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TANG CUONG GIA TRI DINH DUONG CUA NGO
BANG CONG NGHE SINH HQC

Nguyén Dirc Thanh
Vién Cong nghé sinh hoc, Vién Han 1am KH & CN Viét Nam

TOM TAT: Nhu cau V& ngd ngay cang ting trén pham vi thé giéi va Viét Nam. Ngo ciing gidng
nhu cic ciy ngii cdc khac c6 ham luong mot s6 chét dinh dudng quan trong thap, dac biét 1a cac
chat nhu lysine, vitamin A, acid folic, sat, kém va selenium. Chinh vi thé, _cac nha khoa hoc dé co
nhiéu nd luc trong nghién ctru nang cao gia tri dinh dudng cua ciy ngi cbe noi chung va ciy ngo
noi riéng. Bai bao nay tong quan cac két qua nghién ctru vé cai tlen dinh dudng cua ciy ngd bing
cong nghé sinh hoc. Trong d6 tép trung vao cac cong trinh cai tién chét luong protein, ham luong
carotenoid va cac vi dudng chit nhu sit va k&m. Nhimg ket qua nghién ciru ndy dd mo ra trién
vong cho viéc cai tién chét luong dinh dudng ¢ cay ngi cbe, trong d6 c6 cay ngd noi riéng; dong
thoi cling cho thdy nhimng van d& can duoc tiép tuc nghién ctru vé hudng nay.

Tir khéa: Zea mays, ciy ngii cdc, cong nghé sinh hoc, gia tri dinh dudng, protein chat lugng cao,

vitamin A.

Nhin chung, cac loai hat ngii céc déu nghéo
cac chit nhu lysine, vitamin A, folic acid, sét,
kém va selenium, trong khi cac chit nay lai hét
sttc quan trong cho trao doi chit va phat trién
binh thudng ciia con ngudi. Mot phin ba dan sb
thé gioi phan 16n & chau Phi va Dong Nam A st
dung ngii cbc nhu ngudn dinh dudng chinh
(Christou & Twyman, 2004). Nhu ciu vé luong
thue, thac dn chin nudi va nhién lidu trén thé
gioi ngay mot tang va da vuot xa so voi kha
nang san xuat Theo du bao, dén 2020 nhu cau
vé ngi coe trén thé 8161 tang 45%; trong khi ¢
chau A, nhu cdu vé ngd sé& ting 87% so voi
1995 (IFPRI, 2003). O Viét Nam, ngd la ciy
luong thuc dung thir hai sau cay lua. San luong
ngd & Viét Nam khong dap ung do yéu cau
ngay cang téng, vi vy, viéc nhap khau ngd
ngay mét gia tang. Nam 2013, Viét Nam phai
nhép khau 2,6 triéu tan, nam 2014 trén 3,0 triéu
tdn (Mai Xuan Trieu, 2014), nim 2015 1én t&i
7,55 triéu tan, tang 71,2% so voi nam 2014
(http://cafef.vn/nong-thuysan.html). Nhu ciu
ngdy cang ting, trong khi chit lwong dinh
dudng ciia ngd lai kém, chinh vi vy, viéc thiéu
dinh dudng do st dung ngo6 1a mdt thach thuc
16n d6i voi thé gioi va Viét Nam. Day ciing 1a 1y
do cho nhiéu nd Iyc trong nghién ciru nham céi
thién gia tri dinh dudng ciia ciy ngii coc noi
chung va cdy ngd noi riéng. Bai bao nay tong
quan cic két qua nghién ciru vé& ning cao chit

lugng dinh dudng cia cdy ngd bang cong nghé
sinh hoc nhim cung cip nhiing co s& khoa hoc
va thyc tién cho viéc ting cuong gia tri dinh
dudng cua cdy ngd. Nhitng két qua nghién ciru
nhan dugc vé cai tién chat luong protein, gia
tang tong hop carotenoid, cac nguyén to vi
luong sat va kém v.v. dd mo ra trién vong cho
viée cai thién chat lwong dinh dudng & ngod va
cac cay ngi cdc; dong thoi ciing cho thiy nhing
van dé can duoc tiép tuc nghién ctru.

Thanh phan dinh dwéng cia ngo

Thanh phan dinh dudng chi yéu cta ngo
bao gdm protein, lipid, carbonhydrate, mot o
vitamin (B1, PP) va cac carotenoid tién vitamin
A.

Ham lugng protein cua cic gidng ngd
thuong dao dong tr 8 dén 11%
(http://www.fao.org/docrep/t0395e/t0395¢03.ht
m). Protein chinh cua ngd la zein, mot loai
prolamine gin nhu khéng c6 lysine va
tryptophan. Trong hat ngd toan phan c6 4-5%
lipid, phan 16n tap trung & mam. Trong chit béo
cia ngd cé 50% la acid linoleic, 31% la oleic
acid, 13% la panmitic acid va 3% la stearic acid.
Carbonhydrate trong ngd chiém khoang 72-73%,
chii yéu 1a tinh bot. Ngoai ra & hat ngd non cé
thém mot s6 duong don va duong kép. Ngo
chira it canxi nhung nhiéu phospho. Vitamin tap
trung & 16p ngoai hat ngd va & mam. Ngo co
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nhiéu vitamin B1 nhung vitamin PP thip cong
voi viée thiéu tryptophan-mét tién chit dé tao
vitamin PP. Vi viy, néu an ngd don thuan va
kéo dai s& mic bénh Pellagra (bénh thiéu
vitamin PP).

Ham luong carotenoid tién vitamin A & ngd
rt thip. Trong hat ngd chta chu yéu cac dang
carotenoid tién vitamin A gdm o-carotene, B-
carotene va P-cryptoxanthin nhung ham luong
thdp véi gia tri twong tng tir 0,0-1,3; 0,13-2,7
va 0,13-1,9 nmol/g (Kurilich Juvik, 1999). Hién
nay, nho sy cO ging trong nghién ctru cdi tao
giong, cac nha khoa hoc di tao duoc gidng ngd
¢6 ham luong B-carotene téng sb dat 15 pug/g so
voi 0,1 pg/g & gidng ngd binh thudng
(http://www.news.uiuc.edu.news/08/0117maize.
html). Tuy nhién, ham luong nay van rét thip
khi so sanh voi carrot (83,32 ug/g)
(http://www.healthaliciousness.com/articles/nat
ural-food-sources-of-beta-carotene.php.

