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Abstract: Affected tissues of adlay (Coix L.) were selected as research materials and the adlay
smut Ustilago coicis were separated, purified and observed in solid and liquid nutrient medium.
The smut fungus genome were sequenced, assembled and annotated by Illumina, Pacbio and Hi-C
technologies. The homology gene family evolution and phylogeny were studied by comparative
genetics among adlay smut fungus and the other six smut fungus species. Ustilago coicis was
successfully cultured and purified in solid PDA and liquid PDB media at pH 7. The colony on
PDA is pulvinate and wrinkly, with white color, moist and opaque. Illumina, Pacbio and Hi-C
sequencing and assembly showed that the whole genome of adlay smut fungus has 20
chromosome pairs (2n=40), with a size of 20.093 417 Mb and 53.81% GC content. There were a
prediction and annotation of 7 476 protein-coding and 164 non-coding genes with a length ratio of
61.02% and 0.285 3% respectively. A sum of 3 674 dispersed duplications and 8 139 tandem
duplications was hunted, occupying 2.754 4% and 1.605 4% of the whole genome length.
Homology gene clustering exhibited that protein-coding genes of U. coicis, U. bromivora, U.
maydis, U. hordei, Sporisorium reilianum, S. scitamineum, and S. graminicola were clustered into
6 999 gene families in which shared gene families totaled 5 379. There were 5 339 single-copy
orthologs, 105 multiple-copy orthologs, 89 unique paralogs, 752 other othologs and 188
unclustered genes in U. coicis. The gene family evolution and phylogeny clustering also revealed
that U. coicis was split in ~60.9 MYA, and clustered with U. bromivova and U. hordei, hinting
their closer relatives; however, U. maydis, a species parasitized corn, was split in ~66.6 MYA, and
clustered with S. scitamineum, S. graminicola and S. reilianum.
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Table 1 Information of different smut fungus genomes
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BioProjects HRSCAFR 24 S SCHRACR

Chinese name Scientific name Host Reference
PRJEB7751 e B Ustilago bromivora T HEERAEL Brachypodium  Rabe et al. 2016
PRINA14007  F KREEM Ustilago maydis EK Maize Kéamper et al. 2006
PRINA727466  KIFFIREATH Ustilago hordei KZF Barley Laurie ef al. 2012
PRJEB19311 ER e HIHERHN T  Sporisorium reilianum =% Sorghum Schweizer et al. 2018
PRINA275631 HIEHifuHESEM T Sporisorium scitamineum — HE Sugarcane Que et al. 2014

PRINAS54127  RAMERMH Sporisorium graminicola

FEHCE Plenum pratense Solano-Gonzalez et al. 2019
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Fig. 1 Phenotypic characteristics of adlay smut
fungus Ustilago coicis. A: Pathogenetic involucre; B:
Chlamydospore; C: Colony on solid nutrient medium;
D: Hyphae in liquid nutrient medium. Bar=5 pm.
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Fig. 2 Chromosome frame and gene annotation of Ustilago coicis genome. [ : Circler represents the
chromosome pseudomolecule; II-IV: Gene density, percentage of repeats, and GC content in 30 kb window;

V : Each linking line in the center of the circle connects a pair of homologous genes.

FefT LR AR ITE 170-654 A~ B BB MAIENG] &[22 BEEPEEREGAR. ERMEREITE

£ 5 5 339 ANBABE I LR, 105 /4> 2 4 1 L Table 2 Genome assembly, annotation and quality
’ ' assessment in adlay smut fungus Ustilago coicis

A B N P NENIET
89 AMRESFILIN 752 AILABSE A 188 RAH T i
FEH(F 3 FiL 5). Genome specifics Data
24 ENEWMENESLSE lumina M 75454 lumina clean data (Gb) 54956
1 L AT IR AR 5 231 A2t Pacbio {ll # % Pacbio sequncing data (Gb) ~ 2.764 1
- o h Hi-C 48 Pacbio clean data (Gb) 5.4956
AP VR P S 2BIAF WIR I RSE yepa o Genome size (Mb) 20.093 417
RER(E 4A), ZRE/xR, BHWEIE Ustilago 4T SM Ny,  Assemble N contig (Mb) ~ 1.032 894
TE~79.2 A J1 4£Hi (million years ago, MYA){k Pt/ H Chromosome number 20
ﬂi] 7 /l\i%’ﬂﬁji , EE*”}}% U. maya’is T{~66.6 ;CEZ%%;(;content (%) 53.81
3= Protein-coding gene number 6476
yA ) N NEAG="4 . . t
MYA sk, F-S5 RS Sporisorium (Y T 12261263
3 M S, scitamineum . S. graminicola F1 S. Total protein-coding gene length (Mb)
reilianum BH—3; HEUEBME U. coicis 1E iy S IR A 61.02
2 ] R i Protein-coding gene density (%)
~60.9 MYA ﬁ'ﬂfxl‘ﬂﬂé ’ —I::IAEQEZFJX:E/‘J 2 | %ﬁpéi %gﬂg% BUSCO %%H:‘WJ 98.3
MUY U. bromivora, KFEWREME U. hordei Complete BUSCO ratio (%)
g%jb#ji, W%ﬁﬂkﬁﬂ”l‘ﬂ~107 MYA., jﬂ:—‘ﬂ}bﬁ iﬁi‘%ﬂ% BUSCO %%Hﬁﬁﬂ 98.1
e ) . Single-copy BUSCO ratio (%)
WIZBRIE T Ustilago, T HEENFIEHEL L msm Busco @k i 0.2
5 FiRE %?ﬁ:ﬁ% ;I:H_ﬁ(lg 4B), Duplicated BUSCO ratio (%)
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Table 3 Assembly of chromosomes in adlay smut fungus Ustilago coicis

