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TOM TAT

Phot pho la mot trong ba nguyen t6 dinh dudng da lwong quan trong bac nhat dbi voi qué trinh sinh truong,
phat trién va nang sudt coa cy trdng. Tuy nhién, viéc lam dung phén bon Phosphate (Pi) gay anh huong tiéu cyc
dén chét lugng dat, nudc, dong thoi 1am can kiét ngudn cung cap Pi ¢ cac mo ty nhién. Diéu nay di thac diy
nhitng nghién ciru chuyén sau vé chu trinh Pi va cach tan dung ti da ngudn Pi trong dét dbi véi Cay lGa. Trong
nghién cru ndy, phuong phap nghién ctru di truyén lién két toan h¢ gen (GWAS) dugc st dung dé khao sat sy
da dang di truyén trong viéc hdp thu tu nhién Pi cia 157 giéng lia ban dia cua Viét Nam. Cay lua duoc trong
trong cac ong cat trong didu kién nha luéi va duge tu6i moi truong dinh dudng Yoshida 3 ngay mot lan trong
vong 6 tudn v&i ba lan Igp lai va b tri ngau nhién vi trf céc cdy. Sau d6, kha nang hip thu ty nhién ngudn Pi cua
cac glong laa duoc do dac va danh gia. Nghién ciru GWAS da tim duoc 19 da hinh don nucleotide (SNP), 9 tinh
trang s6 luong (QTL) va 22 gen tmg vién tiém ndng tham gia vao qua trinh hap thy tw nhién ngudn Pi & cay laa.
Viéc tim ra nhitng QTL va gen ndy c6 ¥ nghia rat 16n trong viéc tao cac giéng laa méi cé kha nang hip thu Pi
cao - 14 giai phép tiém ning cho vin d& an ninh lvong thyec.

Tir khéa: Cay l0a, da hinh don nucleotide, hip thu phosphate, QTL, GWAS

MO PAU

Cay lda (O. sativa L.) dwoc xép vao danh sach
mot trong nhiing cay luong thyc quan trong nhét do
gin mot nira dan sb thé gisi tiéu thy lua gao. Lla gao
dong vai tro then chdt trong nén kinh té ciia Viét Nam
voi lugng gao xuéat khau dat 9 triéu tin trong nam
2019 (http://www.fao.org), gia tri tuong duong véi 3
ty d6 la My. Tuy nhién, tinh hinh an ninh luong thyc
hién nay dang tr¢ thanh mot van de toan cau mang
tinh cap bach do toc do ting dan sd ciing nhu anh
hudng cua bién d6i khi hau.

Phét pho (P) 1a mot trong nhimg nguyén té dinh
dudng da lwong can thiét cho su ting trudng va phat
trién cua thuc vat béi no 1a thanh phan chinh ciia cac
phan ti sinh hoc nhu (Taiz, Zeiger 2002). Do vay,
viéc thiéu hut phosphate vé co (Pi) - dang cy ¢o thé
hip thu duoc - s& anh huong nghiém trong dén sinh
truong va phat trién cia cdy trong (Dobermann,
Fairhurst, 2000). Su can kiét cac mo Pi ty nhién
(Herrera-Estrella, Lopez-Arredondo, 2016) cing véi
viéc lam dung sir dung phan bon héa hoc trong ndng
nghiép (Brears, 2015) da thic day nhiing nghién ctru

chuyén séu vé chu trinh Pi va cach tan dung t6i da
ngudn Pi trong déat dbi véi cy trong (Giles et al.,
2011). Viéc tao ra cac cay trong c6 hiéu suét hap thu
Pi cao, ¢6 kha nang phat trlen tbt trong dat c6 lwong
Pi hoa tan thap la giai phap tiém ning nham cai thién
dang ké cac van dé vé phan bon Pi hién nay (Lynch,
2011).

