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Abstract: [Background] Early blight is one of the main potato diseases and the pathogen
Alternaria has complex species composition and different pathogenicity. [Objective] To clarify
the virulence characteristics and functional gene differences of two pathogenic species of potato
early blight in Yunnan Province. [Methods] In this study, Alternaria solani (TA-0410) and
Alternaria alternata (TB-1129) were collected, isolated, and purified from the main potato
production area in Heqing County, Dali Prefecture, Yunnan Province, with the aim of clarifying
the virulence characteristics and functional gene differences between the two species through
spore morphological observation, pathogenicity verification, whole genome sequencing, and
comparative analysis. [Results] TA-0410 was a large- spored species with brown or yellow
conidia, spore size of (37.4—151.9(£28.1)) umx(4.3-22.9(+4.1)) um, and long beak. TB-1129
was a small-spored species with grayish-brown conidia, spore size of (18.6-42.6(£9.3)) pmx
(6.1-15.3(£2.3)) um, and short beak. The pathogenicity verification showed that TA-0410 was
the only pathogenic species, as TB-1129 failed to induce early blight in the case of direct
inoculation. However, in the instance of wounded-leaf inoculation, TB-1129 successfully infected
the leaves and the lesions were expanded. The genome of TA-0410 was 32.26 Mb, with contig
Nso=1 158 607 bp, and 177 unique genes, and the genome of TB-1129 was 33.30 Mb, with
scaffold Nsy=2 338 721 bp, and 600 unique genes. In addition, the secretory proteins of TA-0410
were analyzed and 12 candidate secretory proteins containing the RxXLx[EDQ] motif were screened
out, all of which were annotated as putative proteins. The secretory proteins ASR 2859 and
ASR 19579 contained the pathogenic BID 1 and UBA domain, respectively. [Conclusion] Both A.
solani and A. alternata can cause potato early blight, with A. alternata only in the case of
wounded-leaf inoculation. The phenotypes of the two in the infection and expansion stages are
mainly controlled by spore viability and biotoxicity-associated proteins.

Keywords: potato early blight; Alternaria sp.; virulence; secretory protein; domain
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Figure 1

Culture and conidial morphology of TA-0410 and TB-1129. A: The front and rear culture

morphology of TA-0410. B: The conidia morphology of TA-0410. C: The front and rear culture morphology

of TB-1129. D: The conidia morphology of TB-1129.
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Figure 2 Symptoms of virulence assay. A: The symptom of Desiree inoculated leaves. B: The symptom of
Cooperation-88 inoculated leaves. C: Cooperation-88 leaves with wounded inoculum TB-1129 96 h
symptoms. D: The area under the disease development curve for each treatment group of Desiree inoculation.

E: The area under the disease development curve for each treatment group of Cooperation-88 inoculation.
Different lowercase letters indicate significant difference at the P<0.05 level.
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Fit—2 i R B TA-0410 (7% 2 D RIGHAK
J%(the velvet family) i 158, TEVMRR A
oAb AR R OGS E T, JU R e B YA
TRITFIARBIIE B, RS E L35 VeA [ VelB,
VosA Fl VelC, VeA F1 VelB it 80615 £4H
Y # 1 B EREAIG, VosA 5716 J1 AR,
R, ZEHATEE N TA-0410 KR YL ) S

WA, A. solani F A. alternata 39574 S B4
fiff(polyketide synthase, PKS)Z5 #4385 H | il ifd 2
Z P450 (cytochrome P450), AB /Kf#M#-1 (AB
hydrolase-1)%5 ¥4 38 25 1 F1 J5 15 1 (lipase) 45 #4) 3,
S5 AW RS R RN EEEADY,
] gE— R A. solani F1 A. alternata #YEET=H:
BER AR — LY.

=1 3£ Desiree ZNLIELHE] AUDPC ER M EE SR

Table 1

Significant difference analysis of each treatment group on Desiree

Time E-value

(h) The first group  The second group The third group  The fourth group The fifth group  The sixth group

48 0() 0.216 (-) 0(-) 2.038 (-) 0(-) 0.801 (-)

72 0(0) 2.536 (0.008 8) 0 (0) 4.841 (0.005 4) 0 (0) 3.293 (0.043 3)

96 0(0) 5.639 (0.008 8) 0 (0) 8.937 (0.005 8) 0.264 (0.500 0)  6.060 (0.006 0)
120 0(0) 10.261 (0.002 1) 0 (0) 13.445 (0.000 8) 0.758 (0.010 4)  7.952 (6.02x107)
144 0(0) 16.509 (2.58x10°%) 0 (0) 17.303 (1.52x10°%)  2.345(0.007 6)  10.393 (1.02x10 ")
168 0(0) 19.762 (9.55x107) 0 (0) 21.041 (3.68x10°%)  4.868 (0.000 6)  13.624 (3.13x1077)
—: No value.

