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TACH DONG GEN Lc HOAT HOA SINH TONG HQP ANTHOCYANIN O CAY
NGO NEP PIA PHUONG (ZEA MAYS SUBSP. CERATINA (KUELSHOV) ZHUK)

Nguyén Thi Khuyén, Pham Thi Thanh Nhan
Truong Dai hoc Sw pham - DH Thai Nguyén

TOM TAT
Ngo nép (Zea mays subsp. ceratina (Kuelshov) Zhuk) 1a mot trong cac hat ngii coc phd bién va
quan trong tai Viét Nam, dédc biét & cac ving nui phia bac. Anthocyanin dugc coi 1a mot dau hién
stress do han gay ra. Sy biéu hién ciia cac gen ciu triic hay cic enzyme tham gia vio cac phan tng
sinh tong hop anthocyanin & cac bo phan ciy ngd rat can sy ¢ mit cac nhén t6 phién ma thudc ho
Myb, Myc (hay bHLH) va WD40. Cac gen thudc ho Myb diéu hoa sinh tong hop anthocyanin &
ngd da dugc nghién cuu nhléu gdm céac gen C1, P1, Pl. Trong khi cic gen thudc ho Myc (hay
bHLH) duoc nghién ctru gdm B, R, Sn va Lc (Leaf color). Bai bao nay phan tich trinh ty doan gen
Lc hoat héa sinh tong hop anthocyanin tir gidng ngd nép dia phuong Na Hao (NH).
Gen Lc phéan 1ap dugc co kich thude dai 1833bp, ma hoéa cho 610 amino acid véi 14 vi tri
nucleotide sai khac so véi trinh ty NMO001111869 va trinh tu KJ726800; 8 vi tri sai khac so voi
trinh tu M26227. Trinh ty gen c6 su tuong dong 99,23% - 99,56% so véi cac tinh tir gen thudc ho
bHLH. Phan tir protein Lc suy dién c6 su twong ddng véi cac trinh tu thudc ho bHLH cong b trén
GenBank tir 96,2% - 98% véi 8 amino acid sai khac so vé6i trinh tw m3 s6 NM001111869 va
KJ726800, 5 amino acid sai khac so vé6i trinh tw ma sb M26227.
Tir khéa: Anthocyanin, gen Le, kha ndng chiu han, ngé nép dia phwong, nhén té phién ma
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CLONING OF GENE CONTAINING Lc REGULATORY GENE IN THE
ANTHOCYANIN BIOSYNTHESIS FROM LOCAL STICKY CORN CULTIVARS
(ZEA MAYS SUBSP. CERATINA (KUELSHOV) ZHUK)
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ABSTRACT
Sticky corn (Zea mays subsp. ceratina (Kuelshov) Zhuk) is one of the important and widely grown
plants in Vietnam, especially in mountainous regions. Anthocyanin is considered as a sign of the
stress caused by drought. The expression of the structural genes or enzymes involved in the
anthocyanin biosynthesis in parts of maize plants needs the presence of transcription factors
belonging to MYB, Myc (or bHLH) and WD40 family. Genes of MYB family regulating
anthocyanin biosynthesis have been studied including C1, P1, Pl. While genes of Myc family (or
bHLH) studied include B, R, Sn and Lc (Leaf color). This paper analyzed the sequence of the Lc
gene which activates anthocyanin biosynthesis from Na Hao sticky cultivars (symbolized by NH).
The sequence of the Lc gene consists of 1833 bp encoding 610 amino acids with differences in 14
positions compared with the NM001111869 and KJ726800 sequences and 8 positions compared
with the M26227 sequence. They are highly similar to others in maize bHLH family (from 99.23%
to 99.56%). The deductive proteins of the Lc gene is also homologous with others in maize bHLH
family (from 96.2% to 98%) with differences in 8 positions compared with the NM001111869 and
KJ726800 sequences and 5 positions compared with the M26227 sequence.
Keywords: Anthocyanin, Lc gene, drought tolerance, local sticky corn, transcription factor

