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Cloning and Expression Analysis of Setosphaeria turcica Cyclophilin Gene
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Abstract: Cyclophilin is a highly conserved protein family and involved in the development and function of
pathogenic fungi. This study aimed to obtain the cyclophilin gene and clarify cyclophilin regulating mechanism dur-
ing the morphogenesis and pathogenicity of Setosphaeria turcica. The full length of the cyclophilin gene was ob-
tained through degenerate polymerase chain reaction(PCR) combined with rapid— amplification of ¢DNA ends
(RACE) technique and its expression patterns were detected at different developmental stages of S. turcica based on
quantitative real—time PCR(qRT-PCR) analysis. The main results were as follows, the full-length open reading
frame (ORF) of the cyclophilin gene was 1 125 bp[with a 3°—untranslated region(UTR) of 154 bp and a 5'~UTR of
93 bp] and encoded a protein of 374 amino acids. The gene was named as CyPs/ and submitted to GenBank with the
accession no. EU679371.1 and Protein ID ACD62431.1. phylogenetic tree analysis showed that it contained more
than 90% of the homologues in Bipolaria maydis and Neofusicoccum parvum respectively; in addition. CyPsI contin-
uously expressed during the developmental process of S. turcica, with the transcription levels at appressorium forma-
tion and invasive mycelial morphogenesis stages were respectively increased to 2 and 3 times of that at conidia.
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K BEN E JAE HE T (Setosphaeria turcica) i FR £ K
KEERETE BT RTE TN B R B e o 1% |
LI TR BN 22 A T4 BRI IR 1) oK
PR AR R A, HAT R Y
Bt E S LAGORR AR AR TR TR AR AR,
AR AR o R, B 5 20
PER IR , S-H08 149 T By 5 SR A% 52
UNRESERINLT/Ene Y=

R Ay MR B 3 B, R oK R R T 3 i ik
O3 AR A T N SR B T A A
J&  TEME MR B R I, 2R R A S TR T
A TR, eI, TR 2R IR BT
PR MBS AR S5 S s A . A
5 B8 (Magnaporthe grisea)d , cAMP {5 5 i 18 X% F
WS R I 28 O B A 5 ¥ SN A I B8 (Colletotri-
chum orbiculare) ' , cAMP-PKA 15 5 il } 4 0 4=
TS AAAE B I AL B b 55 1) s MAF 1 (B
MR SLT2 A 125 (7] 540) 5 DA Rl 53k 5 22 A 36 R 114
& LR B A SO T R AR BRI Z A, A5
TAF SR T WG ML e o R . WF5EER
B, 22 s it LT 1) B I 7 R Ca™ (5 ik
AR, AR BT S & E, Ca™ (5 5 ik 5 KK
BEI TR K/ INBER B (Bipolaris maydis) I B |
FER AR ELA (Colletotrichum gloeosporioides) , =
B 3% 98 (Colletotrichum trifolii) Ak J& 5 18 (Monilinia
Sructicola) %595 It L TR 1 B 2 IO ¢ R 2% D717
R 9k T] 1 (Fusarium graminearum) Fll R ok At
(Neurospora crassa) ™1, Ca’ i 0] 1 A T4 22 53 32 (145
Fro MH Ca™ 7 S BAR N HIBLH] i S D TRAR S

B (eyclophilin, CyP/YERIFEE A B91E TR
B EN RN S Ca 854 5 -85 M 2 67
& Ca’ 75 1848 1 F L2 R 43, MARAE I A% 2B )
BB ERA X 2R L R S R AR
B 220195 02 S 4 1 (peptidy—Iprolyleis—trans
isomerase , PPlase) & 4", SCHkARIA , SRR RS 540
LN Z2 A~k R, QBRI B8 40, 200 A o S
T M SRR AA SR L 2 5 L T R 2 A R L
g o AR T{%ﬁﬁiﬁ%&ﬂ?%(Cryptococcm neoformans)
i, CPAL A CPA2 8 FIRERS A P A AL 1SS Bid K
FHos A FEERSE T, CYP1 JE T 5 M8 bl K i
Fer= A JRZEW BE L AF Bom A OGS B Bk
18 7 (Beauveria bassiana) " W R R E A T HE S5 41
JLHE 58 DA R AEAR e 27 TIN5 5 A O, TElE
W95 5L TR W TS89 T (Cryphonectria parasitica)
FER RIS I eypl FE3R8 T RAERETE 108055 , 1% 5k

PRI GAR IR, RIS, o J1 908 ™, AR PRAR
ALAT AT Ca™ f5 5 3R A2 F S5 P41 ) 55) TRPYT
U-73122"" W12 WA 1A S AP i i R
J kT R RE R WA R, B A & DRSO R
PR AR LEAE FH v AN I B

