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PLANT SYSTEMS BIOLOGY: INTEGRATING SCALES AND TIMES

Sugarcane genomics and transcriptomics resources

Felipe Vaz Peres?!, Verusca Semmler Rossi!, Jorge Mario Mufioz Perez!, Diego Mauricio Riafio-Pachon? %3

1. Center for Nuclear Energy in Agriculture, University of Sao Paulo, 2. National Institute for Science and Technology of Bioethanol,
3. Research Center for Greenhoouse Innovation
diego.riano@cena.usp.br

BACKGROUND

Complex Genome Multi-species, polyploid breeding Available genome assemblies
_ _ Assembly Contigs N50 (Kbp) [Size (Mbp)| Genes Technologies Publication
S The genome of modern sugarcane cultivars is Saccharum officinarum Riafo-
u“ a mosaic, with chromosomes originating from X @s: spontaneum SP80-3280- | 145598 g4 | 1167 | 153078 | TTusedSynthetic | Pachon &
e e e e L. HoT.s0z  SPTI-1088 S. barberi CTBE ’ . ’ ’ Long Reads Mattiello,
I" S. officinarum (yellow, 70%-90%), and S. 7 e @etural hybrid 5017
= 134 polvcRosS3  CPS3 76 CPs5a0 Breeding hybrid :
IUI spontaneum (green, 10%-20%), some S < | SP80-3280- 450 608 132 | 4250 | 374774 | TTUSEd Synthetic | Souza, etal,
W“ recombinant chromosomes (5%-10%) and 'éé %S:ATP Long Reads ézfme —
MTP- . ur,
L H“ genetic information from other species within CIRAD > 708 116.7: 530 41,223 | BAC, PacBio RSIL 1 551
L_hhtugs the ~ Saccharum  complex. Genetic E|5R7AO[')STP' 211 | 455766 | 427 | 25316 | BAC, PacBio RSl Slarzrgle;r' et
.“ information from S. spontaneum  brings 0L Tr'l’”.i”o_
traits related to biotic and abiotic stress 1940- 35089 | 34,980.0 904 68,260 g::'gcR;g'pH'C' Montenegro,
L H resistance, and S. officinarum's brings sugar CENICANA etal,, 2021
e e content related traits. The monoploid genome There are 5 genome assemblles for three sugarcane c_ult|vars, using modern
TR : £ th d hvbrids i d 1Gb Sforca, 2019; Brandes & Sartoris, 1936; Santchurn, Badaloo, Zhou & Labuschagne, 2019 DNA sequencing teChnOlogleS. The SP80-3280 assemblies are an attempt to
H SIz€ Of the modern nybrids 15 aroun P pedigree of cultivar SP80-3280. With contributions of represent the poliploid genome, but they are still highly fragmented. The

Srivet & Anrua. 2002 with ploidy levels 10-12, highly repetitive,

three different species within the Saccharum complex. assemblies for the other two cultivars are a reconstruction of a mosaic haploid

aneuploid and polymorphic. genome. How do they compare to each other?
Do we have a complete sugarcane Pan-transcriptome: 48 genotype-specific transcriptomes
A. Quality of transcriptome assemblies B. Pan-transcritome statistics C. Pan-transcriptome
genome yet? {00
R570-STP-GIRAD Metric | Value | 1.6E5
152415
[15243) Number of genotypes 48
Sum of the number of 16.237.00d ©
franscripts Q | JES
R570-BACS-CIRAD CC011940-CENICANA o 80 Protein coding transcripts 5,240,794 S
(19145) (26103) =) Transcripts in clusters 5077629 [
i’ @
= Number of cIus’Fe.rs 153,841 = Q Pan-transcriptome
% ° Genotype-specific clusters 653] <o 8E4
.'.I: genotype-specific clusters ’ <
, = Average number of transcripts 33I seal-
| : . 5ot per cluster z
e I Median cluster size 6 EN .
40 | Number of cluster with all 8 14 e T L T e TR T
genotypes _ 1 T 5 9 13 15 19 23 27 31 35 39 47
Number of cluster with 90% 19 738I NUMb ; ‘
BUSCO BUSCO Transcripts Read Reference genotypes ’ umber ot genotypes
Complete Complete with CRBB Mapping Tr_anscruéts
SP80-3280-1QUSP 5PB0-3280-CTHE Puplicated Rate \.Nl.th CRBB . . ‘s . . .. .
56581) (44593) We generated 48 genotype-specific transcriptome assemblies exploiting public data, using Trinity with kmer={25,31}. (A) The