Received: 18/12/2018; Revised: 29/12/2018; Approved: 31/01/2019

* Corresponding author: Tel: 0989 516346; Email: ptnhanbio@dhsptn.edu.vn

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn 139


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
mailto:ptnhanbio@dhsptn.edu.vn

Nguyén Thi Khuyén va Dtg

Tap chi KHOA HOC & CONG NGHE DHTN

194(01): 139 - 144

DAT VAN DE

O Viét Nam, ngd 1a cay lwong thuc quan
trong thir hai sau lta cua nong dan vung trung
du va mién nui phia Bic, va la cdy luong thuc
chinh ciia dong bao cac dan toc thiéu sb & cac
ving ndi cao [2]. Trong nhiing nim gan day,
cac gibng ngd nép dia phuong cho ning suit
thap it dugc quan tdm phat trién, nhidu gidng
ngd quy hiém bi mat din mic du chat lugng
hat cao, kha nang chiu han tdt va phu hop voi
diéu kién canh tac dat déc cia timg ving &
mién nai. Vi vay, viéc nghién ctru va chon tao
cac gidng ngd co kha ning chiu han 13 viéc
1am rat can thiét, gop phan bao ton ngudn gen
va tao vat liéu cho lai giéng.

Anthocyanin 13 chit mau thién nhién dugc sir
dung an toan trong c6ng nghiép ché bién thuc
pham va dugc phdm. Anthocyanin duoc tim
thdy trong khong bao cia té bao biéu bi, mod
mach dan [6]. Anthocyanin duoc coi la mot
dau hién stress va 1a mot phan trong co ché
han ché tic dong cua stress han gy ra. Chirc
nang nay la do anthocyanin c6 kha ning
chuyén hoa ROS (Reactive oxygen species)
gap 4 1an so véi vitamin E, C, va 1am vo hiéu
hoa hau hét ciac ROS va cac gdc nitrogen
quan trong [12].

Su biéu hién clia cac gen cau tric hay cac
enzyme tham gia vao cic phan ung sinh tong
hop anthocyanin & cac bd phan ciy ngd rat
can su co mit cac nhan td phién ma thudc ho
Myeloblast (Myb), basic helix-loop-helix
(bHLH) hay Myc va WD40 [6]. Cac gen
thugc ho Myb didu hoa sinh tong hop
anthocyanin & ngd da dugc nghién ctiru nhidu
gdm cac gen C1 (Colored Aleurone 1), P1
(Purple), PI (Purple leaf). Trong khi cac gen
thudc ho Myc (hay bHLH) dugc nghién ctru
gdm B- Peru, R, Sn va Lc (Leaf color). Cac
trinh ty gen nay trong mot ho kha twong dong
v6i nhau [3], [10]. Tuy thudc vao timg gidng
ngb ma cod thé c6 mot hodc ca bdn gen.

Céc protein nay hoat hoa cic gen cau triic
CHS, CHI, F3H, DFR, ANS, Bz, trong do6 ba

gen CHS, DFR va F3H dugc coi la gen chia
khoéa ciia qua trinh sinh tong hop anthocyanin.
San pham gen Lc (Leaf color) 1a 1 loai protein
diéu hoa tong hop cic enzyme chuyén héa tao
ra anthocyanin c6 mau do trong cac md gan
14, ludi be, vo hat, 14 béc, may ngo6. Gen Lc
khong lién tuc, doan ma hoa c6 kich thude
1830 bp mi hoa cho 610 axit amin voi bdn
ving chire nang theo thur tw: Ving MIR gom
252 amino acid (thudc vi tri tur 1 dén 252, 1a
noi twong tac voi protein MYB dé tang toc do
phién mé cua cac gen cdu tric), ving c6 tinh
acid g@)m 160 amino acid (thudc vi tri tir 253-
410, thuong la noi tuong tac vdi protein
WD40 va PAC1), ving bHLH gbém 52 amino
acid (thudc vi tri tir 411- 462, la vung trung
tam hoat dong) va ving con lai gdm 76 amino
acid (thudc vi tri tir 463- 610). Sy gia ting
ham lugng anthocyanin da duoc ghi nhén
thong qua sy biéu hién vuot ngudng cua gen
mi hoa cac nhan té phién ma Lc & ngd [7].
Bai b4o nay phéan tich trinh ty doan ma hoa
ctia gen Lc, 13 tién dé cho viéc lam sang to co
so phan tor lién quan dén sinh tong hop
anthocyanin va nghién ctru biéu hién gen Lc
phan 1ap duoc tir cay ngd nép dia phuong.
VAT LIEU VA PHUONG PHAP NGHIEN CUU
Vit li¢u va hoa chit nghién ciru

