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Myxobacterium resources in Ordos Plateau: distribution and
antagonistic activity against Phytophthora infestans

LI Junda®, DING Yixiu”, LIU Tao, ZHANG Yu, SHANG Shaojie, ZHAO Xiaojing,
LIU Huirong

College of Life Sciences, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China

Abstract: [Background] Myxobacteria are a group of prokaryotes producing abundant
metabolites with novel structures, which endow myxobacteria with antimicrobial and antitumor
activities. Phytophthora infestans is the pathogen causing potato late blight and has a destructive
effect on potato production. The distribution of myxobacteria in Ordos Plateau as a special habitat
and the antagonistic activity of these myxobacteria against P. infestans remain unclear. [Objective]
To investigate the distribution of culturable myxobacteria and their antagonistic activity against
P. infestans in the Ordos Plateau area, so as to lay a foundation for the use of myxobacteria in the
prevention and control of potato late blight. [Methods] In this study, 46 soil samples were collected
from Ordos Plateau of Inner Mongolia, from which myxobacteria were isolated and identified. The
correlations of the distribution of myxobacteria with soil types, vegetation types, and environmental
factors were determined, and the antagonistic activities of myxobacterial strains against P. infestans
were examined. [Results] The soil in this area was dry and had poor fertility. Among the
191 strains cultured, 102 strains were purified, of which 65 strains were identified, belonging to
9 species of 5 genera, including Myxococcus fulvus, M. virescens, Corallococcus exiguus,
C. interemptor, C. coralloides, Pyxidicoccus fallax, Archangium minus, Ar. gephyra, and
Cystobacter fuscus. The dominant genus was Myxococcus, and the dominant species were M. fulvus
and M. virescens. Myxobacteria were mainly distributed in fluvo-aquic soils and acolian soils, while
abundant rare species of myxobacteria were mainly distributed in sierozems and castano-cinnamon
soils. Myxobacteria were the most common in woodland, which was followed by cultivated land,
grassland, and wasteland. Among the isolated myxobacterial strains, 89.40% showed antagonistic
effects on P. infestans. All the identified species had antagonistic strains, and M. fulvus was the
dominant species with high resistance to P. infestans. [Conclusion] There are abundant
myxobacterium resources in Ordos Plateau, and most myxobacterial strains in this area have
antagonistic activity against P. infestans. This study lays a foundation for the development of novel
agents from myxobacteria for the biocontrol of potato late blight.

Keywords: myxobacteria; Phytophthora infestans; correlation analysis; Ordos

B 40T (myxobacteria)] 2 /0 AR EREE R oyt T B A0 AR A W BE 24 A5
o, BEESAC HAR AR ZGAET ZEAN A TR RO, ARSI AN R R 225, T
FECAZ A= Wy Ta) () ke A 2 A A R A2 2 gt H 43 hy % 20 1 (bacteriolytic  group) #1441 4 &
2T N, A 2T E T . BE AN (cellulolytic group)ix 2 MR, Bl T 2640 H
A A BRI S A ptE R AR R R R R E W R, B B Al
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b F AR R IR e, PRI T BG4 I e A B 2
UL K R

3955 9% 75 (Phytophthora infestans) &5 | 2 &
BB MR I R R T, 2SR DR T
IR RN R 2 —10, L n sl 4% e
Hi FZR =GR . AWk REFL
W E AR TR AT b 250 i AR
I ERCR B, (1) S B 2 B R Y
TR B2 TSR A, T T R R TR AR i 5 Ak 2
e e A LA B R A, Rk
b A J i FE A . AR i A oY R B
Fhanva X BoR R A B i, EPRNE
FRHLIX AR BB, B 81.8% Mk
XoF S0 8 R ELA bl WA Bh AN T X SO
BRI BUE SR R, R BTG T A MR
RAFIEDIBIA T

FRIR 22 1 v Db DX R [ P AT R X
LIRS 15 N B R S BN i o S L 7
KBS IR AL T 1 000—1 500 m, FEAlik
2 149 m, ZIX AT S, Ab TR
SR NESS , AR kR . A
VRAE N Z R X, 2R 2R A5
S X R R sty
3 B 12 b DX R A 5T T 1 288 400 7R 0 R R
I 0 200 B 0 A A R L

A5 1k 225 1 o B SRR 22 i e i
DX A A P R AT B SR R A R R, Il Bk
Pt AR ST T R AN T AR A 5 b R
ZIE) . FEANPE R RIS R R R
FEQCIEAE T, 1RGN 32 DX I 286 41 TR 7 R T 3
R S BUVE RS BUas o, DU =E &
5635 N 5 i i DX 2 ] A 0 200 AT R U
DA R A 7 0 0 % 8 MG 2 5 1 0 A O A ) o
I BE 5 i

1S

1.1 M
1.1.1  tEMREEK

KA A SRR 22 v et L DX (B 4G SRR 2 1
K SO R 46 Oy HIERE S, Hrp SRR 2
X 32 {7 ZifEHbIX 14 £, AHE 10 4~ 11
FR, 20 A HHEWE, 4 Fh LA AR it
T2 TR R O AR S5 2 R A I KW T 7 (Escherichia
coli) DHS5o FI1EU % 7 (P. infestans) HQKS8-3,
1.1.2 FER IR

DL2000 DNA Marker, Biometra 2~ w]; F
NS ot osys 0 TR R 7w N ES P2 SY T R A ke e m i B 51
BRAW . BHEREFRA, i —ERE A E R
ol PR e, M EREREIBEARGRA
Ay £ HAEEKFE, Hirayama A #]; HT
KAV, R AE]; BOFKEE pH 1, B9l
ANl AR BES, Nikon 2] ; EARIR KA,
Thermo Fisher Scientific 23 7 o
1.1.3 EHHE

