TONG QUAN GIA TRI GI (GLYCEMIC INDEX) CUA GAO
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Lua gao dugc xem la loai cdy lwong thuc co gia tri GI (glycemic index) cao. Tuy nhién, diéu nay
con tuy thugc vao gidng lua, két hop voi nhitng yéu té vé thanh phan hoa hoc tinh bét, quy trinh
ché bién. Nguoi ta dung com lam lwong thuc cin ban hang ngay, do vay, sy nhap vao co thé mot
luong glycemic kha 16n cho cu dan dn com trén thé gidi dang gap phai Van dé vé su diéu tiét cua
insulin. Gidng laa c6 gia tri GI thap la muc tiéu sin tim cua nha chon gidng hién nay (Kaur et al.
2016). Nguoi A Chau tiéu thu sé luong gao rat 16n hang ngay, lwong glycaemic cé kha ning tiéu
hoa dwoc nhap vao co thé la dac diém phai xem xét. Chi s phan anh ham luong glucose ting cip
tinh trong mau (acute blood glucose-raising) da duoc nghién ctiru. Murc d6 cao hon binh thuong
cua glycaemic xay ra ngay sau bita com dan dén bénh tiéu duong man tinh, dac biét la tiéu duong
type 2 hoi chang Mellitus va CVD (Blaak et al. 2012). C6 su tuong quan rat rd gitra an nhiéu com
gao trang kém theo rai ro cua bénh tiéu duong type 2, mang hoi chang Mellitus, rai ro xay ra cho
nguoi chau A nhiéu hon ngudi chdu Au (Hu et al. 2012; Neal 2012). Tién trinh xay cha gao cé anh
huong rat rd trong cac nghiém thic so sanh thoi gian nau chin com, véi gao lat thuong cho PPG
(postprandial glucose: glucose nagy sau khi an) va PPI (postprandial insulin: insulin ngay sau khi
an) thap hon gao cha qua trang (Boers et al. 2015).

Atkinson et al. (2008) da liét ké gia tri Gl cia hon 2.480 mau thuc pham. San pham tir sira, rau
dau, va trai cay duoc xem la thuc pham cé Gl thdp. Banh mi, ngii cd¢ phuc vu an sang, va com
bao gom com hat nguyén, dau c6 hai kha ning: Gl cao va Gl thip. Hé s6 twong quan cua 20 thuc
pham quan trong duoc xét nghiém véi bénh tiéu duong la twong quan thuin véi Gl, hé sb tuong
quan r =0.94 (P < 0.001).

Bang 1: Gia tri GI cua thuc pham thong thuong (Atkinson et al. 2008)
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DI TRUYEN

Cong trinh dd s6 cua Manning va hang trim tac gia cung ding tén vé “sir dung GWAS dé phan
lap cac loci lién quan di truyén” diéu khién sy phat sinh bénh tiéu duong T2D (type 2 diabetes) va
chtre nang 15i cua té bao béta (beta-cell dysfunction). Su kién 4y da lam rd ban chat di truyén cua
phan ng khang lai insulin nhu thé nao (insulin resistance) (Manning et al. 2012). Ngudi ta gia
dinh rang cac gen cé trong chu trinh khang insulin da khéng tai 1ap lai, boi ty 16 khac biét cua
BMI (body mass index) va twong tac gitra BMI véi cac bién thé di truyén vo cung phic tap.
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Hinh 1: Biéu d4 chay v6i phin mém JMA (joint meta-analysis) d6i véi tinh trang fasting insulin (1a top) va fasting
glucose (1b top): 17 loci dugc quan sat (mau do) va 50 loci duge phan tich tiép sau d6 (mau xanh lo nhat va dam).
Trong s d6, 12 c¢6 y nghia théng ké trong GWAS theo két qua phat hién su phdi hop va theo sau la JIMA (xanh lo
dam). Gia tri P cta 12 loci nay theo mé phong toan hoc sb luong: JMA (do), anh huong chinh didu khién BMI (vang
cam), twong tac voi BMI ¢o tinh lién tuc (xanh la cdy), twong tac voi dichotomous BMI (xanh o). * G6PC2 JMA P
value: 1.7 x 10713, ** GCK JMA P value: 8.3 x107°6, *** MTNR1B JMA P value: 4.38 x 1072%(Manning et al. 2012).

Cong trinh cua nha khoa hoc Sreenivasulu tai IRRI phdi hop vai dong nghiép (Guzman et al.
2017) tap trung vao ngan hang gen cay lia, nhdm xac dinh mau giéng co Gl thép Dong lia co tinh
trang tiéu hoa tinh bot cham (slower starch dlgestlblllty) la co hoi tot dé giam thiéu sé bénh nhan
tiéu du’orng type Il va nhitng bénh do bién ching cua tiéu duong Tuy nhién, viéc sang loc di truyén
Gl thap (low glycemic index) trong chuong trinh cai tién gidng lua chua thé tién hanh hoan chinh,
vi phai dau tu nhiéu thoi gian va kinh phi nghién ctu. Nguoi ta tién hanh danh gia kha ning su:
dung in vitro dé thuy phéan glucose hat com, kha ning hoat hoa cua tinh bot trong qua trinh hat nay
mam, va bién thién di truyén cua cau trac tinh bot cling nhu thanh phan hop chét cua hat truong
thanh dé tach biét nhimg diém khac nhau cua tinh trang tiéu hoa tinh bot (Guzman et al. 2017).


https://pubmed.ncbi.nlm.nih.gov/?term=Sreenivasulu+N&cauthor_id=28724910
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Hinh 2: Vi tri cua locus COBLL1-GRB14 trong hé gen nguoi (Manning et al. 2012).

Nhitng thanh phan dé van hanh tinh bét (strach mobilization), tinh trang “resistant starch”, chudi
phan tir amylose va amylopectin, tinh thé duong tu do trong khi hat ndy mam cho thdy tién trinh
ay rat giéng voi kha nang tiéu hoa trong rudt non va da day cua ngudi (human gastrointestinal).
Su két hop cua nhirng chi thi sinh hoa 4y c6 thé duoc nguoi ta str dung nhu mot phuong phap
nghién ctru ludn phién nhau, dé du doan duoc gia tri Gl. Thém vao d6, ngudi ta tién hanh phan
tich hé transcriptome cua phan tu “stored mRNA transcripts” cua nhitng dong lua co gia tri Gl
thap. Két qua co khac biét vé bién dudng tinh bot. Nguoi ta xac dinh dugc tim quan trong cua
nhitng chu trinh du trir chat bién dudng trong hat anh hudng dén kha niang tiéu hoa. Phan tich tién
trinh 4y duoc su tro gip tich cuc cua co so dir liéu “hé bién dudng” (metabolomics data). Két qua
cho thiy: “resistant starch”, polysaccharides khong phai la tinh bot ¢ thanh té bao, nhiing
flavonoids; chiing da gop phan dang ké vao kha ning tiéu hoa cham nhu vay. Nhing kién thac
méi nay c6 thé dan ching ta di dén ké hoach cai tién gidng lua nhu thé nao dé cé dong lua dat gia
tri GI thip, dap tmg yéu cau pham chét dinh dudng cho con nguoi, nham giam thiéu bénh gy ra
boi thuc an (de Guzman et al. 2017).

