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The challenges
for plant genome
assembly

* Gene family

* Tandem duplication

* Cluster located repeat

* High repeat content

* Large genome size

* High heterozygosity

* Recent whole genome duplication
* Polyploid
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454 + [llumina

Illumina + 10X Genomics + Hi-C

(A) praft genome 'W8520' - High-quality genome 'Draper’
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117 Rt-5& farulies 117 Tull-sibs families
<P& 80,591 SNPs ‘st 70,142 SNPs
35,063 probes 15,643 probes
maf 0.0% maf 0.01

Genotype calling

Genotype calling
FreeBayes v.1.0.1
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Erwin et al. 2018. Trends in Genetics
Sunil et al. 2023. Molecular Plant



—EZEESRSERBBATEN kv, KEKFEARCRN

11 1;/]_‘_\‘@6 ”»

Phasing strategy Species Karyotype Sequencing platforms Tools or strategies

Reference-based variant phasing
Litchi chinensis 2n=2x=30 Illumina + PaeBig@ + 10x Genomics HapCUT2 Nat Genet (2022)
Ipomoea batatas 2n=6x=90 1llumina Ranbow Nat Plants (2017)

De novo assembly-based haplotype phasing

De novo phased contig Bletilla striata 2n=2x=32 HiFi + Hi-C HiFiasm + LACHESIS Plant J (2022)

tools + Hi-C scaffolding  Bupleurum chinense 2n=2x=12 llumina + HiFi + Hi-C HiFiasm + 3D-DNA Front Genet (2022)
Suaeda glauca 2n=2x=18 HiFi + Hi-C HiFiasm + 3D-DNA Front Genet (2022)
Cynodon dactylon 2n=4x=36 Illumina + PaeBig + Bionano + Hi-C HiFiasm + 3D-DNA Front Plant Sci (2022)
Populus tomentosa 2n=3x=57 lllumina + HiFi + Hi-C HiFiasm + 3D-DNA Genome Biol (2022)
Malus domestica 2n=2x=34 Illumina + 10x Genomics + HiFi HiFiasm + DeNovoMAGIC Nat Genet (2020)
Manihot esculenta 2n=2x=36 llumina + HiFi + Hi-C HiFiasm + ALLHIiC Gigascience (2022)
Pogostemon cablin 2n=4x=64 Illumina + PacBio + Hi-C Canu + 3D-DNA Nat Commun (2022)
Manihot esculenta 2n=2x=36 lllumina + PaeBio + Hi-C FALCON + FALCON_unzip + FALCON-Phase Plant J (2021)
Humulus lupulus 2n=2x=20 Illumina + PaeBio + Hi-C FALCON + FALCON-unzip Plant Genome (2021)
Vanilla planifolia 2n=2x=28 llumina + ONT Miniasm + FALCON-Phase + LACHESIS Nat Food (2020)
Hydrangea macrophylla 2n=2x=36 Illumina + PacBio + Hi-C FALCON + FALCON_unzip + FALCON-Phase DNA Res (2021)
Zingiber officinale 2n=2x=22 Illumina + PaeBig + Hi-C FALCON-Phase + 3D-DNA Hortic Res (2021)
Saccharum spontaneum 1n=4x=32 Illumina + BACs + PacBig + Hi-C Canu + ALLHIC Nat Genet (2018)
Saccharum spontaneum 2n=4x=40 HiFi + Hi-C Canu + ALLHIC + 3D-DNA Nat Genet (2022)
Camellia sinensis 2n=2x=30 HiFi + Hi-C HiFiasm + ALLHIiC Hortic Res (2021)
Solanum tuberosum 2n=4x=148 HiFi + Hi-C HiFiasm + ALLHIiC PBJ (2022)
Camellia sinensis 2n=2x=30 Illumina + PaeBio + Hi-C Canu + ALLHIiC Nat Genet (2021)
Manihot esculenta 2n=2x=36 PacBio + Hi-C Canu + Wtdbg + ALLHIC Mol Plant (2021)
Dendrocalamus latiflorus 2n=6x=70 lllumina + PacBio + Hi-C Falcon + ALLHIC JIPB (2022)
Medicago sativa 2n=4x=32 lllumina + HiFi + Hi-C Canu + ALLHIC Nat Commun (2020)
Medicago sativa 2n=4x=32 PacBio + Bionano + Hi-C Canu + MECAT + ALLHIC Mol Plant (2020)
Medicago sativa 2n=4x=32 PacBio + Hi-C Canu + ALLHIC GPB (2022)
Artemisia annua 2n=2x=18 lllumina + PacBio + Bionano + Hi-C Canu + HiFiasm + FALCON + LACHESIS Mol Plant (2022)

