
(Corallococcus) . 9% fT [ J& (Cystobacter ) il Ji1
% T4 J& (Archangium) .
223 FBEERHSFEE

DUBR B 2 40 B 3 R 41 DNA A4, PCR
PHEIL 16S tRNA L R Bty . #4345 197
S PEAL E GenBank, FRIEUF 51 %5 0 5]k
0Q048326—0Q048361 K71l Jy- 45 S il i+ BLAST
¥ 5 1E GenBank 40 2 H (% © HUT 81 1 7AH
RLPE FEoF, I3 B AR A e A =X e
16S rRNA B[N @50 kP4 bexh, 252 RNk 2
fii7R o LA NSE3 MUK RY 15 PRiE 58 AREkE
(Myxococcus fulvus) # =X & ¥k NBRC 100333
(AB218224) AL AR s , 5% 99.8%—100.0%.
DL NSE1 RmACERAY 14 MRS A SR EK N
(Myxococcus virescens)fz = 7 #& NBRC 100081
(AB218220) T H AR s , 155 99.5%-99.9%.

AR NST24 51 #k Myxococcus eversor
ABO053B (JAAIXYO010000049)f4 55 AR 4 5]
99.9%. LA NST17 IEM 2 #hig 5B Wtk
Corallococcus llansteffanensis CA051B (MF163360)
B FE S AR AAE 5 3] 99.6%-99.7%. L NSD30 Jy

&M 3 BRE 5 85 @ 1 2 1T 14 (Cystobacter
ferrugineus)t = E#k DSM 14716 (DQ768112)HY
FEHIARIE RS 100.0%. F Bk NST47 1520 )5
#E 18 (Archangium violaceum) #% =X & #& DSM
14727 (DQ768114)1 )7 S FHAL A X5 99.9%

38 35 A AR ARLAE 23 B e BRAS B 5 R A5 1Y
36 MREEAE A 30 Bk A5 T AL BRI R
(Myxococcaceae), 6 #k41i T J5 % %6 15 B
(Archangiaceae), LT 16S rRNA FE[H 7
G145y A B ER AR R B R R Rk B
Fe T REEKRE P [F AR & 1) RS T W TR
(E 2), ARBFFEARAF 30 PEBHER R Bh 4N o o
2 M3 B4y 37 )m TR ER I JE (Myxococcus)
ABFIE 5 B R ER S WK R TiX — 93 3¢ Horp
PLTE R NSE3 MUK AY 15 MREE AN 5 0% e 3Bk
& (Myxococcus fulvus)# = #% NBRC 100333
(AB218224)5 H—3; LUKtk NSE1 HRK
14 BRZEANTR 5720 45 BR 1# (Myxococcus virescens)
1L Ak NBRC 100081 (AB218220)5 K — % ;
MR NST24 W 51 E k. Myxococcus eversor

2 ET 16S rRNA EEERM ST 36 FHAE DB I LXLEEER
Table 2 Classification and identification of 36 myxobacteria isolates based on 16S rRNA gene homology

analysis

R FE R GenBank H5t%  JRZC R AL MR EMR RS AR B g H

Strain GenBank Closest type strain and accession No. Similarity (%) Number of
accession No. the strains

NSE3 0Q048331 Myxococcus fulvus NBRC 100333 (AB218224) 99.8-100.0 15

NSE1 0Q048326 Myxococcus virescens NBRC 100081 (AB218220) 99.5-99.9 14

NST24 0Q048345 Myxococcus eversor AB053B (JAAIXY010000049) 99.9 1

NST17 0Q048339 Corallococcus llansteffanensis CA051B (MF163360) 99.6-99.7 2

NSD30 0Q048348 Cystobacter ferrugineus DSM 14716 (DQ768112) 100.0 3

NST47 0Q048362 Archangium violaceum DSM 14727 (DQ768114) 99.9 1
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Streptomyces abietis A191T (AB744663)

—
0.020

2 £T 16S rRNA EEFFIHZERN 32 RFIKERERNRELBR 155N NEK 16S rRNA S
J¥HI1E GenBank (5S40 FAGEE N 1000 1K bootstrap S HT T AHE ; F5L 0.020 Sy kAL B
Figure 2 Phylogenetic tree of 32 new Myxococcaceae strains based on 16S rRNA gene sequences. The
numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of those
reference strains and screened strains; The value on the branch point is the value obtained by 1 000 bootstrap
analysis; The scale 0.020 is the evolutionary distance.
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ABO053B (JAAIXY010000049)% h—#%. B4 @8k JIE (Fusarium culmorum). S8k R ZE#
% J& T BR 1 )& (Corallococcus), ik NST17 L 4k#I(Fusarium oxysporum f. sp. vasinfectum).

