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Abstract: [Background] Talaromyces marneffei is an important lethal pathogenic fungus.
[Objective] To investigate the basic characteristics and expression patterns of the Septin gene
family in T. marneffei. [Methods] In this study, bioinformatics methods were used to identify
the members of the Septin gene family in T. marneffei and analyze gene structure,
physicochemical properties, secondary and tertiary structure, and subcellular localization.
Additionally, real-time fluorescence quantitative PCR was employed to analyze the expression of
the Septin gene family in the mycelial phases and yeast phases, respectively. [Results] This
paper identified 5 members of the Septin gene family, with amino acid lengths ranging from 346
to 575 aa. All members possess GTP-CDC binding domains and are hydrophilic proteins.
Subcellular localization was mainly located in the cell nucleus and mitochondrial matrix. The
secondary structure is mainly composed of a-helices and random coils, with a complex tertiary
structure. The core Septin is highly conserved among different pathogenic fungi. The mRNA
expression levels of TmSep2 and TmSep4 were significantly higher in the yeast phase compared
to the mycelial phase, while the mRNA expression level of TmSep5 was significantly lower. The
mRNA expression levels of TmSepl and TmSep3 showed a slight increase in the yeast phase
compared to the mycelial phase but without significant differences. [Conclusion] The
expression of Septin genes varies in different phases of T. marneffei during the dimorphic
transition, with some significant differences, which implies the potential roles of Septin in the
dimorphic transition and pathogenesis of T. marneffei. This study provides a theoretical basis
for further exploration of the functions and regulatory mechanisms of Septin in T. marneffei.
Keywords: Talaromyces marneffei; Septin; bioinformatics analysis; RT-qPCR; gene expression
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Septin J& T GTP B K%, | IZAETER
LIS EAZ A BRI R,
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1) %A R R IR SEP) . FER B E R, Septin
AN ) TR AR A 2B K 8 ARG 0, T FLX &R 4
FUE T SRR ] 52l B0, 76 T. marneffei
v JCAH G IR AR IE

AR A G BT BARSE T. marneffel
Septin K& R G I EEASFFAE ,  [m] Ip A1) FH S 2¢
Y& E 7 PCR (real-time fluorescence quantitative
PCR, RT-qPCR)H; ARKGM Septin F K 5 ik 45 3
KI7E T. marneffei XSURR % 4 AN [R] B AR 9 22 157K
-, R iE— B Septin 7€ T. marneffei i & 4%
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T. marneffei #E47TEIRAMBENT, AP S RE
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1.1 #HR

T. marneffel #f24E Pk ATCC 18224 {17 T E
B BB R B R AL Pl P2 SEEG S

A AR TR AR (g/L): AR 10.0, #i%
1 40.0, g 15.0.

FBE SR £ PrimeScript™ RT reagent Kit
with gDNA Eraser (Perfect Real Time), F HE&
AEPEAR AT AR A 206 E 7l &
Roche LightCycler” 480 SYBR Green I Master,
Roche 23 ] ; RNA #2 U 57 & RaPure Total RNA
Micro Kit, J7HEILAEVFREARAT, 55
E 1 PCR Y, Roche /~w]; R 1M,
IR R JEAT FR A A o
1.2 S/REIEHEIRE Septin EEFKIEHEE
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Septin £ [K Z¢ 15 7 > B 51 (Cdc3. Cdcl0, Cdcll,
Cdc12. Spr3. Spr28. Shsl/Sep?) A LLIRF5 N
BREFIO1 5 TR R AR WK B B 2 (https://www.
ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?i
d=441960)7E 24T BLASTp HLXT, [RIHZER
Gene H¥i A“septin” #1718 $k, K15 T. marneffei
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PEATIRAT A AT, K547 Septin FRAF 45 F4 15
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1.3  Septin EERENEMEEFZDH
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SWISS-MODEL (https://swissmodel.expasy.org)
Tl Septin 25 119 — 244544 o R ProtComp v9.0
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TE NCBI H T iR /5% £} (Saccharomyces
cerevisiae), &% (Aspergillus nidulans), K
#7411 7% (Botrytis Cinerea) . [ (A, /& ¥k (Candida
albicans) F1#r 4k f2 EK 1 (Cryptococcus neoformans)
%) Septin J:[AZKRAIEMR ¥, 4 MEGA
11.0 B 458 e A7 e 51 i 47 Clustal W Z 5 X,
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RT-qPCR JZ )i, RT-qPCR S WA (20 pL):
cDNA 0.5 uL, 2xSYBR Green I Master 6 puL, 5|
# F/R (10 pmol/L)4% 1 pL, ddH,0 11.5 pL.
RT-qPCR W 55 : 95 °C 5 min; 95°C 10 s,
58°C 10s, 72°C 15s, 45 MEH . BAFEGLY
WA 3 AR M 2 A R
ik, i) SPSS 22.0 #7225 WA AT, I
A GraphPad Prism 22 1] [ 3% .

