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The banana (Musa acuminata) genome and the
evolution of monocotyledonous plants

Angélique D’Hont™*, France Denoeud®®**, Jean-Marc Aury?, Franc-Christophe Baurens', Francoise Carreel>, Olivier Garsmeur",
Benjamin Noel?, Stéphanie Bocs', Gaétan Droc', Mathieu Rouard®, Corinne Da Silva®, Kamel Jabbari***#, Céline Cardi',

Julie Poulain?, Marléne Souquet’, Karine Labadie?, Cyril Jourda', Juliette Lengellé', Marguerite Rodier-Goud', Adriana Alberti?,
Maria Bernard?, Margot Correa?, Saravanaraj Ayyampalayam’, Michael R. Mckain’, Jim Leebens-Mack’, Diane Burgess®,

Mike Freeling®, Didier Mbéguié-A-Mbéguié®, Matthieu Chabannes®, Thomas Wicker'®, Olivier Panaud", Jose Barbosa',

Eva Hribova'?, Pat Heslop-Harrison'?, Rémy Habas>, Ronan Rivallan', Philippe Francois', Claire Poiron', Andrzej Kilian'*,
Dheema Burthial, Christophe J ennyl, Fredeéric Bakryl, Spencer Brown!®, Valentin Guignon1’6, Gert Kema®®, Miguel Dital®,

Cees Waalwijk'®, Steeve Joseph', Anne Dievart’, Olivier Jaillon*>**, Julie Leclercq', Xavier Argout', Eric Lyons'/, Ana Almeida®,
Mouna Jeridi', Jaroslav Dolezel', Nicolas Roux®, Ange-Marie Risterucci', Jean Weissenbach®***, Manuel Ruiz’,

Jean-Christophe Glaszmann', Francis Quétier'®, Nabila Yahiaoui' & Patrick Wincker>>*

Bananas (Musa spp.), including dessert and cooking types, are giant
perennial monocotyledonous herbs of the order Zingiberales, a
sister group to the well-studied Poales, which include cereals.
Bananas are vital for food security in many tropical and subtropical
countries and the most popular fruit in industrialized countries’.
The Musa domestication process started some 7,000 years ago in
Southeast Asia. It involved hybridizations between diverse species
and subspecies, fostered by human migrations®, and selection of
diploid and triploid seedless, parthenocarpic hybrids thereafter
widely dispersed by vegetative propagation. Half of the current
production relies on somaclones derived from a single triploid
genotype (Cavendish)'. Pests and diseases have gradually become
adapted, representing an imminent danger for global banana pro-
duction®*. Here we describe the draft sequence of the 523-megabase
genome of a Musa acuminata doubled-haploid genotype, providing
a crucial stepping-stone for genetic improvement of banana. We
detected three rounds of whole-genome duplications in the Musa
lineage, independently of those previously described in the Poales
lineage and the one we detected in the Arecales lineage. This first
monocotyledon high-continuity whole-genome sequence reported
outside Poales represents an essential bridge for comparative
genome analysis in plants. As such, it clarifies commelinid-

sequence errors. The assembly consisted of 24,425 contigs and 7,513
scaffolds with a total length of 472.2 Mb, which represented 90% of
the estimated DH-Pahang genome size. Ninety per cent of the
assembly was in 647 scaffolds, and the N50 (the scaffold size above
which 50% of the total length of the sequence assembly can be found)
was 1.3 Mb (Supplementary Text and Supplementary Tables 1-3). We
anchored 70% of the assembly (332 Mb) along the 11 Musa linkage
groups of the Pahang genetic map. This corresponded to 258 scaffolds
and included 98.0% of the scaffolds larger than 1 Mb and 92% of the
annotated genes (Supplementary Text, Supplementary Table 4 and
Supplementary Fig. 1).

We identified 36,542 protein-coding gene models in the Musa
genome (Supplementary Tables 1 and 5). A total of 235 microRNAs
from 37 families were identified, including only one of the eight
microRNA gene (MIR) families found so far solely in Poaceae®
(Supplementary Tables 6 and 7).