Trio-binning-based de Ananas comosus 2n=2x=50 PacBio + ONT + Hi-C + lllumina Trio-binning Plant J (2022)

novo phasing Cerasus x kanzakura 2n=2x=16 Illumina + PacBio Trio-binning DNA Res (2021)
Cerasus x yedoensis 2n=2x=16 Illumina + PacBio Trio-binning DNA Res (2019)

Genetic map-based de Pyrus bretschneideri 2n=2x=34 BACs + Single Cell Sequencing Gamete binning Genome Res (2019)

novo phasing Solanum tuberosum 2n=4x=48 HiFi + SCS Gamete binning Nat Genet (2022)
Camellia sinensis 2n=2x=30 SCS Gamete binning Plant J (2021)
Prunus armeniaca 2n=2x=16 PacBio + SCS Gamete binning Genome Biol (2020)
Solanum tuberosum 2n=2x=24 ONT + 10x Genomics + HiFi + Hi-C + Illumina for self- Population resequencing Nat Genet (2020)

population

Solanum tuberosum 2n=4x=48 HiFi + Hi-C + Illumina for self-population Population resequencing Mol Plant (2022)
Vitis riparia 2n=2x=38 Illumina + PaeBi@ + 10xGenomics + GBS data Population resequencing Sci Data (2019)
Zoysia japonica 2n=4x=20 PacBio + GBS data Population resequencing (PolyGembler) Nat Genet (2020)

Kong et al. 2023. Genomics, Proteomics & Bioinformatics
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Genome SurveyiiLFE

¥dE: 20Xl 4K Pair-end 77

Ji#E: FastQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc)

4¥r:  JELLYFISH (http://www.cbcb.umd.edu/software/jellyfish/)


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

Genome size estimation

* Flow cytometric analysis
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Fig 1 Histogram of fluorescence mtensity acquured by means of an
analyser connected to computer for Hetororhabditis bacteriophora. The
cytometer nrgon laser was adjusted at 488 nun at 20 mW 1 potential and
the measurement was realised at 585 nm. The flux cytometer 15 calibrated
in reference 1o the genome size of C. elegans (m bold kne). An ennre
specimen was crushed w a solution of PBS Tween and was Iysed by
additon of Triton X-100 ar a final concentration of 0.2%. This preparation
was stamed with propidites jodide at a final concentration of 10pg~ '
DNA content was measured immediately before vortex pellet.

0
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Depth

Figure S8 | Distribution of 17-mer frequency in the raw sequencing reads. We
used all reads from the short msert-size libraries (<500bp). The peak depth 1s at 15X.
The peak of 17-mer frequency (M) in reads 1s correlated with the real sequencing
depth (N), read length (L), and kmer length (K), their relations can be expressed in a
experienced formula: M =N * (L —K + 1) / L. Then. we divided the total sequence
length by the real sequencing depth and obtained an estimated the genome size of
2.46 Gb,
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Genome Res. 2014 Aug;24(8):1384-95.
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Efficient+de+novo+assembly+of+highly+heterozygous+genomes+from+whole-genome+shotgun+short+reads

Kmer Distribution

Unique coverage
heterozygosity

count

Multiply coverage

coverage

104212972*0.5 + 438982154 + 171206668 = 662.30 Mb.
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R H P TP
(1) N50/N90
(2) Read
(3) RNA seq

(4) EST/cDNA

(5) CEGMA(Core Eukaryotic Genes Mapping Approach)
(6) BUSCO(Benchmarking Universal Single-copy Orthologs)

18
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Repetitive seguences

Supplementary Table 4. Distribution of repeats in S. japonicum

Repeat Family Size (bp) Ratio (%)
Low_complexity 2.011.687 0.51
Microsatellite 2.520.388 0.63
Minisatellite 9.815.590 2.47
Satellite 16.830.062 4.23
SINE

Sj-alphal 4.293.863 1.08

Sj-alpha2 3,011,537 0.76
LTR Retrotransposon

Gulliver 711.318 0.18

18 Novel Sj-Retrotfransposons 23.803.907 5.98
Non-LTR Retrotransposon

Sj-pido 1.540.514 0.39

SjR1 3.358.700 0.84

SjR2 17.602.429 4.43

4 Novel Sj-Retrotransposons 27.743.061 6.97
3 Penelope-like Retrotransposons 3.938.326 0.99
Transposon 856.671 0.22
undefined repeat 41.582.296 10.45
Total repeat 159.620.349 40.13
Genome Size* 397,751,405 100




JZHNcRNA

T FINCRNA:

Rfam (http://rfam.xfam.org/, rfam_scan.pl )
tRNA (tRNAscan-SE)

miRNA Chttp://www.mirbase.org/, ViennaRNA)

rRNA

7\

@
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http://rfam.xfam.org/
http://www.mirbase.org/