Thé gioi dang d6i dién véi cai chét boi nhiing bénh tat ma minh khong biét NCDs (non-
communicable diseases) nhu dai thao duong kiéu mellitus (diabetes mellitus), béo phi (obesity) va
bénh do tim mach (cardiovascular ailments). Té chirc sirc khoe thé gigi di doan cé 630 triéu nguoi
& cac qubc gia da phat trién va dang phat trién, déu co xu hudng mic bénh tiéu duong (diabetes)
gia ting vao nam 2030 (World Health Organization 2016). Béo phi di va dang gia ting gap hai
lan trén thé giodi, anh hudng chu yéu vao dan sb tré (Misra et al. 2010). Nam 2015, 31% bénh nhan
chét boi cac bénh lién quan dén tim mach (World Health Organization 2015). N6 la nguyén nhén
dan toi cai chét trén toan cau. Théng ké sic khoe 'dang bao dong vao thyc pham an udng hang
ngay cua chung ta. Do do, cac chuong trinh cai tién glong cay trong dang dugc xem xét lai Voi
mong muén lam da dang hoa kha ning tiéu hoa cac san pham tinh bot trong thirc an. Vi du, mé
cbe tinh bot la thie an chinh cia con ngudi co kha nang tiéu hoa cham (slowly digestible) sé la
muc tiéu phat trién, nang cao ty 1& amylose : RS (resistant starch). Resistant starch la gi? Resistant
starch la mot carbohydrate khang tiéu hoa trong rugt non va khang 1én men trong ruét gia. Bay la



mot két qua lam tang ty 16 amylose hodc tang chudi phan tir dai amylopectin, dé lam giam phan
ung glycemic (Butardo et al. 2011, 2012; Dhital et al. 2015; Butardo et al. 2017).

Glycemic index (GI) duoc dinh nghia la linh vyc thudc vé phan ing glucose trong mau, do duoc
sau hai gio, khi s6 luong carbohydrate dugc ¢ dinh, duoc tiéu thu bai ngudi, so vai nghiém thic
thuc pham ddi chiing, d la banh mi tréng hoic dung dich glucose chuan (Jenkins et al. 1981). Bay
la chi thi chan doan chuan khi dinh tinh thuc pham co tinh bot, va khi danh gia pham chat
carbohydratetrong thire an (Atkinson et al. 2008). GI chju anh huong boi c4u tric va thanh phan
cua tinh bot (Butterworth et al. 2012). Phuong phép dang tin cay nhat va dugc chap nhan nhiéu
nhat la do gia tri Gl in vivo voi nhiing Xxét nghiém y sinh trén nguoi tinh nguyén. Tuy nhién, cach
tiép can nay rat mac tién va bi anh hudng nang né boi yéu té di truyén, sinh ly va trang thai bién
dudng ctia ngudi tinh nguyén. Bién thién trong phuong phap xac dinh gia tri GI caa nhiéu phong
thi nghién hién nay kha phuac tap (Matthan et al. 2016; Vega-Lépez et al. 2007, Venn va Green
2007). Phuong phap dua vao két qua xac dinh in vitro cia Gl da dugc phat trién (Woolnough et
al. 2008) nhan duoc su chp nhan dai chung. Phuong phap nay st dung sy thay phan cia enzyme
bat chudc giong nhu kha nang tiéu hoa tinh bot cua nguoi (Dona et al. 2010).

Sy phan giai tinh bot trong hé tiéu hoa nguoi bao gom rat nhiéu budc c6 lién quan mat thiét voi
nhau, gidng nhu sy phat trién cia “in vitro simulation” (mé phong in vitro) con nhiéu thach thuc.
Péu tién, tinh bot bi pha gay bai su thay ddi co hoc khi nguoi ta nhai com. Tiép theo sau la com
tron 1an vao nudc bot chira a-amylases trong miéng (Strocchi va Levitt 1991; Juliano 1985). Tién
trinh ay tiép tuc di vao da day va rudt non. Noi d6, pancreatic a-amylase phan giai tinh bot thanh
nhitng oligosaccharides dé chuyén hoa thanh phan tir glucose, nho hoat dong cua cac men
maltase, isomaltase va glucoamylase. Néu su tiéu hoéa nay cham vira du ma tinh bt c6 thé duy
tri cho dén hét doan rudt non, vat chat con thira lai duoc xem nhu 1a RS (resitant starch). Vat chat
RS nay di vao rudt gia, noi do, chiing bi 1én men theo cach thirc gidng nhau, cho ra nhitng chat xo
rat loi ich cho sic khoe hé rudt (gut health) (Nugent 2005; Sajilata et al. 2006; Topping 2007).
Nhiing hé théng in vitro c6 tinh chét tu dong hoa nhu vay, bat chudc hé tiéu hoa trong 6ng tiéu
hoa nguoi. Nguoi ta 4p dung mé phong 4y dé phén tich GI (Woolnough et al. 2008; Hur et al.
2011), nhung hiéu qua thap. Diéu tha vi la tiéu hoéa tinh bot trong dong vat cé thé so sanh véi qua
trinh van dong tinh bot trong khi hat ndy mam cua thuc vat. Giai doan hat ndy mam, du trir tinh
bot trong hat xay. Tinh bot duoc van hanh boi hé men endohydrolases, glucosidases. Chung tac
dong trén nhing lién két a-1,4 glucan cua amylose, dé giai phong ra phan t duong don (Bewley
et al. 2013). Trong truong hop amylopectin, mot enzyme c6 tinh chat b sung, rat chuyén biét dé
cit a-1,6 (goi la debranching enzyme) rét can cho két qua phong thich glucose tir maltodextrins
(Murata etal. 1968). V& mat so sanh, nhitng enzymes c6 tinh chat hoat tinh manh véi carbohydrate
duoc sur dung lam dut gay tinh bot, trong xét nghiém in vivo hoac in vitro, dé do gia tri cua Gl.
Phan giai amylose (amylonS|s) cua nhitng hat tinh bot trong giai doan hat ndy mam la con duong
bién duong chinh dbi vai viéc str dung tinh bot trong ndi nhit. Cao diém cua dut gay tinh bot trong
hat ndy mam xay ra sau 4 ngay hat hat nudc va oxy, di lién voi hoat dong ciia men o-amylase gia
tang (Murata 1968). Hoat dong phdi hop cua cac a-amylases, enzymes cat nhanh va o-glucosidases
dan dén két qUa phong thich glucose, roi chuyén hoa thanh sucrose trong mo scutellum, van chuyen
vat liéu nay dén phoi mam, lam kich hoat hat nay mam va gilp tang truong thén mam, ré mam
(Nomura va Kono 1969). Nho xét nghiém hat nay mam chi tiét, nguoi ta du doan dwoc kha ning
tiéu hoa cua hat, sy phan giai amylose in vitro.

Nhom nghién ciru cua de Guzman et al. (2017) d3 phan 1ap duoc gia tri Gl cua 27 gidng lia khac
nhau, bao gom maot dong dot bién IR36 c6 ham luong amylose cao duoc goi la IR36 amylose
extender (viét tit la IR36ae) (Fitzgerald et al. 2011; Butardo et al. 2011). Nam giéng lua tuyén



chon c6 ham luong khac nhau vé phan ung cua GI. Ty I8 tinh bot tong s6, RS, amylose va
amylopectin dugc do dén trong hat thoc trudng thanh, tai nhitng thoi diém khac nhau, nhim xem
xét sy van hanh cua tinh bot (starch mobilization patterns) khi hat nay mém Ngu:c‘wi ta ap dung
phuong phap genome-wide transcrlptome va phan tich metabolome trén mau hat cua giong lia
co gia tri GI thap, trung binh va cao (de Guzman et al. 2017)

IR36ae (d6i ching) c6 mac d6 amylose va RS cao nhat; co gia tri GI thap nhat.