2 HERE4M
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x2 GREIFERE Septin EEREER
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®1 SRR EE PCR 3|

Table 1 Primers used in RT-qPCR

RR#E 5lF

Gene name  Primer sequence (5'—3)

TmSepl F: GCCTACCTCCGCAAGGAACTTA
R: TGTCGCTCTTCCAAGGTCAAGG

TmSep2 F: GGTTCGTGCTGTTGTTGCTTCT
R: AGTCGCAGTGGTCCTCATTCTC

TmSep3 F: GGTCTCATGCCATTCGCCATTG
R: TCCAACAACGCCATCAACACTC

TmSep4 F: GCACTCCTTGAAGCCTCTTGAC
R: TGGTTCTCGGCAATGGTCTCTT

TmSep5 F: TCCTGATGCTCTTCCCTCCTCT
R: GCGACTTGTTCCTCTCCACCAA

Actinl F: TGTCGGTGATGAGGCACAGTCT

R: AGAAGGCAGGAGCGTTGAAGGT

6], H/ANBIRAR IR 45 TmSepl, TmSep2.
TmSep3., TmSep4. TmSep5 (% 2).
2.2 Septin EEREHNEYEDFETIESR
221 RZHNLTH

TERGR BRI, REEFIE A1k
7, T. marneffei ) TmSepl. TmSep2. TmSep3.
TmSep4 545 795 )5t HL & AU #% 0> Septin (CDC3 .
CDC10, CDCI1 1 CDCI12)®R Fiziifbz, A
A R AT S A [R5 i L TR A% Septin
TEAL 2 BE AR ST T TmSep5 41K
e, IR I REA e — IR
R JE JE WK B A SR B2 BE SPR3
SPR28. SHS1 {4 /& Ek SPR3. SEP7 [A]i
Y Septin (K 1),

Table 2 The information of Septin gene family in Talaromyces mar neffei

RENZE REHES HEARUEFS LA BILMR K LIS i
Gene name  Gene symbol Protein accession number  Gene length (bp) Amino acid length (aa) Exon count
TmSepl PMAA 046150 XP 002151795.1 1787 346 6
TmSep2 PMAA _081970  XP_002147700.1 1958 382 7
TmSep3 PMAA _ 079790  XP_002147469.1 2275 385 6
TmSep4 PMAA _ 091210  XP_002148657.1 2519 464 4
TmSep5 PMAA _ 002680  XP_002152413.1 2193 575 2
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100 |L-Septin CDC10 Aspergillus nidulans FGSC A4 (NC_066264)
BcSEP4 Botrytis cinerea B05.10 (NC_037313)
Septin ring protein Cryptococcus neoformans var. grubii H99 (NC_026749)
Septin CDC10 Candida albicans SC5314 (NC_032096)
94 W‘jSeptin CDC10 Saccharomyces cerevisiae S288C (NC_001135)
99 Septin CDC3 Candida albicans SC5314 (NC_032089)
Septin CDC3 Saccharomyces cerevisiae S288C (NC_001144)
— Septin ring protein Cryptococcus neoformans var. grubii H99 (NC_026751)
81] 100 BcSEP3 Botrytis cinerea B05.10 (NC_037312)
W‘_E. TmSep4 Talaromyces marneffei ATCC 18224 (NW_002196664)
98— Septin aspB Aspergillus nidulans FGSC A4 (NC_066257)
<‘\ Septin SPR3 Candida albicans SC5314 (NC_032090)