Ham luong cac chit vi luong nhu st va
kém & ngd ciing thdp (Bouis, 2000; Welch
Graham, 2002). Ham luong kém trung binh
trong hat ngdé 1a 2,0 mg/100 g hat (Ortiz-
Monasterio et al., 2007) con ham lugng st chi
tir 1,2 dén 3,6 mg/100 g (Queiroz et al., 2011).

Do thiéu lysine, triptophan, it tién vitamin A,

kém va sit nén chit lugng dinh dudng ciia ngd
1a rat kém. Dé cai thién chat lwong dinh dudng
cia ngd di co nhiéu cd ging trong viéc tao
gidng ngd chat lugng protein cao (Sofi et al.,
2009), gia ting ham lugng carotenoid, dac biét
1a cac carotenoid tién vitamin A (WHO, 2009),
tang ham lugng sit (Tako et al., 2013) va kém
(Welch Graham, 2002).

Cic cach tiép can cho ting cwong chit lwrgng
dinh dwéng & ngo

Hoi nghi ngd chau A 1an thir 12 va Hoi dam
chuyén gia cho cc van d& vé “Ngb cho an ninh
luwong thuc, thuc an chan nuoi, dinh dudng va
mdi truong” dién ra tai Bangkok tir 29/10 dén
01/11/2014 do Hoi cac vién nghién ciru nong
nghiép chau A-Thai Binh Duong, Trung tim
Cai tién lta mi va ngd (CYMMIT), T6 chic
Nong Luong quoc té (FAO) va Cuc Nong
nghi¢p Thai Lan t6 chiic da dwa ra cac khuyén
cdo v¢ phat trién cady ngd trong vung. Céc

chuyén gia da khuyén cdo viéc phat trién cac
giong ngd c6 ham luong diu cao, protein chat
luong va tang cuong tong hop carotenoid tién
v1tam1n A can duoc uu tién phat trién. Ngoai ra,
cac gidbng ngd véi ham luong methionine,
zeaxanthin, vitamin E cing can dugc quan tam.
Chinh vi vay, cai tién chat lugng cac giong ngd
1a yéu t6 then chdt xac dinh san lugng va ning
suat ngo Do do, van dé cap thiét 1a phai tao ra
cac giong ngd co chat luong hat t6t v6i cac tinh
trang can thiét nhu chit luong protein, hiam
luong carotenoid cao.

Dé tang cudng chit luong protein, co thé sir
dung dot bién (Mertz et al., 1964; Nelson et al.,
1965) va ky thuat di truyén (Segal et al., 2003;
Lang et al., 2004; Yu et al., 2004; Hoang et al.,
2005; Yue et al., 2014). V&i sy phat trién cia
cac nghién ctu ¢ mic d6 phan tu, viéc Ung
dung chi thi phan tir trong chon gidng ngo6 voi
protein chat lugng cao cling la mdt cach tlep can
htra hen (Babu et al., 2005; Danson et al., 2006).

Ngoai protein, carotenoid tién vitamin A,
ham luong sit va kém trong hat ngd ciing 1a dbi
tugng hién dang dugc quan tdm trong chién
lugc tang cuong gia tri dinh dudng cia cac cdy
ngii cde noi chung (Masuda et al., 2012; Velu et
al., 2014) va ng6 ndi riéng (Hadley et al., 2002;
Saltzman et al., 2013).

Gia tang ham luong carotenoid tién vitamin
A c6 thé sir dung cong nghé gen véi viée st
dung cac gen tham gia vao qué trinh tong hop
(Fraser Bramley, 2004; Zhu et al., 2008) va tich
Iy carotenoid (Li et al., 2012).

Pé ting cudng ham luong cac kim loai vi
luong trong cdy c6 thé bd sung kim loai vao
phan bon (Lyons et al., 2004), hay su dung
phuong thirc trong trot truyén thong (Ortiz-
Monastero et al., 2007) hodc phuong thirc trong
trot truyén thong két hop voi dot bién dé cai tién
ham luong dinh dudng cia cdy. Xac dinh cac
glong cady ngi cbe c6 ham Iugng vi duong chét
cao va sit dung phuong phap chon bang chi thi
phén tur deé chuyén cac tinh trang ndy vao cac
cay. trong phé bién ciing 1a mot hudng tiép can
nhiéu trién vong (White Broadley, 2005).

Tang cwong chét lwgng protein ctia ngo

Giong nhu céc cay ngii coc, protein cua ngod
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nghéo dinh dudng do c6 ham lugng cac acid
amin khong thay thé thip. Ham luong lysine
trong protein ngd chi dat dudi 3%, thdp hon
nhiéu so véi khuyén cédo cia FAO déi vé6i dinh
dudng & nguoi la 5,5% (FAO, 1973). Ngoai ra,
cac acid amin khac cia ngdé nhu tryptophan,
threonine va methionine trong protein ngd ciing
thap (Shewry Tatham, 1999; Shewry, 2000).

