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Home Page

The “Home” page introduces PPMdb as a comprehensive database along with its PGM pipeline
by describing the PPMdb database sections, in addition to providing users with a ‘PPMdb
Quick-Access; Analyzed Genomes in PPMdb Database Section” option for all analyzed plant
genomes. In the ‘PPMdb Quick-Access’ section, plant genomes analyzed in the PPMdb
database are categorized according to plant type/class (dicot plants or monocot plants).

Then under each group, interactively, the plants were sorted alphabetically to enable
straightforward access and searches within each plant genome independently through ‘Map
Browse’ or ‘JBrowse’ quick-access links
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About PPQ

Dicot PIQ

Dicot Plants

Monocot Plants

Monocot Plants

Database Search

Plant Name
Arabidopsis lyrata
Arabidopsis thaliana
Arachis duranensis
Arachis ipaensis
Asparagus officinalis
Beta vulgaris

Brachypodium
distachyon

Brassica napus
Brassica oleracea
Brassica rapa
Cajanus cajan
Camelina sativa
Capsella rubella
Capsicum annuum

Carica papaya

PlantPathMarks (PPMdb)
" A hub for Plant Pathways-Based Markers

Map Browse  JBrowse

The PlantPathMarks (PPMdb) portal is an extensive website providing interactive and convenient access and mapping to thousands of
pathways-based primers/markers in 82 plant genomes. Here, we also developed a novel approach called the Pathway Gene-set Mining
(PGM). Besides, new marker systems were developed based on their pathways-based mapping of developed markers. The systems were
named Pathway Microsatellites-Targeted Markers (PMTM) and Pathway Genes-Targeted Markers (PGTM); as a kind of annotation-based
marker. In the PlantPathMarks hub, 9894 marker-panels (comprising 2,690,742 markers) were developed across eighty-two plant

genomes. This huge number of markers includes 1,999,187 PMTM and 691,555 PGTM markers
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Arabidopsis lyrata KEGG pathway-based maps statistics & search

General Statistics
,

* Please select the Pathway Name & Marker type from the drop down menu.

27138

=T Pathway NMame | Glycolysis / Gluconeogenesis ~ |Marker Type PGTM | Search |

2034 T4t

2 * If you search for specific repeat class use the following form.
* Please select the Pathway Name & SSR repeat from the drop down menu.

Pathway Name | Glycolysis / Gluconeogenesis « | Repeat Type| Di >
| Search |




Database Search

The “Database Search” page provides users the searching utility within two main sections:

a)

b)

The ‘Search Section’, which enables the user to obtain results by selecting the following types
of interest keywords: Pathway Name (e.g., “Glycolysis/Gluconeogenesis”), Marker Type (e.g.,
PGTM) and Organism Name (e.g., “Arabidopsis lyrata”), from the available drop-down menus to
effortlessly access and retrieve all markers and maps data stored in the PPMdb database.

The ‘KEGG pathway maps overview’ section, which provides the user with the necessary
information for each pathway such as Pathway ID (hyperlinked to KEGG Ref. Pathways); pathway
class (e.g., Metabolism), pathway sub-class (e.g., carbohydrate metabolism), and pathway map.
The search results of this section are designed in a user-friendly style containing essential
descriptive information for each marker (e.g., Enzyme ID, Marker Type, Repeat type & sequence
(this info. exclusive to PMTM), Primer Sequence, Primer annealing temp., Primer position
within CDS, Product size, JBrowse View link, NCBI Gene Accession Number & CDS Sequence,
and Gene Information).

Additionally, general statistic table are presented to summarize the total number of designed
primers, number of PGTM primers/number of PMTM primers within the selected pathway of a
particular plant. All search results can download freely for each plant straightforwardly as a
“CSV” file
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How to search in
database (instructions)

Marker Type Organism Name

PlantPathMarks Search Page

Repeat type

menu.

