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Pathogenicity and fungicide resistance of Lichtheimia ramosa
LYSFO001: analysis of virulence genes and evaluation of
sensitivity to fungicides
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1 Key Laboratory of Qinghai-Xizang Plateau Animal Genetic Resource Reservation and Exploitation of Ministry of
Education, Southwest Minzu University, Chengdu, Sichuan, China

2 Sichuan Animal Science Academy, Chengdu, Sichuan, China

Abstract: [Objective] To investigate the pathogenicity of Lichtheimia ramosa LYSF001 and ITS
resistance to common fungicides, providing experimental evidence for the diagnosis and treatment
of fungal infections in animals. [Methods] The strain was identified by morphological
characterization and molecular biology techniques. PCR was employed to detect virulence genes in
strain LYSFO001, and an animal infection model was established to evaluate the pathogenicity of the
strain. Histopathological examination, Grocott’s methenamine silver (GMS) staining, and ITS
sequences amplification were employed to analyze pathological changes in the livers and kidneys
of infected animals. Additionally, antimicrobial susceptibility tests were conducted to assess the
sensitivity of strain LYSF0O0I to caspofungin, amphotericin B, and itraconazole. [Results] Strain
LYSFO001 was identified as L. ramosa. PCR analysis revealed that strain LYSF0O0I carried five
virulence genes (Cald, PKP2, LaeA, Alp2, and AspF1). Animal experiments demonstrated that the
strain led to the mortality of 40% and caused visceral hyperemia in mice, with the most significant
pathological changes (inflammatory cell infiltration and tissue necrosis) observed in the livers and
kidneys. Severe infections led to animal mortality. GMS staining revealed the presence of dark-
colored hyphae in the heart and liver, and ITS sequences amplification further confirmed fungal
infection. The antimicrobial susceptibility test results indicated that strain LYSF001 was resistant to
caspofungin but sensitive to amphotericin B and itraconazole. [Conclusion] L. ramosa LYSF001
exhibits strong pathogenicity, capable of causing severe infections and even death in animals.
Additionally, the strain showed resistance to caspofungin but sensitivity to amphotericin B and
itraconazole. The findings provide important experimental evidence and technical support for the
diagnosis and treatment of fungal infections in animals.

Keywords: Lichtheimia ramosa; virulence genes; pathogenicity; fungicide resistance
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(Lichtheimia) ¥ 18 & — 2812 4340 1 Ji§ A= EC BT
B LT IR e, JUHX R DRI Y
AR EA B Y, 5B IR B (Lichtheimia
ramosa) M| 51 AR ETBINE . B B&EWN . Bk
JLICILRE  IRBE: A AR AR S 2Pk Ak e v SR e
RIEC, TR, SRR Y P BRI
TEENEE , B 51 & T 8 A LM AE AR BT i
e, rp LA T A3 B AT B 5 R A AR
JHA BRI, e s, —4 38 FAK
15 19 5 R BT FR A SR T A BB A
o5 RS 27 8 7% U L R 2 A e PR R AR A 46
KE, AT ZRLRES. WA, SRR
T H ARG | BB 2R SRR IR S, #F + HH 5580
A=A AR AR R TS R RGE R R R
RZHRE, RSB RAT %, ISR PR
i RAS AR A 12 W7 53 SR A R S e 1 Al .
T Al A e R e R s HL LA A e A P T
BB, WHIZWI A S0R)T EXREE,
MWy FIE A BUR B H N EBURTE, £ 20T
FERMRBITE I, i, B A CotH it
F i B E Ik R WL S5 B8 BORMER,
PKR2 FIYE A A K R B a5 1 b
REEEE M, AspFl TERYE A0S, sy
S P A R T RE BT 25 1 A i R,
0% S0 B R AR ESE TP b, FE
AT G R R ) B BB 2 A o T
H AT H TR T 73 B 2 B e 1 WP LA 24
YRR VDR . IR . MR R B, KA
BANE N B/ 5 L I ) 31N N 3L N v 15
RFIK A SR 1413