resulting assembly metrics are very good for most assemblies. The average BUSCO was over 80%, and over 60% of the sugarcane
We clustered all the protein coding genes of the 5 genome transcripts had homologues in Sorghum bicolor. (B) There are over 5.2E6 protein-coding transcripts, which is 32% of all
assemblies using OrthoFinder. The number below the assembly assembled transcripts. Most protein-coding transcripts can be assigned into one of 153,841 clusters. This clustering was obtained
name is the total number of clusters. Although most of the clusters with OrthoFinder with inflation 1.5 and similarity search with default values, more stringent values (inflation ={1,5, 2.0, 4.0, 6.0}
are shared with all assemblies, each assembly has exclusive and sensitive similarity searches, increase the number of clusters. The hard core-transcritpome is constituted of 8,142 clusters and
clusters, this is a consequence of the high genetic variability of the the soft core-transcriptome of 12,738 clusters. (€C) Most of the clusters can be recovered already with only 24 genotypes (pan-

crop, and highlights the importance of pan-genomics approaches. transcriptome), while the soft-core (groups with 90% of the genotypes) is recovered with 11 genotypes already.
SpeCIeS of origin in SP80-3280 as shown above in the pedigree for the cultivar SP80-3280 at least three Saccharum
species have contributed to its genetic background, i.e., S. officinarum, S. RE FE RE N C ES
Common s offcinarum - 5. barber spontaneum and S. barberi. Using the transcriptome assembly for this cultivar we
Commen o crontomeum <. oftcmarum tried to assing the probable species of origin for each transcript, exploiting publicly Brandes, E. W.; Sartoris, G. B. 1936. Yearbook of the United
e available genomics datasets for the three species, and computing "Counts per States Department of Agriculture pp.561-624 |
g Million" (CPM), for each transcript and species. For this analyses we have excluded ©3rsmeur 0;Droc, G;etal. 2018. A mosaic monoploid reference

. : . . L . sequence for the highly complex genome of sugarcane. Nature
o)
transcripts with CPM in the top 1%, as they likely represent repetitive regions, from communications: 9(1):2638

the remainder we only kept these that have a CPM of at least 1 for at least one of the g ivet L., and Arruda P. 2002. Sugarcane genomics: depicting

" : species. At least 81.8% of the transcripts appear to be present in the three species the complex genome of an important tropical crop. Current Opinion
= 40 | (Common and UNK). A surprisingly small fraction of transcripts can unambiguously be in Plant Biology 5(2):122-127

Q)

00

> identified as originating from only one of the three species (2.9% from S. barberi, Riaio-Pachén, D.M,; and Mattiello, L. 2017. Draft genome sequencing of
S 2.1% from S. officinarum, and 4.7% from S. spontaneum). The remaining 8.5% are the sugarcane hybrid SP80-3280. F1000Res; 6:861
5 transcripts that are common between pairs of the three founding species. Santchurn, D.; Badaloo, M.G.H.; Zhou, M and Labuschagne,
“g M.T. 2019. Contribution of sugarcane crop wild relatives in the
- Q oy creation of improved varieties in Mauritius. Plant Genetic
= D1
2 DATA AVAILABILITY pesources; 1013
ng 0 Sforca, DA. Variacao genetica em poliploides complexos:
% _ _ _ _ _ _ desvendando a dinamica alélica em cana-de-acucar. 2019. PhD
0 O Transcriptome assembllies, their annotation and cluster conformation are publicly 1 .cic uniCAMP.
"’q\/&y available via https://figshare.com/projects/Sugarcane_Pan-transcriptome/130586  ggoyza 6.M..Van Sluys M.A; et al. 2019. Assembly of the 373k gene
(OK\O space of the polyploid sugarcane genome reveals reservoirs of
0@0 | We have set up a BLAST server to query our transcriptome assemblies, temporarily functional diversity in the world's leading biomass crop.
‘o Oo‘-"} available at: http://200.144.245.42:4567/ Gigascience 8(12):giz129
R Trujillo-Montenegro, J.H.; Rodriguez-Cubillos, M.J.; et al. 2021.
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