Protein ngo6 chtra 3% albumin, 3% globulin,
60% prolamin va 34% glutelin. Prolamin cua
ngo, con goi l1a zein dugc chia thanh cac loai
o, B, y va d-zein phu thudc vao tinh tan va cdu
tao protein. Zein giau glutamine, proline,
alanine va leusine nhung hiu nhu khéng c6 hai
acid amin khong thay thé 1a lysine va
tryptophan (Sofi et al., 2009). Néu ham luong
prolamin cao s& din dén thiéu lysine va
tryptophan va protein bi kém chat lugng. Thiéu
mot s6 acid amin khong thay thé trong d6 co
lysine chat luong dinh dudng cia cdy co thé
giam 50 dén 75% va din dén hién tugng thiéu
protein & nguodi va lam gidm kha nang khang
bénh, gidm protein mau, lam cham phat trién
thé chat va tri tu¢ clia tré vi thanh nién va hoi
chimg nay duoc goi 14 hién tuwong thiéu dinh
dudng nang luong protein. Theo udc tinh cua
To chic Y té thé gioi c6 toi 30% dan sd cac
nudc dang phat trién bi héi chimg nay (WHO,
2007). Céc nghién ctru & An Do Singh et al.,
1980) cho thiy, tré em duogc nuodi dudng bang
ngd co protein chét lugng cao khée manh hon,
sinh truong tot hon va tir vong it hon so véi tré
nudi bang ngd binh thuong. Cac nghién ctru &
Ethiopia ciing cho két qua twong tu (Akalu et al.,
2010). Béi v6i chan nudi, ngd voi protein chit
luong cao dac bi¢t c6 v nghia voi lon va gia
cam. Lon va gia cAm nudi bang ngd protein chat
luong cao c¢6 mirc do ting truong tot hon. O
Brazil va El-sanvado, viéc st dung ngd protein
chit lugng cao c6 thé giam st dung thic in
bang d4u tuong khoang 50% va giam duoc viéc
st dung lysine tong hop (Lopez-Pereira, 1992),
két qua giam duoc 3-5% chi phi thirc an cho lon
va gia cam. O Trung Qudc, viée sir dung gidng
ngd protein chat lwong cao trong chin nudi da
gitip gia ting thé trong va ham luong acid amin
0 lgn (Zhai, 2002).

Hién nay trén thé gioi, ngd protein chit
luong cao dugc trf‘)ng khoang 2,5 tri¢u ha. O

Trung Qudc, mot sd gidng ngd protein chét
lwong cao dang dugc trong trén 1000 ha va dy
bao dén 2020 s& co khoang 30% dién tich ngd
ctia nude nay duoc trong bang ngd protein chat
lwong cao (Gill, 2008). O Viét Nam, viéc trong
ngd voi chit lugng protein cao con rat han ché.
Hién nay ¢ Viét Nam méi str dung mot ) dong
ng6 cua CIMMYT nhu CML161, CML163 va
CML165 lam bd me dé tao cap lai. Cho dén nay,
Viét Nam chua c¢6 mot nghién ciru nao veé cai
thién chat lwong protein ngd.

Mot trong cac cong trinh dau tién vé ting
cudng chat luong protein (ting lysine hodc
tryptophan) d6 1a chon cac dot bién lam gian
ham luong zein, trong d6 c¢6 cac dot bién mang
gen opaque-2 (02) va floury-2 (fI2) Mertz et al.,
1964; Nelson et al., 1965). Tuy nhién, cac dot
bién ndy c6 ndi nhil tring xSp dé bi pha huy, dé
bi bénh va nang sut thép (Lambert et al., 1969;
Ortega et al., 1983). Mot hudng nghlen cliiu
duoc de suat dé giai quyet van dé nay 1a cai bién
di truyén cau tric cta noi nhit nhung huéng nay
kho dua vao thyc té vi phai bién d6i nhiéu gen
moéi ¢6 thé cai tién dwoc ndi nhit (Hoang et al,
2004). Hy vong thuong mai hoa giong ngd ¢
protein chét lugng cao duge bat ddu vao nhiing
nam 90 cua thé ky trude, khi dong ngéd véi dot
bién Opaque 2 méi duoc goi 1a ngd protein chit
luong cao (QPM) dugc phat trién (Glover,
1992; Gibbon Larkins, 2005). Kleu gen QPM co
cac tinh trang bap va ning suat nhu cic giong
ngd khac, nhung hiéu qua hon vé mit dinh
dudng, dac biét la ddi voi tré em & cac nudce
dang phat trién (Akalu et al., 2010).

St dung k§ thuat di truyén dé cai tién chat
luong protein & ngd 1a mot tng dung day trién
vong cua cobng ngh¢ sinh hoc vi cac phuong
phap truyén théng con nhiéu han ché. Vige tao
ra protein co ty 1& lysine cao 1a cach tiép cin
duy nhat dé cai tién protein hat (Sofi et al.,
2009). C6 hai chién lugc dé ting ham lugng
lysine trong protein: mot 1a lam giam su tong
hgp zein va hai la ting ham lugng acid amin
(Iysine) ty do va st dung gen ma hoda cho
protein giau lysine.

Segal et al. (2003) va Hoang et al. (2005) da
sir dung k¥ thuat RNAi dé trc ché tong hop 22
kDa a-zein va 19 kDa a-zein ¢ giong ngo dot
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bién O2 da lam gia tang ham lugng lysine tir 16
dén 20%. Khi sir dung RNA sgi doi (dsRNA) dé
lam giam sy tong hop dong thoi 22 kDa a-zein
va 19 kDa o-zein da gia tdng ham luong lysine
tir 2,83% 1én 5,63% va ham luong tryptophan tir
0,69% dén 1,22%. Ngoai ra, do tinh chat troi
ctia gen chuyén nén dé dang duy tri chat lugng
50 v&i dot bién lan 02.

Céc acid amin khong thay thé nhu lysine,
threonine va methionine ¢ thyc vat dugc tong
hop tir aspartic acid theo mét chu trinh phtic tap
va thuong co hién twong tc ché nguoc (feed
back inhibition). Aspartate kinase (AK) va
dihydropicolinate synthase (DHPS) la cac
enzyme then chdt ciia chu trinh nay. AK c6 vai
trd quan trong & giai doan dau va bi trc ché boi
lysine va threonine con DHPS ¢ giai doan cubi
bi trc ché boi lysine. Zhu et al. (2007) biéu hién
DHPS & ng6 va da thu dugc cdy ngd co ham
luong lysine tu do trong hat ting tir 2 dén 30%
trén tong acid amin. Nam 2006, Monsanto da
dua vao san xuét gidng ngd chuyén gen véi ham
luong lysine cao nhd suw biéu hién cia gen
DHPS ¢6 ngudn goc tir Corynebacterium dudi
su diéu khién cua promoter globulin-1. Ham
lugng lysine tu do trong hat tang tir 2500-2800

ppm 1én 3500-5300 ppm. Tuy nhién, viéc sur
dung cac gen tur nguon vi sinh vat trong tao
giong cay trong chuyen gen da va dang tao nén

sw hoai nghi vé tinh an toan ciia ciy chuyén gen.

