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research program that seeks to reduce micronutrient
malnutrition by harnessing the powers of agriculture
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Increasing carotenes in the dietIncreasing carotenes in the diet

•• BiofortificationBiofortification

•• NonNon--conventional breedingconventional breeding

•• SuplementationSuplementation

•• FortificationFortification



BiotechnologyBiotechnology--derived cropsderived crops

•• Carrot (Hauptmann et al 1997) Carrot (Hauptmann et al 1997) 
•• Canola (Canola (RavaneloRavaneloet al 2003; et al 2003; ShewmakerShewmakeret al 1999)et al 1999)
•• Tomato (Fraser et al 2002; Tomato (Fraser et al 2002; RomerRomeret al 2000)et al 2000)
•• TabaccoTabacco(Busch et al 2002; Mann et al 2000)(Busch et al 2002; Mann et al 2000)
•• ArabidopsisArabidopsis(Lindgren et al 2003; (Lindgren et al 2003; StalbergetStalbergetet al 2003)et al 2003)
•• Rice (Ye et al 2000;  Paine et al 2005)Rice (Ye et al 2000;  Paine et al 2005)
•• Potato (Potato (RomerRomeret al 2002; et al 2002; DucreuxetDucreuxetet al 2004; et al 2004; DirettoDiretto et al 2007)et al 2007)
•• Cassava (CIATCassava (CIAT--Freiburg; Freiburg; DanforthDanforth) ) 
•• Corn (Corn (AluruAluru et al 2008)et al 2008)
•• Corn multivitamins (Corn multivitamins (NaqviNaqvi et al 2009)et al 2009)

•• Strategy: organStrategy: organ--specific over expression/suppression of specific over expression/suppression of carotenoidcarotenoidgenes.genes.



General ObjectiveGeneral Objective

The principle of providing ProThe principle of providing Pro--VitAVitA in a crop like cassava in a crop like cassava 
constitutes the basis of this research. Increasing constitutes the basis of this research. Increasing bb--carotene content carotene content 
in its roots would help alleviate health problems caused by VAD in its roots would help alleviate health problems caused by VAD in in 
affected populations that use cassava as a staple.affected populations that use cassava as a staple.

Demonstrating that biotechnology is applicable to improve cassavDemonstrating that biotechnology is applicable to improve cassava a 
nutritional value by using plant promoters and genes (homologousnutritional value by using plant promoters and genes (homologousor or 
heterologousheterologous) of the ) of the carotenoidcarotenoidpathway.pathway.
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2x 35S2x 35S hpthpt IIII CPCP CrtCrtBB

LBLB RBRB

One gene one promoter (CP2 from cassava)One gene one promoter (CP2 from cassava)

Gene constructsGene constructs

35S npt II Pat CrtY

LB RB

CrtBPat 1 Pat Crt I

Three genes plus different promoters: Three genes plus different promoters: 

PatatinPatatin, , MllMll --Sugar beet, Sugar beet, ExtensinExtensin--Cassava, Cassava, DioscorinDioscorin--YamYam



Cassava Genetic ModificationCassava Genetic Modification

FECFEC1 1 2 2 Somatic Somatic 
EmbryosEmbryos

AgrobacteriumAgrobacterium

Regeneration and Regeneration and 
PropagationPropagation

3 3 



GARPGARP--derived Cassava Promoter CP2::GUSPlusderived Cassava Promoter CP2::GUSPlus
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PeridermaPeriderma

EsclerEscleréénquimanquima

ParParéénquimanquimaCorticalCortical

FloemaFloemay Cambiumy Cambium

ParParéénquimanquima

FibrasFibrasy y XilemaXilema
primarioprimario

XilemaXilema secundariosecundario
((hazhazvascular)vascular)

CP2CP2--driven expression of driven expression of GusGusplusplus
matches accumulation of carotenes in roots matches accumulation of carotenes in roots 



DioscorinDioscorinprom::crtBprom::crtB ControlControl

Courtesy J ArangoCourtesy J Arango

Testing promoters in carrotsTesting promoters in carrots





Line 12 at harvest (6 mo)Line 12 at harvest (6 mo)

First attempt with one gene (CP2::crtB)First attempt with one gene (CP2::crtB)
Root with higher caroteneRoot with higher carotene

16.697.7

38%38%
20.9

(41.8X)
6.7 

(16.75X)
19.8

(49.5X)
1.0

(10X)
12B

24.880.50.50.40.40.1Cont (-)

DW (%)Total 
colored 

carotenes

Total 
carotenoids

bbbb-caroteneCarotenesXantofilLine



Carotene composition and quantity change with root ageCarotene composition and quantity change with root age
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Bringing together favorable alleles to produce Bringing together favorable alleles to produce 
and store carotenes in roots through breedingand store carotenes in roots through breeding
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pCASPhytpCASPhyt--12 x GM90512 x GM905--5252
F1 F1 yellowyellow seedsseeds..

((pCASPhytpCASPhyt may escape may escape toto lightlight
inductioninduction andand so produce PSY in so produce PSY in 
darkdark--growngrown cotylscotyls, , whichwhich in in turnsturns

““activatesactivates”” thethe pathwaypathway
downstreamdownstream toto produce produce yellowyellow

carotenoidscarotenoids))

pCASPhytpCASPhyt--12 x GM90512 x GM905--5252
F1 F1 seedlingsseedlings withwith yellowyellow

leavesleaves andand stemsstems
((variegationvariegation isis more more difficultdifficult toto

explainexplain in in thisthis case)case)



pCASPhytpCASPhyt--12 x 12 x 
GM905GM905--2121

Variegated leaves with Variegated leaves with 
yellow stems. yellow stems. 
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SNP in MePSY2 (A to C) in a crossing population of CIAT 
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Southern blot for Southern blot for crtBcrtB in transgenic in transgenic pPatpPat--ErwIIErwII

More lines with three genes (in vitro, greenhouse and field) More lines with three genes (in vitro, greenhouse and field) 

Pat (3*); Pat (3*); MllMll --SB (6* + 11); Ext (1* + 11); Yam (33*)SB (6* + 11); Ext (1* + 11); Yam (33*)

(*) Southern positive(*) Southern positive



Characterizing a PSY gene and promoter from Characterizing a PSY gene and promoter from Ipomoea Ipomoea batatasbatatas

~ 1.6 Kb

P                   1        2        3P                   1        2        3



Conclusions & PerspectivesConclusions & Perspectives

••Proof of conceptProof of conceptwith one gene (with one gene (crtBcrtB))
••Potential to increase carotenes (> 41X)Potential to increase carotenes (> 41X)
••Keep in mind Keep in mind GxEGxE (variability)(variability)

••Catabolism of carotenesCatabolism of carotenesin white rootsin white roots
••Crosses, transform yellow cultivars or silencing (Crosses, transform yellow cultivars or silencing (RNAiRNAi) ) 

••SM3308SM3308--4949
••BraziliansBrazilians
••AM702AM702--1414
••GM905 familyGM905 family

••Search for Search for SNPsSNPsof of carotenoidcarotenoidgenesgenesto boost breedingto boost breeding

•• Keep cloning and characterizing Keep cloning and characterizing rootroot--specific promotersspecific promotersand and 
genes of the pathway to test in carrots and cassava.genes of the pathway to test in carrots and cassava.
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