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GRAS-Di® for Marker discovery & Genotyping Genomics

GRAS-DIi® (Genotyping by Random Amplicon Sequencing-Direct) was developed
by TOYOTA Motor Corporation

GRAS-Di® amplifies the random regions throughout the genome for NextGeneration
Sequencing.

Skim based sequencing of whole genome covered by the amplicons through 2 step
PCR with random primers, Non-targeted PCR-based GBS.

Sequencing data is analyzed for presence / absence of amplicon markers and
optionally SNPs calling.
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GRAS-Di®vs Whole Genome Sequence(WGSF* eurefins | .

® GRAS-DIi®: Sequence reads are uniformly mapped to the genome at intervals.

® WGS: Seqguence reads are uniformly mapped to the genome without gaps.
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Amplicons covering on the chromosomes N Genomics

® Mapping of Amplicons onto the reference sequence shows the uniform
distribution of Markers over the genome
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GRAS amplicons were distributed over genome, uniformly.




GRAS-Di® - Advantages
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Genomics

® More cost effective than Whole Genome deep Sequencing

A

GBS/RAD-Seq

# of analyzed loci

Amp-Seq
Micro Array

1.5K ~ 150K loci

Whole
Genome
Sequencing

Cost

® Economical & Ecological, simple method that tolerates low quality DNA or slightly

fragmented DNA (>100ng)

® Applicable to both natural and segregated populations, all without the need for a

reference genome

® Obtains fewer missing data than RAD-seq




GRAS-Di® - Applications <& eurofins

Genomics

Applicable for Genetic diversity studies, Polymorphism detections (SNPs or InDels or Haplotypes).
Increased usage in the field of Phylogenetic and population structure studies.

SNP Discovery

® Develop SNP markers for translation to a preferred genotyping system

® High quality alternative to GBS/WGS, RNA-Seq, RAD-Seq, ddRAD-Seq (GBS)
High Throughput Genotyping

® Discover and genotype massive amounts of genetic variants for Marker Selection

® High-density Linkage Mapping & QTL Mapping, Chromosome Mapping, Phylogenic &
Population structure studies

@® Potential of large number of polymorphisms used as molecular markers for genetic analysis

® Possible to obtain genome-wide co-dominant markers ldentify many markers covering all
chromosomes even in a population with small genetic variation
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GRAS-Di® Analysis Service - Experiences  * curofins|

GRAS-Di® has been implemented successfully in over 120 different
species including crops, forestry, livestock and aquaculture.

The technology is also applicable to highly polyploid species.
Please refer the Bibliography for further details.

Agriculture/Plant & Forestry/Fruit tree
Livestock/Animal Fishery/Aquaculture

Rice, Wheat, Corn, Sugar cane, Soy been, Groundnut, Green pea, Tomato, Eggplant, Green pepper, Paprika, Potato, Sweet potato,
Cabbage, Lettuce, Chinese cabbage, Japanese white radish, Broccoli, Cauliflower, Green onions, Onions, Cucumber, Pumpkin,
Spinach, Carrot, Burdock, Strawberry, Melon, Watermelon, Sub-clover, Horse gram, Lotus japonicus, Apple, Peach, Pear, Orange,
Persimmon, Grapes, Fig, Kiwi, Citrus junos, Citrus sudachi, Prune, Chrysanthemum, Cedar, Cherry tree, Human, Cattle, Pigs, Chicken,
Horse, Rabbit, Hamster, Guinea pigs, Rat, Tuna, Shiitake mushroom, Hen of the Woods
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GRAS-Di® Analysis Service - Deliverables s eurefins |

® Raw sequence data in FASTQ format
® Genotyping data by TOYOTA software with Dominant markers

Methodology _|Deliverables
Information about population (natural
GRAS-Di_RESULT.csv population or segregating population (including
parent and progeny samples))
Genotyping
based on Segregating population, segregation ratio of the
L ER LR  presence of GRAS-DI RESULT codominant.csv genotypes In me §egregatmg population (eg.
absence of : - F2 population 1:2:1), diploid, homozygous
amplicon reads parents
GRAS-DI_RESULT_mapping.csv reference genome
*.bam reference genome
Mapping and

