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Supplementary Notes 

Supplementary Note 1. Addresses to genome information. 

 

Kewa caespitosa: 

https://ftp.ncbi.nlm.nih.gov/genomes/all/GCA/900/322/205/GCA_900322205.1_ASM900322

20v1/GCA_900322205.1_ASM90032220v1_genomic.fna.gz 

 

Macarthuria australis: 

https://ftp.ncbi.nlm.nih.gov/genomes/all/GCA/900/322/265/GCA_900322265.1_ASM900322

26v1/GCA_900322265.1_ASM90032226v1_genomic.fna.gz 

 

Pharnaceum exiguum: 

https://ftp.ncbi.nlm.nih.gov/genomes/all/GCA/900/322/385/GCA_900322385.1_ASM900322

38v1/GCA_900322385.1_ASM90032238v1_genomic.fna.gz 

 

Populus trichocarpa: 

https://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/000/002/775/GCF_000002775.4_Pop_tri_v3/

GCF_000002775.4_Pop_tri_v3_genomic.fna.gz 

 

Solanum chaucha: 

https://ftp.ncbi.nlm.nih.gov/genomes/all/GCA/002/312/845/GCA_002312845.1_K_fedtsche

nkoi_M2_v1/GCA_002312845.1_K_fedtschenkoi_M2_v1_genomic.fna.gz 

 

Arabidopsis thaliana: 

https://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/000/001/735/GCF_000001735.4_TAIR10.1/G

CF_000001735.4_TAIR10.1_genomic.fna.gz 

 

Oryza sativa: 

https://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/001/433/935/GCF_001433935.1_IRGSP-

1.0/GCF_001433935.1_IRGSP-1.0_genomic.fna.gz 
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Supplementary Note 2. Addresses to web sites. 

 

eHALOPH database: https://www.sussex.ac.uk/affiliates/halophytes/ 

REAPR: https://www.sanger.ac.uk/tool/reapr/ 

Jellyfish: https://github.com/gmarcais/Jellyfish 

GenomeScope2.0: https://github.com/tbenavi1/genomescope2.0 

Musket: http://musket.sourceforge.net/homepage.htm 

ALGA: https://github.com/swacisko/ALGA 

Redundans: https://github.com/lpryszcz/redundans.git 

Fastqc: http://www.bioinformatics.babraham.ac.uk/projects/fastqc/ 

gVolante: https://gvolante.riken.jp/ 

BUSCOv5: https://gitlab.com/ezlab/busco/-/releases#5.2.1 

RepeatModeler2: https://github.com/Dfam-consortium/RepeatModeler 

Repbase: https://www.girinst.org/ 

TEclass: http://www.compgen.uni-muenster.de/teclass 

RepeatMasker: https://github.com/rmhubley/RepeatMasker 

tRNAscan-SE2.0: http://trna.ucsc.edu/tRNAscan-SE/ 

PlantRNA: https://seve.ibmp.unistra.fr/plantrna/ 

infernal: https://github.com/EddyRivasLab/infernal 

BRAKER2: https://github.com/Gaius-Augustus/BRAKER#braker-with-rna-seq-data 

DIAMOND: https://github.com/bbuchfink/diamond 

HMMER: https://github.com/EddyRivasLab/hmmer 

iTAK: http://itak.feilab.net/cgi-bin/itak/index.cgi 

DAVID: https://david.ncifcrf.gov/ 

PGDBj: http://pgdbj.jp/plantdb/plantgenome.html?ln=ja 
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Supplementary Figures 

 

 

 

 

Supplementary Figure S1. (A): Insert size distribution in the Illumina pair-end raw reads of 

Mesembryanthemum crystallinum genome using REAPR (key parameter: smaltmap). (B) and (C): 

GenomeScope2 k-mer [21 (B) and 25 (C)] distribution showing estimation of genome size (len), 

homozygosity (aa), heterozygosity (ab), mean k-mer coverage for heterozygous bases (kcov), read error 

rate (err), the average rate of read duplications (dup), k-mer size used on the run (k:), and ploidy (p:).  

(B) (C) 
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Supplementary Figure S2. Genome sequence integrity verification results by the BUSCO program. This figure 

was generated by the following command (generate_plot.py -wd BUSCO_summary/). Light blue: Complete 

(Single-Copy), blue: Complete (Duplicated), yellow: Fragmented, red: Missing. 

 

 

 



 

 

Supplementary Figure S3. The ice plant tRNA distribution. The tRNA sequences were 

extracted from the ice plant genome sequence using tRNA-SE2.0 and classified according 

to the codons specified. The tRNA-isoleucine (Ile) with the highest number is shown in 

black, tRNA-tryptophan (Trp) with the lowest number is shown in gray, and others are 

shown in white.  
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Supplementary Figure S4. Predicted gene counts for 27 plant species. Ice plant genes number are shown as a black bar.  