Nhiéu nghién ciru nhim tim ra cac gen lién quan
dén kha nang chdng chiu cua cay voi diéu kién moéi
truong thiéu Pi da dwoc rat nhidu cac nhom trén thé
gi6i thuc hién (Shimizu et al., 2008; Wissuwa et al.,
2015). Mot trong nhing phat hién quan trong nhét 1a
viéc tim ra gen phosphorus starvation tolerance 1
(OsPSTOLl) nam trén nhidm sic thé s6 12, lién quan
tryc tiép dén viéc cai thién hap thu Pi (Gamuyao et al.,
2012). OsPSTOL1 ma hoa cho proteins thuéc nhém
serine/threonine kinase. Viéc biéu hién qua muc
OsPSTOL1 & giéng lta Nipponbare va IR64 (gidng
lta khdng mang gen OsPSTOL1) lam tang 60% nang
suat cua cdy lda trong trong diéu kién méi truong
thiéu Pi, ching to OsPSTOL1 tham gia vao qua trinh
hap thu Pi & cay lta (Gamuyao et al., 2012). Viéc phat
hién mot QTL khac la “root elongation under
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phosphorus deficiency 6 (qREP-6) ching minh mdi
lién quan chat ché gitra chiéu dai cua ré va ham luorng
Pi trong than cdy ciing nhu giira chiéu dai cua ré va sé
lugng nhanh cay lda trong trong diéu Kién moi truong
thiéu Pi (Li et al., 2009). Mot vai QTLs khac ciing
dugc phat hién trong diéu kién méi truong thiéu Pi
nhu qMRL6a (chiéu dai ré téi da) , qRN8b (s6 luong
ré) , va qRN4 (Li et al., 2009)

Phuong phap nghién ctru lién két toan hé gen
(GWAS) la mét cong cu tin sinh hoc hitu ich nghién ctru
di truyén lién két trén céc tap doan giéng 16n co tinh da
dang cao c6 myc dich tim ra nhimg SNP lién quan dén
céc tinh trang kiéu hinh cu thé (Rosenberg et al., 2010).
Day 14 co s& dé phat hién ra cac QTL va cac gen tiém
nang lién két voi céac tinh trang quan tam trén toan bd hé
gen ciia loi. Trong nghién ctru nay, kha nang hap thu Pi
cua tap doan gdbm 157 gidng lta ban dia Viét Nam da
duoc khao sat nham tim ra cac QTL va gen tiém ning
lién quan dén kha nang ndy cua cay lua. Két qua thu duoc
¢6 thé cung cip thém nhiing thong tin quan trong gop
phén tim ra giai phap nham cai thién san luong Iua tai
nhiing viing dt thiéu Pi hoa tan.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Vit liéu

Bo suu tdp gom 157 gibng laa st dung trong
nghién ciru nay do Trung tam Tai nguyén Thuc vét,
Ha N01 Viét Nam cung cap. BS suu tap cac glong lua
(92 gibng thudce nhom indica, 59 giong thuc nhom
Japonlca va 6 glong thugc nhom admlx) gdm céc
gidng truyén thong duoc thu thap tur nhiéu tinh, thanh
va h¢ sinh thai khac nhau, bao gom hé sinh thai tudi
tiéu, vung cao, vung triing ngdp nudc va rung ngap
man. Nghién clru nay ciing da su dung dir liéu mo véi
25.971 SNP dugc cong bd boi Phing va dong tac gia
(2014).

Phuwong phap bé tri thi nghiém va trong ciy va thu
hoach mau

Hat gidng trong tap doan 157 gidng lta Viét Nam
dugc pha ngi béng cach sdy & 45°C trong 3 ngdy va
tiép tuc duoc G nay mam trong vong 3 ngay ¢ 37°C.
Sau giai doan nay mam cac cdy con duoc chuyén
sang trong trong cac dng PVC (16 x 68 cm) chira cat
trong diéu kién nha kinh ¢ diéu kién 28-30°C va do
am Kkhoang 70-80% (Mai et al., 2020; To et al., 2020).
Nham tranh hiéu tmg khoi xay ra, m01 gidng lta duoc
trong voi 3 lan 1ap lai voi vi tri trong clia cac cay laa
dugc phan bd mot cach ngiu nhién. So d6 phan bd
trén dién tich tréng duoc thiét lap béng viéc su dung
phan mém IRRISTAT v4.0 (Vién Nghién ctru lua gao
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quoc té (IRRI), Los Bafios, Philippines). Cay lta duoc
trdng va tudi 3 ngay mot 1an bang moi truong dinh
dudng Yoshida (Yoshida et al., 1971) trong khoang
thoi gian 6 tudn nham danh gia kha nang hap thu Pi
tu nhién. Sau khi thu hoach, phfin than cua cay lua
dugc dem sdy kho & nhiét do 70°C dén khéi luong
khong d6i (SHW).