SNP calling

calling SNPs el reference genome

(Optionally)
« Genotyping result with Co-dominant markers
* Available only in case of diploids, segregated population & homozygous parents, more than 40
samples of F2 generation.
« Mapping result of dominant markers to the reference genome
* Available only for the species whose reference genome is available
* Mapping & SNP call result
(1) Mapping result (BAM format)
(2) SNP call result (VCF format)




Appendix; Result of TOYOTA software “Feurofins | .

® Genotyping through “ Amplicons Presence or absence”.
® GRAS-Di” SNP markers are proviced in csv file.

V “GRAS-D1” 1s provided the marker information in csv file.

G D L Sirei) G |
: A ¢ <) - +  Genotype data -
~ Amplicon Sequence e S e )
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4 Reads
ACTGAAGSTATATCOCCGGTTTAATGTGT TEOCAG COGATATEROGTGOGTOGAGTAGGAAGACGAAGGAC :
F1 AMP0003190  TCACAAGAACAAGCCGLCABCAGTGTTTGCCAGAT GACGRAATCTGOOGOCAGCCATAGCGACCCCTCD 156 D HHHHHAHHAHAHH&HHHHHHHM/“’/

COATTCGCCOGCODGGTREAGGGETCECTA COGCOCCGGIGAATRRATCTGOOARALACT (

AGANCOOTCOAALTGCATCACCCAGTGRGCRGTGT BOCCTOSCOGATTTTGTGRCAGAGTGRACCOOAEE

F2 ANMP0003984  GAGGCAGCTGTGAGGGETCCGTGOTGELTTCGGEG TCCAGAGACOGTCTCAATCODCOAAGICAGCACGG 123 B AAAAAAAAAAAAAHHAAAAAAHAARAHHA
ATTGAGACGGTCTCTCRAGCOGGEATCOAG ACCCCTCACAGUTGCCTCACACCGCLOACT
AGAGACACCCTTAGAACAGAGTTATTTAATTAATT CTACTCCAGAGGAGGAMGATTCOTCGLTTOGTTCE

P2 ANPOD04639 TAAATTCTATATTGOTCTTAACTGTGTATGATTAC GACGCAAGGOGGAATTAGTOGCTTAGTTAGATCGT 999 C HHAAAAAAAAAHAAAAAAAAAALAAHHAAN
ATTTAAGTTGCATTCACACTACCTCACCAC TECCTTAGTTCGTTGTGT TAGACTGTTTGE

AGAGACACCCT TAGAACAGAGT TATTTAATTTAAA CTACTCCAGAGLASGARGAT TCATCGLTTCGTTCO

F2 ANPO004647 TTCTATATTGCTCTTAACTGTGTATGATTACATTT GACCCAAGGCAGAATTAGTOGCTTAGTTAGATCGT 993 A AAAAAAAAAAAAHAAAHAAAAHARAAAAH
AAGTTOCATTAACACTTCOTCACCAACTCT TGCCATAGTTCGATGTGTTAGATCGTTTGE
ACA AATTAAN AT ACCALGANCA T TOA

P2 AMH AGATCGT 999 B HHAAHAHAAAHAAAHAARAAAAAAAHHHAA

Intel Core i5-4670 3.40GHz TTACODG

P1 AM ABATTTAT 999 D HHHHHAHAAHHHHHHHAHHHAAHAHHHHA
RAM 8GB 106
OGOCACGT
PZ AMH IGGLGO0GC 161 A AAAAAAHHHAAAAAAAAAHAAAAAAAAAA