Al NSE37-2 5 & =& ¥k Corallococcus 22 4Z # (Rhizoctonia solani), #1584 a5
llansteffanensis CA051B (MF163360)3% h—#% . (Fusarium verticillioides)FI R #&4% i (Verticillium
BT REF R AR RN RS L FR (& 3)  dahliae) 6 MY s B8 HARHE S H, R
B, AW HY 6 bR EAL B Ay CPBON IR, I eI iR v T B A A 36 BR
2913, B SR TR A T & (Archangium) B0 A AL IR BT B IS PR A T E . A5 2R
Rk NST47 540 )54 i(Archangium violaceurm) 4136 3 Bz, 36 BRER AN 2 /A0 R BLH XS 2 Flii
REEUE bR DSM 14727 (DQ768114) 8 h—#%; 4  PHREERAAPIREETE, R ENER
14y % J& T 1 % ¥ % J& (Cystobacter), itk Gk, Ay 36 BB XT Alternaria tenuissima
NSD30. NSE37-1. NSE41 iX 3 ME: gtk 5  RIUMPUEIEIE, Btk NST47 iydshifmm, ik
0 FAEFT 1 (Cystobacter ferrugineusyiist kg 1 96.77%; A 23 BREHANIAX] Fusarium culmorum

DSM 14716 (DQ768112)% h—%% TIPS E, itk NSE37-1 BfshiRERmE,
2.3 EAENEEM iK% 91.50%; 4 27 ¥RZH4N % Fusarium oxysporum

231 FAEX/LMEYREEENREEMYE  fosp vasnfectum RILHPURTENE, K NSE37-1
DI04 I (Alternaria tenuissima) . 8 S PLR SRR, 58] 98.97%; 1 32 PREGANTA

11
‘ ‘ ‘NSE41 (0Q048358)
I

| Streptomyces abietis A1917 (AB744663)
0.020

3 ET 16S rRNA EFEFFIMER 4 KEBEMERNORZLAERN  FES5 N NEE 16S rRNA FEHTE
GenBank B 55 52 ERIEUE A 1 000 YK bootstrap 43 M1 T+ E ; #r R 0.02 AL &

Figure 3 Phylogenetic tree of 4 new Archangiceae strains based on 16S rRNA gene sequence. The numbers
in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of those

reference strains and screened strains; The value on the branch point is the value obtained by 1 000 bootstrap
analysis; The scale 0.02 is the evolutionary distance.
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Table 3 Antimcirobial activity of myxobacteria strains against six plant pathogenic fungi

WSS R A A K A $0K Inhibition rate (%)

Strain No.  Zii AR Il & @RI ek Al S 24T PR KRR
Alternaria Fusarium Fusarium Rhizoctonia Fusarium Verticillium
tenuissima culmorum 0Xysporum solani verticillioides dahliae

DXGD1 80.34+2.15¢ - 75.53+1.95j 87.08+2.43fg 94.61+2.77ab 51.23+£3.16r

NSD6 64.87+3.13n 43.97+1.34q 92.31+1.39cd 81.13+3.94hi 81.11£3.67m 57.14£2.03n0

NSD9 79.97£3.27gh 70.60+2.18k 71.24+3.05k 82.53+3.62h 82.70+2.311 93.67+3.57¢

NSDI5 85.67+1.90¢ 77.16+1.72¢g 66.77+2.981 77.60+2.69j 91.24+2.13efg 66.90+3.19¢

NSD20 58.42+2.23pq 73.00+1.40i 67.00+2.451 80.00+4.33i 86.00+1.651 68.98+2.67f

NSD21 92.17+2.59b 72.2242.30ij 87.89+2.01fg 81.34+2.79hi 94.234+2.78ab 74.89+3.78¢

NSD23 65.24+1.47n - - - 76.86+2.74n -

NSD30 90.12+1.62c¢ 85.15+2.22¢d 84.77+2.76h 96.64+1.56ab 86.85+2.551 80.89+2.78d

NSD35 75.20+2.13i 83.78+3.40de - 46.90+2.40p 90.95+1.11fg 54.82+3.22pq

NSD44 55.69+1.71r - - 67.36+£2.711 93.42+2.79bc -

NSE1 88.25+2.34d 80.51+2.28f - 81.35+3.83hi 94.36+2.99ab 65.98+3.56gh

DXGEI1 80.49+2.36g 68.35+2.16lm 87.48+3.68g 89.47+2.40e 91.69+2.70def 68.76+1.53f