Viral sequences related to the banana streak virus (BSV) dsDNA
plant pararetrovirus were found to be integrated in the Pahang
genome, with 24 loci spanning 10 chromosomes (Supplementary
Text and Supplementary Fig. 2). They belonged to a badnavirus
phylogenetic group that differed from the endogenous BSV species
(eBSV) found in M. balbisiana® and most of them formed a new
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Figure 4 | Six-way Venn diagram showing the distribution of shared gene
families (sequence clusters) among M. acuminata, P. dactylifera,
Arabidopsis thaliana, Oryza sativa, Sorghum bicolor and Brachypodium
distachyon genomes. Numbers of clusters are provided in the intersections.
The total number of sequences for each species is provided under the species
name (total number of sequences/total number of clustered sequences).
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Element ID

Name Characteristics Age
Lisa School, Female 8

Bart School, Male 10
Homer Power Plant, Male 40
Mr. Burns Evil, Power Plant, Male 90

What are some questions we'd like to ask?



Element ID Sets —

Name Characteristics Age
Lisa School, Female 8

Bart School, Male 10
Homer Power Plant, Male 40
Mr. Burns Evil, Power Plant, Male 90

1. Don't always try to show all indiviauals
2. What Is the biggest intersection”

3. Which sets make up an intersection”
4. How big is an intersection?

5. Does it work for more than four sets”



Design Workshop

work In groups

get to know the data (5 mins)

create three (rapid!) prototypes (3x10 mins)

Write up your two favorites (15 mins) in google docs
Upload to “Bonus” Canvas Dropbox by 4pm

We'll show you some of our solutions next time!






Uenn and Euler
Diagrams



Venn vs Euler

Euler Diagram Venn Diagram
Shows logical relations Shows all possible logical
May omit empty relations between sets

(even if empty)

A




Venn Diagrams

Venn diagrams for many

sets are hard
# of Intersections is 2" ‘

https://en.wikipedia.org/wiki/Venn_diagram
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https://en.wikipedia.org/wiki/Venn_diagram

Area-Proportional Euler Diagrams

(a) ﬂ TESTIS
1654 o |
;;__’- 57 ?

(b)

Problem with Venn: size doesn't
correspond to the data.

Creating area-proportional Euler
diagrams is hard. ilik

Layout criteria: (©) . (d)

12425

simple curves (circles are best)

TESTIS 4246 BODY

makes it easy to identify which sets are
participating in intersection

20345

Gestalt-principle: good continuation

area proportional

[Alsallakh 2015]



Compare Simple vs Complex Shape

Complex Simple




[created with EulerAPE]



[created with EulerAPE]



Venn-Euler Pros/Cons

PrOS Cons
Familiar Don’t work well for more
Intuitive than 4 sets

Work well for 2-4 sets Area proportional hard to do

Not well suited to show
attributes
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Sets on top of a fixed layou

72

70

“ s b

Sub-Saharan Africa

https://www.youtube.com/watch?v=Ju2hSThmPWA



https://www.youtube.com/watch?v=Ju2hSThmPWA

Sets on top of a fixed layout

LineSets

Kelp Diagrams

OIh AW N

v,
=

ey S

St

N

x
Ave |

G6th

Westlake

Aloha Si

PDexter Ave N

9th Ave N

Merce

Valley St

Pontius Ave N

Ave N

Yale

x 9
;% E Highlandg Dx
67 & o o -
. ™ ‘ ‘
0 o O “ o O .
~/ 'p - > P4
° 203 < ! f
\ V) R .7—. 5 ! -
e~ i 2 4 - -
L v : P = - { '
‘> = - =
® é%o > 5 Aoy St o = # /
» = $

Ave E

Q
dellevue
o

-l b -
< “« 2z ¢
E RepublicaonSt £ 2 3 <
< = < = by
c g 2 & -; o
D - O 0o =
$ 215 ®3 ] "
3 4 !
- a
el
- :
> & 20 '
< E John 8] ]
y— .
= 3
anny Way
|
| t‘\

Crawforg P

2
9
»

- AN

=\
y |
- > =
. : -
<4 - - «q
N -
=N Y = £
- 2 O =~
oy < .
S - E »&! -

Ll

m
)
o)
~
A
o
O
12 ‘9\\.0' |
-

"