P athway Name * Please select the Pathway Name from Path
* Please select Marker type (PGTM, PMTM]) from

* Please select the Organism Name from Organism Nam

Pathway Name| Glycolysis / Gluconeogenesis iTM v |Organism Name | Arabidopsis lyrata

Pathway Name

* If you search for specific repeat class use the following form.

* 5
Please select the Pathway Name & Organism Name & SSR repeat from the 8rop down menu. &
-
‘s
Pathway Name | Glycolysis / Gluconeogenesis v | Repeat Type| Dj Name| Arabidopsis lyrata v || Search
Statistics
Totaln er of designed primers in this pathway: oy I  Distibution of the various SIR olasses in this pathay Statistics
= e B & - T A ‘Total number of designed primers in this pathway: 407
mber o rimers:
. L3 = Number of PMTM primers: 285
Number of Di repeat primers: 53
Enzyme Id: Ko3841 Number of Di repeats Failed to design primers: 1
’ y D Hexa ta T
Marker Type PCTM
Repeal type & sequence Repeat type: Repeat sequence: Enzyme Id: Koo627
Repeat start & end within CDS Repeat start: Repeat end: Marker Type PMTM
Forward primer Primer sequence: GGACCACACTGATGAGCCAA Tm{'C): 59,953 GC(%):55 Size: 30 e R S MR
Repeat start & end within CDS Repeat start: 340 Repeat end: 356
Reverse primer Primer sequence: TTTCCCGTAAAGGCCTGACC Tm('Cl: 50963 GC(%):55 Size: o
Forward primer Primer sequence: AGTAGTGCAATGGGAAGGCC Tm('C): 6o.034 GC(%):55 Size: 20
Primer start, end within sequence and product size Start: 431 End: gy Product size [hp): 47y Reverse primer Primer sequence: CCACCTGGCAATGTIACCET Tm(C):sg.95 GC(%):s5 Size: 20
JBrowse View JBrowse Primer start, end within sequence and product size Start: 234 End: 389 Produet size (bp): 156
JBrowse View JBrowse
MNCBI Gene Accession Number & CDS Sequence Accession Number: 9390022 CDS Sequence: 9330022
NCBIGene Accession Number & CDS Sequence Accession Number: 9330544 CDS Sequence: 6330544
Gene Information Gene Information

Gene Information Gene Information
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PlantPathMarks KEGG pathway-based maps overview

Pathway Name: Glycolysis / Gluconeogenesis

—
kowbgio [ :
N :
Class & Sub- : Metabolism Sub-Class: Carbohydrate metabolism e S
- o £ 1? f -
Glycolysis is the process of converting glucose into pyruvate and generating it I | I* .. B
small amounts of ATP (energy) and NADH [reducing power). It is a central i a
pathway that produces important precursor metabolites: six-carbon = 1 o
compounds of glucose-8P and fructose-6P and three-carhon compounds of Eim

Pathway Map

glycerone-F; glyceraldehyde-3P; glycerate-3P; phosphoenclpyruvate; and
pyruvate [MD:Mooool]. Acetyl-CoA; another important precursor metabolite; is
produced by axidative decarboxylation of pyruvate [MD:Moozo7]. When the

enzyme genes of this pathway are examined in completely sequenced genomes;
the reaction steps of three-carbon compounds from glycerone-P to pyruvate
form a conserved core module [MD:Mooooz)]; which is found in almost all
organisms and which sometimes contains operon structures in bacterial
genomes. Gluconeogenesis is a synthesis pathway of glucose from .
noncarbehydrate precursors. It is essentially a reversal of glycolysis with minor
variations of alternative paths [MD:Moooo3].