Tuong quan gitra Gl voi thanh phan tinh bot duoc phan anh théng qua % amylose 1 (AML1,
amylose c6 chudi phan tir dai), amylose 2 (AM2, amylopectin c6 chudi phan tir dai nhu amylose),
medium chaln amylopectin (MCAP) va short chain amylopectin (SCAP).

Két qua hé s tuong quan gitra Gl voi AM1 (R=-0.67) va AM2 (R =-0.62). Mat khac, SCAP
fraction c6 tuong quan thuan véi Gl, hé sb tuong quan 1a 0,63.

MCAP cé twong quan thap vai Gl, hé s6 twong quan khong c6 y nghia vé thong ké.

Nhu vay, mic 46 AM1 va AM2 cang cao cang lam giam gia tri GI. Giéng lua co Gl thap nhat la
IR36ae co ty 16 cao AM1, c6 ty 18 SCAP thap nhat.
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Hinh 3: Dong thai tiéu hoa cua nam dong lua tuong phan nhau. (a) In vitro starch digestion boi hat com c6 amylose

bi phan giai (b) “digestion rate” én dinh nhu mot hang s6 (k value) theo phep tinh LOS (logarithm of slope). Bong

thai tiéu hoa tinh bot duge mo phong bang k value vai (c) % amylose va (d) gia tri Gl du bao (de Guzman et al. 2017).



Bang 2: Thong s ba hang muc gia tri GI. Két qua “positive” duoc danh dau (e) va “negative” la (o) (de Guzman et
al. 2017).

Parameters Low GI Intermediate GI High GI

In vitro glycemic mdex measurement

<55 Predictive glycemic index value . o s
<0.025 digestion rate constant (k value) . e C
Mature grain (Day 0)

>2% Resistant starch . o C
=10% Amylose 1 (DP = 1000) . o e
=10% Amylose 2 (DP 121-1000) . C o
>50% Short-chain amylopectin (DP 6-36) o . .

Changes during starch mobilization (8 days after imbibition)

>30% Decrease in total starch o o .
Decrease in resistant starch . . e
Decrease in Amylose 1 (DP = 1000) . . s
Decrease in Amylose 2 (DP 121-1000) o . .
Increase 1n medium-chain amylopectin (DP 37-120) e . s
%omol difference: increase in DP 6-16 © NA .
%omol difference: increase in DP 13-22 . NA o
oemol difference: inerease in DP > 41 - c o
<15% increase in free glucose (day 0 vs day 4) . o e

Phén tich “Genome-wide transcriptome” tinh trang GI tir cac dong lua khac nhau dé tim hiéu cac
chu trinh bién dudng dang dién ra trén co s& sy €6 mat caa phan tir stored mRNA ¢ hat thoc
trugng thanh hoan toan. Cé tong cong 1511 gen duoc tim thay, chang biéu hién rat khac nhau
gitta G1 cao (IR65) va Gl thap (IR36ae). Trong tong s6 gen 4y, co 821 gen diéu tiét theo kiéu “up”
d6i voi dong lua cé gia tri GI thip. 690 gen diéu tiét theo kiéu "down”. Su thay d6i DEGs
(differentially expressed genes) duoc tinh toan gitra dong lia G1 cao va Gl thap hién thi trén gian
dd MapMan metabolic va Regulatory pathway chart. Gia tri biéu hién binh thuong trén heat
map da duoc ch thich di truyén chi tiét (gene annotation). Dong lua cé Gl thap, nguoi ta quan sat
thdy phan tir transcript hién thi rit phong phu trong chu trinh tich tu va du trix tinh bot [hé men
ADP-glucose pyrophosphorylase (AGPase) large and small subunits, granule bound starch
synthase 1 (GBSS 1), starch synthase 3 (SS 3), plant glycogenin-like starch initiation protein



(PGSIP), sugar transporters], hé men pyruvate orthophosphate dikinase (PPDK) va protein
du trir (Glutelin type-A 3, Glutelin type-B 1, Glutelin type-B 2, Glutelin type-B 4, va Glutelin
type-B 5) (de Guzman et al. 2017).
Bién dudng thanh té bao c6 khac biét dang cha y nhu bién duong lipid Va cac chu trinh isoflavonoid
gitra dong laa GI thap va Gl cao. Trong chu trinh bién dudng & thanh té bao, sy diéu tiét gen theo
kiéu “up” la wu tién lién quan dén sinh téng hop cellulose, xyloglucan, homogalacturonan,
arabinogalactan va expansins; trong dong lua c6 Gl thap. Cac chu trinh du trix lipid, nguoi ta quan
sat thdy co su phong phu rit cao cua phan tfr transcript khi sinh téng hop phospholipid
(phosphoethanolamine N-methyltransferase) va téng hop glycolipid (d|galactosyld|acylgcherol
synthase 1). Nhu vay, phic hop starch-lipid trong dong laa Gl thap la vo cung quan trong, hau qUa
lam tang ham lugng amylose. Trong nhimg phan tir regulators nhu vay, su diéu tiét theo kiéu
“up” ludn duge uu tién cta dong lua coé Gl thap vai nhiéu MYB transcription factors (TFs) bao
gom GAMYB, bHLH, Homeobox Hox29, MADSbox27, WRKY75, kinases thanh té bao, nhiéu
receptor kinases va duong + tin hiéu dinh duong (de Guzman et al. 2017).
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Hinh 3: Phan tich transcriptome cua giéng lua Gl thap so sanh voi giéng laa Gl cao. (a) MapMan chi ra sy khac biét
cac co chat bién duong (metabolites) gitra giong Gl thap vai Gl cao; (b) heatmap chi ro sy biéu hién gen khac nhau

(de Guzman et al. 2017).
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Hinh 4: Phan tich Metabolomics cua dong lia Gl thip va Gl cao. PCA plot cua (a) 5 dong lha tuong phan nhau; (b)
xep lop khac nhau co chat bien duong (metabolites), co trong dong lua Gl thap, trung binh, cao; () Heatmap biéu thi
murc do biéu hién cua nhirng metabolites rat khac biét theo gia tri GI (de Guzman et al. 2017).

TAM QUAN TRONG CUA GI THAP TRONG GIONG LUA MOI

Thanh céng ctia cach mang xanh (1960-2000) da dan dén sy tang 1én gip doi ning sut cay trong
lwong thuc chu luc mot cach ngoan muc (Pingali 2012). B4o cao cua Lién Hiép Qudc (UN 2019)
ghi nhan dan cu thanh thi s& chiém 68% trén toan cau vao nim 2050, v4i mirc ting cao nhat trong
lich str d6 thi hoa lam thay d6i thu nhap cia cac nudc. Luong tiéu dung sé gia ting vé carbohydrates
tinh ché, ngudn thuc phadm dong vat nhu thit va sira, di kém theo la hién twong tiéu thy nhiéu chit
béo dong vat, thuc vat, mudi va duong. Su chuyén dich nhanh nhu vay cong thém gia thanh ngay
cang ré, dan dén két ‘qua NCD (non-communicable diseases: bénh khong c6 thong tin bao trudc)
nhu béo phi, bénh tiéu duong, bénh tim mach (CVD), va ung thu (Reynolds et al. 2019).

Thé gigi hién co 463 triéu nguoi mic bénh tiéu duong (74,9% dang sdng & cac nudc c6 thu nhap
trung binh thip) dan dén 4,2 triéu nguoi chét; chi phi chita tri tiéu tén 760,3 ty d6 la My vao nim
2019 (International Diabetes Federation 2019). Lua gao la nguon luwong thuc chinh cho dai da sb
dan cu chau A, cung cip 40% calories hang ngay.
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Country 2019 Diabetes Incidences 2040 expected Diabetes
incidences
China 116.4 millions out of 1.37 billion population  150.7 millions
India 77.0 millions out of 1.32 billion population 123.5 millions
USA 31.0 millions out of 323 million population 35.1 millions

Hinh 5: M phong toan hoc vé bién thién s6 bénh nhan dai thao duong tir 2019 dén 2040 dy bao (Jukanti et al. 2020).