Phuwong phap xac dinh ham lwgng Pi

Ham lugng Pi trong than cay dugc xac dinh bang
phuong phap do mau axit vanadomolybdo photphoric
(Rice et al., 2017). Duong chuan dugc xay dung su
dung KH2PO.. Tong 0,3 g khéi luong than kho cua
mdi gidng lua duge sir dung dé dinh lugng Pi. Mau
sau khi dugc nung trong 10 nung Muffle furnace
(Nabertherm, M¥) trong vong 6 h nham tro hoa hoan
toan mau. Sau d6, mau dugc lam ngudi hoa tan véi 40
ml dung dich axit clohydric (37%; Merck, My) va vai
giot axit nitric (69%; Merck, M¥) rdi dun dén khi soi,
sau d6 duoc dinh mirc dén 100 ml. Tiép theo, 20 ml
thudc thir molybdovanadat dwoc thém vao 20 ml dung
dich can do va dinh mtrc dén 100 ml. o hép thu ctua
mau dugc do & budce séng 420 nm bang may do quang
ph6é UV-1800 UV-VIS (Shimadzu, Kyoto, Japan).
N(“)ng d6 Pi trong mau dugc xac dinh dya trén duong
chuin xay dyng st dung KH2PO,,

Hiéu qua hép thu [phosphate (PUpE) cua céy (mg
Pi g Pi) dugc tinh bang cong thirc nhu sau (Neto et
al., 2016):

[Pi] x SHW

PUpE = —/———7—
p [Pi s& dung

Phwong phap phan tich lién két toan h¢ gen

Trong nghién clu nay, ching t6i da sur dung
phuong phap nghién ctru lién két toan hé gen dé thy
duoc moi lién hé gitra cac SNPs da biét va kha ning
hap thu Pi ty nhién ctia cac glong laa. Méi tuong quan
nay dugc thiét 1ap bang cach sir dung mo hinh tuyén
tinh hdn hgp (MLM) nhim loai bo cac duong tinh gia
trong phan mém TASSEL v5.2.55. Gia tri -log(p) > 6
duogc st dung dé lya chon nhitng SNPs c6 d9 tin cay
cao lién quan dén kha ning hép thu Pi cua cay lua.

Phuwong phap phan tich mét cin bing lién két (LD)
gitra cac SNP

Phuong phap mat can bang lién két (LD - Linkage
Disequilibrium) duoc thuc hién trén di li€u kiéu gen
cho cac SNP quan trong vira tim dugc, nhim tim ra
cac QTL va danh gia sy di truyén cung nhau cia cac
SNP (To et al., 2019). Hé s6 twong quan giita 2 chi thi
phén tir canh nhau dugc biéu hién bé“mg hé s6 R2 nam
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trong khoang tir 0-1, dugc st dung dé phan tich lién
két giita cac SNP quan trong trong biéu do nhiét LD.
Gia tri R? > 0.6 tuong tmg véi mot viing gdm cac SNP
lién két chat ch@ véi nhau duge coi 1a mot QTL. Sau
d6, hai chudi trinh ty don bdi chinh dwogc so sanh véi
kiéu hinh twong tng dé danh gia anh huong cua cac
bién thé trong trinh ty cua doan gen 1én tinh trang
guan tam.

Phwong phap sang loc cac gen rng vién

Dé sang loc cac gen tiém nang chiu trach nhiém
cho kha ning hép thu Pi, chung t6i d sir dung ngén
hang dit liéu vé bo gen laa giéng lua Nipponbare ciia
Pai hoc bang Michigan (MSU) phién ban 7
(http://rice.plantbiology.msu.edu) dé sang loc cac gen
lién quan nam trong khoang 25 kb vé phia trugc va 25
kb vé phia sau cia SNP quan trong (Kawahara et al.,
2013). Tir 6, danh sach cac gen tmg vién tiém ning
cung vdi chire niang cua chiing dwoc thiét 1ap sau khi
da loai bo cac gen nhady, cidc gen ma hoda protein gia
dinh va protein biéu hién.

Phuwong phép phén tich thong ké
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Phuong phap phén tich phuong sai mét yéu td va
t-test dugc phan tich bang phan mém R v3.6.