AT vE e TR R B 1 0 R G2 [, I
I HAAIE K, i — PP IR N A KRB
P A ORI o AR R B IR R B S
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1.1 it E

T R TR T AR R R P 01-23, PRAF T L
Pl KA Bl ez 2 B LA B R 5 7 TAE YR B2y
SR,
1.2 #ifERE

PDA 3555 5E . 8455200 o, HIA B 20 ¢, BB
13 g, MKERZET Lo
1.3 FERF

UNIQ-10 458 Trizol A4 RNA fil4R3 5] &0 F F
WA TAE Y TR R R 55 A PR 7 5 R STl
Oligo dT Primer(PrimeScript™ Reverse Transcriptase) .
SMART™ RACE c¢DNA Amplification Kit(CLON-
TECH, Catalog #: K1811- 1).3 - Full RACE Core Set
(TaKaRa, Code No.D6121)%5: 1 F K% 5 A= ¥ L W
ARA BT DNA [l alifb i) &+ 2 449
HARARA A 516 i B TAEY) TR
B35 A7 B A 58
1.4  ERABEHE DNAF1 RNAREX

W5 BOK K BER B R0 T PDA 55373 |-, 25°C 21
B % 9% 10 d, & HUE 221K, 53 59 & H] CTAB % i
UNIQ- 10FER Trizol A RNA FlHF) A iR B E K K
B A A 2 PR 4 DNA RIS RNA, FHF 2R A v s I
RACE.
1.5 AEXBRAREM K E

] PDA 15 95 52 1 25°C B G 159% 10 d Y &
KR BERG BT A 10 mL ICHK , 5T % 00 , 4
K20 A 2oh U8 ARAT 43 A T B TR, R R
IX10°A4/mLo 7E7K A 55 5% 56 3% T I 75 3055
Y, FE T N B 25 L, 25°C 2B 575 Sk 25 T
Wo AAEERGAES 0 h (A TAE) 3 h GREE
B ) 6 h (B B iwT i) (12 h (FREE M g
199).24 h(fR YL T 2208 WL B) 14 43 A 96 1 74 B
W, Trizol ILARH LA AL RNA S FE 50
cDNA, H] F 52 B} 2 & PCR(Real-time quantitative
PCR, qRT-PCR)/MT .
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1.6 FIRREEY 1

R G 22 R TR 2 30 32 DRSS A Sl 2 R P 971
BRI 149 (F 1), DL K K BEG 1 cDNA AR
AT PCRY I . BRIV AR RN 25 pL, 2 4E : 10x
PCR Buffer 2.5 pL.TaKaRa Tag DNA B4 5 U/pl
0.3 pL.cDNA 20 ng/ul 1 pL. R34 10 wmol/L
% 1 pL. dNTP Mixture(2.5 mmol/L) 2 pL. dd H,O
17.2 pLo PCR 4540, 95°CHUAEYE 5 min; 94°C
130 5,45C ~ 55CiR K 30 s, 72°CHEAH 90 s, itk
5 32 NE R 5 72°CHEH 10 min. HUPCR 4 14 7= )

10 L, 1%TAE Bilg BHEERE 1.5 ~ 2 Viem BRI
JRZ [RTAT = A4 1

HE 4l B 2R 45 19 2% B0 R [R5 X R B ke it
3'RACE Fl1 5"RACE FEFPES 191 (F6 1), #ie B SMART™
RACE c¢DNA Amplification {7 & 161 54" 4% , iR 5
3’'RACE FI 5°"RACE § 34 7= ¥y 0y I 1 &5 R A7 D4
P4 cDNA, M 4K cDNA 1) ORF 14
SEEG 1, DL KRR BES A 3 R 4 DNA S BEAR , 3
BRI R AR IEN

=1 XBrASY

Table 1  Primers used in this study

519 FF3(5'-3") i

Primer Sequence (5'-3") Purpose
SCP1/SCP3 CMAAGACBGCCSRSAACTTC/ACCTCRCCRAAGACGACGTG [l By 4
3'RACE /5'RACE TTGAGAAGATCCACGACAGGCCGTTC/TGTAGTGGAGGGGTTTGCCAGATGC 3'RACE/5'RACE §/"1
SCPD4/SCPD5 CTGTACTTGCGCGATCATGG/CCAGATATGGGCCAAAATGC ik
CyPs1-QRTF/R AGTACAGCGACGCGATAGAGAAC/TTTTCCGTGATGCCCTCAA Real-time PCR
18S-F/R GGCATCAGTATTCAGGTTGTC/GTTAAGACTACGACGGTATC Real-time PCR