K PATHWAY: ko00010
I;;!? | Help

Entry ko00010 Pathway

Name Glycolysis / Gluconeogenesis

Description|Glycolysis is the process of converting glucose into pyruvate and
generating small amounts of ATP (energy) and NADH (reducing power). It
is a central pathway that produces important precursor metabolites:
six-carbon compounds of glucose-6P and fructose-6P and three-carbon
compounds of glycerone-P, glyceraldehyde-3P, glycerate-3P,
phosphoenolpyruvate, and pyruvate [MD:M@e@@l]. Acetyl-CoA, ancther
important precursor metabolite, is produced by oxidative
decarboxylation of pyruvate [MD:M2@387]. When the enzyme genes of this
pathway are examined in completely sequenced genomes, the reaction
steps of three-carbon compounds from glycerone-P to pyruvate form a
conserved core module [MD:M@@2@2], which is found in almost all
organisms and which sometimes contains operon structures in bacterial
genomes. Gluconeogenesis is a synthesis pathway of glucose from
noncarbohydrate precursors. It is essentially a reversal of glycolysis
with minor variations of alternative paths [MD:M@@@@83].

Class Metabolism; Carbohydrate metabolism
| BRITE hierarchy |

Pathway map|ko@@ele Glycolysis / Gluconeogenesis
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Map Browse

The “Map Browse” page offers the users with searching utility in two styles inside the same
page:

a) selecting the plant of interest from the page-side plant list for direct access of the
pathways and markers.

b) selecting the plant of interest from drop-down menus to directly access and obtain all
markers and maps.

In both styles, the search results will be presented in a convenient, visualization-supported
and well-dissected manner involving essential information for each pathway such as;
pathway ID (hyperlinked to KEGG Ref. Pathways), pathway class (e.g., Metabolism), pathway
sub-class (e.g., carbohydrate metabolism), pathway map browse (hyperlinked to interactive
pathway map localizing all developed PMTM and PGTM markers on the pathway map),
pathway description and pathway map
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- Statistics Image
Plant Name Links 8 PlantPathMarks Map Browse|

Arabidopsis thaliana Statistics & Search

Plant Name

Arabidopsis lyrata
% General Statistics

5 Arabidopsis thaliana 20,000 * Please select the Pathway Name & Marker type from the drop down menu.

Arachis duranensis

“““““ Pathway Name  Glycolysis / Gluconeogenesis v
Arachisipaensis @ <% 21282 orker =, T
Type PGTM v | Search
Asparaqus officinalis i
Beta vulgaris i 2055 : %
= 120 28 * If you search for specific repeat class use the following form.
s 7 Brachypodium 0
T el Mapped Mapped Designed PGTM  FMTM * Please select the Pathway Name & SSR repeat from the drop down menu.
dlbtd'}l\on ...... Mapped Designed GTW W T
[y - Fathways Enzymes Frimers Frimers  Primers
Brassica napus Pathway Name | Glycolysis / Gluconeogenesis v|
Brassica oleracea Repeat Type, Dj v || Search,
~
Brassica rapa
Distribution of the various §SR classes in this pathway Statistics
1= el Total number of designed primers in this pathway: 425
100 14 Number of PMTM primers: 308
PlantPathMarks Map Browse . & e o
= Number of Di repeats Failed to design primers: 2
Plant Name Brachypodium distachyon Statistics & Search CGmors b
Arabidopsislyrata
. . i - General Statistics
Arabidopsis thaliana — * Please select the Pathway Name & Marker type from the drop down menu. Enzymeld: Kooggs
Arachis duranensis . — Pathway Name | Glycolysis / Gluconeogenesis v Marker Type PMIM
Arachi : 000 i
. ac) 51]-1:{&}1-&-15 . Marker Type| PGTM v || Search PTG PTG R ETAED
Asparaqus o ficinalis 10
T 200 Repeat start § end within CDS Repeat start: 117y Repeat end: 1181
€la vulgaris . 2010 e .
R ) 2 = * If you search for specific repeat class use the following form. T e AP ESEEEeEs TThes R S
di:tac]iy'on ’ AT Brimers * Please select the Pathway Name & SSR repeat from the drop down menu. Reverse primer q : AGCAACCT TTCCGT Tm('Cl: 59.80 GC(%):50 Size: 20
Brassica napus Pathway Name| Glycolysis / Gluconeogenesis v 5 size Start: g3 End: 1205 Product size (bp): 313
Brassica oleracea Repeat Type| Dj v || Search Browse View IBrowse
Brassica rapa NCBI Gene Accession Number & CDS Sequence Accession Number: ATiGi2000  CDS Sequence: ATiG12000