85€. TmSepl Talaromyces marneffei ATCC 18224 (NW_002196666)

100]

100

Septin SPR3 Saccharomyces cerevisiae S288C (NC_001139)
99 Septin CDC12 Candida albicans SC5314 (NC_032089)
70 Septin CDC12 Saccharomyces cerevisiae S288C (NC_001140)

100 — Septin Cryptococcus neoformans var. grubii HO9 (NC_026750)

100 ® TmSep2 Talaromyces marneffei ATCC 18224 (NW_002196663)
100

99

Septin aspC Aspergillus nidulans FGSC A4 (NC_066258)
71—BcSEP6 Botrytis cinerea B05.10 (NC_037324)
98 Septin SEP7 Candida albicans SC5314 (NC_032089)
Septin SHS1 Saccharomyces cerevisiae S288C (NC_001136)
Septin SPR28 Saccharomyces cerevisiae S288C (NC_001136)
0 ﬂ‘j Septin CDC11 Candida albicans SC5314 (NC_032093)
Septin CDC11 Saccharomyces cerevisiae S288C (NC_001142)

Septin Cryptococcus neoformans var. grubii H99 (NC_026750)
BcSEPS Botrytis cinerea B05.10 (NC_037317)
® TmSep3 Talaromyces marneffei ATCC 18224 (NW_002196663)
Septin aspA Aspergillus nidulans FGSC A4 (NC_066259)

® TmSep5 Talaromyces marneffei ATCC 18224 (NW_002196667)
Septin ring protein Cryptococcus neoformans var. grubii H99 (NC_026746)

100

100

—
0.20

1 ETAREEH Septin ZEFRKNEERFIIMENRZELERN BAMREKD/RICIETIRE Septin
FER GGG 5 55 AR BT GenBank % 5¢5 5 A RFRIEALIE R ; B4 300 55 E 87 3R %t
4332 ) bootstrap SZHFEE A 77 L

Figure I Phylogenetic tree constructed based on amino acid sequences of Septin gene family from different
fungi. Black spots represent members of the Septin family in T. marneffei; The numbers in parentheses are
the GenBank accession numbers for the proteins; The scale bar represents evolutionary distance; The
numbers at each branching node indicate the corresponding bootstrap support percentage for that branch.

222 LAMTHE G3 7 (DxxG) P EEARSF, G4 7 (xKxD)™ 4

S septin HLA LR Z5MRFAE : (1) ZafBRY BRSF; 3) N Ik 20X, C i Ry IRE 4 ih 45
BB TRAN 30-65 kDa; (2) 6% GTP 4, PisFHI2ERRA, it InterPro Xf
BT A 1) 3 MESFFES): Gl. G3. G4 3£ T. marneffei Septin JEPR %% 5 A5 AR ST 45
FF(motif), G1 JEFF(Gxxxx GK[S/TDREMST, MBI LB, ¥WHA GTP-CDC 4543,
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(G1. G3. G4 motif), C ¥i/55 2 KAHAFAE
AL B AR SF (B 2)s
223 BUMR

R JEAETR A 5 4> Septin A HLIS /> T
J B K /INE 39.26-64.03 kDa Z |8, 405 i i
JNEYSE TmSepl, FKHJZ TmSeps. FHIBZEH
MY 5.06-8.79, H:Ht TmSep3 . TmSep5 [
pl 735128 5.06.5.54, J& TR VEEE 1 51 ; TmSepl .