Appendix; Result of TOYOTA software & eurofins
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<A mmcn@nmrmnsccmmmm AGCGEEI O CARCAATACATCIAGAGCTICTAGECCCCCTCCCCOGTTGERT

nae MCIAACTGCEIACTCCTACAACTICACEEECIIGAGRECAATTCIAGACACT CIGCL@EWICNICC&ICMC&ICC&IWM\TG

' AAGATTI CARAGRAGTAGGEAAGGTART AR GGEACGATCATTACCTAT AT CGTCCCTTATTACCTICCCTACTICTITGARATCITACTIGTCTITCA

9 ‘
AGARACTAGCAGCACCAGGOAST CGAAACCGTOGCGGAGATGITCAGG GCTTTCGCCTCCTGGGTGGGCTGCCCTCTCTCCCCCCOCGGTAGCT GG i SNP

AAGRGAGCGCGGAGTCAAARACCCTAGCGTTCT CCACAARCTGCCA CGAATCACATCCTCCTCGACTGTGTGTTTGCTCGACAGGTCTGGCTCOGOGT
¥ AGRARCTAGCAGCACCAGGGAGT CGAAACCGTCGCGGAGATECTICAGS GCTTTCGCCTCCTGGETGEGCTECCCTCTCTCCCCCOGCEETAGCTES

Wmac@urmcrcncrmccmuacrmm AGCGEETCETCAACAATAGATCTAGAGCTCTAGGCCCCCTCCCCOGTTGEAT
: cace@@mmcmmmtmaawam r@ocaeersucmsmnmc@cmmmmu

299
114
CCTCGE{TJAAT CCARCGGEGEAGEGGECCTAGACCTCTASATCTATT TR CCGAGETSTACGT CAGTGATGASGGCAGCAGATGACACCARTER) e
| ACARACCARGTARAGCGATA TCCTAGCCATTAATCGATGTCGEG CTCAARAGTAGGARAARGGTARAAGAAT GACCAGAACAGTGGETCOCCGACAT
GACCACTGTTCTGGTCATICTITIGOCTITITCCTACTTTIGAG COATTAARTGGCTAGGATTTEG) GATATCGCTTTGCTIGGTTTGT

AWGCAWCGAIATC@AMTCCT AGCCATTAATCGATGTCGGE CTCAARAGTAGGARAARGGCARAAGART GRCCAGAACAGTGGTCCCCOACAT
- GRCCACTGTICIGGICATICTITIGCCTITITCCTACTITIGAS cmnmmmm@mncscrnmmcr

#& |r
96

C AAGATTTCARAGAACTACCEIAGCTAATARAGEEACGATCATTACCTAT RICEICCCTTATIACCTICCCTACTICTITGAARTCTITACIGTCITCR e

GAAGRCAST CAGCA{EYACCARGARACCEERTCCARTCCATCCRTCCATCCATASGTARTE | |

| ACARCATACAAGCCAACA CSGATATCGACTTCSG R AATOTCT CTCCTATCAGTAT COGGAGACACCOTAGGGGACTAGCCGTEE
AGATAGGCACOGCTAGTCOCCTACGGTOTCICCGGATACTOATAGOAG CTATCTCCGARGTCGATATCCGACGTCTTOTCTTGTCOTATGTTGACT

CAACATACAAGCCAACATACGACARGACARGACGTCOGATATCGACTTCEG (E)AATGTCTCTCCTATCAGTAT COGRAGACACCATAGGAGACTAGCCETGR
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“GRAS-D1” could be identified markers by all sequence information.

Genomics
V “GRAS-Di” is provided the co-dominant marker in diploid segregation
population. i B
. ¢ one A & Segl ) C  Seq@ 2
EAL B ] =U | ) E
ocmmnsmncmnnccncccew&: cmr&ﬂmcmmmmmmmé >6 6
2 £ TGCTGGTTGCCETT I SNP
5 : CCACAGATAGCISACCARTTAACCARCCTEAGCT cmm&ﬂmmmmmmam@ o Zeatt
3 L CAGCACGICTIALCCG TGCIGETIGCCETT
ARGAGAGCOCARAGTCARARACCCTAGOGTT CCGC@TTCMGCC& AT CACATCCICCICGACTGTIGIGT T TGCTCGACAGGTCTEGCTTCGOGT
4

10



. . 2% eurofi
Appendix; Marker detection strategy vs SNPs % eurotins o

® Genotypes of each locus are determined by GRAS-Di software based on the
presence or absence of amplicons (amplicon is considered as locus).