’%MHC' P

1th Ave

EPne St —

m

Pike St

Union 51

[Alper 2011]
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Node-Link Techniques

S K Card
E Horvitz

- J Mackinlay
E B Cutrell D C Robbins

Treat sets as |

, M v Dantzich
\ D Thiel ]
K Hinckdey T Regan

nodes

Connect to

http://mariandoerk.de/pivotpaths/demo/#/1:0_497686 e

- Large Displays formation Visudization nterface Metaphol

Interaction Technique

User Interface e )
User Study


http://mariandoerk.de/pivotpaths/demo/#/1:0_497686
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Showing Pairwise Overlap

Shows fairways overlap of Co-Mutations of genes

Sets Intersection size
- 3

PTEN
overlaps R
rG

Very scalable NF

PIK3CA

Doesn’t show higher-order ° Tﬁ;tF&

USH2A

Can’t show attributes o

MUC17
RYR2
SPTA1
HMCNT1



Pairwise + Interaction

Relations in Genres

Strer z_;”‘

Movies with
high (4-5) ratings

3883 Movies

Genres

# Movies

< # of Genres

< Gate of Heavenly Peace, The

48§% | Am Cuba (Soy Cuba/Ya Kuba)

Lamerica

67 -5 Apple, The (Sib)

Sanjuro
54 Seven Samurai (The Magnificent
Seven) (Shichinin no samurai)

-+ Shawshank Redemption, The

15255 Godfather, The

‘ Close ShaveA
LJé;B' Suspects, The
V.\)r'ong’ ATrouscrs, The

| S..c‘r.\indler's List

Skipped Parts

.55+ Bells, The

Nrv Claaninn (Nattrvana 7car)

Release Year

HHE
Rating
Watched



https://www.youtube.com/watch?time_continue=125&v=cSSAvDAre-E

Set Matrices: OnSet

Set membership for each
item shown In matrix

Comparisons can be made
using AND or OR
operations

Good for many sets and few
items

https://vimeo.com/213029678#at=0 [Sadana 14]



https://vimeo.com/213029678#at=0

Linear Diagrams

German
talian
—\
French l‘
German RS — — "‘
Ralian = — ‘.—
Spanish — — S e '
Turkish S  SE——
Turkish
Welsh — — o
Fig. 1. Visualizing sets: linear diagrams. Fig. 2. Visualizing sets: Euler diagrams.

[RODGERS 2015]






Radial Sets

Sets are segments on a “circle”

Relationships are encoded as
ribbons

Size of segments encodes size . )\
of sets e al ~ -\

Histograms in segments show
degrees

https://www.youtube.com/watch?v=UcYRrPgC5A8 [ Alsallakh 201 3]


https://www.youtube.com/watch?v=UcYRrPqC5A8
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UpSet
[InfoVis’14]

Visualizing Intersecting Sets
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1. Efficient visual encoding

VS.

Selk Vis ¢roals

2. Creating complex
slices of a dataset

3. Visualize attributes




[Movie Lens Dataset] Attribute Details

Visualizing Intersections Visualizing Properties Element List & Queries



Visualizing
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Plotting Attributes
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Sorting
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Which is the biggest intersection?
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Aggregation



Are many items shared between

two sets?
Aggregate By: Degree

o




Are many items shared between

two sets?
} Aggregate By: Degree
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Afslc

How are the elements of ‘B’ distributed?
Aggregate By: Set

[Degree 0

O O O

[Degree 1
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-0




How are the elements of ‘B’ distributed?
Aggregate By: Set




How are the elements of ‘B’ distributed?
Aggregate By: Set
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Query Results

Name g:::ase
Jumanji (1995) 1995
Tom and Huck (1995) 1995
GoldenEye (1995) 1995
Cutthroat Island (1995) 1995
City of Lost Children, The (1995) 1995
Wings of Courage (1995) 1995
Mortal Kombat (1995) 1995
Kids of the Round Table (1995) 1995
Indian in the Cupboard, The (1995) 1995
White Squall (1996) 1996
Muppet Treasure Island (1996) 1996
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R-Version: UpSetR

Developed at HMS
Some design adaptions




The Banana Chart Redesigne
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Other Op

SetViz et

Visualizing Sets and Set-tvped Data
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Lo le)

8800000.

http://setviz.net
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Design Critique
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Text and Document
Uisualization

Slides adapted from Hendrik Strobelt



Text / Language

Features of Text as representation language

abstract, general
extremely expressive

different across population groups
(countries, accents, religions,...)

linear perception

semi-structured (content: grammar, words, sentences,
paragraphs,.. ; appearance: typography, calligraphy,..)



