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Bioinformatic identification and transcriptional analysis of Colletotrichum
gloeosporioides candidate CFEM effector proteins
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Abstract Plant pathogens secrete effector proteins into host tissues to regulate host physiological processes and
promote its infection. Common in several fungal extracellular membrane (CFEM) proteins is unique to fungi and
plays an important role in pathogenesis. In our study, we obtained 22 CFEM proteins of Colletotrichum gloeospo-
rioides by searching Pfam database. Then, we conducted a bioinformatics analysis on signal peptide, transmem-
brane domain and protein subcellular localization of these 22 CFEM proteins. The results showed that only 8 of
them were secreted proteins. The transcriptome and RT-PCR analysis of these 8 CFEM proteins at different stages
of infection were performed. Among them, one protein was expressed in in planta appressorium stage, two were
expressed in biotrophic stage and one was expressed in necrotrophic stage. Collectively, the 8 CFEM proteins were
predicted to be the candidate effectors of C. gloeosporioides. Our findings provide a theoretical basis for in-depth
analysis for the function of CFEM effectors in plant pathogenic fungi.
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Table 1 The information of CFEM proteins in Colletotrichum gloeosporioides on strawberry

HATFS F SRR A EfH HEFHIS Kk SIS Eff

Protein 1D Family  Position of CFEM domain  E-value Protein 1D Family  Position of CFEM domain  E-value
CGGC5_2461. 1 CFEM 36~99 1. 2e-11 || CGGC5_10073.1 CFEM 23~89 2. 8¢-05
CGGC5_13949. 1 CFEM 32~94 3e-11 || CGGC5_9409. 1 CFEM 34~96 6. le-12
CGGC5_1956. 1 CFEM 20~84 8.9e-17 || CGGC5_5966.1  CFEM 28~92 6. le-11
CGGC5_13478. 1 CFEM 22~83 2.1e-09 || CGGC5_5833. 1 CFEM 18~83 2. 2e-14
CGGC5_13200. 1 CFEM 22~84 1. 2e-06 || CGGC5_1173. 1 CFEM 639~701 2. 3e-11
CGGC5_11628. 1 CFEM 25~89 7.3e-13 || CGGC5_621. 1 CFEM 36~102 1. 1e-08
CGGC5_1525. 1 CFEM 27~90 3e-15 || CGGC5_7948.1  CFEM 38~98 5.7e13
CGGC5_11293. 1 CFEM 239~291 2.5e-10 || CGGC5_908. 1 CFEM 23~85 Te-13
CGGC5_11153. 1 CFEM 23~88 3.2e-12 || CGGC5_9429. 1 CFEM 24~87 9. 8¢-08
CGGC5_11062. 1 CFEM 23~89 1. 2¢-08 || CGGC5_1574. 1 CFEM 22~84 7e-09
CGGC5_10469.1  CFEM 29~73 1. 2e-09 || CGGC5_15026.1 CFEM 23~87 3. 1le13
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Table 2 Bioinformatic analysis of signal peptides of CFEM proteins in Colletotrichum gloeosporioides

HEEFHS (EREZIN 155 BROTEIL HEFH ERAN 55 RO R

Protein 1D Signal peptide Cleavage site Protein ID Signal peptide Cleavage site
CGGC5_2461. 1 + 21/22 CGGC5_1173. 1 —
CGGC5_13949. 1 + 19/20 CGGC5_10073. 1 + 20/21
CGGC5_1956. 1 + 17/18 CGGC5_9409. 1 + 24/25
CGGC5_13478. 1 + 18/19 CGGC5_5966. 1 + 22/23
CGGC5_13200. 1 - 16/17 CGGC5_5833. 1 a4 16/17
CGGC5_11628. 1 = 19/20 CGGC5_621. 1 a4 26/27
CGGC5_1525. 1 a4+ 19/20 CGGC5_7948. 1 4 20/21
CGGC5_11293. 1 + 22/23 CGGC5_908. 1 + 19/20
CGGC5_11153. 1 + 20/21 CGGC5_9429. 1 == 21/22
CGGC5_11062. 1 + 16/17 CGGC5_1574. 1 + 19/20
CGGC5_10469. 1 = 20/21 CGGC5_15026. 1 a4 21/22