MicroRNA and SnoRNA Prediction

Jaquiny

@
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18

73
ar

ilies, 580 genes targeted

Gene Ontology

: biological process
cellular component
s molecular_function

I
1
1

2

o
n

(sp)aBeyuasiag

30.00 ¢~

16,00

7.50

102 date palm microRNAs (miRNAs) from 49 fam

by 90 miRNAs were identified

0.00

44 box H/ACA snoRNA genes (Table S6) and 65 box C/D snoRNA genes



SSR identification

n=6-11 n>11
% GC % dataset % GC % dataset
Mononuclieotides 7.88 1.76 13.23 0.09
Dinuclieotids 33.25 0.14 30.23 0.11
Trinuclieotides 35.67 0.04 13.18 0.01
Tetranulieotides 21.30 0.01 27.57 0.00
All periods 1.94 0.21
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ORF Finder | http://www.ncbi.nlm.nih.gov/gorf/gorf.html NCBI 1B
BestORF http://linux1.softberry.com/berry.phtml?topic=bestorf& | Softberry | Et%
group=programs&subgroup=gfind
GENSCAN | http://genes.mit.edu/GENSCAN.html MIT B, BT, EX
Gene Finder | http://rulai.cshl.org/tools/genefinder/ Zhang lab | A. /NER. HlEE7T. BEE
FGENESH http://linux1.softberry.com/berry.phtml?topic=fgenesh | Softberry | Etz (BERE &)
-&group=programs&subgroup=gfind : :
GeneMark http://opal.biology.gatech.edu/GeneMark/eukhmm.cgi | GIT 5%
GLIMMER | http://www.ncbi.nlm.nih.gov/genomes/MICROBES/gli | Maryland | J5#%
mmer_3.cgi
http://www.cbch.umd.edu/software/glimmer
Fgenes http://linux1.softberry.com/berry.phtml?topic=fgenes& | Softberry | A (EEEM)
group=programs&subgroup=gfind
FgeneSV http://linux1.softberry.com/berry.phtml?topic=virus&gr | Softberry | fFE=
oup=programs&subgroup=gfindv
Generation http://compbio.ornl.gov/generation/ ORNL [E#%
FGENESB | http:/linux1.softberry.com/berry.phtml?topic=fgenesb | Softberry | 4B (EELH)
&group=programs&subgroup=gfindb
GenomeScan | http://genes.mit.edu/genomescan.htmi MIT BtE. $BEETT. EX
GeneWise2 | http://www.ebi.ac.uk/Wise2/ EBI A
GRAIL http://grail.Isd.ornl.gov/grailexp/ ORNL AL M. BT Ris
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Gene prediction

1,898 (14.1%)
domain-containing protein

364 (2.7%)
conserved hypothetical protein

hypothetical protein

Supplementary Figure 5. Stepwise annotation of S. japonicum genes




Gene function comparison
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Supplementary Figure 4. Functional categorization of S. japonicum genes and

comparative analysis with other representative organisms
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Species specific pathway and
function

BHDI&IZBI&H.&-SO .1e-100 ® fnirals ® Plants ® Fungl ® Protists @ Bacteria ® firchasa
PURINE METABOLISM

Deaxynosing
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* RNAseq Is a powerful tool to
detcet the whole transciptome In
cell and tissue.

* Previous RNAseq research focus
on MRNA, but recent studies
prove that part of functional
noncoding transctipt and protein-
coding RNAs are lack of polyA.



Content of transcriptome

1. Genes: expression , alterante splices
2. Noncoding RNA:

SNORNA, mMRNA-like ncRNA, snRNA,
some antisense transcripts,
pesudogenes, retrotransposon ,and
others functional RNAS

3. Some repeat elements



RNA-seq ) A4 5 B8 2 M n i

. BOEWNNEYFESE, FRIERI RS A EURE
(overlapping time points with high temporal resolution)
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Background

MRNA-seq

Attach linkers Convert to DNA
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Background
SAGE o

ARAPAANDA

+ BAP & TAP treatment
[FZRNA Tinker]

r AAAANAAAD
13 P2 RNA linker ligation v

P2 ENA Lissbce
—— AARRALARN

B scop1 51 sine l
(2> 1st strand synthesis with
Ofigo{dT)EcoP adapter

———— & ARANMRRR

.