Gao dang dan dan thay thé lwong thyc la cay cb cu O vung cin Sahara, chau Phi. Cac nuoc Trung
Dong c6 nhu cau gao ting gap doi. Cac nude chau My La tinh ¢6 nhu cau gao tang 40% trong giai
doan 1990-2010. Brazil tuy khong phai la nuéc A Chéu nhung la mot trong 10 quoc gia san Xuat
lta chu luc cua thé gidi. Thi hiéu vé pham chit com thay déi theo ving trén dia cau chung ta song.
Nhat Ban, Pai Loan, Cambodia, Thai Lan, mot phan cua Lao PDR, Uc, vung bic va tdy nam Trung
Qudc, mién Nam Viét Nam thich phiam chét gao d&o, mém hoic gao dinh. Com c¢6 ham luong
amylose trung binh dugc wa thich & Nam A, Trung Péng, chdu My La tinh va Bic My. Dang chi
y la, mot it quéc gia nhu Mién Dién, Sri Lanka, mot sé bang cua An Do va Indonesia thich com
kho cirng, ham lugng amylose cao (Calingacion et al. 2014; Custodio et al. 2019).

Trong hat gao, tinh bot dy trir chiém hon 80% (véi ty 16 hét sirc thay dbi cua hop phan amylose va
amylopectin), c6 6-8% proteins; trong khi d6, ham luong lipids, DF (dietery fiber), khoang va chat
bién dudng thir cap chi ¢ dang vét (trace) dinh vi trong 16p cam gao, chiing bi mat di khi xay cha
va danh bong gao (Butardo va Sreenivasulu 2016). Tinh bot thwong bi thuy phan trong hé tiéu hoa
cha nguoi dé bién dbi thanh glucose. Glucose duoc té bao sir dung dé tao ra ning luong can thiét
phuc vu cac chire niang bién dudng va nang lugng du thua duoc du trir ¢ trang thai glycogenlchat
béo cho giai doan sau Cung Nguoi ta tong két rang néu tiéu dung con du thira ngudn dudng nhu
vay va thuc pham c6 gia tri glycemic cao véi chit xo dé tiéu (DF) thap déu gy ra nhirng rai ro
I6n cho strve khoe con nguoi, ddn dén béo phi, tiéu duong type 2 va nhitng bénh NCDs khac nhau
sé xay ra nhu ngung tim dot ngot va ung thu (Reynolds et al. 2019). Giéng lua ¢6 ham luong
amylose cao dang dugc thao tac voi nhidu cong nghé ché bién khac nhau dé co gia tri GI thdp hon
(lower glycemic index) theo dinh huong tuong lai; thong qua cong nghé glam murc d§ xay cha gao
qua ky; cong ngh¢ gao dd; cong nghé com sdy, dé cé thé an ma khong can nu, chi cho nudc vao
mau gao say (Boers et al. 2015; Toutounji et al. 2019).



Mot tong quan kha néi tiéng vé cach tiép can lam thap hon gia tri Gl cua gao co tac dong dén sic
khoe con ngudi, ma cach tiép can trudc day khong co. Nguoi ta goi cach tiép can nhu vay la
“lacuna multi-disciplinary approaches”, nhan manh thao tac quan trong lam thap di GI thong
qua cai tién giéng lua bang dot bién, chuyen gen dich, du nhap gen muc tiéu diéu khién tinh trang
Gl thip, trong cac chuong trinh chon glong lha cao san c6 pham chét gao tét.

Nhiing phuong phap tiép can co tinh chét “két hop khon khéo™ gitra su cai bién c6 tinh chat noi
tai (intrinsic) va cai bién do tac dong tir bén ngoai (extrinsic), s& dam bao duoc san luong thoc 6n
dinh véi gidng lua mai co gia tri GI thip, dap ang nhu cau dinh dudng cia da sb nguoi tiéu dung.
Trén co so khai niém thie an hang ngay cua chung ta la thuéc (medicine), viéc da dang hoa nguon
thuc pham két hop Gl thap la chién lwoc cham soc sic khoe con ngudi theo hudng bén ving
(sustained human health) (Jukanti et al. 2020).
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Hinh 6: Nhitng gen chu lyc tac dong dén glycemic index cua hat gao, thong qua (@) tinh trang amylose va resistant
starch, (b) tinh trang glycolysis flux va co chat bién dién thi cap. Gen muc tiéu dugc trinh bay trong bang 1 (Jukanti
et al. 2020).



Bang 3: Di truyén cua tinh trang RS (resistant starch), chat xo dé tiéu (dietary fibre) va Gl thap (Jukanti et al. 2020).

Genetics of resistant starch, dietary fibre and low glycemic index.