KET QUA

Khio sat sy da dang vé kiéu hinh cic tinh trang
hap thu tw nhién Pi ¢ tip doan lua Viét Nam

Trong nghién ctru nay, ching t6i da trong 157
gidng Iua ban dia trong diéu kién ddy du dinh dudng.
Mau duge thu hoach sau 6 tuan va ham luong Pi co
trong than cuia timg gidng duge dinh lugng nham xac
dinh kha ning héap thu Pi. Dir liéu kiéu hinh cua 157
gidng lta dwoc phan tich va biéu dién dudi dang cot
nham danh gid mirc d6 hap thu Pi (Hinh 1A). T két
qué thu dugc, cac gidng lua c6 kha nang hap thu Pi bt
nhét ciing nhu cac gidng lua c6 kha ning hap thu Pi
kém nhét da dugc xac dinh. Ngoai ra, hiéu suét hap thu
Pi ctia cac giéng lua c6 su bién thién rat 16n, trai rong
trong phd tir 0,002 - 0,023 mg Pi/g Pi. Nhiing phan tich
vé anh huong cta cac phan nhoém phu (indica va
japonica) dén kha nang hap thu Pi cta cac giéng lua
(Hinh 1B) da cho thay nhoém indica cé chi s PUPE cao
hon déng ké so v6i nhom japonica (P < 0,01).
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Hinh 1. Da dang kiéu hinh v& kha nang hap thuPi (PUpE) clia cac giéng lua trong tap doan va clia 2 nhém phu indica va

japonica twong ng (B).
Két qua phan tich GWAS

Dé tim ra cac chi thi quan trong c6 anh hudng
trong sy hip thy ty nhién Pi ¢ 157 gidng lia, phan tich
GWAS d3 dugc tién hanh trén bo dir liéu kiéu hinh
n6i trén. Két qua thu nhan duoc thé hién trén Hinh 2,
cho thiy c6 téng s6 19 SNPs. Phan tich mat can bing

lién két LD dugc thuc hién trén dit ligu kiéu gen cling
voi dit liéu cac SNPs quan trong vira phat hi¢n da chi
ra duoc 9 vung QTL nam rai rac trén cac NST 1, 3, 4,
6,7,8,9va1l. Trong cac QTL trén, qPUPE7.5 nim
trén NST 6 7 ¢6 s6 lugng chi thi phan tir quan trong
nhiéu nhit véi 5 chi thi. Kich thudc cia QTL nay la
1,5 Mb.
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Hinh 2. Phan tich GWAS véi tinh trang PUpE trén 157 gibng lua. Biéu dd Manhattan (tréi) va Q-Q (phai). Truc Ox biéu dién
Vi tri cGia cac SNPs trén 12 nghlém sac thé c6 mau sic khéc nhau, truc Oy biéu dién gia tri logarit ctia P trong kiém dinh lién
két tai m6i locus trong biéu dé Manhattan. Budng mau xanh da troi bién hién gia tri ngwdng. Trong bieur dd Q-Q, truc O hiéu
dién gia tri mong doi theo ly thuyét cla logarit P trong kiém dinh lién két tai méi locus.

Céc gen rng vién

Céc gen tmg cir vién dugc tim kiém trong pham
vi 25 kb xung quanh vi tri ctia 9 QTL dya vao co s6
dir liéu di truyén vé lta duoc cung cap trén co so dit
liéu MSU phién ban 7
(http://rice.plantbiology.msu.edu/index.shtml).  Sau

khi sang loc cac gen nhay, cac gen mé hoa protein gia
dinh, protein biéu hién va cac gen khong lién quan, 22
gen ung vién quan trong da dugc phat hién (Bang 1),
trong d6 7 gen mé& hda cho protein kinase va 2/7 gen
mi héa cho protein lién quan t6i duong truyén tin hiéu
Calmodulin.

Bang 1. Danh sach mét s6 gen (ng cl vién quan trong twong quan véi PupE.

