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Plants with sequenced genomes

Ead uiaby
srigjuade| ey
Eal g

o g
aimin

AR
LI B AT,

5 s in
LeaR Lo a
E

=]

=]

|

sajesuedjEw

Eurnsids |

I Fogicd

=ik Eus)

BRI B

LETTIR]

1B AL

indday| pay

S0 ML) WL O

Ui 3 E :
ajpwng

By

Eunsterids |

P AR O

.;.__J

Il SpHiE=ISENSg

Asterids

A LITTL

Ais parE

'E

e by

Euidlic \'.Il.'\-]

=
a

=
]
-
2
£

Seed Mants I

far PMants

Waso

Gresn Plants I

Land Mamnts
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Why we need genome sequences?

The genome contains all the genetic information of an organism, which
determines its phenotype

High-quality reference genome sequence provides a foundation that
can facilitate basic researches, gene/QTL cloning, molecular marker
discovery and marker assisted breeding

Genome sequences can help understand genome evolution and
domestication history

The industries (growers, shippers, processors) depend on high
guality, disease resistant cultivars

The breeding community (seed companies and public breeders)
must develop these cultivars.

The scientific community develops knowledge to facilitate more
effective plant breeding and train the next generation of plant
scientists and breeders



Genomic analyses provide insights into the history of
tomato breeding
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Ine articke is a Plant Call Advance Onling Publication. The date ol its lirst appearance online is the othcial date of pubbcation. The article has been
edited and the authors have corracted prooles, bul minor changes could be made before the final version is published. Posling Lhis version online
reduces the time o publication by several weeks.

Genome-Wide Mapping of Structural Variations Reveals a
Copy Number Variant That Determines Reproductive
Morphology in Cucumber

s Cucumber is a model system for sex determination studies
% Cucumber has three types of flowers: male, female, and bisexual.

» Seven sex types of cucumber plants: androecious (only male flowers),
gynoecious (only female flowers), monoecious (male flowers at the base
and female flowers at the top of the main stem), hermaphroditic (only
bisexual flowers), andromonoecious (male and bisexual flowers),
gynomonoecious (female and bisexual flowers), and trimonoecious (male,
female, and bisexual flowers).

* Gynoecious plants can set fruit at almost every node, improving the yield.
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Marker (SNP) discovery requires a high-
guality reference genome seguence

OPEN @ ACCESS Freely available online = PLOS onhe

A Robust, Simple Genotyping-by-Sequencing (GBS)
Approach for High Diversity Species

Robert J. Elshire', Jeffrey C. Glaubitz', Qi Sun?, Jesse A. Poland?, Ken Kawamoto', Edward S. Buckler'*,
Sharon E. Mitchell'*

1 Institute for Genomic Diversity, Comell University, Ithaca, New York, United States of America, 2 Computational Biology Service Unit, Carmell University, Ithaca, Mew York,
United States of America, 3 Hard Winter Wheat Genetics Research Unit, United States Department of Agriculture/Agricultiral Research Service, Manhattan, Kansas, United
States of America, 4 Plant, Soll and Nutrition Research Unit, United States Department of Agriculture/Agricultural Research Service, Ithaca, New York, United States of
America

Abstract

Advances in next generation technologies have driven the costs of DNA sequencing down to the point that genotyping-by-
sequencing (GBS) is now feasible for high diversity, large genome species. Here, we report a procedure for constructing GBS
libraries based on reducing genome complexity with restriction enzymes (REs). This approach is simple, quick, extremely
specific, highly reproducible, and may reach important regions of the genome that are inaccessible to sequence capture
approaches. By using methylation-sensitive REs, repetitive regions of genomes can be avoided and lower copy regions
targeted with two to three fold higher efficiency. This tremendously simplifies computationally challenging alignment
problems in species with high levels of genetic diversity. The GBS procedure is demonstrated with maize (IBM) and barley
(Oregon Waolfe Barley) recombinant inbred populations where roughly 200,000 and 25,000 sequence tags were mapped,
respectively. An advantage In species like barley that lack a complete genome sequence is that a reference map need only
be developed around the restriction sites, and this can be done in the process of sample genotyping. In such cases, the
consensus of the read clusters across the sequence tagged sites becomes the reference. Alternatively, for kinship analyses in
the absence of a reference genome, the sequence tags can simply be treated as dominant markers. Future application of
GB5 to breeding, conservation, and global species and population surveys may allow plant breeders to conduct genomic
selection on a novel germplasm or species without first having to develop any prior molecular tools, or conservation
biologists to determine population structure without prior knowledge of the genome ar diversity in the species.