et kg 'S K GC &t gt 21 b 2 ) AN E B 0 HE
Chromosome 1D Length GC_content (%) Structure of telomere to telomere Ratio of uncertain base-pairs (%)
Chrl 2654953  54.20 CCCTAA-GGGTTA 0
Chr2 2262896 54.13 ?-7 0
Chr3 1561492  54.09 CCCTAA-GGGTTA 0
Chr4 1413721  54.02 CCCTAA-? 0
Chr5 1351356 54.10 CCCTAA-GGGTTA 0
Chr6 1198697  53.68 CCCTAA-GGGTTA 0
Chr7 1068 760  53.69 CCCTAA-? 0
Chr8 1011887  54.02 ?-7 0
Chr9 948 124 53.62 ?-GGGTTA 0
Chr10 857 450 54.07 CCCTAA-GGGTTA 0
Chrl1 852 045 53.32 CCCTAA-GGGTTA 0
Chrl2 732 500 53.82 CCCTAA-GGGTTA 0
Chrl3 655 884 53.80 CCCTAA-GGGTTA 0
Chrl4 607 143 53.63 CCCTAA-GGGTTA 0
Chrl5 598 064 53.73 CCCTAA-GGGTTA 0
Chrl6 565 403 53.66 CCCTAA-GGGTTA 0
Chrl7 544392 53.61 CCCTAA-GGGTTA 0
Chrl8 483 864 53.61 CCCTAA-GGGTTA 0
Chr19 431 685 53.51 CCCTAA-GGGTTA 0
Chr20 293 101 52.98 CCCTAA-GGGTTA 0

TE: 7 BNk AR

Note: ? means telomere absence.
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Table 4 Non-coding RNA genes and repeat sequences in adlay smut fungus Ustilago coicis genome

eSSl ¥H MR FE R 5
Type Number Total length (bp) Gene density (%)
JE4#F% RNA Non-coding RNA

tRNA 110 11 411 0.056 8
5S 35 4005 0.0199
18S 14 384 0.0716
288 27 056 0.1347
snRNA 3 467 0.002 3
411 Total 164 57323 0.2853
HUEEE Dispersed duplication

KA NGER FF] LTR 774 127 658 0.6353
DNA 8T DNA transposons 1173 150 028 0.746 7
KR E 741 LINE 608 48 838 0.243 1
MEAEES TS SINE 10 592 0.002 9
B RC 69 5 495 0.027 3
KHNF41 Unknown 1040 220 851 1.099 1
43t Total 3674 553 462 2.754 4
HEXE S Tandem duplication

PIEE L 751 TRF 4 669 178 881 0.890 2
/N1 A DNA Minisatellite DNA 1902 77 901 0.387 7
% T 52 DNA Microsatellite DNA 1568 65 801 03275
41t Total 8 139 322583 1.605 4
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Fig. 3 Statistics and clustering of homology genes in seven species of smut fungi. A: Venn plot of homology

genes’ statistics; B: Bar chart of orthologs’ clustering. The middle circle represents all gene family number and
the oval figures are unique genes, outside figures are species and their protein-coding numbers.

x5 ENENEVMHEERERLNIFAR T

Table 5 Statistics of orthologs’ clustering in seven smut species

Pyl BRENFIRR 2R  FeAREREER IR ERR RS
Species Single-copy Multiple-copy Unique paralogs  Other orthologs  Unclustered genes
orthologs orthologs

Sporisorium graminicola 5310 164 23 915 179

S. reilianum 5318 135 28 1059 142

S. scitamineum 5311 159 19 1028 185

Ustilago bromivora 5297 195 118 1081 522

U. hordei 5317 149 224 1365 394

U. maydis 5302 189 45 906 328

U. coicis 5339 105 89 752 188

fUHER MY B Sporisorium reilianum (Schweizer
et al. 2018), HFEHMIAIMEENE Sporisorium
scitamineum (Que et al. 2014)FIFK B Ustilago

3 itk

31 ENERENEESHENEYF S

TEED 2k b, B WEE TH PR T .
MM H . BB ERL Ustilaginaceae, PR
Wy E & Ustilago FIHEYERK & Sporisorium 1)
Py Fp A AR A 77 R UL, I R OK SR A
Ustilago maydis (Kimper et al. 2006), K7 %%
3 Ustilago hordei (Laurie et al. 2012), =3#2

esculenta (Z=i5224% 2010)55 8 FXPIA~4028
FE. BOUEKIE M 1927 4844 24, BIgER)
530 Ustilago, AR HA KM ARG LT X R
ANIEMT . A E R TAZEAR DNA PR Y &
GEBEMER U. coicis 512G E B U.
trichophora FE 23T (Zhang et al. 2013), AWHF5T
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