0 4 AT R R g AR T ) WX B R 5
VY/2 Bi3Rdk | LB BigRdk . ONST Wi iS%
SCHR[12]BCH], CAS 3EFRHEEA ST21CX 572k
27 SCHR[13TRC ] s BUW LB 4 55 ST Hont iR
I FH B B R
1.2 TIEMHRIBAMRNE

X RAE B FP K 22 30 Dt DX ) - A
Z HREZRWATARHENY/T 1121.2—2006),
i FHHL AL E 35 pH (! S IRE MO FT
P FRUELY/T 1213—1999), o FIALT-72: 0 22 415
25 7K & (water content, WC)!'®, %if R4k H B /R 23
o D DX P - R A T T A B, S BRE SR
W AT ARAENNY/T 1121.6—2006), - FF E 4% ik
P %E + 345 MLT (organic matter, OM) 5 Ht!'7;
ZREZARNA T FRENY/T 1121.7—2006), i
FRR TR S 502 S-SR AT L (7 I 1 4984 30k
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(available phosphorus, AP) &Y, ZIREZ L AT
WVARHENY /T 889—2004), ff FAHEREMIZ $2- VU K Tl
B bE L D SE 43 AL (available potassium,
AK) S M5 i A B H0R T S A L R
(alkali hydrolyzed nitrogen, AN)& 2 Fik+
HERE AL O A 3 AR
1.3 E#HHTEREE

FHF R0 7 B 0 LR RT3k 60 H
I BT KRG IR I, F 58 °CHUH N CE:
1h, PIBREHABILE ML RS, A 100 pg/mL
TR R A 1 B R Y, SRR ISR Rk
KIGAF L . KIGHFF 3 s R Fg At 5 %
IR R AN AT R Y, IR R R
HEZRAM, T VY2 AR IR
CAS Wik¥sFREP, 76 VY2 R{REFRE E
30 °CHi3R 7 d, WEEFELAEMIESEG—3.
Fif e —; 18 CAS MKR: #3528 °C,
180 r/min PR35 IR0, A CAS A IR 3L
M, WS R 20% HIl . X
AR RCRAS R 1% 26 20 T T b A K B
WEE LR ¥5 FF SCAR TR A, S RSk [22]
W25 FI W B AR R R o

% CTAB/NaCl 2 #2 B 40 i 2k [ 21
DNAM, fifi 3@ F 514 27F (5'-AGAGTTTGAT
CCTGGCTCAG-3")l1 1492R (5'-CTACGGCTAC
CTTGTTACGA-3")XF 41T 16S rRNA F:[H K
BLif 47914, PCR WA ZFR (50 uL): 10xPCR
Buffer 5 uL. dNTPs (2.5 mmol/L) 4 pL . FEH 4
DNA (80 ng/uL) 1 pL. 27F (20 pmol/L) 0.5 uL .
1492R (20 pmol/L) 0.5 uL .ExTaq (5 U/uL) 0.3 L,
ddH,0 #b & 50 pL., PCR JZ 514 : 94 °C 3 min;
94°C30s, 53°C45s, 72°C90s, 30 MEH;
72 °C 5 min, PCR J=¥J4: 0.8%Ih i B Jiss HhL Uik
o) J % 22 A A P S W R T I . R
45 7E NCBI Ml b4t BLAST Hex), 4 b

XoF 235 R e B AR L B B A G F A,
MEGA 7.0 W R R L EW -
1.4 FEREBRE SR HE E R ik

W L T s i PR 0% 25 (P. infestans)
HDFE TR P.OAE, FrINEL A0 3 &
BEEE T REEOR R W UE 2.5 em &b, T VY2
BRI AXTRE(CK), BT 18 °ClEEKE
FAREFE 7 d, DI I EAE
1.5 BESZITSHEXMESH

- A i B AR BT R Ak B K A3 B R
SPSS 17.0 %14

2 EREG5M

21 TEMAEBEAMRNESR

X RAE A SRR Z W i X 46y LI
A pH . SKEL . BHLT . AR . R R
BAFE R B A T (3R 1)

W SRR 22 v S i X R AR 11 46 1oy 1 HEAE
(1 + LIS bR B 3 R Z HE I L R o
PAMESEATHOXT, AT DS X iR pH 2B
HPE OB, 26.09% K P 8, 63.04% R i
PEEIE, 10.87% Mgt 48 SRS
1, 91.30%) - 3ERE i BRI X A e R, H
o 71.74% 0 LA T R R R, 19.56% 0 T AE
TR, UH 8.70%H) - AEAL FiF Bl i ;
ZH DA ML AR AL TR K, o
91.30% M L AEA LT b FAREE S HLUTF K
AN 4.35% 0 HREA HLTT BT EKOF,
4.35% 1 HAEA AL i A TR 4 S LA B OKF
U DA LB SRR T L RS,
H63.04%1Y TR RE E AL TIREE S LT K
V-, 30.44%0Y T AEA RO S REAL T AR, AR
A 6.52% ¥ HAFAT R B AL T = A UL K
T H DX R B AR AN T L IRAEKR,
52.17% T AF A B Ak TS S LU KK,
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x1 HIRBACMERAONE