STT QTL Chi thi Glitri P

MSU

Ma ID trong dir lieu Chirc nang gen trong dir

lifu MSU
(http://rice.plantbiology.msu.edu)

(http://rice.plantbiolo
gy.msu.edu)

1 gPUpE1.1 DjO1_34435745F 5.95E-08

LOC_0s01g59550.1

LOC_0s01g59560.1

LOC_0s01g59570.1

LOC_0s01g59530.1

OsCML1: Protein cam bién lién quan dén
Calmodulin, biéu hién

Tién chat cla protein kinase thudc nhém
serine/threonine bi kich hoat trong qua trinh gia
héa, biéu hién gia dinh

Protein chira mién kinase, biéu hién

Tién chat clha protein kinase thudc nhém
serine/threonine bi kich hoat trong qua trinh gia
héa, biéu hién gia dinh

2 gPUpE3.2 Sj03_00877981R 5.68E-13

LOC_0s03g02410.1

GHMP protein kinase lién k&t ATP, biéu hién gia
dinh

3 gPUpE4.3 Sj04_19271832R  5.73E-20

Sj04_19286435R  5.73E-20
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LOC_0s04g32110.1

LOC_0s04g32140.1

Protein chira mién ACT, biéu hién

Protein microneme Sm70, biéu hién gia dinh
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Sj04_19296066F

Sj04_19337452F

5.73E-20

5.73E-20

LOC_0s04g32150.1

LOC_0s04g32270.1

Protein thuéc ho amidohydrolase, biéu hién

Protein nép gép ubiquitin c6 mang neo, biéu
hién gia dinh

4

gPUpPE6.4  Sj06_02940078R

Dj06_02946720F

Dj06_02972689F

Sj06_02975240F

2.01E-07

5.31E-09

2.01E-07

5.31E-09

LOC_0s06g06300.1

LOC_0s06g06320.1

0sFTL3 FT-Like3 twong ddng véi gen dinh vira
hoa; chtra dinh dang PfamPF01161: protein lién
két voi phosphatidylethanolamine, biéu hién

0sFTL3 FT-Like3 twong déng véi gen T dinh vj
ra hoa; chira dinh dang Pfam PF01161: protein
lién két v&i phosphatidylethanolamine, biéu hién

5

gPUpE7.5 Sj07_02568177F

Dj07_02609124R
Dj07_02620316F
Sj07_02663376R

Sj07_02665268F

1.13E-11

2.30E-07

2.30E-07

3.65E-09

3.65E-09

LOC_0s07g05420.1

LOC_0s07g05640.1

CAMK_KIN1/SNF1/Nim1_Iike.28: CAMK bao
gom protein kinase phu thugc canxi/calmodulin,
biéu hién

Protein ho van chuyén, bidu hién gia dinh

gPUpE8.6 Dj08_12372981R

1.23E-09

LOC_0s08g20570.1
LOC_0s08g20580.1

LOC_0s08g20610.1

Protein kénh clorit, biéu hién gia dinh
Protein ngén tay kém ZOS8-04-C2H2, biéu hién

Protein chi*a pentatricopeptide, bidu hién gia
dinh

gPUpPE9.7 Sj09_14775135R

3.64E-07

LOC_0s09g24800.1

LOC_0s09g24810.1

Yéu t6 phién mé thuéc ho MYB, biéu hién gia
dinh

Protein chtra viing dimer héa protein ZF, biéu
hién

gPUpPE11.8 Sjl1_09104815F

6.69E-09

LOC_Os11g16420.1

LOC_0s11g16430.1

LOC_Os11g16470.2

Protein chwa biét chira nang, biéu hién

Protein sinh tdng hop diphthamide, biéu hién
gia dinh

MLA10, bidu hién gia dinh

gPUpE11.9 Dj11_20709473R

7.12E-11

LOC_0Os11g35290.1

OsWAK119 kinase té bao chét giéng thu thé
OsWAK, biéu hién
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(A) qPUpE4.3: ACGC (n=66); TTTT (n=91)
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Hinh 3. Tuwong quan clia chudi kiéu gen don béi chinh va kiéu hinh trén tai 3 QTLs ¢6 nhiéu chi thj phan ti nhat bao gém (A).
qPUpE4.3, (B) gPUPE 6.4 va (C) qPUPE7.5. Kidm dinh Student t-test dwgc thwe hién nham danh gia mirc d6 khac nhau gitra
2 nhém phu. (*), (**) va (***) twong &ng v&i cac gia tri P < 0,05, 0,01 va 0,001.
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Phin tich twong quan ciia chudi kiéu gen don bdi
va kiéu hinh trén 3 QTL c6 nhi€u chi thi phan tir
nhit