® \When amplicon sequences are different between parents, and a reference genome
Is available, then the amplicons are available for SNP calling.

Locus #1 Locus #2 Locus #3 Locus #4
Amplicon #1 Amplicon #2 Amplicon #3 Amplicon #4

(50~2000p) (50~200bp) (50~200bp) (50~200bp)

Genome

il

Mother g

....................................................

......................

GRAS-Di software

Dominant marker Dominant marker Dominant/Co-dominant Common marker

- - -l =
A4 N/ NG

SNP calling Unavailable Unavailable Available Unavailable
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Appendix; Amplicon Mapping on & eurofins
Chromosome Genomics

Amplicon 5

Amplicon 1 ﬂ | ﬁ-ﬁ_ | #pnﬁns
0
!

Amplicon 2

[TV

Chromosome 1 2 3 7 9 10 11 12

[ "] @ [
id 4 a 2 5 a s |EL S e |eg 2 e |E
I Seq Seq2 'E a 'E a |2 'E a 2 '§ a |2
ATOATGTOTCCOGACGOGAATAATATTGTCAATS K TITGTIGT Chr Chr Chr Chr
H AACOOCAATART OO0 TOOTACATTTCCATCOAGT TGO TOAAL TOOACOOAAATAT ACGAOCOATTATT g ,339, 19,715,592
Amplicon 1 ARaactoa Jroaraancy ararAC ATl gy |49216789 4 | o, | 334562 4 |, |163%064 4 | o0 592 5
. AT COaT AT ALCTTGOOCOTTTRGTOUACAT AC CAATCTATOCAG T T TTG T Toteacc Trcacsces)  Chr Chr Chr Chr
ALGCOLAACTATAATAAT OGTTTTGOGCT TADOG K TACTAAG TOTACOTTTCTAGSOCTATAAGGACCS!
Amplicon 2 ac:u?mﬂ:‘w‘:u ;Mocmrurc?u: sc(a‘n;‘rgcmwvmmvmfosa: 02 "155'874 1 12 25516783 2 10 14005983 2 01 26,208,751 2
CACAAGGTH SAAGTTAGATAC TOCTTGAT cass| Chr SJ Chr Chr Chr
I GACCTATATAGTCTAGGOOCTATTTGCCATAGTA KGTCACTOTAGATCOCACTATTCOAGOOGATT:
Amp 3 CTATA A A T TSI AUATC OOAOATTOQNICORATTAMA 03 613.7: 1 03 616,789 1 03 617946 2 05 11,003,782, 3
Amoli 4 AGAGOOTCOACAOGTUAGAGIAGTTAGATAG [TGATAGGATAGUTTUGTTGAT GOACOOCATCAAA
icon [GACOTATA GOCA AAAL &>
mp AR TOCTCAGGACORAGOTT BOGTTATTOOGTAMC TOOOATIAGTOR0S
- GCCTALTTOGTO00ATIOT GLAAGT TOGTT CAGGAC T CT QU T TTAGC TCACAGATYOACCAT TGCTOOC chr
Ve {e 1/ G 0 3¢
Amplioon 8 o ey ] g5 | V99425 0

Multiple candidates of mapped positions for each amplicon are displayed

« ref ID: Chromosome name
* pos: coordinate position on the chromosome
« num mistakes: Number of mismatch bases with reference genomic sequence

12
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GRAS-Di® Analysis Service NEeUrOfinS | e

Please Contact to nearest Eurofins Genomics
/ For APAC Region \ / For EU Region \

Eurofins Genomics Eurofins Genomics
K.K., Japan Germany GmbH
E-mail: E-mail:
ngs-jp@eurofins.com projectsales-eu@genomics.eurofinseu.com
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