H I 56 T 430 R 1 B () A 5% 2 B4 vp 7 Sk
Y BRI T, A L EOR A T
ABIF 38 3o A I T Mk LY SFOOT FY 7 7 Ji PR - ik
T BURTESLE, BT HBORME, JFEh £
FRZ5HI BT B B ROR

I ARG

1.1 REEH# AR
AW TE P AT 2 9 92 06 3 4 BE PG R RO R =

Y SR i8S HEAT, g
1 SMU-CAVS-230601001 .
1.2 EHRSE4Y

3 AR A 7 T o DA B ) R LS b B AR
3o 20 FAERREAEI/NR(KM /N R, B HARHE
1 18-22 g Z[A], W [ BUHAR Ik A S5 46 5 ) A FR
NI
1.3 EHSS

[a] B A v A B R #h 22 v MK (phosphate
buffered saline, PBS)J, HH4%Fh 5 44 A %)
Wl HE (potato dextrose agar, PDA)R; FEHkrp, F
37 °CHigt 7 d. Bl IR H 2405 iy i
PRI % 2 3 E 1 PDA 35525, 4RZL7E 37 °C
TR TSR, TLIR B R A G (0 TR A i
ryefe, JETERMEE TR ZIEA . BIA
ETETE, FH 2.5% IR RERE R, ZIRMEK e
Ja, MEECRERK . BT 205, SR
T IRAAEFEAS R B UR A1 4, P A 7
WMEBE(FEL A R]) FUgL,
14 EHAEIREER

PERFR 5 d BwTE, PRIURZ AR 2
B A M BUIR B AR A, Ay WIAE 18, 28 AN
38 CCIHIRIG FRAR h 7R, B AL FIEE 3 A
Yrop s BRI E e, B 24 h R
FAE SR AR K BRI IC R AU, Sk
WAL 7 do SCEGVEE 3 300 mL B A A b
WAL TR, #4M 1 mL /878,
T 37 cCHEIR AR 55 3% o AEAS R B 37 ) (8] Uk
K F A3 606 BE VA I % 600 nm % K Ab A I S
U DARE SRR 0] A F AR, ODgoo B R AR
i, A B A T PR LYSF001 FY AR K 5l
IESE
1.5 EEFIBERGZAE D

e N EVA T S LR o
(hexadecyl trimethyl ammonium bromide, CTAB)
(At TEAR A W B A BR 2 7] )yid I 45 52 AT Ak A
DNA, ffi il /514 ITS1 (5'-TCCGTAGGTGA
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ACCTGCGG-3" )l ITS4 (5'-TCCTCCGCTTATT
GATATGC-3" )47 ITS JF 34 1, PCR JZ i A&
% (25 pL): Premix Tag 12.5 pL, ITS1. ITS4 5|
¥)(10 pmol/L)4% 1 uL, DNA #%#iz 1 pL, ddH,0
9.5 uL, PCR JZ h F2J¥ : 98 °C 2 min; 98 °C
10s, 56°C 10s, 72°C 30s, I35 MEH;
72 °C 2 mino R 1% BEHRWHEE L HL Uk 4 315 7
WA T4y B A AL S AT 38 . K 3RAS Y ITS
J¥% %1 5 NCBI GenBank H E.[# (9 ITS J# 51 # 47
BLAST Fo%f, Jfdi ] MEGA 11.0 4k {h#17 250
KABW M. PCR KW AR ZR BT G 3 AR
WL E R ARG RAFE, 196 B 7 i A
TAY TR B A FRA R TR
1.6 HHERFEEN

Z M5 WY TR I AR 0 B DNA, Xt
PR LYSFOO1 A 8E Sy JE R A 71, SN v 51
.2 1. PCR W F#J¥ : 98 °C 2 min; 98 °C
10s, Bk 15s, 72°C 20 s, 3t 35 MEH;
72 °C 2 min,
1.7 Eh4sCie