D 7 FoRixERBA R TIG " RRZEAARA RS,

“~+” indicates the protein with signal peptide sequences;

“—7” indicates the protein without signal peptide sequences.
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Table 3  Subcellular localization prediction of CFEM proteins in Colletotrichum gloeosporioides

4 A DL 4 VKLY,
ﬁEUJT?ﬁ'J% Subcellularquj?fn!j;ﬂ;ﬁgﬁiction value ﬁEIJ??@J% Subcellularqffjéft%;ijr}efction value
Protein ID Protein 1D
mTP SP Other Loc RC mTP SP Other Loc RC

CGGC5_2461. 1 0.051 0. 967 0. 026 S 1 CGGC5_10073. 1 0. 045 0.917 0. 057 S 1
CGGC5_13949. 1 0. 095 0.918 0. 027 S 1 CGGC5_9409. 1 0.078 0. 920 0. 022 S 1
CGGC5_1956. 1 0. 023 0. 965 0. 080 S 1 CGGC5_5966. 1 0. 033 0. 956 0. 029 S 1
CGGC5_13478. 1 0.021 0. 947 0.130 S 1 CGGC5_5833. 1 0. 065 0. 883 0. 087 S 2
CGGC5_13200. 1 0. 025 0. 952 0. 070 S 1 CGGC5_621. 1 0. 060 0. 964 0.014 S 1
CGGC5_11628. 1 0. 254 0. 840 0.017 S 3 CGGC5_7948. 1 0.112 0. 895 0. 062 S 2
CGGC5_1525. 1 0. 022 0. 989 0.017 S 1 CGGC5_908. 1 0. 040 0. 965 0. 022 S 1
CGGC5_11293. 1 0. 155 0. 677 0.119 S 3 CGGC5_9429. 1 0.071 0. 939 0.021 S 1
CGGC5_11153. 1 0. 033 0. 867 0. 095 S 2 CGGC5_1574. 1 0.016 0. 970 0. 058 S 1
CGGC5_11062. 1 0. 048 0. 847 0. 155 S 2 CGGC5_15026. 1 0. 244 0. 805 0.011 S 3
CGGC5_10469. 1 0. 032 0. 846 0. 091 S 2

D mTP: 2R S: 43 Wik 42 s SP IR EE 1 & A (5 5 MK, AT 38 3 73 WA i 42 43 b 2 M A1 . o 430 28 1 s Other s FEA 72 437 5 Loc T & 7 45 51
RC:AMEREAF G 1~5 A SN E AL BN A AIAE Z M M 226 (di f )« 1:dif f 0. 80032:0. 800>>diff =0. 60053:0. 600>
diff =0.400;4:0.400>>di [ f =0. 200;5:di [ f<0. 200, RC {EHEA% , 2 (7RG, RC=1 & (7 U AT 5
mTP: Mitochondrion localization; S: Secretion pathway; SP: Signal peptide; Other: Any other localization; Loc: Prediction of localiza-
tion. RC: Reliability class, from 1 to 5, where 1 indicates the strongest prediction. RC is a measure of the size of the difference (diff) be-
tween the highest (winning) and the second highest output scores. There are 5 reliability classes, defined as follows: 1: diff =0. 800; 2.
0. 800>diff =0.600; 3: 0. 600=>diff =0.400; 4. 0. 400>diff =0. 200; 5. dif<<0.200. Thus, the lower the value of RC, the safer
the prediction.
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Table 4 Bioinformatic analysis of transmembrane of CFEM proteins in Colletotrichum gloeosporioides