No.  QTL/Gene Phenotype Moerphology Reference
Amylose  Chalk GI/RS
Resistant Starch (RS) and Dietary Fibre Regulators
1 chrif 1765761, Granule Bound Starch synthase  10.7-0.7% - 0.03-2.42% SNP is responsible for AAC variation. RS Bao, Zhou, Xu, He,
1 [GBSSI] (Wx locus) [RS] has a positive correlation with AAC, and Park (2017)
chr)y 6168586, SNP is 0.6 Mb from S§lfa 10.7-0.7% - 0.03-2.42% Starch formed with a functional S$ifa has
(0s06g0229800, chri6:6748398-6753302) [RS] higher degree of crystallinity, more
resistant to enzyme digestion, leading toa
higher RS content.
chr08 23391108, SNP is 2.5 Mb from Isoamylase  10.7-0.7%6 - 0.03-2.42% Explained 12.6% of the phenotypic
1 (0s08g0520900, chr08:25893657-25900342 [RS] variation in RS.
chr(¥ 5975264, SNP is 1.27 Mb from ADP-GPS]  10.7-0.70% - 0.03-2.42% SNP is associated with RS content (p =
(0s09g029820, chr09: 7245434-7249513) [RS] 3.43 % 107).
2 hp-BElib, SBElb hairpin RNA 340+ 1.6%  75-100% 4.8+ 0.2 Big and small rounded starch granules Butardo et al.
(LOC_0s02g32660) /grain (predicted GI is (8Gs) with large spaces and loss of (2011)
44) compound granular organization.
ami-BEllb, SBEIIb artificial micro RNA 41.2 £ 0.5%  25-50% 0.4+0.2 Decrease in the proportion of amylopectin
(LOC_0s02g32660) /grain (predicted GI is short chains {DP 6-12) with an increase in
79) the longer chains (DP > 14) in hp-BEIIb
IR 36ae, Amylose extender mutant - - 3.1+00 and ami-BEIlb lines.
(predicted GI is
54)
3 sbel, mutants of SBEI {GenBank Accession no ~12-5.0% 0-10% ~0.1% 5Gs of shellb heterogeneous in size and Sun et al. (2017)
GQ150004.1) /grain shape and large spaces in between.
sbellb, mutants of SBEIIb (GenBank Accession ~21-25% ~75-100% ~5-10.0% 5Gs from sbel lines were big, rounded, and
no GQ150916.1) /grain irregularly arranged.
sbellb lines had significant increase in
amylopectin longer chains with DP > 14
and a concomitant decrease in the short
chains of DP 6-12.
4 crf-yc12, mutant of NF-YC12 13.9-4.2% 50-60% Fibre:~1.65% NY-YB1 mutants had reduced grain size, Bello et al. (2019)
(LOC_0s10g11580) 18.6-19.2 and higher viscosity values compared to
(WT) WT.
craf-ybl, mutant of NF-YB1 (LOC 0s02g40410) 15.2-6.9% =»60.0% Fibre: ~1.6%
18.6-19.2
(WT)
crbhlh144, mutants of bHLH144 17.9-8.6% 50-60% Fibre: ~1.7%
(LOC_0s04g35010) 18.6-19.2
5 b10, mutant of 88I1a (LOC Os08g09230) =30.0% Floury endosperm  ~5.8% §Gs of b10 and 58lla ENAi were rounded, Zhou et al. (2016)
variable in size and shape with irregular
surfaces.
b10 had higher amylose-lipid complex
with lower crystallinity; this complex
constitutes the RS type 5.
sslassilla (b10)/WxWx* - 6.1% Highly significant correlation (0.47)
sslilassilla (b10)/WxbWx® - 2.6% between RS and W strongly suggested
that RS variation among plants carrying
ssiifa arises from the different Wx alleles.
High Amylose Regulators
6 ss3a, null mutant of SSIfa (OsSSHIa) 30.8% - Both spherical and compound-type 8Gs were  Toyosawa et al.
22.0% (WT) observed. (20186)
Amyloplasts had rounded surfaces with
possible G joints. Putative envelope shreds
were detected.
ss4b, mutant of S5IVB (0sSSIVh) 14.6% - SGs were sharp edged and pelyhedral.
s53a ss4b, double mutant of §5Iffa and S5IVD 33.3-33.6% - 5Gs were not compound but spherical.
SGs were not held together by the envelope
but putative shreds were detected on some
SGs.
7  OEm, overexpression of OsCDPK1 14.3-15.6% 100% @ low - 5Gs were large and tightly packed in the WT/  Jiang et al.
temperature (LT) Ri endosperms, small and loosely packed in (2018)
& high the OEtr endosperm.
temperature (HT} OsCDPK1 affects the starch granule size and
Ri, RNA gene silenced form of OsCDPK1 25.8-26.60 ~6.6% @ LT; - packing density.
~49 .0% @ HT Dehulled OFer grains were all the floury-kernel
phenotype.
8 TRS, a high amylose line developed by Polygonal - Among the different types of 5Gs, gradual Wang et al.
antisense inhibition of SBEI and SBEIb 8Gs (AC - reduction in the short-chain proporticn of DP (2018)
26.1-26.5%) 6-12 and DP 13-24 while a gradual increase
Aggregate in DP > 37 was observed.
8Gs (AC - The average amylopectin chain length was
38.3-40.000) 31.2 in TRS compared to 22.8 in WT.
Elongated

5Gs (AC -



‘Table 1 (continued)

No.  QTL/Gene

Phenotype

Amylose  Chalk

GI/RS

Morphology

Reference

9 s53a/552b, mutant generated from wild-type
Japonica rice which lacks 55Ha activity

Flaury Endosperm Regulators
10 flo2, Floury Endosperm2 (FLOZ2) mutant
(LOC_0s04g55230)

11  M14, floury endosperm mutant (OsPPDKB)

12 flo 6, Floury Endosperm6 (FLOS) mutant
(0s03g0686900)

14 fio15, Floury Endosperm15 (FLO15) mutant
(OsGLY17)
(0s05g0230900)

15 fio 16, Floury Endosperm6 (FLO16) mutant
(NAD-dependent cytosolic malate
dehydrogenase; 0s10 g0478200)

16  fsel, Floury Shrunken Endosperm (FSE1)
mutant (Phospholipase-like; LOC Os08g01920)

17  ferl, Floury and Growth Retardation 1 (FGR1)
mutant (Nuclear localized Pentatricopeptide
repeat [OsNPPR1]; Os08g0220000)

Starch Biosynthesis Regulators
18 rsrl, a mutant of Rice Starch Regulatorl
(R5R1), an APETALAZ/ethylene responsive
element binding protein family TF

62.4-64.5%)
Hollow 5Gs

AC -
74.9-76.7%)
45.0% -

~11.6% Dull grain type

13.8% Floury endosperm

~13.0% Floury endesperm

- Centre of fio15
endosperm was
floury-white,
periphery was
translucent

~16.0%

~15.0% Floury and
shrunken

endosperm

~22.0% Opaque

endosperm

~19.0%
(rsr1}
~13.5%

Interior
endosperm
chalky, exterior
nermal of rsrl

Significantly fewer amylopectin short chains
with DP < 13 in ss3a/be2b compared to WT
were observed. But, long chain with DP > 25
were higher in ss3a/be2b.

Some SGs in ss3a/be2b were peanut-shaped.
The starch granule surface in ss3a/be2b was
smooth.

Parenchyma cells in the $Gs were relatively
rough with loosely arranged in mutants
compared to compact and interlocked in WT.
5Gs of flo2 were spherical/round and uneven.
Short chains with DP 6-12 increased in M14
and intermediate chains with DP 13-50
decreased.

The inner endosperm of M14 contained a large
number of single and abnormal weakly
stained granules.

Smaller, irregular, with rough surfaces and
scattered SGs were noticed. Three types of
abnormal amyloplasts observed.

The DP of 9-15 was significantly decreased,
whereas 6-8 and 1640 was slightly increased
in flo6 endosperm.

flo15 had higher proportions of starch chains
of DP 6-13 and lower proportions of DP
14-56.

6 DAF: few abnormal amerphous amyloplasts
(weakly stained), indicating the absence of
5Gs. Also, smaller amyloplasts, very weakly
stained aggregated in the cytosol

9 DAF: poorly developed amyloplasts and
smaller amyloplasts increased.

12 DAF: three kinds of abnormal amyloplasts
were scattered in the cytosol.

The end m of flol6 cc 1 of small,
spherical and loosely packed SGs with large
air spaces

The DP of 6-10 and 13-14 were significantly
increased; DP 11-12 and DP 15-48 were
decreased.

The mature grains of flo16 were opaque and
slightly shrunken.

fsel endosperm has loosely packed, small, and
spherical starch grains with large air spaces.
The short and leng chains with DP of 68 and
>16 DP, decreased, and the middle chains
with 9-15 DP increased.

fegrl mutant endesperm cells had loosely
arranged, round, single 5Gs.

Despite its nuclear localization, OsNPPR1
indirectly regulates mitochondrial function.

The 1000-grain weight and yield per plant of
rsrl was increased.

Chains with DP of 5-8 and 18-38 were
increased, and those with DP of 9-17
decreased in rsrl.

Starch of rsr1 endosperm is more readily
gelatinized and gelatinization temperatures
were ~10 °C lower than WT.