Table 1  Physical and chemical indicators of soil samples

TG pH KA AHLE A Rk A it
Soil samples No. WC (%) OM (g/kg) AP (mg/kg) AK (mg/kg) AN (mg/kg)
ER-01 7.41£0.05 11.90+0.36 14.63+0.96 16.92+0.87 105.12+0.15 30.5+1.44
ER-02 7.45+0.04 12.46+0.19 12.9+0.16 4.67+0.66 109.89+0.10 38.8+1.40
ER-03 8.74+0.05 13.70+0.09 5.36+0.33 4.75+£0.26 15.46+0.68 15.4+1.39
ER-04 8.76+0.03 8.72+0.14 8.01+0.41 5.31+0.14 90.51+0.38 12.1+£0.81
ER-05 7.60+£0.07 10.76+0.44 13.78+0.41 14.26+2.19 60.58+0.68 24.5+0.81
ER-06 7.24+0.11 8.87+0.24 9.13+0.99 20.53+0.19 84.66+3.83 43.0+2.11
ER-07 7.50+0.05 8.44+0.08 8.59+0.18 4.34+0.05 55.37+2.10 13.0£2.13
ER-08 7.41£0.08 9.54+0.14 16.60+0.48 1.91+0.03 105.14+1.78 26.70+1.39
ER-09 7.50+0.02 10.46+0.13 10.79+0.16 2.00+0.20 93.64+2.50 26.3£2.11
ER-10 7.25+£0.04 58.84+0.37 8.59+0.47 2.43+0.05 106.27+1.30 86.8+1.38
ER-11 7.10£0.04 12.88+0.10 13.10+0.87 9.95+0.57 100.76+1.49 35.2+1.10
ER-12 7.68+0.03 12.34+0.43 12.66+0.20 3.07+£0.44 107.74+0.71 19.6+1.39
ER-13 8.05+0.07 10.25+0.09 12.73+£0.68 33.27+0.91 101.56+2.26 23.3+2.14
ER-14 8.34+0.06 9.55+0.19 11.61+0.68 3.31+0.52 113.29+3.31 10.7+0.81
ER-15 7.47+£0.07 13.49+0.34 10.79+0.20 18.18+0.60 72.58+4.57 38.9+1.38
ER-16 7.52+0.03 20.23+0.13 12.72+0.54 12.57+0.98 99.64+2.82 32.8+0.81
ER-17 7.39+0.06 19.77+£0.24 20.43£0.92 11.44+0.51 115.5+3.02 37.5+0.36
ER-18 8.00+0.04 25.89+0.96 22.47+0.66 6.97+0.22 148.39+1.01 33.7+1.40
ER-19 7.26+0.05 6.19+0.10 12.15+0.64 8.31+0.55 107.31+4.34 29.84+2.13
ER-20 7.09+0.07 7.5240.23 12.8+0.26 17.94+0.42 133.01+0.36 39.5+£1.42
ER-21 7.50+0.06 10.52+0.25 12.15+£0.30 6.47+0.07 77.95+1.31 36.8+0.81
ER-22 7.52+0..08 6.33+0.17 15.58+0.52 11.75+0.06 70.91+£0.76 27.9+1.40
ER-23 7.80+0.05 7.22+0.13 12.32+0.68 7.53+0.37 106.63+2.50 38.0+1.38
ER-24 8.63+0.09 5.01+0.36 12.9+0.41 4.38+0.26 55.28+0.31 14.4+1.76
ER-25 7.93+0.05 2.34+0.13 14.89+0.31 5.20+0.21 95.20+1.87 24.4+1.45
ER-26 7.41+£0.12 5.77+0.53 14.12+0.41 7.58+0.41 89.82+1.45 40.3+£2.42
ER-27 7.26+0.10 5.39+0.08 12.42+0.36 5.36+0.64 99.29+0.86 29.4+1.37
ER-28 7.63+0.05 2.28+0.03 7.60+0.16 4.82+0.26 30.52+1.75 19.1£1.60
ER-29 7.56+0.03 2.99+0.10 7.84+0.21 5.31+0.11 79.47+1.20 29.8+0.84
ER-30 7.80+0.05 1.05+0.10 7.84+0.16 4.53+0.45 47.62+1.28 14.7+1.86
ER-31 7.75+0.02 3.94+0.24 9.64+0.42 8.39+0.38 114.2+0.93 54.1+£0.04
ER-32 7.59+0.07 0.37+0.11 8.15+0.26 5.25+0.84 94.12+1.01 15.1+1.07
WH-01 8.49+0.04 7.06+0.15 8.45£1.07 2.92+0.62 58.07+0.80 9.7+1.38
WH-02 8.50+0.04 7.84+0.10 13.71+0.51 6.84+0.88 67.93£0.43 19.3£1.44
WH-03 7.73£0.05 6.33+0.34 7.37+0.20 6.13+0.31 90.76+1.98 15.8+1.60
WH-04 7.82+0.02 2.51£0.20 7.23£0.29 4.27+0.41 128.57+1.25 45.6x1.76
WH-05 7.64+0.05 12.75+£0.12 13.99+0.18 12.00+0.08 78.30+1.94 36.9+1.59
WH-06 8.10+0.03 14.01+0.03 11.54+0.88 14.45+0.76 131.25+1.39 35.6+1.39
WH-07 8.80+0.02 14.48+0.18 56.14+1.40 18.29+0.25 109.85+1.70 18.4+0.44
WH-08 8.24+0.04 8.12+0.27 9.50+£0.27 11.50+0.16 110.28+1.08 13.7+£0.71
WH-09 7.71£0.05 13.00+0.09 6.00+0.54 62.13+£0.98 116.89+1.94 42.3+1.47
WH-10 7.89+0.03 1.72+0.08 10.52+0.37 11.224+0.47 126.36+0.46 21.2+1.07
WH-11 7.74+0.06 9.69+0.05 19.86+0.51 10.84+0.01 101.12+1.93 11.6+0.82
WH-12 7.64+0.05 7.84+0.10 62.65+3.82 10.73+0.41 134.93+1.22 50.3+0.77
WH-13 8.16+0.05 3.21+0.08 8.17+0.27 5.14+0.63 87.00+1.42 14.0£2.13
WH-14 7.78+0.05 6.43+0.10 9.98+0.42 2.38+0.76 88.54+1.82 29.3+0.81
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47.83% 1) T AF BB B S Ab TF AKX
B R R AL THIREE S LA R /K, i1 97.83%
) R R o A FARMR L LA AR, AU
2.17% AR A S AL TR, X R i
X TR H S EE, Sz RS Y5 .
22 HHEHNTBELEESER