Objectives and team members

Objective 1. Development of the core genomic and genetic resources for

sweetpotato improvement

s Objective 1.A. Whole genome sequencing of NCNSP-0323, a
homozygous diploid sweetpotato progenitor of cultivated sweetpotato |I.
batatas. Lead Scientists: Fei (BTI-CU) and Buell (MSU).

» Objective 1.A.1. Genome DNA library preparation and sequencing.

» Objective 1.A.2. Genome assembly and annotation.

» Objective 1.A.3. Genome evolution and comparative genomic analysis
of NCNSP-0323.

s Objective 1.B. Transcriptome profiling of multiple tissues of the sequenced
NCNSP-0323 for genome annotation. Lead Scientists: Fei (BTI-CU) and
Buell (MSU).

s Objective 1.C. Development of diploid mapping populations for high
density SNP genome sequence anchoring and QTL mapping. Lead
Scientists: Gruneberg and Khan (CIP); Yencho and Quesada (NCSU), Fei
(BTI-CU) and Buell (MSU).

s Objective 1.D. Sweetpotato genome browser development. Lead
Scientists: Buell (MSU) and Fei (BTI-CU).



Sweetpotato genome sequencing

|deal system for whole genome sequencing
* Highly homozygous (such as inbred lines)
* Haploid/Diploid

% Relatively small genome size

% Containing small portion of repetitive sequences

Cultivated sweetpotato is an allo-auto-hexaploid
(2n=6x=90) with two non-homologous genomes
(BlBlBZBZBZBZ)-

Polyploid and highly heterozygous



Sweetpotato genome sequencing

Strategy: Sequencing the closely related wild ancestors that
are diploid and homozygous

potato, wheat, cotton, strawberry
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Sweetpotato genome sequencing

NCNSP-0323, an inbred trifida line developed by Craig Yencho’s
group. It is derived from Pl 618966 that is self-compatible.
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New sequencing technologies

Next generation sequencing

e [llumina (HiSeq)
 lonTorrent (lon Proton)

*

> 400 Gb per day
% Read length: 150 bp

. ABI/SOLID % Error rate: <0.5%
. Roche/454
. Helicos

Third generation sequencing

 Pacific Biosciences

Oxford Nanopore

o  Complete Genomics

+ 500 Mb in 10 hours

% Read length: up to
40 kb, average 10-

15 kb
< Error rate: 15%

Desktop sequencer

 |on Torrent PGM
e IlluminaMiSeq
e 454 GS Junior




Sequences generated for NCNSP-0323

T raw reads high quality cleaned
read length No. of bases read length No. of bases depth
200 bp 101 94,061,140,875 96.80 45,198,018,055 91.14
500 bp 101 33,174,385,866 98.66 28,196,103,686 56.85
1 kb 150 29,385,863,700 142.48 26,281,109,493 52.99
2 kb 101 22 332,288,366 86.45 9,522,646,147 19.20
5 kb 101 21,778,758,068 86.18 8.867.701,122 17.88
10 kb 150 16,452,249,000 115.65 8,500,274,191 17.14
20 kb 150 20,168,044,500 111.43 8,783,475,429 17.71
PacBio 2,445 7,124,598,193 14.37
Total 244,477,328,568 287.28

In the processing to generating mate-pair reads from a 40 kb insert library



k-mer distribution of NCNSP-0323 genome reads
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De novo assembly using lllumina reads

Contig* Scaffold*
Size (bp) Number Size (bp) Number
N90 7,406 16,403 366,957 271
N80 12,394 11,938 737,508 188
N70 17,081 8,955 1,094,939 139
N60 21,859 6,711 1,468,492 105
N50 27,136 4,923 1,818,409 77
N25 44,938 1,759 3,070,329 27
NOO (Longest) 183,410 1 6,604,314 1
Total 434,914,015 36,644 447,272,757 5,007