In rsr1, OsBEI OsBEIIB, Os881, 0s5SHa, and

Asai et al. (2014)

Wu et al. {2015)

Zhang et al.
(2018)

Peng et al.
(2014)

You et al. (2019)

Teng et al.
(2019)

Long et al.
(2018)

Hao et al. (2019)

Fu and Xue
(2010)



Table 1 (coniinued)

No.  QTL/Gene

Phenotype

Amylose  Chalk

GL/RS

Morphology

Reference

19  3ERF1, knock-out mutant of Salt Responsive
ERF1, a TF

20  oshzip58, a null mutant of a basic leucine zipper
transcription factor (OsB2IP58)

21 WRI1, WRINKLED] belongs to AP2/EREBP TF

22 Overexpressing ZmES22, a MADS TF

23 OsBP-5, a MYC protein with bHLH DNA-
binding domain, and OsEBP-89, a EREBP family
of TF

24  nf-ycl12, NF-YC12 mutant that encodes a
putative nuclear factor-Y transcription factor
subunit C

Glycolysis Regulators
25 pfpi1-3, mutant of Pyrophosphate-fructose 6-
phosphate 1-phosphotransferase [PFP1];
LOC 0s06g13810)

26 ospk2, mutant of plastidic pyruvate kinase
[OsPK2]; (0s07g0181000)

Other Regulators
27  ssgd, mutant of substandard starch grain4
[S5G4]; 0s1g0179400)

28  ssg6, mutant of substandard starch grainé
[S5GE]; 0s06g0130400)

Increased -

starch

content

compared to

WwTr

~17.0% White belly with a

(oshzip58} floury-white core

~12.0% cccupying the

(WT) centre to the
ventral region of
the seed.

~10-12% -

14.0% (WT)

- Opaque and
brittle
endosperm, with
a floury
appearance

~10.0-11.0% Interior of ospk2

endosperm was
opaque with
white-core;
periphery was
transparent

Lower starch -
content
compared to WT

~13.0%

0sS551Hla were up-regulated during seed
development, significantly at 3/6 DAP.
SERF1 directly regulates Rice Prolamin-Box
Binding Factor (RPEF), TF that is a positive
regulator of grain filling.

GEBSSI, 881, $S1ifa, and AGPL2 are up-
regulated in SERF1 grains.

SERF1 is a direct upstream regulator of GBSSI
OshZIP58 binds directly to the promoters of
OsAGPL3, Wx, OsS5lla, SBE1, OsBEIDb, and
18A2, regulating their expression.

osbzip58 had densely packed, polyhedral SGs
in dorsal endesperm, similar to WT. The
ventral part had loosely packed, spherical SGs
with large air spaces.

osbzip58 had a higher proportion of chains
with DP of 6-11, and a lower propertion of
chains with DP of 13-21.

Fatty acids (FAs) content at 14 DAF
endosperm in WRIZ had significantly lower
FAs than WT.

Seed coat including aleurone layer (SCAL)
from WRI1 had more oil bodies than WT.
Starch content in endosperm of developing
and mature seeds was increased significantly
in WRI1.

Expression levels of AGPS2b, 581, and BE! are
significantly increased in WRI1.

The developing endosperm of WRI1 had
higher 16:0 FAs and lower 18:1.

Reduced 1000-grain weight and total starch
content, and soluble sugar was significantly
higher.

Reduced fractions of long branched starch.
5Gs were loosely packed, spherical with large
spaces.

ZmES22 binds to the promoter of OsGIF] and
downregulates it during rice grain filling.

ULWILCE AT 1L UL 1L FLa .
OsBP-5 and OsEBP-89 proteins act
synergistically, perhaps as a heterodimer, to
regulate the transcription of rice Wa.

RNAi of OsBP-5 reduced the amylose content
from over 23% to no change.

NF-YC12 regulates the rice sucrose transporter
(0sSUT1) in coordination with NF-YB1 in the
aleurone layer.

NF-¥C12 directly binds to the promoters of
FLO6 and glutamine synthetase 1(0sGS1;3) in
developing endosperm.

The inner starchy endosperm of nf-yc12
appeared to be floury-white.

nf-ycl2 grains indicated that 8Gs were small,
round, and loosely packed.

Mutant endosperm showed small, spherical
and loosely packed starch grains with large air
spaces.

Amylopectin in pfpl-3 seeds had more short
chains with DP ranging from 8 to 15 and 16 to
50.

Central endosperm cells of ospk2 had single,
smaller, scattered, spherical and loosely
packed starch granules.

The proportion of short chains with DP of
6-12 decreased, while the proportion of
intermediate chains with DP of 13-25 was

elevated in ospk2.

Lower number of large (5-10-fold higher) and
round starch granules in the mutant.

The amylopectin chain-length distribution of
s5g4 starch is normal.

Mature ssgf endosperm showed enlarged (>2
times) starch granules (SGs).

Schmidt et al.
(2014)

Wang, Xu, Zhu,
Liu, and Cai
(2013}

Yang, Tian, Gao,
and Yang (2019)

Zha et al. (2019)

Zhu, Cai, Wang,
and Hong (2003)

Xiong et al.
(2019)

Chen et al.
(2020)

Cai et al. (2018)

Matsushima
et al. (2014)

Matsushima
et al. (2016)



Slightly chalky The number of starch granules was increased

compared to in enlarged 5Gs of ss5g6.
WT Contrastingly, the size of starch granules
decreased slightly in ssg6.
29  SSI-RNA{, Starch Synthase I suppressed by 18.9-19.8% 7.2-10.1% - 58I suppression reduced the proportion of Zhao et al.

RNAi (0s06g0160700) chains with DP 8-13, increased very short (2019)
chain with DP 6-7 and 16-21.

ingly, the supp ion did not disturb
the starch granule morpheology and particle-
size distribution.

Gao lat (brown rice) cua ca hai gidng ha co amylose cao (AC cao) va AC thip déu biéu hién
“gastric emptymg” tri hoan. Su khac biét chi ro rang khi nao l6p cam bi tach ra trong quy trinh lau
bong gao tring, voi gao amylose thap co gastrlc emptying cao nhét (Pletsch va Hamaker, 2018).
Chu thich: “Gastric emptying” la tién trinh ma thanh phan trong da day dwoc chuyén hét xudng ta
trang (duodenum). Do d6, nguoi tiéu dung thich an gao that tring bong, c¢é nghia la dang dn com
v6i Gl cao mot cach ty nhién. Giéng la co amylose thap, kém theo la ham lugng RS thap hon
(resistant starch) va ham luong DF & trang thai vét (trace amounts of DF), hoan tat nhu cau calo
hang ngay (Butardo va Sreenivasulu 2016; Guzman et al. 2017).
Chinh swa gen
Hé théng chinh sta gen CRISPR/Cas9 voi dot bién co chi dich gen sbel (japonica cv.
Kitaakekhong lam thay déi ty 1¢ amylose : amylopectin. Tuy nhién, diém dich ¢ exon s6 3 ciia gen
sbellb bi trc ché da dan dén lam ting chudi dai amylopectin, ting RS (5-9%), lam tiéu hoa cham
hon va lam thay d6i ban chat “viscosity”, nhiét d¢ hoa ho GT (Sun et al. 2017).
Ut ché lién tuc gen sbel va shellb cua giéng lua indica Taichung dan dén su phat trién tinh thé
tinh bt di hop (kleu hexagonal, aggregated, elongated va hollow starch), trong khi gidng nguyén
ban (WT) chi biéu hién kiéu hexagonal starch granules (Wang et al. 2018). Lam ci4m gen sbellb
trong noi nht gao rice thong qua phén tir hairpin RNA (hp-RNA; hp-SBEIIb) va thao tac ky thuat
micro RNA (amiRNA; ami-sbe2b) cho ra kiéu hinh “amylose extender” cé nghia la lam ting AC
va RS (Butardo et al. 2011). Gl du doan trong dong lua ami-be2b la 44 so v4i giéng laa nguyén
ban Nipponbare c6 Gl la 85.
Gen dot bién
Ut ché hé men starch synthase bai gen dot bién (ss3a, ss4b, double mutant ss3a/ ss2b) va trc ché
hé men starch branching (sbel, sbellb) ddn dén két qua lam ting amylose, trén 30% vai ham lugng
RS ciing tang; tir d6, gia tri Gl s& thip (bang 1). Trong khi SBEI van chuyén chudi day dai, thi
SBEIIb van chuyén chudi day ngin (a-1, 6 glucosidic linkages trong a-glucans) theo qua trinh
tong hop amylopectin (Nakamura et al. 2010).
Mic du viéc dinh tinh cac dot bién amylose cao trén co so di truyén phan tu dang sau ket qua hinh
thanh RS (Zhou et al. 2016), nhu’ng hiéu biét 4y van chua giup nha chon gidng tao ra glong lua GI
thap mot cach dé dang, boi vi ¢6 hién tugng gen da tinh trang (pleiotropy effect) dbi voi truong
hop di truyén “Gl thap”, dan dén két qua ning suit giam, dic biét khdi lwong 1.000 hat glam sau,
kién trac hat tinh bot bién dang véi su ting 1én do bac bung, tuy khong lam giam pham Chat com
nhung giam thi hiéu nguoi tiéu dung, com cung. Nhiéu dong lua RS cao dap ung voi yeu cau suc
khoe vi du nhu ¢6 loi cho vi khuan dudng rudt, ngian ngtra ung thu rudt két va cho két qua “glucose
homeostasis” (bao hoa va nhét giir glusoe trong khong bao) trong truong hop nguoi bénh tiéu
duong (Li et al. 2019).
Gen ¢6 lién quan dén amino acid va protein can thiét cho con ngudi la gen dot bién flo2 (duoc
phan 1ap trong giong lua japonica cv. Kinmaze). Gao Kinmaze c6 ham lugng lysine va histidine
cao (Kumamaru et al. 1997). Gen nay dugc “fine mapped” tai locus Os04g0645100 ma hoa protein
co tén la tetratricopeptide repeat-encoding (She et al. 2010). Protein du trir co tén la glutelin va