Why Visualize Text?

Worldwide Corporate Data Growth
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Design and Text

Typography:

typefaces (serif, sans-serif, bold, /talic) Creating a font type is an art

point Size (., «, 24pt, 36pt.. ) line length that requires profound design knowledge

(alignment: left, right, justified)
vertical: line spacing (leading)
horizontal: spaces between groups of

letters (tracking) AV Wa
space between pairs of letters (kerning) AV Wa
combining letters to a glyph ligatures fi — fi

B f-1



Comic Sans and Higgs Boson
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In daily use.

enriched text - hypertext overview & detall
inking (graph navigation)
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Visualization for “Raw” Text

highlighting semantics
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Visualization for “Raw” Text

Document Lens Visualizing Search Results
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Document reader applications usually offer an overview of the layout for each page as thumbnail view. Reading
the text in these becomes impossible when the font size becomes very small. We improve the readability of these
thumbnails using a distortion method, which retains a readable font size of interesting text while shrinking less
interesting text further. In contrast to existing approaches, our method preserves the global layout of a page and
is able to show context around important terms. We evaluate our technique and show application examples.

B R ) R . R is used that highlights the keywords and their context. Other
Flgul‘e 3: DOCument LenS Wlth lel’lS pulled tOWal‘d the user. The reSUItlng truncated pyramld makes text near the 1. I—— applications might use a different interest function, for in-

lensi edges readable. The user interface Of stance a sentiment score could be used to create thumbnails

for sentiment analysis.

such as  Adobe Reader ,  consists of a detail view and one or
more views  for navigation within documents , such as a ta-
ble of contents , and a thumbnail view providing page  pre -
views . In addition , most document viewer offer a keyword 2. Related Work
search functionality where the occurrence of keywords is

. highlighted ~ in the detail view . However , the  navigation  views Three different techniques are currently used for handling
RObertSOn, GeOI'ge G., aIld J OCk D. MaCklnlay of  document  viewers (g  thumbnails ) typically do not show document overview and navigation: abstraction from the
document with pixel based representations , thumbnails with
the occurrence of keywords in the documents. SO the us er : : . . . . .
The document lens

different highlighting techniques, and semantic zooming .

. . has tO step through all occurrences of the keyword within A common pixel based technique is TileBars [Hea?S],
Proceedings of the 6th annual ACM symposium on User be del e s soling e s which visualizes the length of documents and the distribu-
To avoid this, we propose to  highlight  the  keywords i tion of search terms within these documents with a rectan-

interface software and technology. ACM, 1993, and the user is pomted T Stollbar of the dosument view with & pixel viswlizadon of

I:agcs, In addition thumbnails can be useful (or. retrieval allowing the user tO Scroll
lf the users are '[I'yll’lg rence of the terms. Both techniques do not show the context

know [ CvDRH99 , DC02 ]. Due to the small size  of text in

thumbnails , the highlighting should in  addition increase the d a l I Ser aS t
size of the keywords and  their context , at first to make of the search terms an Oum the detail view in
the text  better readable and second to allow a simple dis -

ambiguation of  keywords by  their context . For instance , it order to access the context of the search terms.

