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HarvestPlus

Breeding Crops for Better Nutrition

HarvestPlus is an international, interdisciplinary,
research program that seeks to reduce micronutrient
malnutrition by harnessing the powers of agriculture
and nutrition research to breed nutrient dense staple

foods.

www.harvestplus.org



Increasing carotenes in the diet

e Suplementation
 Fortification .ﬁl =

e Biofortification

 Non-conventional breeding



Biotechnologyderived crops

Carrot (Hauptmann et al 1997)

Canola Ravanelcet al 2003Shewmakeet al 1999)

Tomato (Fraser et al 200Rpmeret al 2000)

TabaccqBusch et al 2002; Mann et al 2000)
ArabidopsigLindgren et al 2003Stalbergetet al 2003)

Rice (Ye et al 2000; Paine et al 2005)

Potato Romeret al 2002Ducreuxetet al 2004 Diretto et al 2007)
Cassava (CIATFreiburg;Danforth

Corn Aluru et al 2008)

Corn multivitamins Naqvi et al 2009)

Strategy: orgaispecific over expression/suppressiorcaiotenoidyenes.




General Objective

The principle of providing PrYItA in a crop like cassav
constitutes the basis of this research. Increasiogrotene conter
In its roots would help alleviate health problenasised by VADIN
affected populations that use cassava as a staple.

Demonstrating that biotechnology is applicablermpirove cassa/
nutritional value by using plant promoters and gef®mologou®r

heterologou)sof thecarotenoidoathway.
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Gene constructs

2x 35S hpt I CP CrtB

LBI IRB

One gene one promoter (CP2 from cassava)

35S npt Il Pat Crty Pat1 CrtB Pat Crtl

Three genes plus different promoters:

Patatin, Ml -Sugar beet,Extensin-CassavapDioscorin-Yam




Cassava Genetic Modification
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GARP-derived Cassava Promoter CP2::GUSPIu$

25 B CP2::GUSPlus
ONT

20 ~

15 ~

10 ~

GUS Activity (pmol 4MU/min/ g protein)

Root P Stem RootC Leaf



matches accumulation of carotenes inr

CP2driven expression dbulus J
ots
|

Periderma

__Escleénquima_

PaénquimaCortical

— ——Floemay Cambium—

\\ Palénqmma//l
\ Fibrasy Xilema /

primario

Xilemasecundario—-
(hazvascular)



Testing promoters in carrots

Dioscorinprom::crtB Control

Courtesy J Arango






Line 12 at harvest (6 mo)

First attempt with one gene (CP2::.crtB)

Root with higher carotene

Line Xantofil | Carotenes b-carotene Total Total DW (%)
carotenoids colored
carotenes
Cont (-) 0.1 0.4 0.4 0.5 0.5 24.88
12B 1.0 19.8 6.7 20.9 7.7 16.69
(10X) (49.5X) (16.75X% (41.8X 38%




Carotene composition and quantity change with aget
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Bringing together favorable alleles to produ

ce

and store carotenes in roots through breeding
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pCASPhyt-12 x GM905-52

F1 yellow seeds.
(PCASPhyt may escape to light
induction and so produce PSY in
dark-grown cotyls, which in turns
“activates” the pathway
downstream to produce yellow
carotenoids)

PCASPhyt-12 x GM905-52
F1 seedlings with yellow

leaves and stems
(variegation is more difficult to
explain in this case)




PCASPhyt12 x
GM905-21
Variegated leaves with
yellow stems.



SNP in MePSY?2(A to C) In a crossing population of CIAT
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Southern blot focrtB in transgenigPatErwil|
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More lines with three genes (in vitro, greenhouse feeld)
Pat (3*);MII-SB (6* + 11); Ext (1* + 11); Yam (33%)

(*) Southern positive




Characterizing a PSY gene and promoter fijpomoeabatatas

~1.6Kb




Conclusions & Perspectives

*Proof of concepivith one genedtB)
*Potential to increase carotenes (> 41X)
*Keep in mindGXxE (variability)

eCatabolism of caroten@s white roots

*Crosses, transform yellow cultivars or silenciRiNAI)
*SM330849
*Brazilians
*AM702-14
*GM905 family

«Search folSNPsof carotenoiddenedo boost breeding

» Keep cloning and characterizingot-specific promoterand
genes of the pathway to test in carrots and cassava
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