Hién nay cach tiép can s _dung cac gen tur
cay trong trong tao cay trong chuyen gen
(cistrangenic) dang dugc quan tim dé phat trién
cdy chuyén gen thén thién véi moi trudng.
Chién luoc cai tién di truyén ting chit luong
protein & ngd bang viéc gia ting ham lugng
lysine dic biét 1a lysine & cay ngd bang st dung
cac gen tong hop protein giau lysine nhu SB401
(Yu et al., 2004), SBgLR (Lang et al., 2004;
Wang et al., 2013), GALRP (Tang et al., 2013;
Yue et al., 2014) tir mot s ciy trong dang dugc
quan tam.

Gen SBgLR dugc phan lap va tach dong tu
thur vién DNA genome ctia khoai tiy bang viéc
st dung cDNA SB401 1am doan do. Gen SBgLR
¢6 3 exon va 2 intron mi héa cho protein gdm
211 amino acid, day la gen ma hoda cho protein
gidu lysine ty nhién v6i ham luong lysine 1én

t6i 18,93%. Két qua nghién ciru bude dau cho
thdy chuyén cac gen SBgLR, SB401 (tir khoai
tay) dudi sy diéu khién cia promoter P19z dic
hiéu cho viéc biéu hién protein du trii & hat ngo
da gia tang ham lugng lysine tir 16,1 dén 54,8%
(Yu et al., 2004; Lang et al., 2004) so vdi ddi
chirng khong chuyén gen. Gan day gen tu nhién
ma héa cho protein gidu lysine GALRP (tir cay
bong) cung duoc phan lap, gen nay ma héa cho
protein giau lysine (18,97% thé tich/thé tich) va
cling da duoc chuyén vao cay ngd dudi su diéu
khién cua promotor F128 dac hiéu cho thé hién
gen ¢ hat va ham lugng lysine trong hat ngo
chuyén gen d tang tir 16,2 dén 65% (Yue et al.,
2014). bay la nhung co sO rt quan trong cho
nghién ctru cai tién chat luong protein & ngod
bang cic gen tu nhién mad hoa cho protein chat
lugng cao.

Bén canh coéng nghé gen, chon gidng nhd
chi thi phan tir (MAS) ciing di c¢6 nhitng két qua
kha quan. Babu et al. (2005) st dung MAS dé
chon dong ngd bd me cho ngd lai protein chét
lugng cao (QPM). Céc tic gia da phat trién
dugc gibng ngd lai Vivek-9 co chat lugng
protein cao v6i thoi gian chi bang nira so véi
chon gibéng truyén thong. Danson et al. (2006)
da st dung cac chi thi phan tir & chuyén gen 02
vao cac dong ngd bd me khang chat diét co. Cac
tac gia nhan thay viéc sir dung chi thi lién quan
dén chat lugng protein va cai bién ndi nhil ¢6
thé ting cuong hiéu qua chon loc gidng ngd véi
bép duoc cai tién va protein chat lugng cao.

Tang cwong ham lwgng carotenoid ¢ ngod

Carotenoid dai dién cho nhom séc t6 do, da
cam, vang pho bién trong ty nhién. Day chi yéu
la nhom Cyy isoprenoid c6 vai trd quan trong
cho dinh dudng va suc khoe con nguoi. Béi vi
nguoi khong tong hop dugc vitamin A tir cac
isoprenoid noi sinh. Carotenoid thuc vat la
nguon tién vitamin A chinh cho con nguoi.
Thiéu vitamin A 14 vn d& quan trong trong dinh
dudng & nhiéu noi trén thé gidi, anh huong toi
250 triéu nguoi trén thé gii va dan dén mu loa
cho 500.000 tré em hang nam (WHO, 2009).
Ngoai ra carotenoid con c6 tac dung giam ung
thu va cac bénh tim mach (Giovannucci, 1999;
Hadley et al., 2002), dic biét 1a lycopene (LYC)
do6 ciia ca-rét. Cac carotenoid khong mau trong
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qué ca chua nhu phytoene (PE) va phytofluene
(PF) con ¢6 vai tro 1a cac chit ¢ hoat tinh sinh
hoc quan trong dbi v6i ngudi va dong vat.
Trong chin nudi, nhu cdu 16n nhit vé
carotenoid dugc biét dén 1a nudi ca hoi va gia
cam (Tyczkowski Hamilton, 1986).

tien ham

Cdac phuong phap cdi lwong

Carotenoid trong thyc vt

Dé cai tién ham lugng carotenoid trong ciy
can diéu khién dugc mic do tang carotenoid
téng s6, bao gdm ting téng hop, giam phan huy
va tdi uu héa du trit. Do d6, muén cai tién ham
lwong carotenoid c6 thé can thiép vao chu trinh
tong hop bang viéc ting cudng biéu hién hoic
{rc ché mot s gen mi hoa cho cac enzyme then
chdt nhu PSY, PDS, ZDS, CrtiSO v.v. va tao co
quan du trir t5i wu.

Di c¢6 nhiéu khiam pha tao diéu kién cho
viéc céai thién ham lugng carotenoid nhu: xac
dinh, phan 1ap va nghién ctu cac dac diém cua
cac gen tham gia sinh tong hop carotenoid tir vi
khuan va co thé da bao (Hirschberg, 2001;
Dallapenna Pogson, 2006) tao cay chuyen gen
siéu biéu hién cac gen lién quan dén sinh tong
hop carotenoid; phat trién cic cong nghé RNAi;
dinh dang phién mi va trao dobi chét
(transcriptional, metabolic profiling). Cac kham
pha nay da mé rong hiéu biét cta chung ta vé
carotenoid va vai trd cling nhu dnh hudng da
chiéu cua chung.