Gidng ngd nép dia phuong Na Hao c6 ma s6
X06 (ki hiéu NH, duoc thu thap tai Tan Tién-
Trang Dinh- Lang Son) dugc Vién Nghién
clru ngd cung cap. Vector pBT va chung vi
khuan Escherichia coli DH5a do Phong Céng
nghé té bao thuc vat, Vién Cong nghé sinh
hoc- Vién Han 1am Khoa hoc va Cong ngh¢
Viét Nam cung cép.

Céc hoa chét Trizol® Reagent, Kit tong hop
CDNA (First Strand cDNA Synthesis), Master
mix PCR, T4 ligase, T4 ligase buffer... duogc
mua tir hang Invitrogen, Fermentas, Merck.

Phwong phap nghién ctru

Phuong phép giy han nhéan tao ¢ giai doan
cay non ba 14 theo md ta ciia Lé Tran Binh &
Lé Thi Mudi (1998) [1].
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Tach chiét va tinh sach RNA tong sd tir than
cady ngd non bi han dugc thuc hién theo
hudng din ciia hiang san xuét Trizol.

Tong hop ¢cDNA theo huéng dan cua Kit
Fermentas. Thiét ké mdi bang phan mém
DNAstar trén co sé trinh ty gen Lc ciia ngd da
cong bd trén ngan hang gen (NCBI) véi ma sd
NM- 001111869. Cap mdi dugc téng hop tai
hang Invitrogen c6 trinh tu:

LcF: 5°- ATGGCGCTTTCAGCTTCCCGA -3’

LcR: 5>- TCACCGCTTCCCTATAGCTTTG -3’

Gen Lc can nhan c6 kich thude 1833 bp. Chu
trinh nhiét cho phan img PCR duoc tién hanh
theo chuong trinh 94°C: 3 min 30s; (94°C:
30s; 60°C: 50s; 72°C: 1 min 20s) lap lai 30
chu ky; 72°C: 10 min; 4°C: . Tach dong gen
Lc duoc tién hanh bang cach gan tryc tiép san
pham PCR vao vector pBT. Xac dinh trinh ty
DNA theo phuong phap cua Sanger et al.,
(1977) [11]. Sir dung phan mém BioEdit dé
phan tich trinh ty nucleotide.
Céc thi nghiém dugc thuc hién tai Phong
Cong nghé gen, Khoa Sinh hoc, Truong Pai
hoc Su pham- Pai hoc Thai Nguyén.
KET QUA VA THAO LUAN
Két qua tach dong phan tir mang gen Lc tir
gidng NH
Ké thira két qua nghién ctru cia dé tai cip co
s& mang mai s6 CS2016-SP-15, gidng ngd nép
dia phuong NH 1a gidng c6 kha ning chiu han
M1 2% 3

4 5

(+)

1.5kb

(A)
Hinh 2. Hinh dnh dién di kiém tra plasmid (4), san phiam clony- PCR (B) VA san pham phdn ing cdt béi
BamHI (C)
(M: DNA marker 1kb; (+): Péi chitng dirong; (-): Poi chimg dm; 1-5: Plasmid ciia 05 dong khudn lac
mau trang; NH: Plasmid tdi té hop ciia dong té bao dwge chon loc)

0,75 kb [

M

(B)

tot nhét nén duoc st dung lam vat liéu nghién
dé tach RNA tong sd. RNA tong sb ciia giéng
ngé NH dugc st dung lam khuon cho phan
tmg RT- PCR v6i mdi Oligo(dT)sg, cip mdi
LcF va LcR dé phan lap gen Lc. San pham
RT-PCR thu duge rat dic hiéu, c6 kich thude
khoang 1,8 kb (hinh 1).