NSE2 82.75+1.23f 72.66+1.471 - 60.01£2.27n 88.69+3.12h 62.76+3.97jk

NSE3 92.84+3.51b - 90.85+2.60de - - 63.57+2.06ij

NSE15 57.36+2.12q - 87.73£2.72g 94.37+1.85¢ 93.94+2.01bc 65.79+2.65gh

NSE16 72.89+3.3jk 63.57+2.490 95.33+1.86b 97.38+2.45a 92.73+2.61cd -

NSE23 55.01+£2.74r - - 56.30+2.700 84.21+3.07k 53.21+2.27q

NSE25 78.65+3.49h - - 88.73+2.41ef - 47.10+£2.31s

NSE30 74.29+2.37ij 65.57+1.88n 87.83+2.391g 86.01+1.26¢g 93.45+2.28bc 66.29+1.83gh

NSE32 80.38+3.44¢g - 93.4443.15¢ 95.46+3.39bc 90.03+2.39¢g 92.55+2.15¢

NSE36 70.47£2.17m 75.19+2.54h 92.81+2.78c¢ 81.86+2.86h 90.69+2.55fg 55.70+1.990p

NSE37-1  89.62+3.69¢cd 91.50+2.42a 98.97+0.46a 92.06+2.10d 91.37£2.63defg  96.53+1.42b

NSE37-2  64.29+£2.37n 58.69+3.68p 74.01+1.27j 70.93+2.94k 74.75+£1.230 64.84+1.92hi

NSE41 64.76£1.83n 77.01+2.23¢ 90.69+1.49de 65.77£2.591m 90.73+2.73fg 98.96+0.78a

NSE46 60.02+2.98p 82.78+3.41e 98.90+0.78a 86.25+3.82¢g 85.63+2.19ij 59.99+3.191m

NSTI12 58.68+1.47pq - 96.01+2.70b 86.93+3.94¢ 90.71+3.44fg 56.68+2.49no

NSTI15 83.34+2.41f 85.52+1.23¢ 80.36+3.28i - 92.69+3.54cde 68.87+2.83f

NST16 82.83+1.50f - - 87.78+2.83efg 91.81+3.60def 45.04+1.16t

NST17 73.19+3.54jk 67.254+2.82m 70.66+2.47k 59.02+3.98n 72.01+3.27p 66.98+2.84¢

NST21 69.45+1.81m 69.69+3.49k1 72.01+2.26k 70.73+£3.73k 74.29+3.370 31.14+1.14u

NST24 59.29+2.86p 70.78+2.96jk 70.47£2.11k 65.02+3.14m 72.78+2.30p -

NST34 90.38+2.90c 83.95+2.60cde 90.84+1.57de - 91.22+2.47efg 54.19+3.22pq

NST35 72.37+2.21kl - 89.61+1.95¢ef 80.00+2.21i 84.47+2.83jk 54.71+2.15pq

NST36 70.91£3.39Im - - 67.34+3.721 86.93+2.99i 58.49+2.34mn

NST46 62.71£2.160 - 81.25+2.68i1 94.88+2.27¢c 95.54+£3.51a 70.42+3.43f

NST47 96.77+1.34a 88.13+£2.35b 90.86+1.03de 71.44+2 .31k 71.86+£2.99p 61.39+2.29k1

AN INE R EROR R 50 6 22 5 1 25 (P<0.05); —: TCHsPi/EM

Different lowercase letters in same column represent significant difference at P<0.05 level among the treatments; —: No

inhibition.
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%f Rhizoctonia solani 23 H Hi A & M, AR
NSEl6 MfibiResm i, K5 97.38%; A 34
AN X Fusarium verticillioides F8H H BT
PE, TPk NST46 HFEHT R m, K5 95.54%;
H 32 MREEANTE X Verticillium dahliae 230 3t
WG E, AR NSE41 MRS BURE R, KEF
98.96%. L iR 45 R IR — R EE
AN R SR L B PP TS M R S, T
LS T TRl — 4 Folv 49 285 200 1 X6 ] o0 D 2L 11 1)
WA WAAAEZES, WK NSE23 Fl1 NSE16
ZUEH R TRAFERE, (AX 2 NEHKT
Fusarium oxysporum f. sp. vasinfectum A9 4t i 1
MAEREZER.