*Only contigs and scaffolds >= 500 bp were included in the genome assembly

Estimated genome size: 494.1 Mb




Genome size of I[pomoea
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Genetic Resources

Nuclear DNA Content of Some Impertant Plant
Species

K. Arumuganathan and E. D, Earle*

Copartment of Plant Broceling and Buanctry, Cornell Ueiversity,
Lihaca, 3 14853-14502, US4,

Common

Seientific name narme Family PE2CTIN) -MbpPicC
Carim papags Papaya Caricacean 0w kvl
Cieer arafimum Chick pea Leguminasae 153 738
Citru s pulgaris = natug) Watcrmelon Cucurbitaceas CLEA, (L) (T 425,434
Citris. simemsis Crange Hulaceae 076, (.82 (1) 67, 1%
Crepis capiitaris Crepiz Camigwsitas g |B&T
Cacumis mein Cantaloupe Cucurbataceas 098, 1.0 {20 4%, 507
Curumis sl s Cucumber Cucurktaccas 26 67
Cacurbita pepo Zucchin Cucurbitaceae 104, 1.08 {2 072, 33
Lrarwra stramoniume Jimsomn weed Solanaceas 411 k]
Crapcay carmis Carrot UmbellLferas 048 473
Dizscarez alara Yarm Dhescaresceac L15 555
Dripimlures erucordes Crusferae 131 632
Eruca saliza Crudferaz L& SEd
Chycote max (In4X) Saybaan Legumingsse in 1115
Ceass yphwm hi v hum (Zn=tX) Coban Malvaccas .39, 4,62 42 018, B
Heliamihus anmirws Sunflower Compositas 585641 {3 MT-A0Ea
Hirdetim oelgare Barley Cramincas 10.10 4873
%ﬂn’ihﬁrlﬁrsﬂnzéﬁ Swoet potato Convolvulacese 331 1547 |

] | FG TS I..mr'up-aﬁliqr £Y. 1 630
Lempeulingris (= wsc ukm tal Lamnuil Laguminosse B4 43
Lycopersicon checsemanl Holanaccae LA3 BA3
Lycopersicon serilenium Tomato Salanacas 1RE-207 (e GF-1000
Lycopersicon penmellii Solanaceae TATLTI) 11921337
Lycopersacim perumianim Ealanaceae 277 1095
Flabes x domesteca (2n=2X} Apple Rasaceas 11 54-156503 T43-79%
."-{nug:il&.rn Tadica .'v'hngq Anacardiacear Ay L]
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Genome size of Ipomoea

=
. . trifida g Chickenllred blood cells % Mixed samples
% — . 74 Pl F2
JITE" 1 = 3 ® f:‘i =
-.1-—__ J = R ﬂl
}-'""IM.Iu Iill'hmu;.v;f-,.___ "'-. : y] J || ll III
& o lI‘L - I T i i i '_-,_'&#q_".;% ".E‘”'..'.."“,,i""'
I:I‘l::ﬂ::hf:c;r"_tle-‘ts UN:”TTT‘: ‘Ei:t' - h . . Flf:"l.:'vl"ﬂ :uﬁti I
Sample Peak value of Peak value of A/B pel2C Mb/1C
number Ltrifida (A) CEN (B)
| 42.12 103.39 0.407389496 1.01847374 499 1
2 44 .26 105.10 042112274 1.05280685 515.9
3 4545 103.53 0.439003187 1.097507968 537.8
4 46.94 104.79 0.447943506 1. 119858765 548.7
3 46.53 105.07 0.442847625 1.107119063 5425
6 46.29 103.70 0.446383799 1.115959498 5468
7 45.99 104.57 0.43980109 1.099502725 538.8
Average 45368 6 104.307 0.434927349 1.087318373 5328

Provided by Dr. Qinghe Cao at Xuzhou Sweetpotato Research Institute



NCNSP-0323 is not a trifida. It's a triloba

NCNSP-0323 trifida line




Hexaploid sweetpotato

 Huachano, a Peruvian landrace which is
amenabl e to genetic transformation

e About 80G raw sequence data was
generated using the Illumina HiSeq 2000
system

Raw data
~246 M read pairsin 200 bp library.
~152 M read pairsin 500 bp library.
Total length 80,317 Mb