L T e S PR RN AR 2 N SN N
Vi DA B s I A 32400 1 2% 681 55 U 35 s Ae A 2
102 BRIF AR RER A R, 0 51 51 41 BRIF LT

YE K AR AN R AH S R S alifl . il A IR &
R BN R e TS E S D), 2%
SCHR[22]09 50 2R 1 , AR A5 70125 2k 20 T BT A 14 T

Vo FIF S IE A5 2 RRAEXT 191 MRS B3 TR AR ZEA T

A Z 8005 1% K 4k A SRR 22 3 i st X
(9 46 iy LIERER I TR 0 B, 192 191 #R%

1 FEEFSEEAEAS A, B: Zi8KEE (Myxococeus). C. D HiHEIBk TR & (Corallococeus). E. F: R
BRI & (Pyxicoccus). G, H: FEBKEJE (Angiococcus). 1, J: fFEFF )& (Cystobacter). K. L: #rbiE @
(Sigmatella). M. N: J5#E [ & (Archangium). O: 4% % & (Nannocystis). P: H.4% % )& (Haploangium). Q.
R: M7 )E (Sorangium). S. T: RAIFNE

Figure 1 Fruiting body morphology of some myxobacterial strains. A, B: Myxococcus. C, D: Corallococcus.

E, F: Pyxicoccus. G, H: Angiococcus. 1, J: Cystobacter. K, L: Sigmatella. M, N: Archangium. O: Nannocystis.
P: Haploangium. Q, R: Sorangium. S, T: Unknown species of bacteria.
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Zh BRI Bl (Myxococcaceae) % Bk H )&
(Myxococcus), T-5Z RS BUERIE sk BRI , Bifa
T EGARABEZN, TuwmiltE, s E
A 0 B B L 9k (B 1AL 1B); I EER R e
(Corallococcus), FSEMATEARAHLI , 245 (4 5%
B T O 1] o R 5 Tl S L TR SRR LR e
R, AN HE U AR A B, - S AR LA B R
(K 1C, 1D); [FCRER # s (Pyxicoccus), F-
SATEPAFN, LR AR, FRE .
e, THEMERIE, DAAHE
(F1E. 1F); #EFKHJE (Angiococcus), F LA
[ ZRAE A . TERAFIN, i asIRE A,
TR KN e S NCTE ) TR e o
i b, A s A IR B S RHE(E 1G. TH).
ftl 4& ¥ 7 #} (Cystobacteraceae) 1 #& 1 # J&
(Cystobacte), FSLARRHEs i, RN FAE
R, BOBIREE, AHRNFRE, %
TE—DNRAEFRIZ T (- 1L, 10); ARbETE s
(Sigmatella), FIARBRIE s BRIR, BN+
HE Sk aazn, BEASUNES M, FAL
WAERESENE b, AR EMIE 1K, 10); 5
P J& (Archangium), SEAARTERASELI , DLtk
LM s SR, AT, DTN
AN G, ZAE (8 IM, IN), R
I (Nannocystaceae) 4 % [# J& (Nannocystis), F
SEARAHN, JEARZ R BB RDE s RE , 2T
b, A, W%, R FEEE 10);
B J& (Haploangium), FSZACRELN , AR 2 M ER
B, BRI AS, HSENEHE% (Bl 1P),
% % b 40§ #} (Polyangiaceae) M % ® J&
(Sorangium), FIEMACAFEN, H O BIADR, E
fy s o, RAE A, AR 1Q. 1R),
MRIETE AR IE W) AP 1 1 P s 1Y T AR 163 Bk,
JBTRAE ) 4 AR 10 A8, 1R RER 2 Rl S
M RA 28 o

Z M 1.4.2 PR ISR IREG ALY 102 PRI
G DRSS FE RN 20 R TR AR () S5 [ 41 DNA, A 4
WAG Y 16S rRNA JERFFIIEM T, A
i e Horb 82 ¥RRIME, )P HIELXT, AT 65 &
FANTATER, 17 PR 5 20 40 R ALY HoAth
RIS

PEHL 10 pR AR Atk bk, RS
SRR R 5 v TR R AR DGR BT AR P 4,
MEGA 7.0 B RS L AW (& 2), TPk W5,
W6 5 55EK F J& 15 .55 2K 15 (Myxococcus  fulvus)
HIRR AR LE [F]— 23 35 Ak E11 5 RUIREK T
J&8 [k 2 3K 1 (Pyxidicoccus fallax) fié 155 =X 7 Ak
TER—4 35 Wtk B46 55 RhBRM 8 AR 4R Bh R A
(Myxococcus virescens) (1) Ax = TR AR 7E [/ — 5352 5
PR E10 5 3eKTR 55/ ) K PR (Corallococcus
exi guus) FY B R PR TE [/l — 29 3¢ APk E38 53l
¥k )8 Corallococcus interemptor 14 =X B bk
TER—2r 35 Wtk E12 51K i & ) TR
i 34 £k TA (Corallococcus coralloides) fi?) £5: =X
MRFER—4533C; Wtk El 5R2ERE R /NE 2w
(Archangium minus) (145 2 & Bk 78 [/ — 4352 5
Pk B9 5 AT 1R 8 R4 (4 34T I (Cystobacter
fuscus) B PR TE Rl — 73 35 Wtk E8 5 i 2
T & o U JR 2 1 (Archangium gephyra) it A5 =X
PRAE R — 73 3