 

 

Supplementary Figure S5. Ratio of gene numbers belonging to the biological process (BP) 

to the total number of genes in five plant species including ice plant. gene ontology (GO) 

terms present in all plants were selected. The GO terms are, from the top, ice plant, 

Arabidopsis, rice, maize, and poplar. The ice plant is shown in black, and other GO terms are 

shown in white. Vertical axis indicates GO function name and horizontal axis indicates the 

percentage. 



 

 

 

Supplementary Figure S6. Ratio of gene numbers belonging to the cellular component 

(CC) to the total number of genes in five plant species including ice plant. GO terms 

present in all plants were selected. The GO terms are, from the top, ice plant, 

Arabidopsis, rice, maize, and poplar. The ice plant is shown in black, and other GO terms 

are shown in white. Vertical axis indicates GO function name and horizontal axis 

indicates the percentage. 



 

 

 

 

 

Supplementary Figure S7. Ratio of gene numbers belonging to the molecular function 

(MF) to the total number of genes in five plant species including ice plant. GO terms present 

in all plants were selected. The GO terms are, from the top, ice plant, Arabidopsis, rice, 

maize, and poplar. The ice plant is shown in black, and other GO terms are shown in white. 

Vertical axis indicates GO function name and horizontal axis indicates the percentage. 



 

Supplementary Figure S8. Flowchart of de novo genome assembly and subsequent analysis. The names of software 

and web tools used, in this study, are indicated in italics. 



Supplementary Tables 

 

  

Supplementary Table S1. Genome sequencing results.  

Reads Read from 5' end 

(Read1) 

Read from 3' end 

(Read2) 

Total bases 

Unique reads (bp) 32,999,186 33,536,575 66,535,761 

Duplicate reads (bp) 20,661,762 20,124,373 40,786,135 

Total bases 53,660,948 53,660,948 107,321,896 

Paired-end sequencing was performed and trimmed with musket. Unique reads, duplicate 

reads, and total number of reads are shown. 



Supplementary Table S2. Assembled and scaffolded genome statistics. 

Process Assembling Scaffolding 

Software programs ALGA (v1.0.3) Redundans (v0.14a) 

Total length [nt] 341,841,913 286,008,514 

Total sequences 161,183 49,782 

GC contents [%] 37.03 36.59 

Number of sequences > 1 K (nt) 66,037 40,499 

Number of sequences > 10 K (nt) 6,248 8,602 

N50 [nt] 5,736 10,562 

Number of gaps (>=5 N's) 0 17,358 

Longest sequence [nt] 59,958 90,422 



 

Supplementary Table S3. Comparison of the percentage of tRNAs among the ice plant and the other 8 plant species by Smirnov-Grabs 

outlier test. 

 Percentage of tRNAs in 9 plant species (%)    

Amino 

acids 

M. 

crystallinum 

A. 

thaliana 

O. 

sativa 

S. 

lycopersicum 

P. 

trichocarpa 

E. 

japonicum 

S. 

tuberosum 

Vitis 

spp. 

G. 

max 

Average 

(%) 