globulin, ciing nhu alanine amino transferase (OsAlaAT1), duoc gen flo2 mutant diéu tiét theo
kiéu “down” cho kiéu hinh “floury” (Yang et al. 2015). Gen dot bién flo3 duoc mé ta la ma hoéa
protein du trir 16 kDa globulin (Nishio va lida 1993).

Gen dot bién flo4 ma hoa pyruvate orthophosphate dikinase (PPDK) déng vai tro trung tim la
gitr cira cho tién trinh diéu tiét dong chay carbon giira sinh téng hep tinh bét va glycolysis-
channeled free fatty acid (Zhang et al. 2018).

Nguoi ta thiy rang chinh PPDK cung cip PPi ma PPI sé duoc st dung boi hé men AGPase nhu
mét co chét can thiét dé tong hop ra tinh bot (Ordonio va Matsuoka 2016). Trong cay laa, nhirng
dot bién cua fructose-6-phosphate 1-phosphotransferase (PFP) chuyén hoéa ngwoc thanh
fructose-6-phosphate rdi thanh fructose-1,6-bisphosphate, diéu khién dong chay carbohydrate
dén phan g phan giai glucose (Chen et al. 2020). Hon nira, dot bién trong noi nhit pfp (gidng lua
japonica cv. Hwacheong) c¢ tinh thé tinh bot hinh cau, nho, khoang chira khong khi 16n khong
giéng nhu kiéu binh thwong “hexagonal” trong giong nguyén ban WT, véi suy giam rat dang ké
chiéu day cua hat 'gao, KL 1000 hat, ham lugng tinh bot. Dong dot bién kép pfp diéu tiét theo kiéu
“up” lién quan dén nhiéu enzymes gan boi qua trinh t6ng hop tinh bot. Bién dudng carbon & te
bao phuc vuy sinh t6ng hop tinh bot co cau tric phan nhanh coa amylopectln bi suy giam va cau
trac nhanh ngan amylose tang, voi DP 1a 815 trong dong dot bién so voi 16-50 trong dong nguyén
ban WT (Chen et al. 2020). Pac biét la tinh bot ciia dong dot bién tiéu hoa dé dang hon dong WT;
khoang 70% phdi mam trudng thanh biéu hién su phat trién 1a mam khéng binh thuong (Chen et
al. 2020).

Chon glong chinh xac (preC|S|on breelng)

Cho dn nay, tién bo trong cai tién giong lua co Gl thap con kha han ché. Kho khan lon nhat la
kiéu hinh néng hoc cua giéng ia “Gl thip” chua theo y mudn, chi phi phan tich mau dét tién theo
chuan y khoa, hiéu qua con thap, dau tu thoi gian qua lau.

Yéu cau tién quyét cua cai tién gidng lia low-Gl la thanh loc nguon vat liéu phai da dang di truyén
véi mire d6 chinh xac vé kiéu hinh Gl in vitro, sang tao ra quan thé lam ban d6 di truyén phan giai
cao va dinh nghia di truyén, chi thi phan tr lién két chit voi gen dich nham thyc hién chién luoc
“genomic-assisted breeding”.

Gidng lua vat liéu ban dau la Doongara (Fitzgerald et al. 2011), giéng ISM (Improved Samba
Mahsuri) (Sundaram et al. 2018) la ngudn bé me tét co Gl thap da duoc ngudi ta xac nhan. Gidng
laa low-GI co dang hat thon dai trung binh, ISM duoc du nhap ngudn gen khang bénh bac 14 la
Xa21, xal3 va xa5, ISM dat nang suat kha 25-40% hon gidng nhiém bénh Samba Mahsuri. Tuy
nhién, cai tién gao ngon com co thé Chap nhén duoc rong rai (palatablllty) con mot thach thuc lon.
bo la pham Chat com phal chic chan dap ng thi hiéu nguoi tiéu _dung dai chung. Moi ¢ gang
dang d6 don vé noi dung cai tién Gl va RS trong chwong trinh cai tién giéng laa hién nay (Parween
et al. 2020).

Gen Wxa (G allele) & “splice site” tai exon thi nhat, can bién vai intron cua gen GBSSI, lién quan
dén bién di di truyén GI tir “trung binh dén cao”. Phan tr SNP bd sung vao (T>C) tai exon-10
(duoc biét 1a Wxlv) dugc tim thdy anh hudng dén tinh trang FV (final viscosity) cua com, FV doc
lap voi amylose/Gl (Anacleto et al. 2019). Hai SNP nay phdi hop trén GC haplotype gan véi Gl
ham luong trung binh, ¢6 cau trac hat com mém (FV trung binh), da tang cuong ngudn vat liéu bd
me cho ngén hang gen lua & Bong Nam A. Lam giau GC haplotype trong ngén hang vat liéu lai s&
la nhitng co hoi tét giup nha chon giéng phdi hop GI trung binh lién két vi pham chit com d&
chap nhan duoc boi nguoi tiéu ding. Con GT haplotype gan vei Gl trung binh va com ciing (FV
cao) la uu thé cua ngan hang gen vung Pacific, lyc dia A chau, Nam My. Nguén TC haplotype lién
quan dén GI cao va com mém co rat nhiéu & ngan hang gen cua Thai Lan, Myanmar va Laos. Bang



cha y 1a GC hoic GT haplotypes luén c6 & An B¢, Bangladesh, do vay, sang loc dong hia trén co
s tinh trang AC c6 thé lam nham Ian cac giéng lua amylose cao thong qua dy doan cau trac hat
bdi vi du doan ciu tric nhu vy thong qua phuong sai di truyén dé sang loc di truyén can phai co
hé thong theo ddi (monitor) hai phan tir SNPs nay mot cachcan than (Anacleto et al. 2019).
Nucleotide C trong Ex10-115 mét alen t6 tién (WxIv-w) c6 trong loai lia hoang Oryza rufipogon,
15i lia hoang nay ¢6 vai tro quan trong trong sy tién hoa alen Wx, dugc du nhap vao cac dong
NILs (near isogenic lines) biéu hién AC cao, d6 bén thé gel GC thudc loai mém, FV thap (Zhang
et al. 2019).