BEAATHY LYSFOO1 B Al b T Th 4% A 4

#=1 BEHRLYSF0015 HERE S|

WEBIR R 73, 37 cClHIRES IR 7 do R TCHBE
FRER B PR Ve R T IS, AP g 8 k. 3k
OB A8, ik HE5obs I £ -4
Ji, AR TR 5%107 CFU/mL. #%
20 H /N BB AIL A3 R % B4 (C 2) Fingb Bl
(T 4) (B n=10), SEHEHAME], /D ECRM IR R T
S E WG, WE N 28 °C, IEWIKE, &N
7 d JE T 15 d B9SEER . AbHRA /N R I T
5 0.3 mL 4} A B B I (5% 107 CFU/mL), %}
FRZH /N UK I35 0.3 mL AR B K
1.8 RNA ZEIS5XREE PCR

%8 AG RNAex Pro RNA $2 it 5] & (pu 1|
T EBHE VARG R A RNV, $REUN R
B0 RNA; 218 cDNA & G &0 )13 5
BHA W42 AR A RS A U B 45K RNA 33605 5% A
cDNA. fdi i 514 ITS1 F1 ITS4 #E47 ITS JF
SN 3, PCR WA R 1.5 75, PCR S i 2
J¥: 98°C 2 min; 98°C 10s, 56°C 10s, 72 °C
30s, 335 4MEH; 72 °C 2 min.
1.9 BIFE5HEARBFRE

T 2o S A T AR BT /N, SR IR

Table 1 Primers for virulence genes of strain LY SF001
HEA 511751 S AN BRI
Gene Primer sequences (5'—3') Fragment size (bp) Annealing temperature (°C)
CotH F: GCGGATTTCACCGCTTCTTC 1309 55.0
R: CGCTTTTTCCGCGAATACCC
PKR2 F: CTGAACTCCACGTGGGCATA 583 53.0
R: GACCAATCACTGAGCCGTCA
CalA F: ATTGAACGTCACACCCCGTT 628 55.0
R: ATCGAAGGCGAGCGATTACA
PrtT F: AGGCATACCACCACCAAT 175 54.0
R: GCTCAGTAACCAGCCATCT
LaeA F: CGCCTACACTGGCTCGTT 374 57.0
R: AGGGTTGGATGGGACTGA
Alp2 F: CAACGGACACGGAACTCA 130 51.0
R: CAGAACGACATCGGACATAG
AspF1 F: ACTGGTTCACTAACGGCTACG 201 51.0

R: GGTCTTCCTTGGGTTTCTTC
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SRR B R0 . S REHSREAITH
4% Z W . HEREARZ CBERE R K,
THIZRE AL B 25 min 5, A IED)
(4-5 pm)H TAHZI YA, YIRS ARG L
e, MR E R, JFEEE BT
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1.10 BHBEFERRKE
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F 1% SR [ 2 2 ho 28 4 °CTN B B2 i K =
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S al)DIE] 50 nm DI R, IR T BRI
MR R A G . B T B B
(transmission electron microscope, TEM) % 12
FESTH T BT (Jeol 28 ) RAE .

1.11 GMS #&

i FH 4R 4% {4 5] (gomori methenamine silver,
GMS) 4815 & (Leagene Biotechnology 2 Fl)Xf
YR gt . YR @i KE, R

gE R, JFETEIE B WU (Olympus A F)) T R4
K.
1.12 298It o6

AWFFEIH R R B, Gl Femk . fRS7 5E
W N RAIA S5 4 FhbT B R AR S 25 0 5 2Y
Y. B B R LYSFOO01 (1) 422 Fl B ) 45 T 0 i
PBS ", Bk H 28 °CH;i 5% 7 d #Y PDA K 5%
B o SR HIZb A o ug AR O A T B s, R
M BRI ER AT 73 B e, I AR D &5
e JH#% % 5%10° CFU/mL, KGR 51 TR A T
PARE . A 25805 7E Mueller-Hinton 3
B L#EAT, T 28 °CHEF% 1 d Je I i e A
(LA mm A ELAT),