2 O/RBIEIIRE Septin AR EELFFIEL XF

TmSep4 Y pI 235K 7.70. 7.20, J&FhdtE
15t ; TmSep2 ) pl N 8.79, J& FHlit: 8 (1% .
NE W 45 BE N 68.59-90.42, KSF-H3E K 1M
VIR TuE, RUWE T RKEEAGE 3),
224 ZIREEXIFIIL AR E (L

R JEIETAR B Septin KR R E A —
REM T o BRGE . B FEA . SEMEEFITCHLIN A
Hhix 4 Fpgh#ey , Hf TmSepl. TmSep2 . TmSep3

Figure 2 The amino acid sequences alignment of Septin in Talaromyces mar neffei.

&3 LSREIFERE Septin BUIR L1 R

Table 3 Physicalchemical properties of Septin in Talaromyces mar neffei

EAAE  TRE SEHL AEEVEIEE RN S8 BRI

Protein Molecular weight (kDa)  Isoelectric point Instability index ~ Aliphatic index  Total average hydrophilicity
name (pD

TmSepl 39.26 7.70 45.50 85.87 —0.443

TmSep2 44.06 8.79 54.45 77.15 —0.728

TmSep3 43.72 5.06 49.05 90.42 —0.539

TmSep4 52.85 7.20 39.63 76.23 —0.695

TmSep5 64.03 5.54 66.24 68.59 —0.789
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1 TmSep4 ) —RE5H FEH o 1RHELA, T
A R Z 5 TmSep5 HY A58 =% i o
MR, o BRHERZ . A1 HE A7 5 B &
i, TmSepl. TmSep2. TmSep4 Fl TmSep5 &
LT HMIAZ , TmSep3 5 i TERAARELTT (% 4).
225 =R

R B AEWE IR Septin 5 H H A 8 E 4 1)
=2 ghfy, Hitp TmSep2. TmSep3. TmSep4
SIRAERBARRI(E 3), H2ER FERRAN N
Fremth i d BmREH . KA. ZAREEN E &
R MES T ENAR LR R, &0
1) = e 254 55 I AE 20 M b oRE D Y AR ) 2 ) e

UMK
2.3 Septin EFEREMREREX DS
45 R Septin JEK KIS FE T T. marneffel
R 22 AR RN LR AR AN TR B A 25 ik, TmSep2.,
TmSep4 Fl TmSep5 7E T. marneffei XUAH 4% e A [
AP AR A Rk 22 5+ 0 2, TmSepl Fl TmSep3 &
s, Hir, TmSep2 il TmSep4 mRNA ik
15 TE T B AH 3 4 T 22 40 BH 5 5 (P<0.000 1),
TmSep5 mRNA ik & 15 [ BFAH 5 6 22 40 1 (2
[ (P<0.000 1), TmSepl 1 TmSep3 mRNA %
KA EE R T 22 A AT LT, (o 2
F(P>0.05) (K 4).

F4 D/REIEHEIRE Septin A Z LK L5945 70 I 40 B E 1L
Table 4 Secondary structure features and subcellular localization of Septin in Talaromyces mar neffei

EOLAH o IBE TCHLI A S A1 P % £ 74 i

Protein Alpha helix (%) Random coil (%) Extended strand (%) Beta turn (%) Subcellular localization

name

TmSepl  41.91 37.86 16.18 4.05 Y fiA% Nuclues

TmSep2  49.21 32.98 13.35 4.45 Y fiA% Nuclues

TmSep3  48.83 34.55 11.95 4.68 2 ki R KR Mitochondrial matrix
TmSep4  46.12 38.58 11.21 4.09 AL 4% Nuclues

TmSep5  27.48 62.09 8.35 2.09 AL 4% Nuclues

3 LD/REIFFHEIE Septin FJ= 4157

Figure 3 Three-dimensional model of Septin in Talaromyces marneffei.
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20
BN [ 2241 Mycelial phase

Fi#E1HH Yeast phase
1.5F

odokok * kK

b SNy
Relative expression level
>
T

0
TmSepl TmSep2 TmSep3 TmSep4 TmSepd
HEH

Gene

4 ISI/REIEHEIRE Septin EEFRIEMFTIZIER
Figure 4 Expression pattern of Septin gene family
in Talaromyces marneffei. ****. P<(.000 1.