Thao tac ky thuat co lién quan dén ciu trac tinh bot va chit bién dudng thir cip (secondary
metabolites), vi du: flavonoids c6 anh hudng nhit dinh dén kha nang tiéu hoa. Tinh trang di truyén
nay duoc tim thiy trén ban do di truyén & nhidm sic thé 7, doan phan tir tir 6.067.391 bp dén
6.379.622 bp (Butardo et al. 2017).

Gidng lua co mau sic voi chat bién dudng “bioactive” vi du nhu cac hop chat chia phenol,
flavonoids va sic t§ anthocyanins trong hat gao déu la nhiing chi dan lién quan dén gia tri G1 thap
(Mbanjo et al. 2020).

Két qua sang loc c6 hé thdng in vivo, nhitng mau giéng lua Gl thip (~50-55) véi ham luong
amylose khoang 25% hoac thap hon mét chit déu ¢6 lién quan dén d6 mém com (Anacleto et al.
2019). Pay la tiéu chi chon lya vat liéu di truyén trong tuong lai dé cai tién gidng la.

Chién luoc MAS (marker-assisted selection) nham cai tién gidng lua co Gl thap la chién luogc tiép
can véi “molecular breeding” nham tim gen dich trong qua trinh sinh tong hop tinh bt va chét
bién dudng thir cip. Boi vi chung c6 anh huong nhét dinh dén gia tri GI. Anh hudng cua nhiing
“gene markers” nay ddi vai tinh trang GI can dwoc nghién ciru trén co so xac dinh QTL chu luc
diéu khién G (Jukanti et al. 2020).

GIA TRI GI CUA GIONG LUA VIET NAM

Pai hoc Sydney d4 tai trg cho nhom nghién ciru cia Chan et al. (2001), tién hanh nghién ciru hién
trang gao Viét, v4i cac san pham dugc ché bién tir gao.
Mau phan tich “plasma glucose” va duong chuan “plasma glucose curves” (AUC) duoc st dung
dé do gia tri Gl cua thuc pham khao sat, sir dung co sé dir liéu tham chiéu glucose thic pham (gia
tri GI cua glucose = 100). Gia tri trung binh GI cua tirng mau thuc pham dugc tinh toan trong tung
nhém madi nhém ¢ 12 mau déi voi nhom ngudi chau A va Caucasian (n=6).
Ba mau giéng lua co gia tri Gl cao (86-109), trong khi d6 san pham cua chung nhu bun, hu tiéu
soi co gia tri Gl thap (39-61); rat dang ngac nhién. Thuc phdm ngot nhiéu duong co gia tri Gl
trung binh (54-79). Cac gia tri Gl cua 9 loai thuc pham dwoc tinh toan doc lap nhau giira hai nhom
sac toc khong khac biét co y nghia vé thong ké (P=0.26). Gidng lia cao san Thai Lan cé gia tri Gl
cao. Hu tiéu soi, ban soi tir gao co gia tri Gl thap duoc ngudi tiéu dung wa chudng ¢ chau A va
Viét Nam, bang 4 (Chan et al. 2001).
Giatri Gl (%) dugc tinh theo cong thuc sau day:

120 min glucose AUC value for the test food

Mean AUC value for the same carbolhydrate
portion of the reference food

= 100



Bang 4: Gia tri GI cua thuc gam tir gao (glucose 25%), hai racial groups la nguoi chau A va nguoi

Caucasian (n % 6) (Chan et al. 2001)

Fest foods Al suljects Cancasion Asian
Nowodles Mung bean nocdles 399 (r=11) 51k 16{n=3) 289
Rice noodles, dried I B5LE 3TE9
Rice noodles fresh 40+3 47+8 3d4+4
Rices Broken rice” BB (h=11) 10717 7910
Glutinous rice® 9446 (r=11) 101411 DS+ 0
Jasmine rice, long grain® 10910 12317 94+ 8
Sweet foods Custard apple, fresh sS85 517 658
Lychees, canned, drained” 7948 81413 76+ 10
Milk, full-cream condensed, sweetenad alx6 (h=11} T1+14 62+ 8

Lién quan giita Gl va cac tinh trang pham chét hat (Fritzgerald et al. 2011)

Ba Melissa Fritzgerald tai IRRI da tién hanh khao sat tap doan gidng lia c6 ngudn goc tir nhiéu
quoc gia khac nhau, ket qua gia tri GI du doan bien thién tir 48 den 92 (hinh 7). Bang 5 cho thay
hau hét cac alen cua gen WX, co gia tri Gl trung binh khac biét nhau co y nghia thong ké o mac do

0,05, vai alen l3n wx c6 Gl cao nhét; alen troi Wxa co Gl thap nhat.

40 -

25
20

15 4

Proportion of varieties (%)

10 4

48 52 56 60 64 68 72 76 80 84

Predicted Gl

88 92

Hinh 7: Bién thién gia tri Gl du doan cua 235 gidng lia (phim chét com cua gao dugc cha bong) (Fritzgerald et al.

2011)



Bang5 Gia tri trung binh G khac biét co y nghia trong ting alen cua gen Waxy theo tric nghiém Welch’s T test va
pairwise comparisons s (p < 0.05) (Fritzgerald et al. 2011)

MMutation Predicted Gl
W 89.70%
W 76.50"°
Wx” 72.04"°
W™ 64.33"
W™ 60,5349
100 -
gl —

Predicted Gl
0

Predicted Gi

40

Waxy V_low  Low Intermed High
Amylose content

Hinh 8: (a) hé s6 tuong quan r2 la 0.73 gitra amylose va Gl trong dung lwong mau 235 giéng laa; (b) box va whiskers

plot cua Gl vs. amylose (Fritzgeland et al. 2011).

0 10 20 30 40
Amylose content (%)

Két luan

Lua gao la nguon cung cap calorie chinh cho hon mét nira dan s toan cau, trong khi nhu cau tiéu
dung dang quan tim nhiéu hon gia tri GI. Thanh phan trong hat gao dang dugc thao tac bai nhiing
ky thuat di truyén kha sau nham muc tiéu thay ddi hinh that hat tinh bot, tinh thé hat tinh bot va
kha nang tiéu hoa ching twong ng véi muc tiéu gia tri Gl thap. Diéu Nay dugc nguoi ta xem xet
c6 hé thong trong dong chay carbon (carbon flux) tur viéc tong hop chudi amylopectin dén amylose
hoic thay doi amylopectin vai su wa thich clia nguroi tidu dung cao hon trong thyc té. Sy chi dinh
rd rang carbon déu huéng dén nhirng san pham du trix trong hat gao, vi du nhu amino acids, protein,
lipid, va cac chét bién dudng thir cap (flavonoids). Chiing duoc biét cé anh hudng nhat dinh dén
kha nang tiéu hoa theo hudng vi sirc khoe bén virng cua nguoi tiéu dung gao. Co ché phan tir ¢6
tinh chat chi tiét nay chua duoc biét hét, nhu 16ng ghép Gl va RS trong mot chuong trinh cai tién
gidng lua nhu thé nao; chua ké lam sao can bang dugc muc tiéu GI véi ning suét cao, khong c6
tac dong xau dén pham chit com va dic diém ciu trac hat tinh bot (Jukanti et al. 2020).
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