113 R®itHh

JIT AT S 55 H0 4 3ok FH SPSS 26.0 #4748 11
AL 3 R 7 28 53 B 5 v VA 2H TR
25, giitsr BE MK BOE  P<0.05, 5%
95 25 1 AT A Ak 2 B Af ) GraphPad Prism 5.0
BAFSE I

2 BREQMN

2.1 BEHRBIEFREE

76 PDA R, 37°CH:#% 7d. w1
(1-2 d): Bikk LYSFOO1 AR 74 2 A @20k, B
SN, FREEN . THIG-5d): HL®E
B, XEGE W K LR, R T AR
TR A RTI . A7 d): BRIVE BRI S
WA, AR NEE O, R SR
ASFR(E 1A). HeF WAEE T nT WL TR B B 22
IR, B LRECIE o A B 2 AR A A
R 22, ARG A KA, s
PN E) B 22 () S AL A, B SR
i, R IO RS . TR Y i,
EPERIE ZRHEIY, 5500 1Ak SRR T
il FREEZIL R . FHN TR E R T,
EWEIE Y, LB, RELiE (& 1B).
TR I FO B 0 OV A6 SR L, 3 o0 96 AT B
THRME R, EMECERERSA 2B), RIETE
BRI S B VR LYSFO01 A B75 18 A
WRE . FHREHREE T s . EMRATECT (3 000%),
%R PR R IR ) OB 2R R 22 25K, PR3
Yo HAFEW B 22 5 725 4 T 5w 8l
TR A, RERIESAIE, FEEHA K
SRR ; R AEECT (40 000x) 1T DL IRITE 46+,
HAMEE W B8 /D, T RpEss—, £
UL IR A, IR BURRAE P Y R 1) £ B8 AR Al
EIREEH (] 10), i MU IR A Y
AL SARF . Wk AE R I W, 78 37 °C
U, 0-12h fAFH LS, 12-48h W24
Yy, ODgoo fE . LT, 2 60 h 183
ARREE, ARKERETTERE 1D), RE
T8 M S N R RRAE 38 CCR AR, 2%
B R, TMTE 18 °C N A K412 (&l 1E).,
22 E#MEREEREHEFRLEE

FERE LYSF001 f4 ITS 514 4 865 bp ([
2A). L X NCBI B0di P ) ITS P41, &
PR AR LYSFO01 5 43 R A A5 MT279293.1 119
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El1l BE#RLYSFOO1RY4FAE. A: RARLYSFO017E37 °C R Hi %7 dINRRIEA; B: 1EE WA T WA H R
LYSFOOIATEA(1: 200x; 2: 1000x); C: FHHHF WAMEE(SEM) F WS E KLY SFOO1ATEA(1: 3 000

2: 40 000x); D: BFRLYSFOO17£37 °C. ODgoo F IR INZ (1, 2. 3: FEFELYSFOO1M3ANER); E:

TS

PRLYSFOO17E18 . 28F138 °CF IAE KA R AE K 2k

Characterization of the strain LYSF001. A: The culture of strain LYSF001 at 37 °C for seven days; B:
Observation of strain LYSF001 morphology under upright microscope (1: 400x; 2: 1 000x); C: Observation of
strain LYSF001 morphology under SEM (1: 3 000x; 2: 40 000x); D: The growth curves of strain LYSF001 at
37 °C.ODg (1, 2, 3: Three repetitions of strain LYSF001); E: The growth condition and growth curves of strain

Figure 1

LYSFO001 at 18, 28, and 38 °C, respectively.