Chuyén gen lam thay doi sy biéu hién cac
gen tham gia vao qua trinh tong hop carotenoid
da thanh cong trong viéc cai tién ham luong
carotenoid & mdt s6 cdy trong nham ting cuong
gid tri dinh dudng (Sandman, 2002; Fraser,
Bramley, 2004; Taylor Ramsay, 2005; Botella-
Pavia et al., 2006). Siéu biéu hién mot sd gen
tham gia vao tong hop carotenoid & ndi nhii cua
lta da dat dugc ham luong 1én toi 31 pg/g B-
carotene, mirc dap tmg dugc khdu phan vitamin
A cho tré em st dung gao hang ngay (Paine et al.,
2005). Voi phuong phap tuong tu, khoai tay
“vang” (Diretto et al., 2007), hat cai diu chta
téng carotenoid ting toi 50 lan di dugc tao ra
(Shewmaker et al., 1999). Thém nita, bang cong
nghé chat trao doi chat da tao ra cic cdy khoai
tdy, ca chua chira nhiéu B-carotene, lycopene va
zeaxanthin (Briat et al., 1995; Romer et al., 2000).

Siéu biéu hién gen PSY & lua dudi sy diéu
khién cua promoter hoat dong didc hiéu trong
mé ndi nhil da tao ra hat chuyén gen tich lity
ham lugng phytoene téi 0,75 ug/g khéi lugng
kho (Burkhardt et al., 1997). Day cing chinh la
cong trinh dau tién mo ra kha ning cai tlen
gidng lua theo hudng tao cdy lha gidu
carotenoid. Gen PSY tir ngd ciing duoc chuyén
vao lia tao ra cdy “laa vang 2” ¢6 ham lugng -
carotene tdi da va carotenoid tong s6 1a 31 va 36
ng/g khdi luong kho (Paine et al., 2005).

Siéu biéu hién gen Crtl duéi su didu khién
cua promoter CaMV 35S (Romer et al., 2000)
dd gia ting dang ké ham luong B-carotene va
xanthophyll, tuy nhién lai giam ham lugng
lycopene va carotenoid tong sO trong qua ca
chua chuyén gen. Siéu biéu hién gen Crtl con
gia ting mirc d6 biéu hién cac gen (PDS, ZDS
and LCY-b). Tang [-carotene & qua nhung
khong giam carotenoid khi thé hién LCY-b cia
Arabidopsis duéi sy diéu khién cia PDS
promoter (Rosati et al., 2000).

Uc ché cac gen LCY-e (As-e) hoic CHY
(As-h) trong cu khoai tdy nham ting cuong ham
luong carotenoid ciing di duoc tién hanh
(Diretto et al., 2007), cac gen Crtl va CrtY dugc
chuyén vao khoai tay tuy nhién ham luong -
carotene va corotenoid tong sd ting khong dang
ké nhung lai giam carotenoid & 14.

Cac gen CrtB, Crtl va CrtY tir vi khuan da
dugc chuyén vao khoai tiy va tao ra cu khoai
tdy vang véi ham lugng B-carotene 1én tdi 47
pg/g khdi lugng kho (Diretto et al., 2007;
Diretto et al., 2010).

Zhu et al. (2008) da chuyén 5 gen téng hop
carotenoid véi cac to hop khic nhau vao dong
ngd M37WW khong cé carotenoid ¢ ndi nhil vi
thiéu enzyme phytoene synthase (PSY1), bao
gém: Pacrtl (Potatoea ananatis phytoene
desaturase), Gllycb (Gentiana lutea lycopene -
cyclase), Glbch (G. lutea  B-carotene
hydroxylase va ParacrtW (Paracoccus [3-
carotene ketolase). Mdi gen duge diéu khién boi
mot promoter khac nhau hoat dong dac hi¢u
trong mo ndi nhil (glutenin lha mi, hordein laa
mach, prolamin la, glutelin-1 lGa va y-zein
ngd). Tac gia da phat hién thiy cé su tuong
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quan giita kiéu hinh va sy biéu hién cia cac gen
chuyén. Kiéu hinh 1 (Ph-1) biéu hién gen
Zmpsyl c6 mau giéng mau cua ngd vang tu
nhién, kiéu hinh 2 (Ph-2) biéu hién gen Pacrtl
c6 mau vang nhat. Su biéu hién két hop ca hai
gen Zmpsyl va Pacrtl trong kiéu hinh 3 (Ph-3)
tao ra mau vang do, trong khi su két hop biéu
hién gen Gllycb véi hai gen Zmpsyl va Pacrtl
trong kiéu hinh 4 (Ph-4) lai tao ra kiéu hinh c6
mau vang cam rd rang. Cac kiéu hinh Ph-5, Ph-
6, and Ph-7 1a két qua cua sy biéu hién gen
ketolase cua vi khudn ParacrtW v6&i Zmpsyl,
Pacrtl, Glbch, Zmpsyl, Pacrtl va Gllycb, hoac
Zmpsyl, Pacrtl, Gllych va Glbch. Cac kiéu hinh
ndy c6 mau vang dic trung dén mau do.

Cay ngd chuyén gen ¢tB (mi hoéa cho
phytoene synthase) va crtI (ma hoa cho bén bude
giam bio hoa trong chu trinh tong hgp carotenoid,
duoc xuc tidc boi phytoene desaturase va z-
carotene desaturase) dudi sy diéu khién cua
chudi siéu khoi dongy-zein promoter cho thé
hién gen ¢ ndi nhii dd dugc cong bd va tong
carotenoid di ting t6i 34 lan so véi cdy ngd
khong chuyén gen. Mic du dd c6 nhitng thanh
cong nhit dinh nhung trong nhiéu truong hop,
viée chi bién doi cac gen tham gia vio tong hop
thi chua du dé dat duoc muc tang carotenoids
theo mong dgi (Fraser Bramley, 2004).