San pham RT- PCR gen Lc duoc gin truc tiép
vao vector tich dong, bién nap vao ching
E.coli va cdy trén méi truong chon loc c6
carbenicillin. Két qua kiém tra san pham
plasmid, clony- PCR va phan {mg cit boi
enzyme gii han dugc trinh bay ¢ hinh 2. Két
qua dién di sau khi cit cho thiy, doan DNA
duoc khuéch dai va cét roi ra khoi vector tai
t6 hop co kich thude phan tir khoang 1,8 kb,
tuong tmg voi kich thudce cta gen Lc can tach
dong. Nhu véy, dong plasmid tai to hop cua
miu NH c6 mang san phiam PCR da duoc
chon loc.

2kb
1.5kb

1kb
0,75 kb

~1,8kb >

Hinh 1. Hinh dnh dién di kiém tra san pham RT-
PCR gen Lc
(M: DNA marker 1kb; (-): Poi chirng dm; 1-3:
San phdam RT-PCR ciia gen Lc)

M NH
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Pic diém trinh ty gen Lc cia giong ngd nép dia phwong NH
Két qua Blast cho thiy trinh ty cDNA ciia gen Lc dai 1833 nucleotide va ma héa cho 610 amino
acid, trong tng véi trinh tr cDNA ciia gen Lc ¢ gidng ngd nép dia phuong NH phén 1ap duoc

(hinh 3).
C | 8 Bomit | https

blastncbinim.nihgov

Hinh 3. Hinh dnh blast trinh tw nucleotide ciia gen Le giong NH trén NCBI

=)
=
b o

3386 3386 100% 0.0 100%
3369 3369 99% 00
3297 3297 100% 00
3249 3249 100% 00
3249 3249 100% 00
3249 3249 100% 00
3249 3249 100% 00
3249 3249 100% 00
3249 3249 100% 00
3249 3249 100% 00
3186 3186 100% 0.0
3181 3181 100% 00 98%

KJ726800.seq

MNMO01111869.5eq

m26227 5eq

LcMNH.seq

0

Mucleotide Substitutions (x100)

Hinh 4. So' d6 hinh cdy mé ta méi quan hé di truyén giita gen Le ciia giong ngé NH véi cdc gen thuge ho bBHLH

So sanh trinh tw gen Lc ciia giong NH véi
cdc trinh tw trén GenBank

St dung phin mém BioEdit dé so sanh sy
tuong dong giita gen Lc & giébng NH va cac
trinh tu gen trén GenBank thu dugc két qua
nhu sau: Trinh ty nucleotide cua gen Lc &
giong NH tuong dong 99,23% véi trinh tu
DNA cua gen Lc hoan chinh dugc ding ki
tréen GenBank véi ma s6 MNO001111869,
tuong dong 99,23% véi trinh ty ma sd
KJ726800, twong dong 99,56% véi trinh ty
mi s6 M26227.

So véi trinh tr dwgc phan 1ap tor mRNA da
ding ki trén GenBank (mi 6
NM_001111869.1), trinh tu gen Lc cia giéng
NH khac ¢ 14 vi tri, thudc cac nucleotide thi
237, 745, 746, 747, 1336, 1338, 1546, 1548,
1571, 1572, 1687, 1804, 1806 va 1821; so voi
trinh ty ma sb KJ726800 khic & 14 vi tri,
thudc cac nucleotide thor 151, 153, 1336,
1338, 1367, 1546, 1548, 1687, 1804, 1806,

1821, 1831, 1832, 1833; so véi trinh tu ma s6
M26227 khac & 8 vi tri, thudc cac nucleotide
thr 1336, 1338, 1546, 1548, 1687, 1804,
1806, 1821.