LA W TSR RELS, B LR
WP A3 20 65 PRI A0 MRS A I 1T 53 28, %
W5 . W6 55 26 PRI Pk % R FHEK G 8 16 (0 262k
H(M. fulvus), 5 40%; E46 25 19 bR
W R EEER B AR S B BR I (M. virescens), &
Ft 29.23%; E12 5% 4 R BB 480 S B Bk AT
J& B SIS AR B 3R 7 (C. coralloides); E10 %%
3R TR AR BB Sy BB K TR 55 /0N I Bk TR
(C. exiguus); E11 %5 2 ¥REEHRGE K E N ERER
B & IR B ER (P fallax); E38 Bk L E N
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2 ET 16S rRNA EEFIHENFHRRGEABN

55 BT A TE R 16S rRNA JE K7 41 8

GenBank H1 (&% 5 5 A F M EAIEME S 1000 K bootstrap 7T ITARHEL; A5 0.005 Ak AL i s
Figure 2 The phylogenetic tree of myxobacteria based on 16S rRNA gene sequences. The data in brackets are
the accession numbers of the 16S rRNA gene sequences of the strains in GenBank; The value on the branch of
phylogenetic tree is obtained from 1 000 bootstrap analyses; 0.005 represents the evolutionary distance.

W ER & C. interemptor; E1 [ B % 5 Ry J5
PR /NFERETE (Ar. minus); E9 BB %8 N
6L BEFT 1R J& Vi L B AT 14 (Cy. fuscus); B Ak E8
BN T Ay 5 TR 2ok B TR (Ar. gephyra),
it 5 4@ 9 MR R AR, Hd, FEKE)E
MILHEE, B ORERE . AR L
A
23 SREUSEBXBSMELFHT AR
Y 43 75 FFAE

M4 bk B0 45 S Gt it T A B 2Rk 4

BRI FEAS [) = 328 S0 RUAS [R) A 1) 40 AR I O, 7
AR, LUER] 65 FRis AN SR
W, HAERR R R A AT e K 22 57
(£ 2), WHE 5B B R E ,
R R A B 2 o0 A T LA+, fEA
J A AR DL A 5 DT A R SR AT SR A AN
M ZFEME SR, M. fulvus 23 A fe )12, 20 Ai
T o ApaEssah, i+ Kb+ RES
- AR P B YA A SRR AP T T
RS+ A + S R A AR R
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®2 ARV TREPFERLBMARTND B

Table 2 Distribution of bacteriolytic myxobacteria in different types of soil samples

e FE AL Hh AR ARG RSO B RAR V- X IR A A A 2R 2 T R e ) i S
Soil type Number of Number of samples Total number Average number of gy
samples from which strains of strains strains isolated from  Species composition and number
were isolated samples of cellulolytic group
myxobacteria
i) Eh 1 4 4 7 1.75 M. fulvus 4
Meadow M. virescens 3
solonchaks
L 6 6 13 2.17 M. fulvus 4
Fluvo-aquic M. virescens 5
soils C. coralloides 2
Myxococcus sp. 1
Corallococcus sp. 1
Ha+ 3 1 1 1 M. virescens 1
Skeletol soils
RIS 12 9 17 1.89 M. fulvus 8
Aeolian sandy M. virescens 5
soils Corallococcus sp. 1
C. exiguus 1
C. coralloides 2
JRES L 5 4 6 1.5 M. fulvus 2
Sierozems Corallococcus sp. 1
P. fallax 1
A. minus 1
C. interemptor 1
TR A 2 1 2 2 M. fulvus 2
Gray desery
soils
USRS 7 5 8 1.6 M. fulvus 4
Castanozems M. virescens 3
Myxococcus sp. 1
5t 1 4 4 7 1.75 M. fulvus 1
Castano-cinnam C. exiguus 2
on soils A. gephyra 1
P. fallax 1
Cy. fuscus 1
Corallococcus sp. 1
At 1 0 0 0 - 0
Litho soils
kRS £ 2 2 4 2 M. fulvus 1
Brown pedocals M. virescens 2
Corallococcus sp. 1
Bt Total 46 36 65 1.81 65
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65 WV 20 TR S 1 20 A T 7 A [m] A g 25 A v
() 53 Afi AEAE— 8 BRI (3R 3), AN Al AE A S Y
() 3 2 B R AN R R A EZE S, N
HIRAEEOKRE , Moth># >R #h > b 5 5043
B RE H KRR ok, A
PG LA s TP - A b TR R
L, AT DIERES A R R A, JF
HEME S EMERFE; K EEHERS
T E R AR B RAL, WIS R A e
I ZREVERTE , M. fulvus 23 At i) 12, 1E 4 Fh
MRS AL A oA, Horb R b Y T 55 53 2 2

x3 AEEHNTRPFHARNSTE

WA R Z, 2R

A, @it SPSS 17.0 Hkibik— 0+
FE e o3 B G A0 TR o3 A -5 R R PR B A D
ZPREBI/RNGER 4), FiUE S 158 pH JCH B AHE
PE, AN RS RS K A R AR
il SR B A SRR o SR T E A 3 SRR AN
AP E R oA R B B 2 R G
S e RSO 1) A R 2 T R A O A
FIEMG, MHXRECN 0.462; AP &5
VSRS A e RSP S L 2 3 IE A
X, AR ZRBUYHN 0.690 F1 0.543, Hk, Xt