3 2nd strand synthesis )
with biotin pri ¢ Biotin-Primer 1

e
1
‘ Adupter primner

T site

@ oA
stin] CAGC I . S AR T A e A
P2 -Linker RESSSS SRBR
[+ oe
@ EcoP15I cut

T R TTTTTTTGACGAC AR X2 A
S*end TAC
P NP DIT-Eco? adapter
CUCGTC —

\ Frop 151 sive Y
M280-Streptavidin
2Tbp

S) P1 DNA linker ligation
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+ Pl linker
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=2

* Gel purification

SR Hashimoto S-i, et al. (2009) PLoS ONE



'RNA depletion

Total RNA
\/\ \/\
/\/ N

Ribosomal RNA Depletion

/\f\/ﬁ‘

18S RNA 28S RNA

l rRNA-depleted RNA

N
N

l Fragmentation of RNA

VA VIAaVAYYaVi
AV NERVAVAVS

l Ligation to Adaptor

N
(. Il

NN NN

RT and RNaseH Digestion

cDNA

P1 Primer

cDNA Amplification

P2 Primer

l

/E

Size Selection by PAGE

Excise cDNA ~140-200bp
(to RNA ~50-110nt)

l

SOLID emulsion PCR

l

SOLID Sequencing
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Gene expression normalization

Fragment Reads:

RPKM: gquantified transcript levels in reads per kilobase of exon model
per million mapped reads

RPKM&t i1 & B4 3 R H fread N4

Pair-end Reads:

FPKM: quantified transcript levels in fragment reads per kilobase of exon
model per million mapped reads

(fragment is a pair of reads for paired end data)
FPKMZ 1T 1 72 B 4 5 Risoform A i fragment /4
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9004 8686 9039

79 194 133 74 113 61
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RNA-seqi R 565 i HARH Eb s

J7i% TR Tilling:t Fr RNA-seq
53R 2H R /MR <

SRR N/A ( NI7INFi=235bp) 1bp

AR 1% K-, 5% EMx =

Far Py <4k <2 =k 5y & N SLbraR ik s A ok

REE HH ik =

RETRZ TN ANAT LA AR G

AJ AR Bz ANAT LA AR G

A AR X ANE] A G G

IFS &N N/A N/A G

SNPs, 545 IR IR EI

ENRIEER HR AR G

s = 0.01-0.05Gb 0.1-1Gb 1-15Th

EMEES N K e

T

----- 5| EWilhelm, B.4%, 2009
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RIRBKEA TP IS
XEE rad9+* rad9**HU rad9- rad9 -HU
RNA-seq
(>5tags) 17320 15296 15912 16569
DNA—chip 11036 11588 11041 11905

FRHGE b B R D AL 7E
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FECSE X0 A6 D)

RNA-seq+5 DNA-chipsd-3& B 4& S0 A€ 25 =5 #7

rad9** rad9-
RNA-seq Chip RNA-seq Chip
10419 622
6803 10517 519 5493
rad9*+*HU rad9 *HU
RNA-seq Chip RNA-seq Chip
4760 10536 1052 5282 11287 618

FRHGE b B R D AL 7E 48
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V93 L Adams 95%

EREThaEDT K

FHYCEF

ARSR A 7 R IE R AR

[ Adams. MD, et al. Initial assessment of human gene diversity and expression patterns based
upon 83 million nucleotides of cDNA sequence. Nature. 1995 377(6547 Suppl):3-174 ]

THEAE AL
F A AR E ER5C {4 & Gene Ontology, #H{TIEARI D2 (D F

Ij]ﬁl:.\

R

EHFIEIE. 9FHED).
PP E R FPRZER 2T (C06)

(http://www.geneontology.org/

(http://www.ncbi.nlm.nih.gov/COG/)


http://www.geneontology.org/

Data Analysis Result for fragment data

GO functional classification

seusd jo Jequuny

Biological process

Cellular component



EST ¢ 4,44t & & 241 (KEGG)

Kyoto Encyélopedia of
Genesand Genomes ' §

66

http://www.genome.ad.jp/kegg/


http://www.genome.ad.jp/kegg/kegg2.html
http://www.genome.ad.jp/kegg/kegg2.html
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biolgical_process

7/

A\

immune
biokgical cellular death system responss
. 181 genes process to
reguiation PSS 1 adjp—4 28e-06 197 genes stimulus
l adjF=2.25e-13
regulation cell immune respponss
response
of death response to o
biological 181 genes 136 genes external shress
process adjP=3.77e-06 adjP=2 22e-08 stimulus
—/ |\
regulation IEE{:;"E defenss
of el . resoo nes
celular communication wounding 128 genes
process 104 ganes adjP=1.06e-08
adjF=9.22e-07
C /
infammatory
signal responss
transduction 33 genes
adjF=1.12e-08
intracellular
signaling
cascade
236 genes DAVID(http://david.abcc.ncifcrf.gov/)
adjF=2 98e-07
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Bioessays. 2011 Oct;33(10):769-80
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http://www.ncbi.nlm.nih.gov/pubmed/21853451

Orthologues evolution and
conservatlon
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Gene tree analysis of gene
expansions
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@ Inter-specific protein groups
@ Intra-specific protein groups
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Café/Dollop