Cleaned data
#pared #Sngle Readsize Tota
SP200 185M 32 M 94 bp 37.68 Gb
SP500 127 M 17M 90 bp 24.36 Gb

Total 312 M 49M 92 bp 62.04 Gb



Hexaploid sweetpotato

De novo assembly

Scaffolds >= 200 bp (GC% = 38.35%)

Contig Scaffold
Size (bp) I ndex Size (bp) I ndex
N9O 236 737,451 282 538,782
N80 302 552,738 421 392,362
N70 382 407,767 563 292,438
N60 480 292,372 701 212,612
NS0 626 202,185 903 149,749
N25 1,267 59,915 1,695 46,336
L argest 19,628 1 21,622 1
Total 492,615,538 998,299 498,123,765 751,346




Align resequencing reads to assembled genomes

Cumsum of reade mopped % (misnea 00

ummam of reecls mapped % dmisre=100}
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Phylogeny of Ipomoea
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NCNSP-0306 is a trifida




NCNSP-0306
e

5. & npoownbars-grinigeygringiobelactesondetai s pid = 1435660 || & Soorch

Pl 540724 Stats: - Available
Ipomoea trifida (Kunth)} G. Don %ﬁgxm ms::!,m
Coliected from: Magdalena Colombia m
Maintained by: Plant Genatic Resoimses i b, Taritfin, £G4
NPGS received: {11-Dec-1987

Pl assigned: 1980

Inventony volume: 198

Backup locstion: HNatipnal Cander v Genbdic Resources Presenvalion

Life form:

Improvement status: Wil matarial

Reproductive uniformity:

Form received: S

Accession names and identifiers

Type: Donor identifier
Type: Collector wantdiar
Source History

= Accession was cofiected Colombia
Locality: 39km 5 Fundackn-Copey, Fundacion Province. Latituse: 10 deg. 15 min. 0 sec Morth {10 25000000), Longiiude: -74 deg. -4 min_ -50 sec Wes!
(+74.08333333) GoogleMap it. Elevabion 160 maters.
Callectors
1. darrel, Robart |, USDA, ARS
2. de La Puente, F, Internstional Potato Center

= Accession was donated. Dec- 1987, Pemu




Sequences generated for NCNSP-0306

lllumina
Raw read Final cleaned data
Library coverage
length [ No. read pair Total bases No. read pair Length Total bases
300bp 160 159,099,305 | 50,911,777,600 141,356,152 156.86 44,347,028,370 84.3
300bp 160 89,626,008 28,680,322,560 81,356,804 156.69 25,494,814,725 48.5
500bp 160 61,736,032 19,755,530,240 58,619,296 156.04 18,294,336,035 34.8
500bp 160 67,694,044 21,662,094,080 61,862,235 154.42 19,105,508,952 36.3
500bp 160 200,763,012 | 64,244,163,840 345,242,652 147.72 50,998,566,404 97.0
1kb 160 110,274,832 | 35,287,946,240 100,356,563 153.76 30,861,049,402 58.7
5kb 160 74,240,204 23,756,865,280 54,558,279 122.92 13,412,601,755 25.5
8-10kb 160 97,459,912 31,187,171,840 60,177,282 118.99 14,320,897,658 27.2
15-20kb 160 148,892,802 | 47,645,696,640 42,590,255 122.24 10,412,280,197 19.8
30-40kb | 30-100 120,890,886 22,433,505,116( 31,162,162 89.92 5,603,954,875 10.7
PacBio
Read number Bases Average read length Read length range
2,665,738 11,909,256,312 4,467.53 35-37430




Assembly of NCNSP-0306 genome

Contig* Scaffold*
Size (bp) Number Size (bp) Number
N9O0 2,588 25,385 6,188 1908
N80 6,439 15,308 216,263 291
N70 11,077 10,451 590,894 172
N60 16,040 7,366 998,788 116
N50 21,531 5,149 1,377,288 77
N25 41,622 1,667 3,003,258 23
NOO (Longest) 262,642 1 10,211,095 1
Total 412,345,753 63,286 447,735,145 34,330