ULAh, I 36 HRZ AN R BT 1S A BT
REER T, KPR NSE37-1 Xt 6 R Y1%%
JREL R S PRI TE 89.62% LA |, KFH %
H B s v, HEEA T NSE37-1 HXTA
[Fi] (14055 J5 P 2R B R R [l R B TR SR . an &l 4 Jr
/N, FEANTA NSE37-1 5 6 FiiE Y9 it FL TR X iR
B b B R R — e RO AL, R ERRE
ARENEMT, IR, H
W T ¥k NSE37-1 Xf Fusarium culmorum A

At Fc Fov

Xof B
Control

AhE
Treatment

Fusarium oxysporum f. sp. vasinfectum H. 5 1R 5
P ERCR, R 2y BUEK, MR
B . WA, JF EGHEET R A E A 2
P54 E 9% 5 X} Rhizoctonia solani . Fusarium
verticillioides Fil Verticillium dahliae H-45 1R 5% 1)
IR AERAER], R —E e Em, m
X} Alternaria tenuissima W {5 3 B H 900 7R
232 HHEEMRANERENREEREE

DLZY 92 9 T R SEAR R TR, X B S
WP E B RAG 15 MRBAN R P Re it
TR PRAh . 455 R 3R, 15 MR A S Re i 7
B JCRES T T B R, {HAS [ b A R R R
By EEE AR, 53R 5 d JEEIGE & IR
WA, TR IO TR R B A, R B
[Fi) 265 41 VAT G AR A BT R U AP TR 22 57, B JOUETR
T 21 MO %5 5 % R (2.4%10° CFU/mL)A e F [ 5
6.5x10"-6.4x10° CFU/mL (3 4). HH ##k NSE25
] S R A 1 A KR TR BB D B, K5 5R 3 d
LR W W e B A R I 5, 5 d R REfE 54
P HOFE SRR IR R s, O BRI
DX IE R 152K, B s TR 5k B8 17 240 i
BFEZE 6.5<10% CFU/mL (I 5).

Rs Fv Vd

< PSR ILE
Pathogenic fungi

<— FhANE
Myzxobacteria

4 FMEEHK NSE3T-1 HAEREEEMMBEEM ST At AIRBEARIERE; Fe: BOMRIIH;
Fov: RAMIIEZELE LA Rs: VANZIZE; Fv. MAREGEAS; vd: RIfeHE
Figure 4 Analysis of antimicrobial activity of myxobacteria strain NSE37-1 against different pathogenic

fungi. At: Alternaria tenuissima; Fc: Fusarium culmorum; Fov: Fusarium oxysporum f. sp. vasinfectum; Rs:
Rhizoctonia solani; Fv: Fusarium verticillioides; Vd: Verticillium dahliae.
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Table 4 The survival of Erwinia amylovora after
preying by different myxobacteria

WS A

Strains No. The survival of Erwiniaamylovora (x10° CFU/mL)
NSE1 6.2+2.1b
DXGE1 7.24+3.3b

NSE2 57+31b

NSE3 64+19b

NSE15 7.5+3.4b
NSE16 35+29b

NSE23 38+12b

NSE25 0.65+0.16b
NSE30 5.0+1.3b
NSE32 21+16b

NSE36 9.1+2.8b
NSE37-1 30+39b
NSE37-2 53+35b

NSE41 63+26b

NSE46 3.1+1.5b

CK 24 000£12 000a

AT AN =7 b 2R Kl 22 5 .25 (P<0.05)
Different lowercase letters in same column represent
significant difference at P<0.05 level among the treatments.

