
Sweetpotato reference genome
sequencing

Zhangjun Fei
Boyce Thompson Institute for Plant Research

Cornell University



Plants with sequenced genomes

More than 70 plant species



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
quality, 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





 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.





Marker (SNP) discovery requires a high-
quality reference genome sequence



Objective 1. Development of the core genomic and genetic resources for
sweetpotato improvement
 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.
 Objective 1.B. Transcriptome profiling of multiple tissues of the sequenced

NCNSP-0323 for genome annotation. Lead Scientists: Fei (BTI-CU) and
Buell (MSU).

 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).

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

Objectives and team members



Sweetpotato genome sequencing

Ideal 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
(B1B1B2B2B2B2).

Polyploid and highly heterozygous



Sweetpotato genome sequencing

Strategy: Sequencing the closely related wild ancestors that
are diploid and homozygous
potato, wheat, cotton, strawberry



Sweetpotato genome sequencing

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



New sequencing technologies

Next generation sequencing

• Pacific Biosciences
• Oxford Nanopore
• Complete Genomics

Third generation sequencing

• Illumina (HiSeq)
• Ion Torrent (Ion Proton)
• ABI/SOLiD
• Roche/454
• Helicos

• Ion Torrent PGM
• Illumina MiSeq
• 454 GS Junior

Desktop sequencer

 > 400 Gb per day
 Read length: 150 bp
 Error rate: <0.5%

 500 Mb in 10 hours
 Read length: up to

40 kb, average 10-
15 kb

 Error rate: 15%



Sequences generated for NCNSP-0323

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



k-mer distribution of NCNSP-0323 genome reads



De novo assembly using Illumina reads

Estimated genome size: 494.1 Mb

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

N00 (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



Genome size of Ipomoea



Estimated genome size = 494.1 Mb

Genome size of Ipomoea

526.5 Mb



I. trifida Mixed samplesChicken red blood cells

Genome size of Ipomoea

Provided by Dr. Qinghe Cao at Xuzhou Sweetpotato Research Institute



NCNSP-0323 trifida line

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



• Huachano, a Peruvian landrace which is
amenable to genetic transformation

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

Raw data
~246 M read pairs in 200 bp library.

~152 M read pairs in 500 bp library.

Total length 80,317 Mb

# paired # Single Read size Total

SP200 185 M 32 M 94 bp 37.68 Gb

SP500 127 M 17 M 90 bp 24.36 Gb

Total 312 M 49 M 92 bp 62.04 Gb

Cleaned data

Hexaploid sweetpotato



De novo assembly

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

Contig Scaffold

Size (bp) Index Size (bp) Index

N90 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

N50 626 202,185 903 149,749

N25 1,267 59,915 1,695 46,336

Largest 19,628 1 21,622 1

Total 492,615,538 998,299 498,123,765 751,346

Hexaploid sweetpotato



Align resequencing reads to assembled genomes

NCNSP-0323 is a triloba!



Phylogeny of Ipomoea



K-mer distribution



K-mer distribution

526.5 Mb



NCNSP-0306 is a trifida



NCNSP-0306



Sequences generated for NCNSP-0306

Illumina

Read number Bases Average read length Read length range

2,665,738 11,909,256,312 4,467.53 35-37430

PacBio

Library
Raw read Final cleaned data

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



Assembly of NCNSP-0306 genome

PacBio reads are being used to improve the assembly

Contig* Scaffold*

Size (bp) Number Size (bp) Number

N90 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

N00 (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



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

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

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

BNG map 3 (5 Mb) bridges three NGS scaffolds:
950 = scaffold904
465 = scaffold335
1156 = scaffold987

Only partial scaffolds465 could be aligned to BNG map 3, indicating a
mis-assembly (red box).



Mis-assembled scaffolds: case 2

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 = 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

Mapping population development
 CIP (Awais Khan)
 Xuzhou Sweetpotato Research Center

Anchoring and ordering assembled scaffolds



Transcriptome sequencing and genome annotation



Callus tissue generation

Joyce Van Eck at BTI



RNA-Seq library construction

 Leaves
 Stem
 Flower bud
 Open flower
 Callus



Other sweetpotato sequencing activities

 I. trifida genome sequencing by Robert Jarret at USDA

 I. 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



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



k-mer distribution of PI 561544



Asian Consortium
TRAS (Trilateral Research Association of Sweetpotato)