Phén tich sw twong déng gen Lc cua giéng
NH vdi cdc gen khdc trong ho bBHLH

Dua vao cac trinh tu nucleotide ctia gen Lc va
cac gen thudc ho bHLH tham gia sinh tong
hop anthocyanin & ciy ngd va cac ddi tuong
thuc vat khac di cong bd trén ngan hang gen
qudc té (NCBI), trinh tu gen Lc & gibng NH
va cac trinh tu trén GenBank dugc so sanh
bang phan mém DNAstar. Két qua phan tich
su trong dong di truyén dugc trinh bay & hinh
3. Két qua phan tich cho thdy, trinh tu
nucleotide ctia gen Lc¢ & giébng NH c¢6 su twong
ddng rét cao véi trinh t gen Lc va Sn da cong
b trén GenBank (tir 99,2% dén 99,5%). Trinh
tir ndy ciing c¢6 twong dong cao vdi cac trinh tu
trong ho bHLH va R ¢ cay ngo.
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Bang 1. Si sai khdc vé amino acid trong protein Le suy dién giita giong NH véi cdc trinh tw trén GenBank

Vi tri amino Trinh tw ma so

Trinh ty mi so

Trinh ty ma s6  Trinh tu protein Lc

STT  cid sai khac  NMO001111869 KJ726800 M26227 ciia giéng NH
1 51 G R G G
2 79 H Q 0 0
3 249 ; D D D
4 446 N N N D
5 456 A Vi A A
6 516 D D D N
7 524 | T T T
8 563 S S S G
9 602 A A A T
10 607 [ | | M
11 610 M3 két thiic - M3 két thiic M3 két thiic

Pic diém trinh ty protein Lc suy dién ciia
gidng ngd nép dia phwong NH

Trinh ty nucleotide ciia gen ma hoéa protein
Lc tir gibng ngdé NH duoc suy dién bang phan
mém BioEdit. Phan tir protein gdm 610 amino
acid vi md mo dau 1a AUG quy dinh tong
hop methionine (M), ma két thuc 1a UAA. Sy
khac nhau vé trinh tir amino acid suy dién tir
doan gen Lc gitta gidng NH va céc trinh ty
trén Gen Bank duogc trinh bay ¢ bang 1.

Nhu vay, trinh tg nucleotide gen Lc dugc
phan lap tir gidng NH va trinh ty mi s
NMO001111869 trén GenBank khac nhau ¢ 14
vi tri nhung chi c6 8 amino acid khéac nhau.
So véi trinh ty KJ726800, chiing khac nhau ¢
14 vi tri nhung chi c6 8 amino acid khac
nhau. So voéi trinh tg M26227, chiing khac
nhau & 8 vi tri nhung chi c6 5 amino acid
khac nhau (bang 1).

Trinh ty protein Lc suy dién cta gibng NH ¢
hé sb tuong ddng di truyén cao v6i mot sd
trinh ty trén GenBank, tir 98,6% dén 99%.
Phan tich bang hé sé twong dong di truyén vé
protein Lc suy dién thdy rang trinh ty cua
gibng NH tuong ddng cao nhét voi trinh tu
mang mi sb M26227 (99%), KJ726800
(98,8%), NM001111869 (98,6%). Qua do thiy
rang, trinh ty protein Lc suy dién ciia giéng
NH c¢6 do twong ddng cao v6i cac trinh tu
thudc ho gen bHLH va gen R (98,6% - 99%).
Céac amino acid giéng nhau giita céc trinh tu
protein suy dién chu yéu thudc ving cé tinh