Gene families
E. multilocularis 7,726

Clavicipits ‘ ‘ itaceae
+1,1470-237
+316/1-67

+1,912/-148
+275/-80

Hypocreaceae
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Nat Commun. 2013:;4:2640
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http://www.ncbi.nlm.nih.gov/pubmed/24136039
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124X Paired-
Soapdenovo/SSP end/Mate-paire
CE/Gapfiller eads

Scaffold: 474 K
N50 = 44.6 kb

Scaffoldl Scaffold2 Scaffold3

Scaffolding
by cDNA

Scaffold:7,453

N50 = 1.3 Mb
Scaffolding

by BAC

6,497 genome scaffolds
to cDNA scaffolds
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Genome DNA

l Select BACs and bin them into pools

Selected BACs

Y Y 1 Pyrosequencing of BAC pools and
assembly of raw sequences
Contigs from ) NV\"X,‘ W v v " V\"X,“ ")
individual BAC VNNV N NN N ~v Y ~MNANAN NV ~n
pools /\fv,v W\ oA N N NN~ N ~N
wv Voo awWVa ANV A
NN N Ny N N N N, N

Contigs are organized into scaffolds
using paired end sequences

Scaffolds from Ve 4 r\/ ~ NV\,\ 4. \/‘\, ‘N
individual BAC NJ v—~ AU —~ N
pools Np, V\ N N N N ’—‘NN L}

1 Generate superscaffolds using

BAMBUS and BAC end sequences
7§ W

"
";N AV w*an N,Y‘

Superscaffolds
spanning pool
boundaries

Npy

From Rounsley et al. (2009)
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Items

This study Malaysian

Estimated genome size
Number of scaffold
Assembled genome size
N50 of scafffolds

N50 of contigs

Number of genes
Repeats percentage

1.46Gb  2.15Gb
7,453 608,017
137Gb  1.1Gb
128 Mb 2,972 bp
306 Kb -

43,792 68,955
71.18% 72.01%
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Plant species Genome size Data origin REF/SRPP number
@  Hevea brasiliensis 1.5Gb This study 18
g Lactuca sativa 2.59 Gb! NCBI 8
g_ Parthenium argentatum NA NCBI (mMRNA, EST) 6
= Tara_xacur_n NA NCBI (Proteins) and 5
2 brevicorniculatum reference®
& Taraxacum officinale 1.25 Gh? NCBI (mMRNA, EST) 3
Manihot esculenta 742 Mb? Phytozome 6
0 g Ricinus communis 350.6 Mb* Phytozome 3
£ 2 Jatropha curcas 410 MbS NCBI 3
- g_ Carica papaya 370 Mb¢ Phytozome 3
Cannabis sativa 534 Mb’ Phytozome 2
o,  Arabidopsis thaliana 125 Mb? Phytozome 4
S Populus trichocarpa 480 Mb? NCBI 6
§ Gossypium hirsutum 2.25-2.43 Gbo CGP 10
= Gossypium arboreum 1.7 Gb1 CGP 8
& Gossypium raimondii 775 Mb?2 CGP 7
c—f Capsicum annuum 3.48 Gb13 Phytozome 3
2 Vitis vinifera 490 Mb*4 Phytozome 2
S Linum usitatissimum 373 Mb15 Phytozome 4
2 Oryzasativa 466 Mb1617 Phytozome 2
CZCD Zea mays 2.3 Gb18 Phytozome 1
Triticum aestivum 17 Gb?®° IWGSC 4




F‘HQQ%#REF/SRPP%EI%%

ScaﬁOId2538 B SRP:PP:RP':W i REFsREFzREH v REF8 REF5 SRPPS
scaffold1222 -

scaffold0916 T T 0bp 30kb 50kD GOKb  120kb  150kb  180kb 210k
scaffold0824 -

scaffold0818 : A SRPP
scaffold0624 T A REF
scaffold0197 "

| 1 | l l J
0 300 600 900 1200 1500 1800 (kb)



Scaffold1222

[ IR}
n

w—t

j\\

\ ¥

A\

2000bp -
200 ll'p,__A

1000bp~

b

2000 bp

1000 hp —

_-2000bp

_~1000bp

2000 bp
1000 by



* REF1

*REF2

*REF3

*REF4

*REF5

REF6

*REF7

*REF8

Lx Bk

Lf Rt

FF MF Sd

15

Lx Bk Lf Rt FF MF Sd

* SRPP1 .