=2 EWMAM1ESS FENAIELHE AUDPC ERMEED

Table 2 Significant difference analysis of each treatment group on C88

Time E-value

(h) The first group  The second group  The third group  The fourth group ~ The fifth group The sixth group
48 0() 0.267 (-) 0() 0.212 (-) 0(-) 0.164 (-)

72 0(0) 1.500 (0.060 5) 0(0) 1.198 (0.204 4) 0.095 (0.500 0) 0.890 (0.008 8)
96 0(0) 3.294 (0.001 8) 0(0) 3.191(0.014 4) 0.505 (0.081 5) 2.227 (0.005 1)
120 0(0) 5.034 (1.06x107°) 0 (0) 5.675(0.001 1) 1.143 (0.000 4) 3.713 (0.000 1)
144 0(0) 6.915(3.10x10°% 0 (0) 8.993 (0.000 1) 2.329 (4.23x107°)  5.113 (4.50x10 %)
168 0(0) 8.907 (4.42x107) 0 (0) 13.506 (0.000 7)  3.819 (3.80x10°%)  8.703 (0.004 3)
—: No value.

%3 HRBEEERAAEST

Table 3 Alternaria sp. genome assembly statistics

PIES RALF Rl

Classification Large-spored species

/TR

Small-spored species

A. solani A. solani A. brassicae  A. alternata  A. alternata A. tenuissima

(TA-0410) (HWC-168) (J3) (TB-1129) (SRC1IrK2f)  (ANJ)
Contigs Ns (bp) 1 158,607 564 368 2988 132 - 1097 884 730253
Scaffolds Nsq (bp) - 2613338 2989 132 2338 721 4961717 1434 180
Scaffolds/contig total numbers 58 58 17 92 79 194
Assembled genome size (bp) 32265055 32828056 34141089 33309411 33670787 33 681 665
GC (%) 51.60 51.30 50.70 51.00 51.10 51.10
—: No data.
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ASL_5934 EKFQNSQFSG LMERE:IBRE VRVQEDK | VEVDGAQQQTGNTTSTPQANLHHHQQQPSSQPQ
ASL_9802 | ATAIPGITNDFRK[LDDVGWYGSATFILAAAASPLWGKSYKYLNVKWVYLSAVGIFLVGS
ASL_2859 DADDFLGIHIALRBILADDFEQI TGTRPALNNVTTNSTVSTSATGVIVGSAGSKLIRRISA
ASL_2983 AIRSVNELKQSKRF[L|VDVTKPIDITGEHAFRAPRGKDQRGPCPGLNALANHGY I SRDGVT
ASL_10378 LI FSPNSAHSATIRY|LIDDNPLNSFL TERLYLGGQPWK I VDIPGKAKGVVATRK | KMY
ASL_14705 GGGSAAAGGTNNRK|L/I|DAGNNL I VAGI AFQVVTMAVCGGL I LVY | FRYRKAHSQHNT IGE
ASL_16147 AAPHS |IPCPVDPR[T|L/ADSADPTGESRRRRRRRII P@ESCNEVMSAERRRQRL |EEKLAAK
ASL_19579 NLLKEKLNALRAREGLMDAGLVLVQKNSGGEGVEVSQGY | SQSELEFGLTKLVPSTLVSAH
ASL_19160 RRKLVAESSP | Y|RRIL|VEEQQHKSGKKDFTNKKKDNVDASGLAMSGKQYEWMDETYMGDSP
ASL_225 | VKDENGKE | ERRP|L|IRE[VNWVFADEEGWSVG I AGYVCRPTKDGGEELLEAEFKEGVEIE|
ASL_9889 AVLTPAQIVDNIR|I|LITQKSQALQAPAQSITIINGPLI I IGQGPFPQI IVGFADIVSTATT
ASL_13932 SAGADYSERSLLRP[LIPQNTLSASFNFRSNESADAFEQQNFRYFPRSFGQ I SQHAHTRESH
ASL_1957¢ STLVSAHEDVQVRL LGQE |DDPTSPTSLEMDSTPFVDRTPSTICAKAPLEYAVEMFARLG
3 12 MRk ER S RxLx[EDQ] motif B R EER FF5ILL Xt
Figure 3 Amino acid sequence with RxLx[EDQ] motif alignment among 12 candidate secreted proteins.
% 4 #% RxLx[EDQ] motif Y TR E 8 K F 5%