Kiéu gen don bdi cua cac QTL dugc xac dinh dya
trén trinh tu nucleotide cua céac chi thi quan trong
trong QTL d6. Dya vao dir li¢u gidi trinh ty cung dit
lidu kiéu hinh thu dugc cta 157 gidng lua, trong quan
giita chudi cac kiéu gen don bdi da duoc phan tich va
thé hién cho 3 QTL c¢6 nhiéu chi thi phéan tir nhat bao
gém qPUpPE4.3 (Hinh 3A), qPUpE 6.4 (Hinh 3B) va
gPUpE7.5 (Hinh 3C). Dya theo Hinh 3A, qPUpE4.3
gdém chudi SNP twong tng véi 4 chi thi quan trong,
trong d6 ACGC va TTTT 1a 2 chudi trinh tu don boi
chinh. Két qua phan tich twong quan cho thiy cac
gidng lia mang kiéu gen don bdi ACGC c6 kha ning
hap thy Pi ty nhién kém hon vé mat théng ké so véi
c4c gidng laa mang kiéu gen don boi TTTT (P < 0,05).

QPUpEG.4 ¢6 2 kiéu chudi gen don bdi chinh 1a
GAAA va TTTC, trong d6 nhing gidng lta mang kiéu
gen don boi GAAA ¢6 mire d6 hap thu tu nhién Pi thap
hon mét cach ¢ ¥ nghia théng ké so v6i nhing gidng
laa mang kiéu gen don boi TTTC (P < 0,001) (Hinh
3B). Trong khi & qQPUpE7.5, céac giéng lia mang kiéu
gen don boi CTTTG c6 kha nang hap thu Pi cao hon
nhidu so véi cac gidng lia mang kiéu gen don boi
GAAGA (P <0,001) (Hinh 3C).

THAO LUAN

Nghién ctru da chi ra sy da dang trong kha nang
hap thy Pi trén 157 giéng laa Viét Nam. Dya vao phan
tich GWAS, 9 QTL, 19 SNP va 22 gen tng vién quan
trong dd dugc tim ra. Trong 9 QTL, c¢6 3 QTL
qPUpEA4.3, gPUPE 6.4 va qPUPE7.5 mang nhiéu chi
thi phan ttr nhét lién két véi nhau chat ché. Pong thoi,
trong s6 22 gen tmg vién ¢6 7 gen ma hoa cho protein
kinase va 3 gen m hoa cho yéu t6 phién ma thugc ho
MYB, ZF-HD va C2H2.

Protein kinase 1a mot ho enzyme quan trong cé
chirc ning tham gia vao van chuyén nhém Pi tir phan
tor nang luong cao (ATP) dén cac protein c6 nang
luong thap, ddng thoi dong vai tro thiét yéu trong viéc
dan truyén tin hiéu va diéu tiét hau hét cac khia canh
chirc ning té bao binh thuong (; Swulius, Waxham,
2008; McClendon et al., 2014; Wang, Cole, 2014).
Trong nghién ciru vé kha nang hap thu Pi ndy, mot
gen ma hoa cho protein kinase phu thudc
Calcium/calmodulin (LOC_Os07905620) ciing dugc
tim thdy nam trén qPUPE7.5, bén canh chi thi
Sj07_02568177F. Diéu nay cho thiy kinase nay c6
kha ning tham gia vao diéu tiét qua trinh hap thu Pi

clia cdy, tuy nhién can c6 nhiing nghién ctru vé chic
ning gen dé lam rd hon gia thuyét nay. Trong mot
nghién ctru khac ¢ diéu kién moi truong thuy canh,
gen LOC_0Os07905620 dugc tim thay biéu hién manh
& 1é truong thanh & giai doan phat trién sém cua gidng
lba Oryza sativa L. cv. Nipponbare (Kyndt et al.,
2012) cho thdy viéc biéu hién manh & & c6 thé lién
quan dén kha nang tim ngudn dinh dudng Pi va hép
thu Pi ctia lta. Ngoai ra, gen LOC_0s07g05620 ciing
dugc tim thay bi kich hoat trén cdy lua dé ddi pho voi
chc stress, bao gdm cac stress sinh hoc nhu: ray nau
(Nilaparvata lugens Stél) (Lv et al., 2014), tuyén
trang san ré& (Zhou et al, 2020), nim dao on
(Magnaporthe oryzae RB22) (Shi et al., 2018) va
stress phi sinh hoc nhu: nhiét d6 thdp (Moraes de
Freitas et al., 2019). Nhiing nghién ctru nay da chi ra
vai trd quan trong cua kinase, cu thé 1a gen
LOC_0s07g05620 trong viéc van chuyén nhom Pi dé
diéu tiét su sinh truong phat trién va dap Gmg véi cac
stress cua cdy lua.