1.7 EWEEESH

F| F ProtParam(http://web.expasy.org/protparam/)
Sy HT B R E AR PE . SMART 7EZ8 4K 1420
T RS 45 B8, Clustal X B0 % AH 1Y 52 355 1% 1 371
AT HERH 3. I MEGAS.0 314243 £ K R Bk
P S A R 1 24 3R 9 gk A T 2 F P 40 L
XF M AL B, VR i Neighbor—joining method #4
HRG L E W, Bootstrap {H4 1 000,
1.8 qRT-PCR#&MERE R

PEH]I 18S rRNAPESN NS EEH . ¥ AR A B B
B REE RNA 52 56 08 cDNA OB i, SYBR
Premix Ex Tag™ Il (perfect real time)idifl| & E1 T qRT-
PCR §" 14 . qRT-PCR ¥ 4% E /K & 20 pL, ROX
(50%)0.4 wL,2XSYBR Premix Ex Tag 10 pL, I F i
51470.8 pL, BH cDNA 50 ng/pL 2 wL,ddH,0 6 wL,
FAFESE R 3K, qRT-PCR W FEF N, 95°C T
A 30 $395°CAE M 15 s, 60°CiE 4 30 s, HpEFT 404
MG . 2K ABI Stepone plus % %¢ Y6 2 & PCR {3
P3G Sy B B A 28 B AR 43 A A 0 R TE AR e
gk R B RO

2 HPRE

21 EXRAWFEENZEFAESKNTRE
FI TR 5 14 SCP1 F1SCP3, L) 2K KB

[ cDNA AR 3575 38— Bt 2K 2974 0.35 kb (9™
HmY) . $Z R BE IR T 9 HE NCBL W i b k17
BLASTX Hux, 25 5 R B 1% Be 5 HAs Jt v b iy
R RE AR T EA = E 0%V, iy AH AL
P, W1 i I RO SE R R AR LA, fv 44
CyPsl

MR AR Z N Beset R 5 14, FIH RACE
FARXT AT 3 F1 57 J5 [n] 1 ZE A1, 345 cDNA 42
Ko HLPKARMFEH , 3 RACE #8453 24 1 kb £110.75 kb
(14729, 5° RACE 3815 249 0.6 kb F10.25 kb 9"
= (E 1), P AR, 3° RACE 19 1 kb BRI
5" RACE 19 0.25 kb 5 B¢ Al LU 5 B ik [R5 Fr Bepf 432
BRI B S SRR R BePFEE , ORF finder
I HT I, P SE LAY cDNA WAL 5 SE L 1) CyPs
ORF(Open Reading Frame),}:1 125 bp,3"UTR 154 bp,
5°UTR 93 bp, 4 374 P4 HEFR , 4 CyPs1 ) cDNA
JF 513258 GenBank, #8155 5% 5 EU679371.1, Protein
ID 2 ACD62431.1, 5 ORF DNA LbXJ & B, CyPsl
3N TR 2 N & T2, A R4 R 13
68.1 044 bp, N FIFFA“CT-AG M,
2.2 CyPs1HIEWIERZFNHT

CyPs1 8 F 4549 LU a—12T5E (Alpha helix, Hh)
R E, I 4171%; EAPEE B TCHLN A it &
HAREAR, 51 H7 17.11% .12.03%41129.14% ., CyPs1
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(AR 53T 5T 0 41 543.67 D, S SRR ER S i 1
HL A7 SR RO 61,5 T H A S A 3
By 54, S S (p) M 571, H7-173 LA LR
cyclophilin_ABH_like {57 £5 435 , e—value 4 8.79e~
108, JEHLAV A4 51 His™ Arg” Phe” Gl Phe'
FIHis'™, Hirr His"™ 75 220K 0 H e B — 20, 1A 5
A e e R 147245 M 2B e U A Tep S5 1L, 20

KWy 4 Phe s 174-332 i 2 JE TR AL 7 Tetratrico-
peptide (TPR) repeat Z5#438 , e—value N 1.16e-05., &
B2 P4 X AT 25 SR s, TR RBEIR R R AR
5 H CyPs1 5 £ K/NEESR [ (Bipolaris maydis) =%
ZLFL 9790 T (Leptosphaeria maculans) | s B3 R AR
A (Neofusicoccum parvum) 55 4H) i (8 AH N 2 11 20 B2
P AR5 AT iR 5] 90% LA 1 (8 2).

TF: 103" -RACE 7=#;2.3 5" ~RACE 4 ; M >4 DL.2000 Marker.,
Note: 1, Products of 3’ =RACE; 2, 3, Products of 5’ -RACE; M, DL2000 Marker.