Carotenoid & thuc vat duoc téng hop ¢
mang cac lap thé va du trit nhidu & sic lap cia
hoa, qua va ré (Howitt Pogson, 2006). Sic lap
c6 co ché dic biét cho du trix luong 16n
carotenoid b?mg viéc tao ra cac céu truc duge
goi 1a céu trac carotenoid-lipoprotein nim bén
trong séc lap. Didu khién sy hinh thanh co quan
du trir m& ra mot chién lugc méi cho cong nghé
trao d6i chit cai thién ham lugng carotenoid &
cac mo du trir cia cac cdy lwong thyc. O rat
nhiéu md khong mau hogc it sic to nhu ré va
hat, carotenoid dugc dy trit it & lap thé nhu lap
thé tao bot (aminloplast) cua hat lta, lua mi, lia
mién, ngd va lap thé chua lipid (elaioplast) ciia
cai dau, hudng duong. Mot trong cac nguyén
nhan cua viéc tich lily it trong cdc moé nay la
viéc thiéu chd du trit dé chira cac san phém cudi
ctia qua trinh tong hop carotenoid.

CAu trac du trit carotenoid ciu tao béi
carotenoid, lipid va protein. Su thay d6i thanh

phan cac chit nay dan dén hinh thanh cac the
cdu truc du trit carotenoid khac nhau trong sic
lap (Camara et al., 1995). Téng hop cac thanh
phan cua cac ciu truc du trlt carotenoid dong
vai trd0 co ban trong du trit va tich ldy
carotenoid. Céac té bao ciia tao Dunaliiella
bardawil tong hop rat manh B-carotene & lap
thé khi c6 stress va viéc siéu san xuat nay duoc
cho 1a phu thudc vao su hinh thanh ciu tric cd
lap hon 1a su thé hién céac gen hodc cac enzyme
lién quan dén tong hop carotenoid (Rabbani et
al., 1988). Cac nghién curu nay chi rd su hinh
thanh cac cu trac co 1ap carotenoid dé du trix
dong vai tro quan trong trong diéu hoa du trit
carotenoid.

Két qua nghién ctru cia Lu et al. (2006) da
cho thdy gen Or md hoa protein gidu Dnal
cysteine lién quan dén su tich lily carotenoid.
Gan day, nghién ciu biéu hién gen Or & khoai
tay din dén su ting cuong duy trir carotenoid ma
khong anh huong dén qua trinh tong hop
carotenoid (Li et al., 2012), diéu nay cho thay,
tiém ning sir dung gen nay dé cai thién ham
luong carotenoid cia cac cdy luong thuc nhu
lta mi, Iua, laa mach, ngo, khoai tay va san theo
hudng t6i wu viée diéu khién hinh thanh céu
trac du trix.

O Viét Nam, nghién ctu nhim cai thién
ham lugng carotenoid da dugc tién hanh trén
cdy lua bang viéc chuyén gen tham gia vao tong
hop B-carotene tir cdy lia chuyén gen “Golden
Rice” vao mot s6 giong lia nang sudt cao nhu
AS996 va OMI1490 biang phwong phap lai
nguoc (back cross) (Tran Thi Cuc Hoa & Pham
Trung Nghia, 2010). Viéc nghién cuu ting
cuong thé hién gen Crtl bang cac promoter khac
nhau dé cai tién ham lugng P-carotene & lia
ciing da duoc tién hanh (Tran Thi Cuc Hoa et al.,
2005). Ngoai ra, chua c6 cong bd nao vé nghién
ciu cai thién ham lugng carotenoid & cac cady
lwong thyc, bao gdm ca ciy ngo.

Cdc nghién ciru lién quan dén cdi tién ham
luwong carotenoid ¢ cdy ngé

Trir gidng ngd vang c6 ham lugng PB-
carotene cao (tuy nhién giéng ngd vang lai
khong dugc st dung nhiéu lam thic in cho
ngudi ma chu yéu lam thic an gia suc), cac
gibng ngd khic chi chia 0,1 pg/g
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(http://www.news.uiuc.edu.news/08/0117maize.
html) con cac gidng ngd tring thi khong chira -
carotene. Chinh vi thé, hat ngd dugc xem nhu
mot ddi twong quan trong trong cong nghé cai
tién cac chat trao ddi chat nham gia ting ham
lugng zeaxanthin, lutein va provitamin A
carotenoid trong cac cay luong thuc (Messias et
al., 2014). Ngb c6 quan h¢ tién hoa gan voi mot
s6 cdy lwong thuc khac trong ho Poaceae nén
ciing c¢6 thé sir dung cic gen tham gia vao qué
trinh bién d6i tién vitamin A dugc phat hién &
ngo cho cac loai cdy than co khac (Wurtzel et
al., 2012).

Nghién ctru qua trinh téng hop carotenoid &
ngd di cho thiy gen PSY, dic biét 1a PSYI,
ngoai chirc ning quan trong trong tong hop cac
carotenoid & noi nhii, gen nay con c6 vai tro dbi
v61 kha nang chiu nhiét (Zhu et al., 2008).

O murc d6 phién mi, cac gen CrtiSO, ZEPI
va ZEP2 c6 mirc d6 biéu hién tuong quan ngugc
v6i ham lugng carotenoid ¢ hat, trong khi nhiéu
gen can thiét cho tao ra cac tién chat cho
isoprenoid lai c6 tuong quan thuan, trong dé co
cac gen nhu DXS3, DXR, HDR va GGPPSI
(Vallabhaneni et al., 2009).

Su phén giai carotenoid 1a yéu t& quan trong
anh huong dén tich Iiy va thanh phan
carotenoid. C6 ca mot ho enzyme ct carotenoid
violaxanthin va neoxanthin thanh ABA va cac
chit trung gian thanh apocarotenoids. Nhiéu gen
phéan gidi carotenoid dd dugc xac dinh & ngd.
Gen ZmCCDI lién két véi locus capl (wel) troi
va allen wel biéu hién lam giam ham lugng
carotenoid ndi nhii. Pa c¢6 chimg minh vé anh
huéng cia mic do biéu hién gen do co nhiéu
ban sao ctia ZmCCDI khi thé hién din dén sy
giam ham lugng carotenoid (Vallabhaneni et al.,
2010).