SRPP2

* SRPP3

SRPP4

* SRPP5

SRPP6

SRPP7

* SRPP8

* SRPP9

SRPP10
-4.3



FH&%%#REF/SRPP%%&%

0.13

0.07

0 SRPP1
. + @ REF7
o1 REF6
2% @ REF?2
- 0.16 0_01. REF1
— 20; | @ REF3
001 L @ REF4
0B @ REF5
0.05 ® REFS
0.02
- %% @ SRPP8
o ® SRPP5
002 016 ® SRPP9
2% SRPP2
016 SRPP4
o SRPP10
2% _ SRPP6

0.29

SRPP7

Clade 1

|Clade 2

Group |

Group Il



g
3
2
o
z
&
%,
J% ér‘_ ;.i
% B £
q.% “% % &%‘( >
/5‘6. '>.Q %;- 3
ta 2 %%%ﬁ. &
Fq, % » ’V‘ o
. > 744
Pedisq) v
BL091Syy i 5w
|
amu'l"‘wn
HhSRPp,
Me cassavad 1 0,492‘0‘1““1
o XP 120890 ".‘an" A
e’ "s“°";p
g ﬂ:
i @3\&\‘%}\ ?" -
NC ;@ s &
v 5§32
v
S =
[
s 8
o
<
<

Os NP 001060601.1

HbSRPPS @

A Ls gi744516012

"
S
F \a%\
O N
o™
& P » 300.\
o? A
0!‘9 \16:&“

\
2‘ N BAURSE

7
L P 0022975
PIXP D02304888

e xp 012035677 1

p—t
0.1






Aquaporin

T

/
Jwd
\

\
LeC

/
/
-9
|
[ Ditution |

/ Laticifer

', Ethylene (ET) - Apoplast
Met
L
5 3
SAM 'g
acc .
= H'e
N —
Ll \/ e B
z
ERF1 & other | | ET response / l
ET response repressor i -
activator | ICVt°5°| pH ATP
1
4= * Energy /
, r metabolism |
ROS production ]
ROS scavenging]  €9) 1
| \ |
Balanced Nitrogen m
. ROS level assimilation -
Dilution | l 1
| Lutoid stablity |
1 l
Latex
regeneration

Sucrose transporter

].




Date Palm (Phoenix dactylifera L.)
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LEA familyFound in Date Palm Genome

P. : :
LEA Exo dactylifer Osati - Athalia Size MW(K Topd AA(%)
family 3 va na Da)

Dehydri E(15.47)/G(14.78)/K(14.14.7

" 2.00 3 4 3 171  18.86 6)/H(9.37)

LEA 1 2.00 3 4 3 %55.3 16.66 ,(Aé(gé.)SS)/E(l1.83)/K(11.38)/T

LEA 2 1.62 59 5 4 537.3 26.06 gé&)).57)/V(9.03)/A(8.36)/S(8.

LEA 3 2.00 5 6 18 96.6 10.12 ,(6%(;3.)26)/8(12.12)/R(10.32)/L
473.0 E(19.03)/A(15.86)/K(15.43)/

LEA 4 3.00 1 2 2 0 51.63 G(8.46)

G(16.54)/E(15.40)/R(10.82)/

LEA 5 1.00 2 0 0 87.50 9.46 A(8.60)

LEA 6 1.00 2 8 10 90.50 9.64 ?(,Sé)l 3.81)/E(8.86)/T(8.85)/P(8.

SMP 5 75 4 5 5 556.7 26.69 A3(11)7.36)/G(9.72)/V(9.54)/R(8

Total 79 34 51




LEA family

LEA 2




Gene expression of LEA

Color Key
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Expansion of LEA family
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Overview of fruit transcriptomic

data
: Unique Expressed
Tissue Total reads  Mapped reads mapped MRNAS
reads
ODPP 76,515,395 53,825,507 11,396,571 17,464
15DPP 83,950,995 59,009,944 9,903,023 17,570
45DPP 77,132,786 53,999,668 12,355,849 15,920
75DPP 74,369,980 55,665,445 14,302,703 18,329
105DPP 71,372,371 52,916,490 12,403,501 16,349
120DPP 83,506,278 62,428,925 14,407,421 15,709
135DPP 98,713,383 70,080,905 10,247,674 15,978
Green leaf 94,042,176 45,735,383 14,697,605 16,022




Gene Expression Profile of Metablism Pathway
During Date Palm Fruit Ripening

Color Key

-1 0 1
Column Z-Score
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Gene Expression Profile of Carbon Metablic
Pathway During Date Palm Fruit Ripening
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Gene Expression Profile of Energy Metablic
Pathway During Date Palm Fruit Ripening
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Enzymes Involved in Sugar Metabolism
During Date Palm Fruit Development

Days Post Pollination (RPKM normalized)