*Only contigs and scaffolds >= 500 bp were included in the genome assembly

PacBio reads are being used to improve the assembly




Build genome map using BioNano technology

* generating whole genome maps by labeling
megabase-scale genomic DNA fragments




Initial BioNano genome (BNG) maps of
Ipomoea triloba (NSP323)

» Total length of BNG maps: 453 Mb
* No. of BNG maps: 242
* N50 of BNG maps: 2.54 Mb



Orders and orientations of the NGS scaffolds: case 1
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BNG map 18 (11 Mb) bridges four NGS scaffolds:
93 = scaffold7

665 = scaffold342

595 = scaffold514

827 = scaffold817



Orders and orientations of the NGS scaffolds: case 2
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BNG maps and NGS scaffolds mutually bridging.

BNG map 25 bridges three NGS scaffolds, and BNG map 172 bridges two:
363 = scaffold370

229 = scaffold228

417 = scaffold318

320 = scaffold326

Meanwhile, NGS scaffold318 bridges BNG maps 25 and 172 that a 7 Mb super
scaffold can be gained.



Mis-assembled scaffolds: case 1
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BNG map 3 (5 MDb) bridges three NGS scaffolds:
950 = scaffold904

465 = scaffold335

1156 = scaffold987

4 IM

Only partial scaffolds465 could be aligned to BNG map 3, indicating a

mis-assembly (red box).
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Mis-assembled scaffolds: case 2

1 .2|5M

—  0.25M 0.5M 0.75M ™M

806 = scaffold744
1525 = scaffold971

There’s a missing part in the scaffold744 (probably repeats) and also in scaffold971.



Region of repeats not covered by the NGS scaffolds

449

0.25M 0.5M 0.75M ™ .1.25I"."I

449 = scaffold461

No NGS scaffolds can be aligned to the right part of BNG map 30 (~350 kb).
This region contains only repeats.



High density genetic map construction
Anchoring and ordering assembled scaffolds

Mapping population development
% CIP (Awais Khan)
s Xuzhou Sweetpotato Research Center
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Transcriptome sequencing and genome annotation




Callus tissue generation

Joyce Van Eck at BT




RNA-Seq library construction
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Other sweetpotato sequencing activities

. trifida genome sequencing by Robert Jarret at USDA

|. leucantha and I. lacunose genome sequencing by Mark
Rausher at Duke

Cultivated sweetpotato and I. trifida genome sequencing by
Asian Consortium

Allen van Deyne at UC Davis

African Orphan Crops Initiative



|. trifida genome sequencing
by Bob Jarret and Jim Leebens-Mack

2 Accession: PI 561544 - GRL. X
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Pl 661544 Statux: Availahie

Al Dstributed: [0 count

Ipomoea trifida {(Kunth} G. Don Type Distributed:  Seed

e a— (¥ oty s |

Maintained by: Planl Ganetis Resources Consenvaton Uni, Griffin, G4

HPGS received: 02Ot~ 1880

Pi assigned: 19492

Inventory valume: M

Backup lozation:

Life farm:

Pedigree;

Improvemant status: Cultivated materis

Reproductive uniformity:

Farm recelved: fsed

Accession names and identifiers

Type: Dlanor igentifer

Source History

= Agcasseon was collecled. Venezuela

* Agcosson was donated, 03-0cl- 1980, Paru




k-mer distribution of Pl 561544
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Asian Consortium
TRAS (Trilateral Research Association of Sweetpotato)

DNA Research Advance Access published March 24, 2015

DONA Research, 2015, 1-9
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Table 1. Statistics of the assembled genome sequences for Mx23Hm
and 0431-1

Sequenced line Mx23Hm 0431-1
(ITR_r1.0) (ITRk_r1.0)
Number of sequences 77,400 181,194
Total length (bases) 512,990,885 712,155,587
Average length (bases) 6,628 3,930
Max length (bases) 910,847 1,352,076
Min length (bases) 300 300
N50 length (bases) 42586 36,283
A 108,919,552 155,339,270
') 108,380,339 154,432,148
G 60,024,339 86,821,603
C 60,253,902 87,276,414
N 175,412,753 228,286,152
Total (ATGC) 337,578,132 483,869,435

GC% (GC/ATGC)

35.6

36.0