Yéu t6 phién ma 1 nhan t6 diéu hoa thiét yéu
trong qua trinh phién ma cua gen. Trong nghién ctru
nady , gen mia hoa cho yéu t6 phién ma MYB
(LOC_0s09g24800.1) dugc tim thdy ndm trén
gPUPEY.7, bén canh chi thi Sj09_14775135R. Ho yeu
to phién md MYB la mét trong nhiing ho phé bién
nhat dong Va1 tro quan trong trong qua trinh phat
trién, san xuét cac hop chét thir cdp, dan truyén
hormone, dong thoi chong lai cac stress sinh hoc va
phi sinh hoc ¢ thuc vat (Allan et al., 2008; Katiyar et
al., 2012)._LOC_0s09g24800.1 nam trong nhém
R2R3-MYB - 1a nhom dugc biét dén voi vai tro
chuyén héa phenylpropanoid, x4ac dinh hinh thai té
bao biét hoa va phan Gng vai céc stress sinh hoc, phi
sinh hoc (Yanhui et al., 2006). Trong mot nghién ctru
gan nhit, gen LOC_0s09924800.1 duoc tim thiy ting
muc d0 phién ma trong moéi trudng stress arsenic va
giam phién ma trong mdi trudng stress vdi ca arsenic
va selenium (Chauhan et al., 2020). Dac biét, mot gen
thuoc nhom R2R3-MYB Ia OsMYB5P dugc biét dén
1a tham gia vao qua trinh chdng chiu v&i diéu kién moi
truong thiéu Pi (Yang et al., 2018). Biéu hién qua mirc
gen nay ¢ lia va Arabidopsis thaliana Col-0 lam tang
kha nang chéng chiu véi moi truong thiéu Pi, trong
khi dot bién bét hoat gen nay sr dung RNAi lam cho
ciy lGa tré nén mam cam voéi moi truong thiéu Pi.
OsMYBS5P con lam ting kha niang hap thu Pi bang
céch diéu tiét cac protein van chuyén Pi (Yang et al.,
2018). Ngoai ra, OsMYB5P con tham gia vao quéa
trinh phat trién chdi va kién tric bo ré laa (mot bo
phan quan trong tham gia vao viéc hip thu Pi) (Yang
etal., 2018). Mot yéu t6 phién mi khac ciing dwoc tim
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thdy trong nghién ctu nady la ZF-HD
(LOC_0s099g24810) nam trén qPUPEY.7. Yéu td
phién ma nay bi giam biéu hién & cay lua dot bién gen
OsPP18 (gen ma héa cho enzym chuyén héa Pi, va
tham gia vao qué trinh phan ung cua cay trong voi
stress phi sinh hoc (You et al., 2014), dong thoi cling
giam biéu hién & gidng Ita Digu khi phan &mg véi nim
Magnaporthe oryzae (Li et al., 2015. Tuy nhién, chua
c6 nghién ciu nao tim thay vai tro ctia ZF-HD trong
phan tng cua cdy lta dbi véi didu kién moi truong
thiéu Pi. Yéu t6 phién ma thir ba dugc tim thay la
Z0S8-04 - C2H2 (LOC_0s089g20580) thudc nhom
yéu t6 phién ma zinc, nim trén qPUpES.6. Yéu tb
phién mi nay ting cuong manh biéu hién trong . dleu
kién stress lanh. Cay lta biéu hién qua mirc yéu to
phién mi nay c6 kha ning chdng chiu t6t véi moi
truong nhiét do thip, co nhiéu nhi c6 kha ning thu
phén va cho nhiéu hat hon cdy khong chuyén gen (Jin
et al., 2018).