Table 3  Distribution of myxobacteria in soil samples with different vegetation

TR Y
Vegetation type

R g HTE RS
Number of Number of
samples samples from
which strains were

isolated

of strains

WRREAL  FERD BT ART- 2R 3 A R SIS 28 A ol e A

Total number Average number of

Lo sk
strains isolated from  Species composition and
samples number of cellulolytic group

myxobacteria

B 18 14 21
Grassland

B 17 14 28
Cultivated land

T Hh 4 1 2
Uncultivated land
M, 7 7 14

Forest

Bt Total 46 36 65

1.5 M. fulvus 6
M. virescens 7
Corallococcus sp. 3
C. coralloides 1
C. exiguus 1
C. interemptor 1
Cy. fuscus 1
P. fallax 1

2 M. fulvus 13
M. virescens
Myxococcus sp.
Corallococcus sp.
C. coralloides
C. exiguus

2 M. fulvus

N O W NN =

2 M. fulvus
M. virescens
Myxococcus sp.
A. gephyra
A. minus

— = = = W W

P. fallax
1.81 65
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x4 BIRPAAFBESHSEUMRMEXYE
SR

Table 4 Correlation analysis between the distribution
and physicochemical properties of two types of
myxobacteria in soil

TSR BT Ve A T R LT YRR KT

Soil physical and  Bacteriolytic group Cellulolytic group

chemical properties myxobacteria myxobacteria
pH -0.213 -0.054
K& WC 0.215 0.060
i A AN 0.267 0.000

A AK 0.462"" 0.150
HHLE OM 0.690"" 0.543"

A RUWE AP -0.053 -0.016

"~ P<0.01.

TP 65 R Ve 4N B S HE 2 A 1 5 1 e e
JTHEATAHOGPE 3BT, 25 W] 65 Bl 4H R 2 A
FhAN TR 5 - B 5T IC R S8 AH DG
24 MHERERERSEMHEKRNFESESR

XF T M E 1 65 ARAR A R AR, R TP ARR
R 5 07 2 35 0 T % 5 WG 948 o B0 5 g 1 P A
R, A A TR R AR R R A D R T R A
K- 5). FFANESL P. infestans HQKS-3
G Al 3 s .

s R, A 42 RRERAN T RHIER S
FRPETE R I AR A SR, i ik
IR 89.4%, FTAT & AR HAT P. infestans

x5 BREHERBEXIHSBHNMEREEAEBNNRESEN

Table 5
antagonistic activity against Phytophthora infestans

Information of myxobacteria isolated from soil samples in Ordos Plateau region and their

WMk  GenBank #3t5  THSS REXRRIEMBAE L GenBank B85 MRWE  MHER
Strain No. GenBank accession Soil sample Closest type strain and GenBank accession No. Similarity Inhibitory
No. No. (%) diameter (mm)

ES8 OR632325 ER-08 Archangium gephyra DSM2261 (NR043938) 99.00 12

El OR632324 ER-30 Archangium minus 9x13 (HQ623104) 99.31 10

E43 OR668720 ER-26 Corallococcus sp. S125 (KP017551) 100.00 14

E49 OR668721 ER-32 Corallococcus sp. 19 (MK968804) 98.01 20

w27 OR668722 WH-10 Corallococcus sp. S124 (KP017550) 99.67 10

El4 OR668723 ER-10 Corallococcus sp. PY1 (ON076561) 99.69 12

E34 OR668724 ER-18 Corallococcus sp. PY1 (ON076561) 99.67 20

E44 ON564749 ER-16 Corallococcus coralloides LA43 (ON076910) 99.34 -

E42 OR668725 ER-17 Corallococcus coralloides LA43 (ON076910) 99.65 10

E1901 OR668726 ER-19 Corallococcus coralloides DSM51434 (AJ811617) 98.47 -

E12 OR632329 ER-19 Corallococcus coralloides H8-1I-1 (MN121615)  100.00 24

E41 OR668727 ER-23 Corallococcus exiguus DSM 14696 (NR115864) 99.12 10

E10 OR632327 ER-23 Corallococcus exiguus DSM 14696 (NR115864) 99.21 26

E39 OR668728 ER-14 Corallococcus exiguus Cc €100 (AJ233932) 99.93 22

E38 OR632330 ER-32 Corallococcus interemptor CG50 (OK513260) 99.93 12

E9 OR632326 ER-09 Cystobacter fuscus NBRC100088 (AB218223) 99.79 10

E2-1 OR668729 ER-02 Myxococcus sp. 5K501 (MK156407) 99.62 6

w2 OR668730 WH-05 Myxococcus sp. MHO1 (ON024041) 99.65 18

E701 ON564751 ER-01 Myxococcus fulvus UMO01 (MN811202) 100.00 6

E705 ON564753 ER-05 Myxococcus fulvus LiTo2005 (MK 111110) 100.00 -

E703 ON564752 ER-06 Myxococcus fulvus CL1 (OP522264) 100.00 -

E702 OR668731 ER-07 Myxococcus fulvus 18 (MK968803) 100.00 -

E58 OR668732 ER-10 Myxococcus fulvus CL1 (OP522264) 100.00 10

(%%0)
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(8K 5)

WS GenBank B3R5  IAEHS  RECREGIAIBA R & GenBank Xk %

Strain No.  GenBank accession Soil sample Closest type strain and GenBank accession No.