Gene Information Gene Information
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Brachypodium distachyon Maps overview

Pathway Name: Glycolysis / Gluconeogenesis
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Brachypodium distachyon Maps overview

Pathway Name: ABC transporters

Pathway ID

Class & Sub-
Class

Pathway Map

Description

koozo10 [

Class: Environmental Information Processing

Sub-Class: Membrane transp
Browse I:).'

The ATP-binding cassette (ABC] tt
one of the largest known protein
widespread in bacteria; archaea;
They couple ATP hydrolysis to acl
wide variety of substrates such as
lipids; sterols; peptides; proteins,
structure of a prokaryotic ABC tr.
consists of three components; typ
membrane proteins each having:
transmembrane segments; two p
that bind and hydrolyze ATP; and

Statistics
Number of enzymes: 1
Total Number of designed primers: 6
Number of PGTM primers: 5
Number of PMTM primers: 3

NCEI Gene Aceessinn Nussber & Symbal
Gene Aliases

Gene description & Other designations
Chromosome, Strand & Exon count
Gene Loeation within genomic sequence

ODS Sequence

Primer start, end within sequence and product size

Beawse View

| Download Search Result |

Enzyme Id: Kooooz
Gene Information
Accession Number: 100543164 NCBIGene Symbel: L0C100843184

BRADI_3g37337

Sub-Class: Carbohydrate

Glycolysis / Gluconeogenesis

Mariers Sadizhios

Patlway Id kooooo
Class & Sub-Class Class: Metabolism  Sub-Class: Carbohydrate metabolisrs
Descriplion Read descriplion

& FETM i FUTH

Select enzymes Id from the checkbox menu to highlight in the map or click on enzyme direct in the map to highlight if it successfully
designed primer [you can get all information about the enzyme and it's designed primers by click direct enzyme Id in the left menu
[Mapped Enzymes menm]) or click the mouse in your interest enzyme within the pathway map and click mouse right and open it in new

aldo-ketn
keto reductase; chloroplastic

Chromosome: 3 Strand: plus Exoncount g

No. NC_o16133.3 and end within

230477677 ... 30483261

100841164

PMTM
Repeal lype: Penla  Repesl sequence: (GOGOT)2

Repeat starl: 754 Repeal end: 763

saquence: AGCITGG Tml'Cl:fo.035 GCI%):55 Size: 20

Primer sequence. CACTCACGCTCTTTGGGAGT Tm['Cl:sa.966 GC[%):55 Sizelzo

Start: my End 807 Product size (bp): a4

[Beowse

tab)
Mapped Bnzymes | EFKO0003 A A
K
= K000
5 oo [ sLvcoLvsis ssLucarEacErEss|
Konol6 Kooz ‘Smm-:}.?:d;um
Koouan & "
%0038
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N Koo162 Exo0sas
EEoaBs0
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JBrowse

The “JBrowse” page enables the users to visualize and map all identified microsatellite
motifs besides all developed PMTM and PGTM markers against the Refseq CDS for each
plant genome by selecting the plant of interest from the page-side plant list. The mapped
microsatellite motifs and developed PMTM/PGTM markers were linked to its essential
information
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JBrowse