axit va bHLH ciia nhan t6 phién ma Lc. Ving
bHLH la dic trung ctia nhém protein MYC
(bHLH) va c6 tinh bao thu. Pay chinh la vi tri
tuong tac cua protein Lc véi DNA dé ting toc
d6 phién ma cua cac gen cau trac mi héa cho
cic enzyme tham gia tryc tiép tong hop
anthocyanin. Vung nay c6 hai vi tri amino
acid khac nhau (446 va 456). Nhu vay, su
thay d6i amino acid ctia protein nay co thé la
nguyén lam tang ham lugng
anthocyanin va tinh chiu han cho cay ngo [4].
Tuy nhién dé khang dinh diéu ndy can phai
nghién ctru sdu hon vé ciu trac va su biéu
hién cua protein trén.

nhan

Mbi mot ving ciia protein nhom bHLH c6
chuc nang khac nhau. Vung MIR 1a noi tuong
tac voi protein MYB. Nhimng bién d6i & vi tri
19 trong vung nay luén di kém véi su thay
d6i ¢ vi tri 16 lizin [12]. Trong nghién ciru
ctia Pattanaik va cs (2008) trén ddi tugng ciy
tia to (Perilla frutescens), su thay thé lyzin
thanh methionin & vi tri amino acid thu 157
(K157M) di dan dén hoat dong trans cia
protein ho bHLH va ham lugng anthocyanin
tang 1én gap 50 1an so vé6i dbi ching. CAc tac
gia tiép tuc nghién ctru trén dbi tuong ciy
mdm cho va ciy ngd, két qua ciing twong tu. Sy
c6 mét ciia amino acid alanin (A159 cua MYC-
RP trong céy tia t6, A161 cuia Delila trong cay
mom cho va A172 trong protein Lc cua cay
ngd) cling anh hudng téi hoat dong trans. Khi
amino acid nay bi thay thé boi aspartic s& lam
mat hoat dong trans dbi vai protein MYC- RP
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va Delila, lam suy giam nghiém trong hoat dong
trans d6i voi protein Lc [9].

Ving con lai ¢6 85 amino acid cudi 1a ving
gia dinh ACT, c6 vai tro tao sy tuong thich
v6i DNA. Ving nay c6 thé diéu hoa sy dimer
hoa trong t& bao ngd. Cac két qua phan tich
dot bién ving nay cho thiy, su dimer hoa
hoan toan bi loai bo néu thiéu vung 532-560,
lam gidm kich hoat ctia promoter Al, dan dén
hinh thanh rét it t& bao mau do. Trong nghién
ctru dot bién thuc nghiém khac, khi Ser 560,
GLN 562, va Ser 564 ddng thoi duoc thay thé
bang Ala, kha ning dimer hoa cia protein R
bi giam dang ké [5]. Khi tao dot bién thém ba
amino acid vao ciu trac xoan thur hai trong
vung bHLH cua protein Lc ¢ ngd (con goi la
alen D12), tr amino acid 458 dén 464, két
qua thu duogc la sy tuong tac cua protein bi
can trd va lam suy giam vai tro hoat hoa cia
protein nay [8].

KET LUAN

Gen Lc phan 1ap dugc cd kich thude dai
1833bp, ma hoa cho 610 amino acid vdi 14 vi
tri nucleotide sai khac so vGi trinh tu
NMO001111869 va trinh ty KJ726800; 8 vi tri
sai khac so vdi trinh ty M26227. Trinh tu gen
cO su tuong déng 99,23% - 99,56% so v&i cac
tinh ty gen thudc ho bHLH.

Phan tir protein Lc suy din co sy twong dong
véi céc trinh ty thudc ho bHLH cong bd trén
GenBank tir 96,2% - 98% v&i 8 amino acid
sai khac so véi trinh ty ma s6 NM001111869
va KJ726800, 5 amino acid sai khac so véi
trinh ty ma s6 M26227.

Loi cam on: Nhom tac gia xin trdn trong cam
on su hé tro tir dé tai nghién cuu khoa hoc
cap Pai hoc DPH2018-TN04-02.
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