MM MR R
Similarity Inhibitory

No. No. (%) diameter (mm)
E51 OR668733 ER-11 Myxococcus fulvus HBUM93103 (GQ246603) 100.00 22
E13 OR668734 ER-15 Myxococcus fulvus YZS (ON024058) 99.88
E704 OR668735 ER-17 Myxococcus fulvus UMO01 (MN811202) 100.00 8
E36 OR668736 ER-18 Myxococcus fulvus MT466 (ON024046) 100.00 10
ES5 OR668737 ER-19 Myxococcus fulvus UM01 (MN811202) 99.89 6
E57 OR668738 ER-21 Myxococcus fulvus CL1 (OP522264) 100.00 -
E25 OR668739 ER-26 Myxococcus fulvus UMO01 (MN811202) 99.42 10
E59 OR668740 ER-30 Myxococcus fulvus UMO01 (MN811202) 100.00 20
E56 OR668741 ER-31 Myxococcus fulvus UMO01 (MN811202) 100.00 14
W6 OR632333 WH-01 Myxococcus fulvus 1 (MK968786) 100.00 24
Wl OR668742 WH-01 Myxococcus fulvus HH4 (OP522278) 100.00 20
W9 OR668743 WH-04 Myxococcus fulvus 1 (MK968786) 99.61 0
W5 OR632332 WH-06 Myxococcus fulvus HBUM93172 (GQ246524) 99.42 22
W15 OR668744 WH-06 Myxococcus fulvus LiTo2005 (MK 111110) 99.89 16
w3 OR668745 WH-07 Myxococcus fulvus HH4 (OP522278) 100.00 20
W8 OR668746 WH-08 Myxococcus fulvus Mxf428 (KF267728) 100.00 -
w22 OR668747 WH-10 Myxococcus fulvus Mxf428 (KF267728) 100.00 10
W16 OR668748 WH-10 Myxococcus fulvus WCH734 (ON406568) 100.00 8
W25 OR668749 WH-11 Myxococcus fulvus xj3 (KC862601) 99.67 16
W17 OR668750 WH-12 Myxococcus fulvus UMO01 (MN811202) 100.00 8
W14 OR668751 WH-12 Myxococcus fulvus LiTo2005 (MK 111110) 100.00
E601 OR668752 ER-01 Myxococcus virescens NX0083 (MN945898) 100.00 -
E2-2 OR668753 ER-01 Myxococcus virescens AB056 (MF163355) 99.67 -
E602 OR668754 ER-02 Myxococcus virescens NX0083 (MN945898) 100.00 0
E4-1 OR668755 ER-04 Myxococcus virescens AB025B (MF163296) 100.00 20
E603 ONS564750 ER-11 Myxococcus virescens NX0083 (MN945898) 100.00 0
E1202 ONS564755 ER-12 Myxococcus Virescens 2a (MZ544386) 100.00 12
E1201 ONS564754 ER-12 Myxococcus virescens HH2 (OP522273) 99.89 -
ES3 OR668756 ER-15 Myxococcus virescens NX0083 (MN945898) 100.00 8
E3-1 OR668757 ER-15 Myxococcus virescens AB056 (MF163355) 99.67 -
E37 OR668758 ER-16 Myxococcus virescens NX0083 (MN945898) 100.00 22
E46 OR632331 ER-21 Myxococcus virescens TF_YJC-7 (MW216934) 99.93 12
E52 OR668759 ER-24 Myxococcus virescens 2a (MZ544386) 100.00 -
E60 OR668760 ER-27 Myxococcus virescens HH2 (OP522273) 99.89 -
E54 OR668761 ER-27 Myxococcus virescens NX0083 (MN945898) 99.89 -
WI18 OR668762 WH-05 Myxococcus virescens NX0083 (MN945898) 100.00 18
W13 OR668763 WH-05 Myxococcus virescens HH2 (OP522273) 99.89
w10 OR668764 WH-10 Myxococcus virescens NX0083 (MN945898) 100.00
W11 OR668765 WH-12 Myxococcus virescens HH2 (OP522273) 100.00 0
W12 OR668766 WH-14 Myxococcus virescens 1x3 (HQ623121) 100.00 -
E33 OR668767 ER-08 Pyxidicoccus fallax 16 (KX572746) 99.66 12
Ell OR632328 ER-28 Pyxidicoccus fallax DSM 14698 (NR043948) 99.51 24

—: VS YR BRSNS H AR
—: Failure to measure inhibitory diameter due to contamination.
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Figure 3 Antagonistic activity of some myxobacterial strains against Phytophthora infestans.

HQKS-3 A WyHitk, JFRIM LA 2 F4E; H
8 RN A DA LU B0 5 A R BT
M EAE 20 mm, HAPHE 3 EE 6 4
PRI T A B S0 2 B 280 A T 0 e R R 1 7 R
o, M EAE S 20 mm 9 Myxococeus sp. 3t
A S Bk, S 62.5%, JEBUEURRE RS TR AR
MR GE, M. fulvus f 3 Bk, JRHBoREE
T M TR R P R A DA o

3 WREER

PR Z2 3w IR XA T N ST IR X 7
i, eI T R IX A AL,
AR, MEASIREENES , ARIEIRIT T X AN

B A G0 o 2 X R T R IR A
4y )& F %5 Bk 18 J8 (Myxococcus) . 3t 5] BR 14 @
(Corallococcus) . [HIRERE J& (Pyxicoccus) . 54
1 (Archangi um) A 584117 (Cystobacter) 5 4~
J&, 4 M. fulvus, M. virescens, C. coralloides,
C. exiguus, C. interemptor . A. gephyra.A. minus,
P. fallax 1 Cy. Fuscus iX 9 ™, 1 #v i Jg b 26
BK 7 & (Myxococcus), LH#E R M. fulvus Fl
M. virescens.