Thanh phan cua carotenoid 1a yéu t0 quan
trong can quan tdm boi vi chi co6 cac carotenoid

véi vong B-ionone méi chuyén thanh vitamin A.

Vi thé, B-carotene 1a tién vitamin A quan trong
do d6 nd 1a carotenoid tuyét voi dé cai tién chat
lwong dinh dudng ¢ ngd. Tdi wu hoéa tich liy p-
carotene cin ting cuong nhanh b- ctia chu trinh
téng hop cung véi viée giam hydroxyl hoa B-
carotene thanh cac hop chit xanthophyll khong
c6 hoat tinh vitamin A. Hoat dong cua LCYE

dan dén hinh thanh a-carotene va lutein, do d6
lam gidm B-carotene. C6 cac locus LCYE khac
nhau anh huéng dén tich lily p-carotene. Ngoai
viic ma hoa cho hydroxylase, LCYE va
Hydroxylase3 (HYD3) ciing c6 vai tro trong
diéu hoa tich liiy B-carotene. Vi vdy, LCYE va
HYD3 la hai gen quan trong va hita hen cho viéc
cdi thién ham lugng B-carotene. Tuy nhién, cho
dén nay chwa c¢6 cong trinh nao xac dinh chinh
xac duoc cac allen cu thé cua cac gen nay cho
su diéu hoa ting cudng tich lily carotenoid &
ngd va cac cay ngii coc khéc.

Mot cach tiép can khac dang dwoc thyc hién,
d6 1a tang cuong dicu hoa tong hop céc tién chét
isoprenoid ¢ ndi nhii. Vallabhaneni et al. (2009)
da chi ra s6 lwong cac chudi phién mi cua cac
gen DXS3, DXR, HDR va GGPPSI ty 1¢ thuan
v61 ham lugng carotenoid ¢ ndi nhi, vi the cac
gen ndy co tiém ning 16n cho cai tién ham
luong carotenoid. Siéu biéu hién DXS ¢
Arabidopsis da gia ting ham lugng isoprenoid
bao gdm ca carotenoid (Estevez et al., 2001).
Gan day, voi viée str dung thiét bi hién dai cho
phan tich lién két rong hé gen (genome-wide
association analysis - GWAA) cac nha nghién
ctru da xac dinh dugc CRTRBI, LCYE va cac
gen khic hodc cac viung genome chi phdi cac
budc quan trong & giai doan trudc chu trinh
téng hop nhu DXSI, GGPSI, va GGPS. Cac
gen ndy cd vai tro quan trong trong tich iy cac
chit trung gian isoprenoid. Cac gen hoat dong
sau tong hop nhu HYDS5, CCDI va ZEPI dugc
xac dinh lién quan dén sy hydroxyl hoa va phan
giai carotenoid. Cac SNP (single nucleotide
polymorphism) ndm trén hodc gan cac vung nay
d3 duoc xac dinh va day co thé 1a cac dich quan
trong cho viéc cai tién ham lugng carotenoid &
cay ng6 (Suwarno et al., 2015).

Ung dung cong nghé gen dé biéu hién cac
gen diéu hoa tich lity carotenoid 13 mot hudng
quan trong cho cai tién ham luong carotenoid.
Céc dong ngd chuyén gen tich liy cac chat
trung gian cua keto-carotenoid ¢ hat thay doi
tir mau tring va vang dén mau do sim da duoc
tao ra tir giong ngd tring (Aluru et al., 2008;
Zhu et al., 2008).

Nhu vay, cac nghién ciru vé qua trinh tong
hgp carotenoid va cac qua trinh trudce cling nhuw
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sau téng hop carotenoid da xac dinh duoc mot
s6 gen diéu hoa cic qué trinh nay. Thém vao do,
vi€c xac dinh cac gen ma hdéa cho cac thanh
phan cua cdu truc dy trit carotenoid ciing la
nhiing co s& khoa hoc quan trong cho cac
nghién ctru nham cai tién ham lugng carotenoid
& cac cdy ngil coc noi chung va cdy ngd noi
riéng.

Ting cudng cac chit khoang vi lwong & ngd

Viéc thiéu mot sb khoang chét vi luong nhu
sat va k&m gy ra vin dé nghiém trong cho stc
khoe d6i véi trén hai ty ngudi trén thé gidi. Sat
déng vai tro quan trong trong hang loat chu
trinh trao d6i chat nhu quang hop, ho hap, tong
hop chlorophyll (Briat et al., 1995; Briat &
Lobreaux, 1997). O ngudi, sat dong vai tro quan
trong nhu mang oxy tir phdi dén cac mo. Sit la
thanh phan then chét cia hemoglobin, 13 méi
truong van chuyén electron trong té bao dudi
dang cytochrome, tao diéu kién cho viéc st
dung, tich liy oxy trong co va la thanh phan
khong thé thiéu cho cac phan ng enzyme trong
cac md khac nhau. Thiéu sit c6 thé din dén
thiéu mau, sinh truong kém, lam cham phat

trién than kinh van dong va phat trién nhén thuc,

phé huy co ché mién dich dan dén ting bénh tat
va ti vong (WHO, 2001; Neumann et al., 2004).
Bénh thiéu mau anh huong dén 1/3 dan s thé
gidi (FAO, 2006; Stein, 2010). K&m la cofactor
cia hon 300 enzyme, tham gia vao phién ma
DNA, chuyén hoéa protein, acid nucleic,
carbohydrate va lipid (Broadley et al., 2007;
Palmer & Guerinot, 2009; Ishimaru et al., 2011)
va diéu chinh cac qua trinh sinh hoc (Rhodes &
Klug, 1993; Vallee & Falchuk, 1993). Thiéu
kém dan dén cac bénh tiéu chay, ho hép, sOt rét
(WHO, 2002; Maret & Sandstead, 2006), cac hé
biéu bi, tiéu hoa, hé than kinh trung wong, hé
mién dich, xuong, hé sinh san la nhitng hé
thdng bi anh huong nhiéu néu thiéu kém
(Roohani et al., 2013).