3 W54 ®

3.1 MR ILKIKE R 6 7R 7] 35 55 FA 4
ESEZEkd:D]ESES

B AN i 2 T LT AN P e e
s AR, BBz, B RO FL S R S E L
B A2 i A S5 R B0 U AR I i B A

i

Bl 5 FMEE NSE25S MRALFENEEFHRIXE

B3 K. D: AR S K

AREZELR, TEBHRSES, 40HE+FS
A A 1o R o 2018 4F Ak A6 2 P i AR P
JEHE RS L K (DGGE) X K 4 e R/ 15 iy +
FEFR R AT IR I Z R T b, SR EoR
15 PR e 3] 13 NEABNE, A
BTG T R A B A 20 AN B s SR R 2
IR, RIMHFEBFO M. 2019 FF £ F
4 VSV 38 2 308 0 1 3 AT S5 LT R A - S
P 2R, S50 AR R B AR 3 h AT
FERFEMAE IR, (B T2 E 5 & aifb A
ME, AR 2 0 L LU AR b v 43 S 4R
132408 8 ARl ke 3 A&, Hid A 3 MRl BEL
FANTE AP . BTERARMTTIEE S, FELILH
U VS PRI N D EN Y P SR NI
e ot | HoAA AR M R F I8 AR
RINKBER G AR - R+, FHE
£ 2 000 m, HFEN 4-6 °C, WA N ZE L
L5, TR T E WA E AR . S
WA AN VKO Bl A — R ) Ik R AR BE AR AE AR AT
REAS 2 D REB AT . A 52 FH AN (B A9 26 20 0 ¢
PR, ARG A 38 v 28 40 B 9 AT 5% 3 R D 4
BT, AWETE R D K A G AR MOR 4
44y L HERT S R IER, RAIMEES . KB
FFET5 IR K0 T 5 ik e A 5 5 70 PR
FhANR , ol fbikAs 36 RE AN R iR =, K
J&TF 4 AJE 6 B, BRATH AT B FE R 4 1 TE R

<+ °

@ NSE25

® Erwinia amylovora

A iﬁ%ﬂﬂﬂ‘ﬁl’%éﬂ B: ﬁﬁ% 1X.C: ﬁ

Figure 5 Experiments on the predation of myxobacteria strain NSE25 against Erwinia amylovora. A: Sterile
water control group. B: Predation on day 1. C: Predation on day 3. D: Predation on day 5.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRR Rl RWEAS AR AR A0 T 1) 7 B 4 0 S L TR 1k 3965

BNFER. RMAMR RS R MG Z
FEME AR BITN, SCPR B A AR5 88 19 ik
AT DL OS2 2T S S IR A1 R 58
A, AR H T R 1L e 45 I 4R AR AR A 3 R B AR R
a PR SRR, NMEE SRR,
[ ARt aE A AL A A, TR e PRI 52
PRI R T2 b B B A = B i is e, AR &
Z R R Ak, (B4 KR A T ok
AT 22k o U B AR i BR80T T
VSRR T 24 h, (AABSREEAE T REs W, H
Rt TR w5, MELIPRE, KAgalifk
FANTE bR, Hk, SRR Z 75k H
T Z A3 R IR 5 AR R MD1 8 VY /4
Bt PR, SEOFZ BN o R
BN, AT G 22 WO B S8 KB B 1 Jm 2
P TS, (H 28 2 R BRIV B 3 R D Rs 5%
A, FEAE A AR, ST,
i A 1) — S b 20 DAl P R R Tl R e 1 AR
PO B PR, 35 BLEE A B T IR 5k o (BB
R IR JC TR e 216 TO A T8 P45 vh ORCZ) 2
BRI, BENS i 20 AN B (A TG R AR . 3 A
P S NP R CLEA Ok A S S N TN
PRFEEAN TR 35 7o JAA S 2o e I —Fof 32 22
A R RIGFF R AT HEERS . CaCly2H,0
3-M MR R R F VB, FIZE AN TR 35 97 3%, mI 4%
AN KT IR I, Ok M A IR A AN T 1 T 8 5
Mo BBk AE SRk e dge S U R BRI A B A
B 50 2 D S 15 R BOR R 0 2 A D PR O B
SEARBAR A R BB B TR BR AN B TR B 3214, X
RERANER B 43 BRI TR U . WO R SR g
RIGE AR SRR R R R, ok
AR5 G DA O D 2 S e iy = AT B S 1 6 4 T
FPE
32 HAEMEFEMESH