Plant Name Arabidopsis thaliana
or ot L Available Tracks Genome Track View Help
Axabidopis thaliana [%¢Hiter tracks 0 S0 100 150 200 250 OO 350 400 450 500 550 600 650 700
Atachis dubsnensls ©<— ©—> Q S} QQ ath_AT1G01020 ~ | ath_AT1G01020:296..443 (14{ Gc
Arachis ipaensis refseq
Asparaqus officinalis ~ Miscellaneous 3 =g =0 I
Beta vulgaris 4 Microsatelites = Bl

e g PGTM e refseq E = . B
Brachypodium 2 PMTM TRESE _ e = — =

distachyon
Brassica napus
Brassica oleracea

Brassica rapa

PMTM

Cajanus cajan

Camelina sativa

Capsella rubella Microsatellites
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Plant Name
Arabidopsis lyrata
Arabidopsis thaliana (% fifor tracks
Arachis duranensis
refseq

sa~Arachis ipaensis
~

Asparaqus officinalis

Beta vulgaris Cf Microsatelites

PGTM

z?QPMTM
q

Brachypodium
""_distachyon
Brassica napus
Brassica oleracea
Brassica rapa
":_Cajanus cajan

Camelina sativa

Capsella pmtm

Primary Data
Type PMTM
Position ath AT1G01020:124..415
Length 29 bp

Attributes

forward_primer_gc% 50

forward_primer_sequence ACATCGAGTGTGAACGCATG

forward_primer_size 20
forward_primer_tm 58

reverse_primer_gc% 50

reverse_pri mer_sequence ACCCTTAGTCGCAATGGCAA

Available Tracks

Statistics

Data Resources Bulk Download

JBrowse

Species Comparisons

JBrowse

Arabidopsis thaliana ™

Genome  Track

Primary Data

VW Help Type Tri

Poszition ath_AT1G01020:439..447

¥ Miscellaneous

Attributes

repeat_sequence (AGA)3

ath_AT1G01020

. . seq_id

0 50 100 150 200 250 P00 350 400 450 500 550 600 650 700

(© = Q QR @\ ath_AT1G01020 ~ | ath_AT1G01020:296.443 (18] Go | & Length b
300 350 400

f
.-:-.re Seq’ Y . . 1y . source 55R_Repeat

PMTM

uniquelD offset-2769956

Region sequence

(=] FasTA

ath AT1G01020 ath ATIG01020:124..413 class=PMTM length=Z2936
A AT AT TR O ATCATTATITTCATCGATTTAATCCTTCACAGRCCARAGETATATR

AT CCICTACAA TGO AR TTAATCCAGCAACTETCARTATTCAGCATCTGITGIGGAAGTT
EEICITCECCIATCITCITCTAGRCTCTTATAGRAGCTIGCTACTGAGAR A AL CTEATGAL AR
TCGAGCTITICIGATAGCCCT T ICITCIATCTATARAGGTTCTGATTGETIGICTITATCIGCRR
ACGCIGCATTTATCATCTCITTITIGCCATTGCGACTRARGEE



Statistics

The ‘Statistics’ page was designed to provide users a primary indication of the
taxonomy ID, number of mapped pathways, number of mapped enzymes, number of
designed primers, number of PGTM primers, number of PMTM primers, and number

of failed designed PMTM primers for each plant species stored in the PPMdb
database.
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Statistics Table

Taxonomy No.ofmapped No.ofmapped No.ofdesigned No.ofPGTM  No.of PMTM No. of Failed designed
id pathways enzymes primers primers primers PMTM primers

50689 121 2034 27138 74 19697 1547

3702 120 2099 28598 7316 21282 1527

130453 121 1988 28876 7570 21306 1796




Data Resources

The “Data Resources” page provide users with hyperlinks of all types/formats of the data
utilized to build the PPMdb database. The page includes hyperlinks of Taxonomy Id, Genbank
File, Fasta File, GFF File, and KEGG Genes Annotation for each plant species analyzed within the

PPMdb database.
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Data Resources