2019 4F, EHRFEEPIR TSN AR
AR b DX AR DR T A AT 55 R 2 A B IR O
41 J&F Myxococcus, Corallococcus, Cystobacter
F1 Archangium iX 4 &, C. exiguus. M. xanthus,
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M. fulvus.A. gephyra #1 Cy. Violaceus iX 5 ™},
Jf H Myxococcus AL #1H &, C. exiguus Fil
M. fulvus ML TER, X SASCHE5ESERL, H
TEAWFFEH C. exiguus () H BUACRIE A S, Wi
HSRR Z2 Wi i L X R I M. xanthus #1 Cy.
Violaceus, {H W18 D1 /R $i X 2R 0L 43 A5 AR BF 5% 9
C. coralloides. C. interemptor . A. minus, P. fallax
Fl Cy. fuscus, 2018 4F, REEPURIE T NS
AKX X FAM R NI, SR T
Myxococcus ., Corallococcus .
Cystobacter . Archangium FiI Melittangium 6 >
J&, HH Myxococcus Fl Corallococcus AL
WE, X S9ARMRA. AR SR TN
P X HL 5 SRR 22 7 v it DX R iy B
WK L BATRE H XAH e, 26 40 TR A D0 F TR A A
L, #25 M. fulvus, {EJE 430 XA H BT Reok
FI R A A R R, an R IR 22 17 v i b X 53
1350/ Cy. fuscus 7E [ EE IR M Bl 38 Hb IX R
DL A, B EE /R X 43 B 45 3] 1Y Cy. violaceus
BT hr 5 M X 4y B 4% ] Y Angiococcus
disciformis &% /K 2 i Jst it XA R W70 A
X R W ER 43 A AL H5 TR Bk 43 A1 T RE -5 P 45 1 Sul A
K027 3% F B Myxococeus sp. 1434 )12 H 5%
SR/, AH A [R) b 3k ) 26 40 B AE Fh 28 1
IS

2ol p PN 10 2 TR SR
(45 RRE i P 2y B 19 51 500 ZARBh A, Hr
Myxococcus 73 B4R iy, NIEHEE, X5
ASCHHFREE AL . A2 F R R T TR
(AT i b, X ) R A TR BT IR A T 1Y, 2022 4,
FLJROR 26 POV 43 B 3 s A EH v A T 5% 92 2 40 1
i & B, Myxococcus J& A] 3% 57 % 4 B Hh i 0 34
PR AR, T kAT 3 E T X AT
B R BT TR AT T FSY, b X AT 5 57 b
A1 2418 Myxococcus sp.. 2012 4F , gk fif 5 B0

Pyxidicoccus .

ot S 55 BT o, o s DX A AT 1% 37 28 Al T Y 43T TR AR
#* W] Myxococcus & L ¥ W JE . X &K W
Myxococcus sp. 53 A {2, 52 B s i [N 2 A
/N, PRBEE IV RE S

AR5 8 35 A A BT IR T SRR 22 s I
Hb DX 4 TR 3 AT S 8 2 AR R IS A Y ¢
Z, SR EN, M. fulvwus G, B
RSt RS - FSEAE A H o3 A1 1 T A R SR
R, HAP WA B £ B0 A T K
TRIFE - PR F R T —
oA A, BIMR > > 50 b >5c 1 o FRAT] 2%
T 7 - HE B b M 5 20 AN B 0 A 22 1) R
R, BRI HA AR, X AT RES AR
TR AR B 50 . M SRR 250 6. BhaN TR 4y
737, HERAE X B B A,
LA R AR RN oA, AL R R
AR ANE RO S 20, Dawid 450P24)
Bk A-CRUMAY 64 A E K e IX 1 1398 1
HERE SRR AT, LG AT T EE AT N o
ATHRAE, SRR 4 B i ] T 43 A 7€ pH 6.0-8.0
RSN BB R FE . BB IS 'R
SEEHIIX . ABFSERY 46 1y IEREN,, pH B H
RAEUN, REMTFZXETEEN, 54525580
A E RN FE . AT EEEN TR,
Zhou ZEPVHr T REE AT A RN RS Y £ HERE
air R B AN TR A A S AR R R Z R e R,
B YRR TG o, R T H A 240
R FRE, Mg e R, KA
A 1 A3 A S R R S TR O

R LU FE . B AR,
A5 280 200 T Rk A= 0 s 28 SR ) B AL TR PR, JEC
R F= Y B A BN R FrE D, P gl
TR PGS A b, SR 2 &
R, 7EARMFRH, H 89.40%M) 541 HA
BORRER UM, TR B UE B A0 20 BUR R R
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AHREIURCR, Hor, Sl PR IR T L 1 8 Pk
FEPUBORE R HQKS-3 JE LA M I Bh AN A B ik
H 5tk Myxococcussp., bt 62.5%, H 3k
i M. fulvus, JEHUBURTE TSR LA
Pk, —J7 1 1 TAWITSE 1 Myxococcus sp. T R %L
HixZ, Alge i A ZWMEILS, 5H—Jhm,
Myxococcus SR AN P L A e e . Zhan
TEA Y E ARG FEAE R T, 2R
HI AR 2GS IR bR . 2019 4E, Wu ZPEFsE &
B A NS kB IX ) M. xanthus B25-1-3
X B A BRI AE P, RS TG
HLEE, 2550 M. xanthus B25-1-3 & —Ff L 4
PIPTBOR R bR, HACS ™ Y 7E B 2% B
W76 5 L EA R R MME . Ye SEPVE5E
1] Corallococcus sp. EGB 1 LI &S 14 &5 A
2

AR Bl G o R R B AR A, 2%
oA A B R P S, an e ek /AR R Ak 24
B A S e Al e Jre ) — KRR . A Y
i 3 SR AR N B2 SRR 22 307 v b X ) A
ai, RSB TN S SRR 22 i D DX )
S TR R, ARSI T X T A S M e i i R
WP PLYE , AR — s TS HLIX
PR A DA PR AN SRR, D3 — T A A Je b X
AN TR B IR IR ARG RI T R BEE T A
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