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AstaxanthinRice,anewbiofortifiedcropgermplasm
developedbymultigenemetabolicengineering

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchgroupdirectedby
ProfessorLiu YaoGuang (刘 耀 光)attheState KeyLaboratoryforConservationand Utilizationof
SubtropicalAgroＧBioresources,CollegeofLifeSciences,SouthChinaAgriculturalUniversity,recently
reportedthedenovobiosynthesisofastaxanthininriceendosperminMolecularPlant(Zhuetal．,２０１８,
https://doi．org/１０．１０１６/j．molp．２０１８．０９．００７)．

Geneticengineeringofcomplex metabolicpathwaysandsyntheticbiologystudiesinplantsrequire
efficientvectortoolsformultigeneassemblyandplanttransformation．FundedbytheNationalNatural
ScienceFoundationofChina,ProfessorLiu􀆳sgrouppreviouslydevelopedahighＧefficiency TransGene
StackingII(TGSII)vectorsystem (Zhuetal．,２０１７)．Usingthissystem,theysuccessfullystackedten
transgenesforanthocyaninbiosynthesisinrice,anddevelopedthefirst “PurpleEndosperm Rice,or
Zijingmi(紫晶米)”,withhighanthocyanincontentsandantioxidantactivity(Zhuetal．,２０１７,http://
dx．doi．org/１０．１０１６/j．molp．２０１７．０５．００８)．

Carotenoidsareessentialphytonutrientsforhumanhealth．AstaxanthinisahighlyＧvaluable,redＧorange
ketocarotenoidwithstrongantioxidantactivity,andis widelyusedinpharmaceutical,cosmeticand
aquacultureindustries．However,astaxanthinisnotproducedinalmostallplants,andgeneticengineering
forastaxanthinbiosynthesisinriceisdifficult,becausericeendospermlacksexpressionoftheenzymesfor
producingthecarotenoidprecursorsofastaxanthin．Inthisstudy,ProfessorLiu􀆳sgroupusedtheTGSII
system to successfully bioengineer the canthaxanthin (another ketocarotenoid)and astaxanthin
biosynthesisinriceendosperm．Byintroducingtwo(sZmPSY１andsPaCrtI),three(sZmPSY１,sPaCrtI
andsCrBKT)andfoursynthetictransgenes (sZmPSY１,sPaCrtI,sCrBKT,andsHpBHY),which
encodephytoene synthase,phytoene desaturase,βＧcarotene ketolase,and βＧcarotene hydroxylase,
respectively,theydevelopedtheyellowＧgrainedβＧcaroteneＧenrichedGoldenRiceandtwoneworangeＧredＧ
grainedricegermplasms:CanthaxanthinRiceandAstaxanthinRice,respectively．TheAstaxanthinRice,
alsocalled “Chijingmi(赤晶米)”inChinese,isenrichedwithastaxanthinandhashigherantioxidant
activity．

Thisworkalsosuggeststhattheengineeredbiosynthesisofotherimportantditerpenoidsubstances
(suchastanshinoneandtaxol)maybepossibleusingriceendosperm asthebioreactor．Thisstudy
promotesplantmetabolicengineeringandprovidesaremarkablereferenceforplantsyntheticbiologyand
cropbiofortification．

Figure　DenovobiosynthesisofβＧcarotene,canthaxanthin,andastaxanthininriceendospermbyintroducingandexpressing
two,three,andfoursynthetictransgenes,respectively．