FHALE A 98.9% (&l 2B), FLUETEH 5 48 S 3%
31, 45 Cald, PKP2, Laed. Alp2 FlI
AspF1 (K 2C),
2.3 (ARRFEFRE

FEARFRZ , ANERRIL RS PR 2 EE . B A
FERE T E BRBR AR . SRR 0], AbFRA
H 4 H/ANRIET:, FETH K 40%, 16T B/
BRPRHp (i B HL BB o AL AL /N R R 45
R, RS ERGE, M A IR AR
DURL,  JFFRE RN A o 6 R T 28 R i )
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B 9g/LYSF001 (MZ599585)

36| ! Lichtheimia ramosa (MT279293.1)
20 Lichtheimia ramosa (HQ285632.1)
Moycocladus corymbiferus (FJ174687.1)

Ap oM

2000

71— Uncultured Lichtheimia (FJ174687.1)
1000 Coccidioides immitis (AJ292105.1)
750 4m= 865 bp o :
I Lichtheimia corymbifera (KF278648.1)
500 48 Fusarium verticillioides (KJ801959.1)
Candida tropicalis (LX265351.1)
250 8 Syncephalastrum racemosum (MT1279292.1)
100 8 Candida albicans (M93712.1)
26 Microsporum canis (LC623726.1)
H
0.50
C bp M 1 2 8 4 5 6 7
2 000 —
1 000 —
750 —
500 —
250 —
100 —

tr &+ tr t 1t 1 1
CotH PrtT  CalA PKP2 Laed Alp2 AspFl
- - + + + + +
bp 800 750 550 200 250

E2 EHRLYSFOOIERELEE. A: /0B HEITSFHI % ESR(JKIEM: DL2000 DNA marker; JkiH1:
B PRLYSFOO1HIPCR™¥)); B: BHRLYSFOO1HY) R GE A 7 W7 bir (B v 45 5 AR ) B P AR A WU FRITS
Fe AN TERE e b R W 5, 40 ST s ARSI U S WX 773 SR BE it S0 3 s R R B ] s i)
JPol 22508, IR M0.50); C: FEAEELYSFOO1 )5 /1 L % 5 (JkiEM: DL2000 DNA marker; JKiE1:
CotH; JKifi2: PrtT; VKi3: Cald; Vkiti4: PKP2; JKilS5: Laed; VKi6: Alp2; JKif7: AspFl; —: JG
FRMEH AT+ AR EH ).

Figure 2 Identification of the strain LYSF001. A: Identification of ITS sequences of isolated fungi (Lane M:
DL2000 DNA marker; Lane 1: PCR product of strain LYSF001); B: Phylogenetic tree analysis of strain LYSF001
(The numbers in parentheses represent the ITS sequence registry numbers of each species in the database, and the
values at the branch nodes reflect the statistical support of the corresponding branches; The scale bar indicates the
sequence differences displayed on the phylogenetic tree, with a scale of 0.50); C: Virulence gene identification of
strain LYSF001 (Lane M: DL2000 DNA marker; Lane 1: CotH,; Lane 2: PrtT; Lane 3: CalA4; Lane 4: PKP2; Lane
5: LaeA; Lane 6: Alp2; Lane 7: AspF'1; —: No specific target band; +: Specific target band).

LIRS S A ek, (EaE S el D, AR BRAL R, RTE OB AR
T MBI TEM)ME— 5 T e ett. 2, BIEBMHE, Eim reEle, ik
XA R, M NRE AT S, dokifk RIBRR A IF R EBURADRA; RIRDLEE R /M
AR e, R, LRI LR A AR (A 30).
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2.4 ZER IR IG TRA7BEME(L pg). ZHAORBGSE SR, LYSF001
El%ﬂhhﬁ@*’j%ﬂ’]ﬁﬂgl%lﬁé?@@,wn PR PIPERE R B 55 0 il e 2 Ut ARSZ