FHANTAAE o — R R E IR, s

AAS 0z, OBl Al 2 R 1 O % Pk — SRR LA
R4 2NN TR BY 2 IR, A5 AT BEff
B I TR I FR 25 S RSP i, oA H
F A= Bl iR P R A R R AR W I
RN H #2222 B, FAE 20 e 70 44T
Hocking Z£P01e Yk & B2 41 B4 A8 AN [ R i bl
£ Phythium intermedium, Rhizoctonia solani il
Fusarium oxysporum % AS [] 25 75U () 48 47995 Ji L
B . Kim Z057% 3 Myxococcus sp. KYC1126 %f
PRARIZE B T 22 27T 58 100%. FEEPY, 2
BSL HR Y 5 41 Corallococeus sp. EGB X7k
FE A RS TR . AR A . BOTAE N T . R
98 55 MR T RER AR B AR R
AT 2% 38 S P2 P9 58l A HH 4 48 v 43 B 3R A5 B0
PRI E SRR 4 R T Ak Myxococeus xanthus
YR-3, X E 4 B M2 o5 B0 T I 22 AR KAl 32
1A 96.67%. A PRI RO H — R R IR
4 (Magnaporthe oryzae) . 24k JJ 1 (Fusarium
oxysporum) . A48 /] T (Fusarium graminearum)
S 2P I LA B )RS S PR Y R S R
Fi40 7 Archangiumsp. AC19. {H H Fii%E %45 46
T 75 2 HE 7 v 3 SR R LI T R ) IS b R S
PR B 20 4 TR DA AR B AT i . A SR AR AE R
FEH A 6 P SR I RO BEAR T, XA
Bram K RS th k1S 36 BRETANR 23 R
HEATHURIE PR 2 , W) 2Pk ) — R AR EL 15
TR ARG Y R A A A P NSE37-1, X
i — 2D I 5 B 20 TR R AR N T 7 40 L TR AR
YIBIE TN B T AR

A G 1 IR & B S Y 36 Kk
Zh A0 TR N 2 MO s I LA 2R T BT
T, EL ] — AR 0 A TR X AN [R]85 T 2 T P T
WEHEAAE LR, RIH — & mirE. Li
Mg sy % B Corallococeus sp. EGB 43 i — 7
B-1,6-15 ARG, %W LS5 2% U 4 M
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BE, HAT EMPIEEE M, B
BEGRZ B-1,6-H M LG, AOHDRS IR S . X
22 1280 240 T X AN [ 5 400 1 A 12 O 2 T E 2 He
YRR RIS A5 5
S DA L TS [R) A e 2 SR B[] B 470 TR S e
UNZh 40 B Ak NSE37-1 765 Fusarium culmorum
FI Fusarium oxysporum f. sp. vasinfectum X I
B it S5 | i 2 0 B B S, R B
W E1ER; X Rhizoctonia solani. Fusarium
verticillioides Fil Verticillium dahliae B & 21 H #1
SRR EA AR, X Alternaria tenuissima
MR s ZUR IR ROR . BT, X TR
W EM AT F LR P AR & T, X
HEMHEIHR RS, (O AR EE
TR LT RS | B-1,3-78 SROME S 40 it BE 2L A
fifg 4 K B BB S R R AR YR L e
RN NSE37-1 #X5 AN [ (145 49 T R AN [+] )
U WS, LR A RSB o 3 1k 4 o S
LA AE AL SE 0] B A o T4 5 i — 2 RA
5%

ALK P (fire blight) 2 H A UE 3 WK SC IR BT
(Erwinia amylovora) 3| i iY #5 25 B R 28 S
G BB R 5T 2016 AF 7 T [ 7 8k R L)
K, HATCY BEKEMHEATR 70 44
XUOT S | LA SRR v N
AL G o 2R 2 g v R4 4 7 458 AR AR O 1 S
PEXERR 3 4k A A 46 AR DI TE B K e s A
Yy 7 v A R AR GBI 5 AN O TRV T — 2 iF
J#&, f34% Pseudomonas fluorescens”. Erwinia
herbicolal®! .| Bacillus velezensis®!!| Klebsiella
sp.*). Bacillus amyloliquefaciens’®®4: & 4% T
BRI AE BTG, (A OC T R A0 TR FE Y g
WA RN BRI SRS . A
BIFF Ry B o 4l £ B 205 TR 20 A T R R ) 7 2
A, fdH Erwinia amylovora /5 g B £ 1A

M 44 {5 HFER Ay B alifb 15 RRBHANTR , 4liph
RAIE 3 POk i, 5% 83.33%. WAL
IR 15 PRIEX B KO i 4 2
TERE ST, (AN Zh 4 1R X6 B4 280 19 4 2 e
NAFE S, BRI ZE A W BA —E e
Ttk . Ho bk NSE24 AU &b ek, B
AN ARG ] o ARG R R it — 2
BIF 5% 265 200 T R 2 K s 2 W B 1 v i R
R o i B i Y N < E AT [ R =t 711i)
16 R ARG A0 TR I 2k v, AT DA FH A ke T
SN 75 A TR A B SR R A D TR R N Al
TR, DRE A I S 00 B v K A e D R
B 285 4 TR
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