Nhu vay, nghién ciru da tim thiy 7 gen tiém nang
mi hoa cho protein kinase va 3 gen ma hoa yéu to
phién mé - 1a mot trong nhiing protein quan trong nhat
tham gia vao diéu hoa qua trinh sinh truong va phat
trién cuia cdy lta, trong d6 co qua trinh hap thu Pi cung
cAp nguyén liéu co ban cho cau truc ciia phan tir cao
nang lugng ATP ciing nhu cho vt li¢u di truyén cua
té bao. Do vdy, nghién ctru nay da gop phan cung cp
thém nhiing hiéu biét sau hon vé cac gen tham gia vao
diéu tiét qua trinh hép thu Pi ¢ cay lua.

KET LUAN VA KIEN NGHI

Day 1a mot trong nhimng nghién ctru dau tién danh
gi4 kha nang hap thu Pi trong méi trudng ty nhién cta
tap doan 157 gidng laa Viét Nam su dung phuong
phép phéan tich GWAS. Nghién ciru da tim 9 QTLs va
22 gen tiém ning c6 kha ning lién quan dén kha ning
tu nhién trong viéc hap thu Pi, chu yéu bao gdm cac
gen thudc ho kinase. Viéc tim ra cac gen va QTLs nay
¢6 ¥ nghia rat quan trong cho viéc cai tién giéng lua
6 kha nang hap thy Pi thap dic biét trong tinh hinh
ngudn Pi tw nhién dang bi can kiét nhanh chéng nhu
hién nay. Cac nghién ctru vé chire nang gen can dugc
tién hanh sau d6 nham cung cép thém thong tin vé co
ché phan tir clia qua trinh hap thu Pi va cac gen c6 vai
tro then chdt trong qué trinh nay. Nghién ctru nay
dong gop thém thong tin gitp cac nha lai tao gidng
phat trién dugc cac gidng lia méi c6 kha nang phat
trién t6t trong dét thiéu Pi.

Lo&i cdm on: Nhom tdc gia xin gui loi cam on sdu sac
den Truong Dai hoc Khoa hoc va Cong nghé Ha Noi
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da tai tro kinh phi cho Dé tai nghién ciru md so
USTH.B10.01/19-20 cho TS. Mai Th; Phuwong Nga.
Nhém tac gid ciing xin cam on USTH Consortium va
Pai sir quan Phép tai Ha Néi da tai tro mét phan cho
dir an nay thdng qua tai tror cua duw an KH&CN hop
tac nam 2021 (LS-PT-02-IRD). Péng thoi ching toi
ciing xin chan thanh giti 16 cam on dén cdc em sinh
vién: Kiéu Thi Hanh, Duwong Viét Linh, Nguyén Vin
Hiép, Tran Phwong Trang, Nguyén Vin Anh, Ngé Lé
Na da givp ching t6i thyc hién thi nghiém phan tich
kiéu hinh Pi.
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GENOME WIDE ASSOCIATION STUDIES ANALYSIS OF THE NATURAL ABILITY OF
UPTAKING THE PHOSPHATE IN VIETNAMESE RICE LANDRACES

Mai Thi Phuong Nga, Le Quoc Khang, Chu Thi Quynh Anh, To Thi Mai Huong

University of Science and Technology of Hanoi, Vietham Academy of Science and Technology
SUMMARY

Phosphorus is the one of the most important macro-elements for the growth, development as well as
productivity of plants. However, the overuse of fertilizer negatively affects soil and water quality, and the run-
out of natural phosphates (Pi). Therefore, it is necessary to study on Pi cycle and find out the way to use Pi
efficiently for rice as well as other crops. In this work, genome wide association studies (GWAS) was used to
investigate the diversity in uptaking phosphate of 157 Vietnamese rice cultivars in order to find genes involved
in this process. Rice plants were grown in sand columns and irrigated with Yoshida nutrient medium every three
days during 6 weeks. The experiment was conducted with three repetations in a randomized complete block
design. The natural ability of uptaking the phosphate was then quantified and evaluated. GWAS analysis was
conducted using the Mix Linear Model that combine both kinship and population architechture of the panel with
6 Principale Component as co-factors. Results obtained from the association mapping revealed a total of 19
important single nucleotide polymorphism (SNPs), 9 quantitative trait locus (QTLs) and 22 genes. The obtained
findings may provide genetic tools for the development of rice varieties which can use phosphate effectively.

Keywords: GWAS, phosphate uptake efficiency, quantitative trait locus, rice, single nucleotide polymorphism.
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