#*2 2 B (10 pg) 48 M 18 B ik fe PRME IR PSR RURE TR SR 2R B od
X, \J’L(IEIL:Q}EIHJ%B%(S ng). RIAZFEG ng M 2.
A B GMS HE

bp M1 2 3 4 5 6 7 Control grpup ‘ IIl_]CCthIl group Control group Injction grup
2000 et Rl b
1 000

750

500

250

100

E3 HAARBFRE. A: DEUREGEDITSFIIRINZRGKEM: DL2000 DNA marker; ¥KiE1: B
X VKIE2: GOME; DKE3: BFE; VkiE4: WUVE; WKIES: s dkiEe: WNE; VKiET7: /M#); B: /NEUR
HHAYFr(400x); C: /NRALIGB I F RAEEWE(. 3. 5. 7: 6000%; 2, 4, 6, 8: 12000%).
Figure 3 Histopathological examination. A: Results of ITS sequence detection in different organs of mice (Lane
M: DL0O00 DNA marker; Lane 1: Positive control; Lane 2: Heart; Lane 3: Liver; Lane 4: Spleen; Lane 5: Lungs;
Lane 6: Kidneys; Lane 7: Small intestine); B: Pathological tissue sections of mice (400%); C: Transmission
electron microscope observation of mouse tissues (1, 3, 5, 7: 6 000x%; 2, 4, 6, 8: 12 000x).

w2 YBUBMENREER

Table 2 Results of drug sensitivity test

P EZY) W U Hh R Ak (e} SR B 45

Antifungal drugs Content (ng/tablet) Sensitive (S)  Intermediary (I) Drug resistant  Inhibition zone diameter ~ Results
(mm) (mm) (R) (mm) (mm)

WPE#E KB 10 =15 13-14 <12 30.00+1.00 S

Amphotericin B

7 iy B 8 >17 14-16 <13 24.6620.15 S

Itraconazole

R 5 >17 14-16 <13 8.00+0.10 R

Carbenicillin

AR T B 1 =17 14-16 <13 13.33+0.20 I

Voriconazole

S: Sensitive; I: Intermediary; R: Drug resistant.
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3 ik

TEARWFFE A, B R LYSFOO1 (178 75 45 fiF
55 DLAE AR 5% % 38 A 40 A R AR 2 AR R0 oy
T ARSI AP S e A R, E— R
FH 53 A= W2 5 s 6P TR R LYSFOOL i#E 47 T 4%
FE o 454 ITS A1 mNGS $ A AT L 5 3 bk %
SE A S BE R ofE A VTR AR 9 G 0 PCR 43
Br % 22 5 LYSFO0O1 T #k 19 5 4~ 8 J1 3 [
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PR 7 L T SRR e v AT R 3 A R T IR G e
5 G R I R T AR AL A PR AR .
Wi, Laed & [F B8 UF S 28 8 45 B B 9 9
MDY/ R s RPS R el o W @Y I e |
fE 1E b BT 1R 25 W 0 U AE S R Ak
AspF1 JEPRE R —FiZ R R, gesgmiilme
MM EARS AT REMBEAT . X
U % 5 LU W 58 v OC T 4 BB 8 B ) A
DR () 1) i 4 3 — 2P, E— 2B UE S T B Bk
LYSFO01 RS 1, X465 ) 5 K o 7] B A
AR BT B 2 IR T R

3 AR A A DL SRR A Sl B R L 8K
HAUL TR . Hesh, AUH D EO B KA
PG ol S iR e e A S A B R R e IR
T, AR A R T 5 R 5K A IO W A S e 126
MA R =P ARG B S gh b, WEkE
LYSFOO01 i i Jg Jis v PG /NS, R BB K
JEREARVE E, B E T SAE 20 i
KA BURIE . X —&5 95 Spithoven 5P E Ay
O3 AR AE B B YL AR AL, S AR B R
() S A e M IR B R AE e T 12 TR 224248 . SR
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