T-value P-value 

Ala 3.91 5.64 7.92 6.22 7.33 4.80 6.25 9.97 7.00 6.56 -1.57 0.11 

Arg 4.63 5.98 7.92 6.78 7.72 5.80 6.25 6.91 8.14 6.68 -1.90 0.07 

Asn 3.40 2.56 2.97 3.04 3.56 3.00 2.58 3.07 3.14 3.04 1.17 0.19 

Cys 1.96 2.22 1.78 1.94 1.98 2.00 1.90 2.05 2.00 1.98 -0.21 0.37 

Gln 2.57 2.74 4.55 3.32 3.56 2.80 3.13 3.84 3.57 3.34 -1.30 0.16 

Glu 3.50 3.93 7.13 6.09 6.34 4.40 6.39 5.88 5.71 5.49 -1.69 0.10 

Gly 5.77 6.32 7.92 8.85 7.72 6.20 9.92 7.93 8.00 7.63 -1.48 0.13 

Ile 10.09 3.76 4.55 4.56 4.75 3.60 4.35 4.35 4.57 4.95 2.77 < 0.05 

Leu 6.39 6.67 8.32 8.58 8.12 6.80 7.88 8.18 7.71 7.63 -1.64 0.10 

Lys 3.71 5.13 5.35 5.67 5.94 4.80 5.57 4.35 5.86 5.15 -2.05 0.06 

Phe 2.57 2.56 2.77 3.46 3.37 2.60 3.40 2.81 2.86 2.93 -1.03 0.22 

Ser 7.93 9.40 6.34 7.05 6.93 8.40 6.79 7.16 7.57 7.51 0.47 0.34 

Thr 4.12 3.76 4.36 4.43 2.77 3.80 3.80 4.09 3.29 3.82 0.60 0.32 

Trp 1.34 2.22 2.57 2.21 2.57 1.80 2.45 2.56 2.43 2.24 -2.28 < 0.05 

Tyr 2.68 11.97 2.57 3.60 3.17 7.60 3.67 2.05 2.86 4.46 -0.58 0.32 

The tRNA database of eight plant species, A. thaliana, O. sativa, S. lycopersicum, P. trichocarpa, E. japonicum, S. tuberosum, Vitis spp, G. 

max were obtained from the PlantRNA database1. 



Supplementary Table S4. Statistics on coding sequences (CDS) and amino acid sequences 

predicted from the ice plant genome. 

Regions Whole genome Genes CDS Amino acids 

Sequences 49,782 34,223 35,702 35,702 

Total bases, [nt]  

or amino acids, [aa] 

286,008,514 91,283,320 30,364,506 9,958,616 

Average length, [nt/aa] 5,745.20 2,667.30 1,185 411.1 

Median length, [nt/aa] 3,357 1,761 950 330 

N50, [nt/aa] 10,681 4,346 1,511 509 

  



 

Supplementary Table S5. MiRNA loci derived from the ice plant genome sequence and the target 

mRNA functions. 

MiRNA loci Gene or 

precursor 

Number 

of loci 

Target mRNA and its function References 

MIR169 gene 25 Nuclear factor γ subunit A (NF-YA) 2 

mir-399 precursor 16 PHO2: ubiquitin-conjugating enzyme 3 

MIR159 gene 8 MYB33, MYB65 4 

mir-166 precursor 7 Homeobox-leucine zipper family protein (HD-

ZIP) 

2 

mir-598 precursor 4 #N/A #N/A 

mir-395 precursor 4 WRKY transcription factor 5 

mir-172 precursor 4 APETALA2 (AP2) and AP2-like transcription 

factors 

6 

MIR164 gene 4 NAC domain-containing proteins 2 

MIR398 gene 3 Blue copper-binding protein (BCBP) 7 

MIR167 gene 3 Auxin response factors (ARFs) and IAA-Ala 

resistant3 (IAR3) 

8 

mir-160 precursor 3 Auxin response factor (ARF)16 2 

MIR811 gene 2 HLH DNA-binding domain-containing proteins 9 

MIR408 gene 2 Blue copper (Cu) proteins 10 

MIR397 gene 2 Laccase (LAC) genes involved in lignin 

synthesis 

11 

mir-393 precursor 2 L-type lectin receptor kinase V.7 12 

MIR390 gene 2 SiRNA transacting against auxin response 

factor gene 

13 

MIR162 gene 2 Dicerlike-1 2 

MIR535 gene 1 SQUAMOSA promoter binding protein-like 14 

(OsSPL14) 

14 

MIR403 gene 1 AGO(Argonaute)2 and AGO3 15 

MIR396 gene 1 Squamosa promoter-binding protein-like (SPL) 2 

MIR394 gene 1 Growth-regulating factor (GRF)2 2 

MIR319 gene 1 MYB domain protein 33 2 

MIR168 gene 1 Argonaute1 2 

mir-156 precursor 1 Squamosa promoter-binding protein-like (SPL) 2 



Supplementary Table S6. Gene ontology (GO) terms and number of genes belonging to ice 

plant considered to be more beneficial in ice plant than in Arabidopsis, rice, maize, and 

poplar.  

GO GO terms Number of Gene Reference (1) 

Biological 

Process 

Response to virus 33 16 

Pollen tube development 27 17 

Triglyceride biosynthetic process 21 18 

Wax biosynthetic process 21 19 

Auxin transport 14 20 

DNA topological change 12 21,22 

Nucleic acid phosphodiester bond 

hydrolysis 
12 

23 

Production of siRNA involved in chromatin 

silencing by small RNA 
10 

24,25 

Photoinhibition 10 26,27 

Methylation-dependent chromatin 

silencing 
8 

28 

Mitotic chromosome condensation 8 29,30 

Cellular 

Component 

Cytoplasmic vesicle 38 31 

SNARE complex 35 32 

Protein storage vacuole 14 33 

Molecular 

Function 

O-acetyltransferase activity 34 34 

SNAP receptor activity 34 32,35 

Nucleotidyl transferase activity 29 36 

Enoyl-CoA hydratase activity 9 37 

(1) Results of investigation on whether these gene functions are related to halophilism and 

salt tolerance (photosynthetic conversion) are stated. 
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