; § 2 b b f 2L ) ol A7 B

ﬁﬁffﬁﬂ% %Hiuﬂgejz fil . Position f Ei:j?lefjbrie domain

Protein ID predicted TMHs T™I TM2 TM3 TM4 TM5 TMS T™7 TMS
CGGC5_2461. 1 6 113~132 152~174 187~209 219~241 262~284 299~321
CGGC5_13949. 1 8 7~20  104~126 139~161 181~203 215~237 265~287 300~322 342~364
CGGC5_1956. 1 0
CGGC5_13478. 1 0
CGGC5_13200. 1 0
CGGC5_11628. 1 7 103~120 135~157 177~199 209~231 252~274 294~316 329~351
CGGC5_1525. 1 7 100~122 135~157 179~201 214~236 260~282 295~317 337~359
CGGC5_11293. 1 0
CGGC5_11153. 1 0
CGGC5_11062. 1 0
CGGC5_10469. 1 0
CGGC5_10073. 1 2 101~123 187~206
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Ery AR ZE IR
EEIJ??IJ% %Hﬁuﬂgj fﬂfl : Position f %ar?sﬁ({_ﬁnj;ie domain
Protein 1D .
predicted TMHs TMI TM2 TM3 TM4 TM5 TM6 TM7 TM8
CGGC5_9409. 1 8 7~24  110~128 141~163 183~205 218~240 265~287 300~322 342~364
CGGC5_5966. 1 7 5~22  102~119 139~156 171~193 219~241 256~278 290~312
CGGC5_5833. 1 0
CGGC5_621. 1 6 149~171 191~213 233~255 270~292 305~327 342~364
CGGC5_7948. 1 7 108~130 143~162 186~208 220~242 266~288 301~323 343~365
CGGC5_908. 1 8 2~21  95~117 130~152 172~194 214~236 256~275 288~310 325~347
CGGC5_9429. 1 5 99~118 131~153 173~195 208~230 290~308
CGGC5_1574. 1 7 93~115 128~147 172~194 207~229 253~275 288~306 321~343
CGGC5_15026. 1 7 4~21 34~53  79~101 114~136 159~181 193~215 235~257

RIEHEE CFEM EA RSO
MEGA @R &5 R LW, 47 LA 8 4~ CFEM Jy
Fral 2 A AR SR AT 55 s AR B L (B2
HZBMAE2E S AR AR B3R 2 A K93 32
B 4% —w C simmondsii. C. fioriniae, C. nym-
phaeae C. salicis FAARTGTEHHY C. gloeosporioides 2,

2.5

.53 % 1 C. tofieldiae . C. incanum,C. higginsia-
num,C. sublineola F1 C. graminicola 4 1%. 4 8K
ST X —, C. simmondsii,C. fioriniae,C. nym-
phaeae F1 C. salicis [a) P58 &, R 43 B — A~/ N
SCMAMFEH Y C. gloeosporioides W5 Fik 4 Fixk
JEL PR [7) PREA X AR B S 20 31 55—/ N3 32

CSIM01_02964.1 Colletotrichum simmondsii
CGGC5_1956.1 J‘flom_mossq Coletticum i
3 CNYMO01_05574.1 Colletotrichum nymphaeae
. CSAL01_02061.1 Colletotrichum salicis I
92| L—————CI238_07442.1 Colletotrichum incanum
CSUB01_02847.1 Colletotrichum sublineola
47 GLRG_05629.1 Colletotrichum graminicola
CGGC5_1956.1 Colletotrichum gloeosporioides Y
Cob_07956.1Colletotrichum orbiculare | I
T'
C G G C 5 58 3 3 . 1 g‘iNYMO 1_09112.1 Colletotrichum nymphaeae
= CSIMO01_04097.1 Colletotrichum simmondsii
& CFIO01_08818.1 Colletotrichum fioriniae
n CSALO1_02677.1 Colletotrichum salicis I
i Cob_01626.1 Colletotrichum orbiculare

1001

CGGC5_5833.1 Colletotrichum gloeosporioides Y
78 CT0861_03588.1 Colletotrichum tofieldiae

_L C1238_13186.1 Colletotrichum incanum

n CH63R_11780.1 Colletotrichum higginsianum
—99‘— CHO063_15012.1 Colletotrichum higginsianum II

 — CSUB01_02361.1 Colletotrichum sublineola

GLRG_03926.1 Colletotrichum graminicola

| |
0.05

CGGC5_10469.1

CNYMO01_05748.1 Colletotrichum nymphaeae
J@OLOSZGSJ Colletotrichum simmondsii
=i CFI001_02239 Colletotrichum fioriniae
68 L—— CSAL01_03197.1 Colletotrichum salicis I
CGGC5_10469.1 Colletotrichum gloeosporioides Y