Taxonomy Id Genbank File Fasta File GFFFile KEGG Genes Annotation
R Arabidopsis lyrata 59689 Genhank File Fasta File GFEFile KEc;gi_tauon
E i [ A Arabidopsis thaliana 3702 Genbank File Fasta File GFFFile KEGG Annotation

Arachis duranensis 130453 Genbank File Fasta File GFF File KEGG Annotation

Arachis ipaensis 130454 Genbank File Fasta File GFF File KEGG Annotation




Bulk Download

The “Bulk Download” page enables the users to download all developed primers and their
secondary information under a specific pathway in the organism of interest through the
selection of Organism Name (e.g., “Arabidopsis lyrata”), Pathway Name (e.g.,
“Glycolysis/Gluconeogenesis”), and Marker Type (e.g., PGTM), from the drop-down menus
straightforwardly in a convenient manner.

Database Search Map Browse JBrowse Statistics Data Resources Bulk Download Species Comparisons Manual

PlantPathMarks Downl

the Organism Name from Organism Name drop down menu.
* Please s\ the Pathway Name from Pathway Name drop down menu.

* Please sel' Marker type (PGTM, PMTM] from Marker Type drop down menu.

Opening ko00010.

0 ism M Arabidopsis lyrata You have chosen to open: v | Marker Type PGTM Sﬁrdl:”@

E3 ko00010.PGTM.aly.csv.qz

which is: WinRAR archive (3.5 KB)
from: http://ppmdb.easyomics.org Organism Name: Arabidopsis lyrata

Pathway Name: Glycolysis / Gluconeogenesis
. s TR
‘What should Firefox do with this file? ker Tyne: PGTM

' Openwith | WinRAR archiver (default)

@ §§a\re File

[] Do this automatically for files like this from now on.
iy s For Use PlantPathMarks Database

oK

[l
o
=
]
m



Species Comparisons

The “Species Comparisons” page offers the users powerful utility to compare two or three
organisms in a particular pathway. The comparison results are provided under three main
sections: general statistics, markers statistics, and distribution of the various SSR classes.

The general statistics section layout the no. of mapped pathways, no. of mapped enzymes, no. of
total designed primers, no. of PGTM designed primers, and no. of PMTM designed primers

under particular pathway between the organisms of interest.

Also, the page offers a simple comparison of the distribution of the various SSR classes within
the pathway of interest.

All comparisons are offered in a simple and effective visualization style
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Species Comparisons Page

* Please Select Species & Pathway name and Press Sun =\ Query
First Species| Arabidopsis lyrata v |Second Species| Arabidopsis thaliana v | Third Species | v |

Pathway Name | Glycolysis / Gluconeogenesis v || Sybmit Query |

Glycolysis/Gluconeogenesis Pathway

General Statistics
Markers Statistics
Arabigopeis irata Arabigopsis thasana
0 0
1
o] _ o] . Arabldopsts yrata Arabidopsts thaliana
rrak)
m m
o] 1a8a7 omn sz
0
10 10
[i1] [i1]
2034 T4 7316
a a -1
Mapped Paays Designed Primers PMTM Primers Mapped Prways Designed Primers PMTM Primers.
Wzpped Erzymes FGTH Frimers. Wapped Erzymes FETH Frimers.

@ PCTM @ PMTM @ PCTM B PMTM

Glycolysis/Gluconeogenesis
Glycolysis/Gluconeogenesis Pathway

Pathway Browse
Distribution of the various SSR classes
View Pathway (' View Pathway [ View Pathway [
Arabiaopsts irats Arsbidopss thasana
100 = 130
a7

100 T4

0 el 97

T3
' )
. KN || B |
Compound HEE T Compound HEE Tetrz




For any further questions please contact us

Prof. Dr. Mohamed A.M. Atia: matia@ageri.sci.eg
Dr. Morad M. Mokhtar: morad.mokhtar@ageri.sci.eg