Document Thumbnails with Variable Text Scaling about “USET” or CUSCT INTET- iy st e o e o

commonly used for overview and navigation. The space-

. f filling thumbnail approach of Cockburn et al. [ CGAO6 ]
A. StOffel, H. StI’ObGlt, O. Deussen, D. A. Kelm ace ke} “Ord user WOU.ld avoids scrolling in the overview of a document, by posi-
The  technique  we  present to create  the  thumbnails  is a tioning the thumbnails of all pages on a grid on the screen

/ / general | distortion  technique  for  document content  that high - and resizing the thumbnails to fit the window size. Suh
COmputer Graphlcs Forum’ vozume 3] lssue 3 pp' to a user deﬁned interest et gl. [SWRGOZ] combined the thun}bnails w?th popouts,

which highlgiht search terms by rendering them in a readable
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Working with Text

unstructured text

4 x’t'
3 X ‘U
2XxX°r
2X ‘e

structured data



Structured Text Features

simple counts (bag of words)
used for similarity measures

princess dragon




Typical Steps of Processing to
derive Text Features

Large collections require pre-processing of text to extract information and align text.
Typical steps are:

cleaning (regular expressions)

sentence splitting
change to lower case

stopword removal (most frequent words in a language)

stemming - demo porter stemmer
POS tagging (part of speech) - demo

noun chunking

NER (name entity recognition) - demo opencalais

deep parsing - try to “understand” text.


http://9ol.es/porter_js_demo.html
http://cogcomp.cs.illinois.edu/demo/pos/?id=4
http://viewer.opencalais.com/

Text features are complicated

Toilet out of order. Please use floor below.

One morning | shot an elephant in my pajamas. How he got in
my pajamas, | don't know.

Did you ever hear the story about the blind carpenter who picked
up his hammer and saw?

http://en.wikipedia.org/wiki/List_of_linguistic_example_sentences



http://en.wikipedia.org/wiki/List_of_linguistic_example_sentences

Text Units Hierarchy

corpus of corpora )

corpus ~ document collection visualization

document cluster )
document \

chapter

section

[ paragraph } single document visualization

sentence

linguistic visualization { word group

word )
K letter




Wordle
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Wordle vs Tag Cloud
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Fig 2: Wordle vs. Tag Cloud of Barack Obama’s speech at the Democratic Convention in 2008.
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Word Tree

Text

If love
If love

If love

WordTree

If love be

rough

blind ,

[Wattenberg 2008
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The word tree, an interactive visual concordance
M Wattenberg, FB Viégas
Visualization and Computer Graphics, IEEE Transactions on 14 (6), 1221-1228


https://www.jasondavies.com/wordtree/

PhraseNets

You create the word sequence filter:

WORD1 and

Many Eyes finds this word relationship in Jane Austen s text:

Her manners were pronounced to be very bad indeed,
a mixture of pride and impertinence: she had no
conversation, no stile, no taste, no beauty.

Many Eyes creates the word graph:

Frank van Ham, Martin Wattenberg, and Fernanda B. Viegas.
Mapping Text with Phrase Nets.

IEEE Transactions on Visualization and Computer Graphics 15, 6 (November 2009)


http://www-958.ibm.com/software/data/cognos/manyeyes/visualizations/who-begat-whom-in-the-bible
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Figure 5: A user can interactively draw a region (polygon)
containing a subset of documents of interest (top figure).
Keywords are extracted from the selected document and their
corresponding word could is built inside the user-defined re-
gion (bottom figure).

Fernando V. Paulovich, Franklina M. B. Toledo, Guilherme P. Telles, Rosane
Minghim, and Luis Gustavo Nonato.

Semantic Wordification of Document Collections.

Comp. Graph. Forum 31, 3pt3 (June 2012)
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Figure 1: Comparison of 495 papers of InfoVis, SciVis, and Siggraph (discrimination threshold = 6, number of topics = 30)

Comparative Exploration of Document Collections: a Visual Analytics Approach (http://ditop.hs8.de)
D. Oelke, H. Strobelt, C. Rohrdantz, I. Gurevych, and O. Deussen


http://ditop.hs8.de
http://documentcards.hs8.de/
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Marian Dork, Daniel Gruen, Carey Williamson, and Sheelagh Carpendale. A Visual Backchannel for Large-Scale Events.
TVCG: Transactions on Visualization and Computer Graphics (Proceedings Information Visualization 2010


http://mariandoerk.de/visualbackchannel/infovis2010.pdf
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