Tuong ty cic cay ngil coc khac, ham lwong
sat va k&m trong hat ngd rat thip (Bouis, 2000;
Welch Graham, 2002) vé&i gid tri twong Ung
12,2 dén 26,7 mg/kg va 17,5 dén 42 mg/kg
(Queiroz et al., 2011).

Néu nhu cong nghé cic chét trao do6i chat
(metabolomic engneering) 1a cong cu hi¢u qua

cho viéc ting cudng cic chit dinh dudng hitu
co ¢ thuc vat thi tang cudng cac chit khoang vi
luong (sit, k&m) can c6 cach tiép can khac boi
vi thyc vat khong tong hop cic chit nay ma
phai nhén gian tiép tr moi trudng xung quanh.
bPé tang cuong cac chit khoang vi lugng, co
mot s6 phuong phap nhu chuyén gen dé gia
tang ham lugng cac chat khoang vi lugng chu
yéu 1a sit va kém bang cach tang cuong hiéu
qua hap thu va van chuyén cac chit nay ¢ mo su
dung va ting cudong lwong khoang chat tich liy
trong thuc vat (Goto et al., 1999; Masuda et al.,
2009; Masuda et al., 2014). Pé lam viéc nay,
viée tim cac gen diéu hoa su tich liy st va kém
la didu kién dau tién cho chuong trinh chon
gibng bang ting cuong sinh  hoc
(biofortification). Chon giéng nho chi thi phan
tor (MAS) ciing 1 phuong phap c6 thé str dung.
DPé co thé sir dung MAS can xac dinh cac
QTL/gen lién quan dén ham luong st va kém.
Mot s6 ban dd QTL cho muc dich ndy ¢ ngd da
duoc xay dung (Lungaho et al., 2011; Qin et al.,
2012). Jin et al. (2013) da xac dinh dugc 5 QTL
quan trong bang phuong phap phan tich QTL va
10 MQTL bang phuong phap phan tich QTL
tong hop (Meta-analysis for QTL) va xac dinh
duoc vung genome quan trong cho ham hrong
sat va k&m & hat ngo.

Thao ludn va két luan

Nhitng két qua nghién ciru nham tang cuong
chit lwong dinh dudng & ciy ngii coc noi chung
va ¢ cdy ngd noi riéng da cho thiy trién vong
trong viéc cai tién chat luong dinh dudng cua
ng6. Tuy nhién, chung ta van con rat nhidu van
dé can tiép tuc nghién ctru va xem xét, vi du
nhu nghién ctru sy anh hudng cua viée ci tién
chét luong dinh dudng dén sinh truong va phat
trién ciia cay, nghién ciru vige tim kiém cac gen
quan trong trong chu trinh tong hop, van chuyén
va tich liy cac chat tang cuong dinh dudng,
nghién ctru cai tién cong nghé di truyen hay van
de Ve viée chap nhén st dung san pham cua cay
trong bién doi gen v.v. Tuy vay, nhiéu ky thuat
méi, cong nghé méi va cac két qua khoa hoc
méi da va dang gitip chiing ta hiéu biét sau hon
vé cdy ngd nhu viéc giai mi genome cing voi
cac thong tin day da vé hé phién mi, hé protein
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va hé trao ddi chit 1a nhing co sd then chdt cho
viéc cai tién chat lugng dinh dudng 6 ngo.

Toém lai, chon tao gidng truyen thong, chon

gidng bang cong nghé di truyén va trg gitip cua
chi thi phan tir d3 va dang 1a nhitng cong cu hiru
hi¢u cho muyc dich ting cudong gia tri dinh
dudng ¢ ngd. Da co nhiéu ket quéa an tuong vé
chuyén cac gen ting cudng tong hop va tich liy
cac acid amin khong thay thé, cic carotenoid
tién vitamin A; cac gen gitip ting cuong hap thu
va tich lily sat va kém, dong thoi viéc tim ra cac
QTL quan trong cho céc tich trang dinh dudng
d3d mé ra trién vong trong chon glong ngd co
chit lvong dinh dudng cao nho su trg gitp cua
chi thi phan ta. Bén canh do, viéc phat trién va
tiép can nhanh choéng cac théng tin tir cac
nghién ctru di truyén va hé gen cung voi viéc
cai tién cong nghé di truyén hién dai, hiéu qua
s& tao diéu kién thuan lgi cho muc dich ting
cuong gia tri dinh dudng ctiia ngoé cling nhu cac
cay ngil coc khac.
Loi cam on: Tac gid xin chan thanh cdm on
Vién Coéng ngh¢ Sinh hoc va Vién Han lam
Khoa hoc va Coéng nghé Viét Nam da hd tro
kinh phi dé tai cip co s CS15-01 (2015-2016)
va dé tai cap Vién Han lam KH&CNVN
VASTO02-03 (2016-2017) cho nghién ctu lién
quan dén cai tién chat luong dinh dudng & ngo.
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THE ENHANCEMENT OF NUTRITION VALUE OF MAIZE
BY BIOTECHNOLOGY

Nguyen Duc Thanh

Institute of Biotechnology, VAST

SUMMARY

The demand on maize is increasing both in the world and Vietnam. While, as other cereals, maize is low
in important nutrition compounds, especially, lysine, vitamin A, folic acid, iron, zinc and selenium. Therefore,
there have been many attempts in the researches on improvement of nutrition value of cereal crops, in general,
and maize, in particular. This article reviews the published results obtained from the studies aimed to enhance
maize nutrition value by biotechnological tools. Especially, the progress in the improvement of protein quality,
carotenoid content and micro-nutrition elements such as ferrous and zinc will be highlighted. The published
results showed bright prospect for the improvement of nutrition value of maize and other cereal crops as well

as the issues that need the further investigation.
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