Table 4 Lists of predicted candidate effects carrying RXLx[EDQ] motif
Name Size (aa) Start of sequence (first 48 aa) Annotation
ASL 16147 127 MTTSLFGSTLMVSFLVVAAPHSIPCPVDPRTLADSADPTGESRRRRRR Hypothetical protein
ASL 13932 131 MLSSFYFLSLNALIAFVSAGADYSERSLLRPLPQNTLSASFNFRSNES Hypothetical protein
ASL 9889 152 MVSFRNLFTAAMALSVPVAAVLTPAQIVDNIRILTQKSQALQAPAQSI Hypothetical protein
ASL 2983 162 MKFSFPLLTLLSGNISVNAFPALNPTHLKSLTPEKLDAAIRSVNELKQ Hypothetical protein
ASL 2859 163 MRTSNLFVAVCAFSNLTVHASLEEKFVGFEAGDQTLDIAGATLIADA Hypothetical protein
ASL 225 227 MKFHTLPFFASTVLATMANTTTTKIEPFSLSAPPGTDIWRKAPSHNAF Hypothetical protein
ASL 19579 239 MFELTGQLSYTLPSMLAILVAKWTADAISTEGVYDLAQTLLSHPFLD Hypothetical protein
ASL 10376 259 MMRFLLSVAVIVLATAHSVTATLGVLDIDNLSQPDLEHVLAPGEEQE Hypothetical protein
ASL 9802 273 MLTIFVSTILVSLEIGIHATAIPGITNDFRKLDDVGWYGSATFILAAAAS Hypothetical protein
ASL 19160 277 MQLSSLLSLYIQALFSVWETITLMSSKIDRSTPTPSLDIFLTMDAKSSR Hypothetical protein
ASL 5934 293 MLRVSTVSLAVYSAIQVWSETGLGRTDEAVAYLENMANMEQTGTLV Hypothetical protein
ASL 14705 300 MRSYARTGSSATLAIATQLLVVVSAAEDRPQGDFRRCLDVSPECPVF Hypothetical protein
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Figure 4 Functional enrichment of 12 secreted proteins.
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Figure 5 Functional enrichment of TA-0410 (A) and TB-1129 (B) unique genes.
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LR R BEE PEB AR B 4 LR
A%, ARG EEEIE LI A. solani hy FEEE
SRR, A. alternata N 2<HEEBOE M, B A
solani WYL )G B MERFERRELE, FHit
X A. solani RFRYEES) . SIUER 4. solani
M, SeiEfh A, solani FREERD A. alternata 1F
2 A E BB W E R TERD A solani,
ULHH A. alternata 25 T Witk . ZE5 RV,
A. alternata JIZAFAE TS L KFI%
KRGy, AENE WA AR, HAY
AEEENRM ., B L ZTAETEY, A
H % Fh E0 B (pathotype)** 1, A HIF 5T AIr R 4k
PR TB-1129 XJ 2 A~ Fil B R HoA (R g
P, nTRe S RYGE T . BURBLMEARDG, tn]
REZWTE SR R EAUE AT T
— D L BOR R B L, AT T A
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R TR DR A b R0 T TR A A
it S AR AL, RS R TR B B R
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s PR, LRI RES TA-0410 BHRATIL LAY
FA K,
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A. alternata 53 5| 21 %% 3] contig Fll scaffold /K-,
M T BETEHE T C A1 A, solani FEF 4 1)
2 PHERHWC-168 . ASM283723v1)FlI(WUR ,
ASM295215v 1) ¥ R 28 A1i 3 R AR B ik 73 b 3
H, FrCARIEE R e EE, B A
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SR, 76 LB P v TG 1% 25 #4501 41
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