B1 EXRABEFE CyPs1EEH 3'-RACE f15'-RACE
Fig.1  The results of 3'~RACE and 5'~RACE of Setosphaeria Turcica CyPsl

B2 cyclophilin_ABH_like R SF &5 4318 4> 47
Fig.2  The analysis of cyclophilin_ABH_like domain

23 CyPs1ZBMIRZLZE N

W TR K BENG I CyPs1 2 512741 5 HoA FL I
[ IR AR PSR G R B (K 3), & LR & A
TR T TR 5T AH R AL S, D 2R R TE B Y
BB R MRS . EARKBEIGTE (S. twrcica)5 Bipo-
laris J& W) Fh B K ZNBKESR B (Bipolaris maydis) . /K
ST i e (Bipolarts oryzae) . NG MR T T (Bipolarts
sorokiniana) . 4 22 F| - Ji 155 79 (Bipolaris victoriae) . .
KB BES B (Bipolaris zeicola)TE 245 % B W H SR AE[R]
— S, ARG R R AR

24 CyPS1EEXKRMREBREMNELBTIRES
HIRIFEX S

CyPs1 TEI5 W 43 A= 701 & TV BB 25 Bt it v
Frgk ik, £ AT EWTIAZEETE  BL %
FERF IR A AR KA AR, 5 PR s Bl
B ZFE AR, e S KOV BT, ZE MG M B Bt
KB o A AT BT A Y 2485, HOF ARk 1) B 5 i Al
BB BT, B i — 2 A K P AR Y 22, %
BN R PE— T, 24 Wk B4 A 8 T 1 3 4%
(E 4y, WIER 2 IEH SR Y a5 & F R
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AEY), JUHAEME MBI R R w22y e K fe PR
Hh 2B B R, 0 G T O 2 A 9 R A 4

77] Bipolaris victoriae FI3
741 Bipolaris zeicola 26-R-13
100 | Bipolaris sorokiniana ND9OPr
Bipolaris maydis ATCC 48331
° Bipolaris oryzae ATCC 44560
4 Setosphaeria turcica
100 Stemphylium lycopersici
55 Pyrenophora tritici-repentis Pt-1C-BFP

100 ~ Pyrenophora teres f. teres 0-1

38 —_____ Leptosphaeria maculans JN3
100 | Penicillium oxalicum 114-2
Penicillium rubens Wisconsin 54-1255

Aureobasidium pullulans EXF-150

46 | 81
100 Aureobasidium melanogenum CBS 110374
53 Aureobasidium subglaciale EXF-2481
100 56 Aureobasidium namibiae CBS 147.97

Parastagonospora nodorum SN15

Neofusicoccum parvum UCRNP2

100 Macrophomina phaseolina MS6

57 Diplodia seriata

Exophiala spinifera

Exophiala oligosperma

| 100 Fonsecaea pedrosoi CBS 271.37
Capronia semiimmersa

91 Cladophialophora carrionii CBS 160.54

100

r Neosartorya udagawae

100 Aspergillus lentulus
98 ~ Aspergillus fumigatus Z5

| Verruconis gallopava

87 Baudoinia panamericana UAMH 10762

—
0.2
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Fig.3  The phylogenetic analysis of CyPs1 in Setosphaeria turcica and the homologs in other eukaryotes
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Fig.4 The qRT-PCR analysis of the expression patterns of CyPsI in S. turcica
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PSR R T Ca™ Y E51# 2 Ser/Thr 25 [ B PR i (Calci-
neurin, CaN, X PR L5 ). Lee SR I, fE 4
G H CyP-CsA B AR 1] LIE R | R B 1L 1Y
P10 ] 50 0 BEL Uiy 85 25 - A B 1 R T AN e Y
R 22 TR 2R B 8 S TR R A B L EAR YY)

5 E e g EERVE . R CYPI
(MgCYPI)TEE 37 HE RN A i aot 2 vh 3k 7K 1y 1
VI 377 oy 5 AN AR A Y1 Lk e | T W A A
JREEIRE T, BCPT R A e EHYIIG 4 E
VAT, R TR 2R A A 2 B 20 AR R AR P9 A K T
T 1o AR IEEEIE R ) Acyp ] TARRXT CsA HAT 55 FE T
e B AR R SE 25 [ R LR ) BH R RAIG, i
HbF SRR S R  cyp ] FIBRIG B RN T gt S =2
B S BERR A G B U5 8 I OC R R BE A e it
TRV A ST BT AA 0 SR P 28 B R 5 At Jirt LA
PIEA R BA RS W [RE M, Rt 2 3, 78
T K K BE T B IR 10 S 3, CyPs1 2R 3R
PR B S Y Rk 0 s AR 1200 T P o A S =
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