CHO063_07959.1 Colletotrichum higginsianum

—74'— CSUB01_08707.1 Colletotrichum sublineola
GLRG_07878.1 Colletotrichum graminicola

| CI238_03188.1 Colletotrichum incanum
60

A
0.02

CT0861_11402.1 Colletotrichum tofieldiae

II
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k3 CSAL01_12778.1 Colletotrichum salicis

CNYMO01_10792.1 Colletotrichum nymphaeae

CGGC5_11062.1 Colletotrichum gloeosporioides Y

GLRG_09163.1 Colletotrichum graminicola

433‘:CSUBO1_01707_1 Colletotrichum sublineola
74 GLRG_08687.1 Colletotrichum graminicola

_ECT0861_1 1615.1 Colletotrichum tofieldiae
78 CI238_12392.1 Colletotrichum incanum

CSAL01_09184.1 Colletotrichum salicis
CNYMO01_13573.1 Colletotrichum nymphaeae
CSIM01_01877.1 Colletotrichum simmondsii
CGGC5_11153.1 Colletotrichum gloeosporioides Y

Cob_07992.1 Colletotrichum orbiculare

GLRG_10361.1 Colletotrichum graminicola

CHB3R_13128.1 Colletotrichum higginsianum

79 - GLRG_8687.1 Colletotrichum nymphaeae
100 1CSIM01_09795.1 Colletotrichum simmondsii

| CFI1001_02669.1 Colletotrichum fioriniae

Cob_01938.1 Colletotrichum orbiculare

| CT0861_10909.1 Colletotrichum tofieldiae

100 C1238_05744.1 Colletotrichum incanum

1 33— GLRG_02673.1 Colletotrichum graminicola

CI238_07695.1 Colletotrichum incanum
CT0861_11975.1 Colletotrichum tofieldiae
CSUB01_07172.1 Colletotrichum sublineola
CSAL01_05761.1 Colletotrichum salicis
CFI001_12172.1 Colletotrichum fioriniae

‘ 831 CNYMO01_11269.1 Colletotrichum nymphaeae
CH63R_07670.1 Colletotrichum higginsianum

CGGC5_1 1 0621 CFI1001_11824.1 Colletotrichum fioriniae
© CSIM01_07564.1 Colletotrichum simmondsii
CSUB01_09999.1 Colletotrichum sublineola
CI238_05220.1 Colletotrichum incanum
Y CH063_05891.1 Colletotrichum higginsianum
> CT0861_11589.1 Colletotrichum tofieldiae
rm—)
0.02
CGGC5_11153.1
72
_1 CH63R_12887.1 Colletotrichum higginsianum
g 991CH063_15097.1 Colletotrichum higginsianum
CFI001_07461.1 Colletotrichum fioriniae
T
01
CGGC5_1 1 293°1 531 CSIM01_13829.1 Colletotrichum simmondsii
CGGC5_11293.1 Colletotrichum gloeosporioides Yk
0.002
CGGC5_13200.1
70
CGGC5_13200.1 Colletotrichum gloeosporioides Y
CH63R_13344.1 Colletotrichum higginsianum
81
0.05
CGGC5_13478.
23
93
Cob_00249.1 Colletotrichum orbiculare
0.05

B1 CFEM EARZSXEW
Fig. 1 The phylogenetic tree of CFEM proteins
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M1: 100 bp DNA Ladder [I; 1-3: Total RNA extracted from C. gloeosporioides cultured on potato dextrose agar; M2: 1kb Plus DNA
Ladder; 4-6: Total RNA extracted from leaves of in planta appressorium phase; 7-9: Total RNA extracted from leaves of biotrophic
phase; 10-12: Total RNA extracted from leaves of necrotrophic phase
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Fig. 2 Agarose gel electrophoresis of total RNA
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CFEM protein-coding genes
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Table 5 Transcriptional analysis of Colletotrichum gloeosporioides secretory proteins
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“+” indicates that this CFEM candidate effector is expressed in this phase.
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