EC Pathway KO Enzyme name 0 15 5 P 105 120 135 green leaf Fruit/Leaf!
2.4.1.13 Sucrose metaoblism K00695 sucrose synthase(SS) 191.23 322.32 58.85 85.68  46.68 19 33. 66 56. 49 5.7
3.2.1.26 Sucrose metaoblism K01193 Invertase 20. 96 23.5 23.42  15.47 239 542. 56 51.76 30. 25 17.9
2.7.7.9 Starch synthesis  K00963 EP;;?%ES;E;};?EZZ‘ZEZFES) 109.25 176.88 118.72 167.85 262.16 301.77 291.13 97. 1 3.1
2.7.7.27 Starch synthesis K00975 ADP-glucose pyrophosphorylase (AGPase) 14. 81 17.9 15.21 30.21 32.46 10. 64 8. 15 10. 59 3.1
2.4.1.21 Starch synthesis K00703 starch synthase (SSI) 38.66 45.85 26.11 51.78 38.11 12.16 8. 17 29. 48 1.8
2.4.1.18 Starch synthesis K00700 1, 4-alpha—glucan branching enzyme (glgB) 31.7 38.05 16.98 20.89 32.57 9.99 7.76 16.3 2.3
3.2.1.1 Starch hydrolysis K01176 alpha—amylase (amyA) 6. 66 1.71 1. 15 3. 65 24.32  120.89 13.63 4.29 28. 2
2.4.1.1 Starch hydrolysis K00688 starch phosphorylase 83.19 150.47 63.02 168.5 89.41 57.41 24. 67 29.6 5.7
2.7.1.4  Glycosis K00847 fructokinase (scrK) 30.73  30.06 12.04 28.36  8.46 10. 77 10. 45 8. 15 3.8
4.1.2.13 Glycosis K01623 ???;;X)Sefb] sphosphate aldolase, class 220.99 215  220.84 374.67 344.3  276.53  246.91 997.93 0.4
5.4.2.2 Glycosis K01835 phosphoglucomutase (pgm) 58.61 106.72 69.4 44.21 124.85  45.27 26. 48 44. 05 2.8
5.3.1.9 Glycosis K01810 glucose—6-phosphate isomerase (pgi) 76.24 89.15 77.65 165.75 162.54 182.81 235.56 86. 18 2.7
2.7.1.11 Glycosis K00850 6-phosphofructokinase (pfk) 91.64 110.56 94.81 124.96 190.71 200.22 186.49 67. 46 3
3.1.3.11 Glycosis K03841 fructose—1, 6-bisphosphatase I (fbp) 9. 17 14.58 13.28  26.95 24.9 24.9 8.73 41. 34 0.7
5.4.2.1 Glycosis K01834 phosphoglycerate mutase (PGA mutase) 131.74 84.14 62.41 172.6  72.72 169.65  136.45 72.93 2.4
4.2.1.11 Glycosis K01689 phosphopyruvate hydratase 206.47 218.57 156.91 337.4 268.9 368.99 262.89 81.9 4.5
5.3.1.1 Glycosis K01803 triosephosphate isomerase(tpiA) 153.58 90.26 137.05 231.68 129.81 190.8 92.43 0 /
2.7.2.3 Glycosis K00927 phosphoglycerate kinase (pgk) 10.54 12.95 14. 4 22.93 16.46 6. 96 2.64 92.5 0.2
1.2.1.12 Glycosis Koo34 8lveeraldehyde 3-phosphate 556.12 639.58 485.47 836.38 557.07 1025.21 855. 87 225.72 4.5

dehydrogenase (GAPDH)

1.2.1.9  Glycosis K00131 ii}yliZiiégigi%igg?ogphate 13.73 14.25 8.4  11.18 15.08 25.97  6.64 9.84 2.6
4.1.1.39 Carbon fixation K01602 iﬁg‘fi‘éig;g;sphosphate carboxylase small 14.69 82.07 53.07 72.29 33.71  5.84 3.46 263.17 0.3
4.1.1.31 Carbon fixation K01595 phosphoenolpyruvate carboxylase (ppc) 115.76 148.45 96.71 133.59 134.51 255.14 251.61 258. 37 1

1.1.1.40 Carbon fixation K00029 malate dehydrogenase (NADP+) 233.2 218.7 117.36 231.55 398.52 3486.55 1446.91 140. 14 24.9
2.7.9.1 Carbon fixation K01006 pyruvate, orthophosphate dikinase (ppdK) 2.55 3.24 3.42 0.53 6. 02 7.37 7.98 53.13 0.2
2.6.1.1 Carbon fixation K00813 aspartate aminotransferase (aspC) 124.16 116.24 88.96 168.96 202.28 547.91 146. 27 108. 83 5

