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Feeding the world’s growing population...
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Feeding the world’s growing population...
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...will require plants that can grow on marginal lands
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Feeding the world’s growing population...

0)
Plants account for over 8 O /O of the human diet

30 000 terrestrial plants are known to be edible

7 000 are cultivated or collected by humans for food

30 crops feed the world

5 cereal crops provide 60% energy intake of the world population

Some 7.4 million samples of crop
i diversity are stored in
Rice, wheat, maize, millet and sorghum 1750 genebanks around the world
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...Will require new, highly nutritious crops

FAO



Quinoa can help improve global food security




Quinoa can grow on marginal lands




Quinoa is highly nutritious

Quinoa Maize Rice Wheat
Energy (Kcal/100g) 399 408 372 392
| Pprotein (g/100g) 16.5 10.2 7.6 143 |
Fat (g/100g) 6.3 4.7 2.2 2.3
Total Carbohydrates (g/100g) 69.0 81.1 80.4 78.4
Source: Koziol (1992)

FAO? Quinoat Maize® RiceP Wheat”
Isoleucine 3.0 4.9 4.0 4.1 4.2
Leucine 6.1 6.6 12.5 8.2 6.8
Lysine 4.8 6.0 2.9 3.8 2.6
Methionine 2.3 5.3 4.0 3.6 3.7
Phenylalanine 4.1 6.9 8.6 10.5 8.2
Threonine 2.5 3.7 3.8 3.8 2.8
Tryptophan 0.66 0.9 0.7 1.1 1.2
Valine 4.0 4.5 5.0 6.1 4.4

aAmino acid scoring patterns for 3 to 10 year old children, adapted from FAO (2013),

Dietary protein quality evaluation in human nutrition, Report of an FAO Expert Consultation, Rome.

bKoziol (1992)
‘Methionine + cysteine

dphenylalanine + tyrosine

FAO



Quinoa is popular

Color: Quinoa

$19.99 abodell
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Quinoa production is low

Global quinoa production
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http://www.fao.org/faostat/en/



Quinoa production is expanding

. Area of Production
() > 5000 ha

8 500 to 5000 ha

" £'500 ha o
O E)(ﬁedmentation : O
O Recent trials 2018
W,
Number of countries growing quinoa along time
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Global Food Security 26:100429 (2020)
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Quinoa isn't well adapted to new environments




Most quinoa genetic resources are not public

Quinoa accessions in germplasm banks
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Quinoa has lost genetic diversity

4 4000

Elevation above sea level (m)
WILD GENE POOL

Sea level

Original domestication of
Andean quinoa, ~5000 vbp:

Repeated selection for cold
tolerance, drought tolerance,
saline-soil tolerance at high
altitudes



Can we improve quinoa production by increasing genetic diversity?

Genomic resources Genetic resources

CqA10 CqB03

CqA12




Computational challenges of genome assembly

Sequence reads are shorter than chromosomes
Assembly is the process of putting reads back together

Chromosome

DNA sequencing reads

L ____________________________________________________________________________________________________________| Assembled sequence
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Late Edition
Today, increasinet, - -

*

Nork &

w

J

oy

Late Edition
A 2 8

*

1Moo«

vllork @

£

- Ehe New

&

AN Sy

°
1

@

W ilork

¢

imes

DECEMBER 9, 2014

Hork &

NEW YORK, TUESDAY,

2014 The New Yk Tien

Che New

--No. 56,710

_n.

mﬂwﬂ |MM
il um .
m .mm mm

E 5yl

iy

AR

£ 33 i s
il m%
%.ﬁlm cw uﬂm mmmmmmnmmmmmmmi MMMM

e v ik

New Yorlc's City Hall.

O T

£33
ﬁmmmmﬁmu

mhnuh

“diein” on Manday

-u-'m':.
H.lkv.
1=Z”=p
has not been
for ractal
his et
u&?‘
o being. chirges

mw

i

mmm

EH
ummmmnwhwm mmn

wm % umn
mmmm» mm ﬂm 5

R

3t

mmm

mmnuhmm m

nMMu mwmu,.

wmn* muwM{ L
mmmmm ww:

ru

U

mmmm uumm umm
mmnmwmmmm w

dmm-

mmwummumm wummmd mx

A
wmm,mmmhmmmWMw mm_ WN&.

mnmmmme



mm.__w?:;.. %

(i

v

1
| 4
&

i
::-u*.mmwmﬂ

\ M/
y

IS

ua.m_mwwr,a “mmmm.«

— S abtiy

v

1 il

g

/




e ]

il 94 M.m i m
d © s m
i e il | mmm_mmmmmw
St || § & 7| s e

=3 e mmm“ frii
P m.h Mm wmwmmm__w mmmmmm mmw:.
JERT mmmmmmwhwmw
* omb M @] M .mm mmmmmmm kmmwmﬁmw

Che New Nork &

& ma&:tm» wm 53

w%mm
Wmumw mmewww

mmw g3
_ ummwmw.mmu Ik

mm
mMmmww uwwm
it i

NEW YORK, TUESDAY, DECEMBER 9, 2014

2014 The New York Times

710

mww wwmm
w mwmmm

.No.56

Vs

CLX]

‘/11

w

:
£

ik

ik

mmmemmmw e mu

mw




Computational challenges of genome assembly

Overlaps
| g 1 |
ATGCAGCTATATAGC
ATAGCGGATGACCATA
Reads GATGACCATAAGTGACTAG
GACTAGGACGACTAATATAT
GACTAATATATGACTCAAT

Assembled sequence ATGCAGCTATATAGCGGATGACCATAAGTGACTAGGACGACTAATATATGACTCAAT

Figure 4.21 Genomes 4 (© Garland Science 2018)



Computational challenges of genome assembly

to_every thing turn_turn_turn_there_is a season
[=4,k=7

http://www.langmead-lab.org/teaching-materials/



Computational challenges of genome assembly
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Computational challenges of genome assembly

TAGATTACACAGATTACTGA TTGATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGCGTAAACTA
TAG TTACACAGATTATTGACTTCATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGCGTAA CTA

l L

TAGATTACACAGATTACTGACTTGATGGCGTAA CTA

Take reads that make
up a contig and line

| themup

Take consensus, i.e.
majority vote

http://www.langmead-lab.org/teaching-materials/



Quinoa and wild relatives genomic resources