3 itk

1971 FE IR LB Septin FERRIE R H 25
PP A 4 2RI . R A4 Septin %
R 22 AR K. BN, FAEHUR 1 Septin
FERFER A 3 A, B 4% 284 1 (Blastomyces
dermatitidisyfy 5 1), PRI EEREE 7 U012,
ANZEMA 13 A

Septin #Z OAEMFRATE 3 XL fRYFIY
the GTP 45558, vl S5 BERE e NLBESS & iy ik PE
IR XA Septin A TCIFLEEL, N G751
B ER, C uihE MIRBELsH , Wi T4
FEAR R 8 1 22 540 K P Septin (2 A PG I
17-32 nm KB e S 52 R, i 1 7 R
ot ) AR K A R K a2z, kT B s B
SERY, ANIRARANARGEF T 5 0 40 f 435
IS S 9 A0 R R s 2 A R UY H,
Septin AN IR BRIGZZ . T TN ) £F 4k DL AR
SHEA N[0 = gP U A o

H T Septin 7E55 )5 5L 3 AR K& & MTEUR
REWMELEERCA KEME ., KEE S
4 /> Septin JE [N ZIH A 5 , Septin 3 K Hl k2 7

B2 5y RIE 2B . AR RRIE . 7 fi
FIECR T BB FRAK, Septin &4 43 AR AY
YT A A M 9 R R A, e [ 4 K
WEAEK KT KB . 5 ih &
AaspA. AaspB FllAaspC 748 bk Bk 2748 1 B
WP HMZ | RGN, )R R A4 A 56
MZEFLPN, SR B Acde10 AlAcdell F8 48
PREE ) BB RRAL, BRI YL 2 AR MR 1) /) BV IE
BREEEE A, HRIN AR A B
Be, LGBV, /BRI B ABRTER,
Acdcl0 RFRTE 30 °CHf RER /2B AR, (HAE
37 °CHF AU TF IR 3G AR, v Xk i S22 A1 7 22
AR, Bl L T R B Y R 454 Acdcll
PRFRTE 42 °CREBIE AN, — A S B 1Y)
) A Bk A Cde3 FIACdC12 28745 bk K
SHAE 25 °CRIAENG , {HAE 37 °CANREIGAH, B )
8 AR R 5 25 AR TR 2 A TR A LA
JEFIMASER, PIAE 22 °CHE I AHM 37 °CRlg
B Z [ %4, RNA T4t CDC3. CDC10 &
CDC12 WY HFRLE 37 °CHI 22 °CYIFEAETE AR
K5, IO RGeS AL 25 1R A A
BEAHZ 554610 28 BT, Septin TEAS[F] .
W RIEARF 6. £ RZH00 R, Gt
% Septin [N FE AR PR AEIR . B3
BLANEOR J1 A%, 10 H. Septin X34 H B &
BRI 5 i AT 6 52 B (52 o 76 SR LB
Septin 5B 2 R BE 22 [A] 1) 5 2 18 R 58 4 B ]

4 Zib

A% E H T. marneffel 5 5 /> Septin Fit
R, SRR 2-7 4, @ ERK
FETE 346—575 aa Z[0], ¥JHA GTP-CDC 454
5, )& ToEKME . TmSepl. TmSep2.
TmSep4 . TmSep5 W 4 Jifd =& f7 T 40 g #% ,
TmSep3 & FERARILTT  —HEEHI LA o 1R iE
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MITCHM B A T, “REWEIR. ZRERE
B3 BIAS [R) 055 JRL EC PR A% 0> Septin 5 & PR 5F -
Septin FE K Z & KL AE T. marneffei XU 54
AFE AR IEER AR, #oER B, Bxs
HTBELE T. marneffei XUFHITE 25 55 e FI 0w &
HEEEH . 5HAMIEEAF, TmSep5 mRNA
235 i 7E W RE AR BT 22 A B R BE AR, R
TmSep5 Al GELE T. marneffei |7 £k AH HAG AR 1Y
W RE AR ML o Septin FER Rk
BES A A R T RE, D T A i B TR
T. marneffei 1 & # A9 D BE LA, by 22
Ja itk — S BAY
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