4.1.1.49 Carbon fixation K01610 phosphoenolpyruvate carboxykinase (pckA) 15.9 21.39 3. 28 13.42 102.73 153.29 47.2 27. 66 5.5
2.7.1.40 Carbon fixation K00873 pyruvate kinase (PK) 162.16 168.8 115.19 243.93 164.98 215.26 228.51 133.91 1.8
1.1.1.37 Carbon fixation K00026 malate dehydrogenase (MDH) 54.62 48.07 51.03 81.53 99.59 123.77 109.35 201.3 0.6
1.1.1.39 Carbon fixation K00028 malate dehydrogenase (decarboxylating) 77.97 100.75 55.81 85.24 93.49 89. 59 49. 19 30. 59 3.3

Pan Linlin & Zhang Xiaowei



Sugar Metabolism Related Genes
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Sugar Metablism In Dates
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Sugar Accumulation in Date Palm Fruits
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Summary of diversity among 9
date palm cultivars

Cultivars Origin Sample collection site Coverage SNP SNP_Filte SNP Indel Indel_filter Indelfrenq
r frenquency uency

(SNPs/Kb) (indels/Kb)

Khalas KSA Al-hssa oasis,KSA 114 1702677 1370243 2.43303354 696625 56463 0. 100257

Agwa KSA Al-hssa oasis,KSA 85 3982346 3429964 6.09031934 909160 138270 0. 245515

Fahal(M) KSA Al-hssa oasis,KSA 92 3729689 3046293 5.40906469 770735 86495 0. 153582

Sukry KSA Al-hssa oasis,KSA 64 4090785 3433597 6.09677017 704840 113057 0. 200746

AlrijalF Qatar Qatar 15 0133871 6436196 11.4282508 - - -

Deglet_Noor North Africa California, USA 24 11395695 7054985 12.5269862 - - -

Khalt(M) Qatar Qatar 12 7960218 5085547 9.03000884 - - -

KhalsFx KSA/USA  California, USA 39 6789130 4257243 7.55925408 - - -

Medjool North Africa California, USA 28 10211201 6175899 10.9660618 - - -
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Overview of SNP transition, SNP transverstion,
Insertion and deletion among 9 cultivars

Percent in SNPs/indels
Type Khalas Agwa Fahal Sukry AlrijalF Deglet Noor Khalt KhalsFx Medjool

Transitions 83.5% 84.1% 84.4% 83.3% 86.1% 84.3% 86.1% 84.3% 83.7%
AC 3.7% 36% 3.7% 3.7% 3.5% 4.1% 3.3% 3.9% 4.3%
CA 4.0% 3.8% 3.7% 28% 3.7% 3.0% 34% 2.7% 3.0%
AG 16.6% 17.3% 17.6% 17.5% 16.6% 17.3% 16.1% 17.9% 17.3%
GA 175% 17.3% 17.2% 17.2% 19.3% 17.5% 20.2% 17.3% 16.9%
CT 174% 17.3% 17.2% 17.2% 19.3% 17.5% 20.2% 17.2% 17.0%
TC 16.6% 174% 17.7% 17.6% 16.6% 17.5% 16.2% 18.1% 17.5%
GT 4.1% 37% 37% 3.7% 3.6% 3.5% 3.4% 3.5% 3.6%
TG 3.7% 36% 3.7% 3.7% 35% 3.9% 3.3% 3.8% 4.1%

Transversions 16.5% 15.9% 15.6% 16.7% 13.9% 15.7% 13.9% 15.7% 16.3%
AT 5.3% 51% 49% 5.1% 4.4% 4.6% 45% 4.7% 4.8%
TA 5.4% 51% 49% 5.1% 4.4% 4.6% 45% 4.7% 4.8%
CG 2.9% 28% 29% 28% 2.5% 3.0% 24% 2.7% 3.0%
GC 2.9% 28% 29% 3.7% 2.5% 3.5% 24% 3.5% 3.6%

Insertions 41.9% 39.3% 39.8% 38.7% - - - - -
A 13.5% 12.9% 12.4% 12.2% - - - - -
C 59% 58% 6.1% 6.3% - - - - -
G 59% 6.0% 6.1% 6.4% - - - - -
T 13.1% 12.6% 12.3% 11.9% - - - - -
N 35% 20% 29% 1.8% - - - - -
Deletions 58.1% 60.7% 60.2% 61.3% - - - - -
A 16.7% 18.5% 18.0% 18.2% - - - - -
C 9.3% 10.1% 10.0% 10.4% - - - - -
G 9.5% 10.3% 10.3% 10.6% - - - - -
T 16.4% 18.4% 18.0% 18.1% - - - - -
N 6.3% 3.3% 3.9% 4.0% - - - - -




Phylogenetic tree among 9 date palm
cultivars based on SNP site
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Plant pan-genomics: recent advances, new challenges, and roads
ahead
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Plant pan-genomics: recent advances, new challenges, and roads
ahead
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