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TOM TAT: Hang nim nhu cau vé ngd trén thé gii va Viét Nam déu ting, vi vay, vin dé cai tién
ngd theo hudng ting ning suit dang dugc cic nha khoa hoc quan tim nhicu. ADP-glucose
pyrophosphorylase (AGP) 1a enzyme xuc tdc qué trinh tao ADP-glucose tr ATP va glucose-1-
phosphate va duoc biét dén nhu 1 enzyme then chdt trong diéu khién strc chira. Céi bién di truyén
enzyme nay c6 thé 1am ting sirc chira clia cdy va sau do s& ting nang suat sinh khéi va nang suit
hat. Gen Shrunken 2 (Sh2) va Brittle 2 (Bt2) ma hoa cho cac tiéu don vi ciia ADP-glucose. Trong
cac cong bd trude ddy, ching t6i da trinh bay ket quéa vé chuyén thanh cong gen Shrunken 2 (Sh2)
va gen Brittle 2 (Bt2) vao m{t so dong ngd trong Bai bao ndy tap trung gidi thi¢u cac két qua ve
ham luong tinh bot, cac yéu t6 cAu thanh ning sudt va ning suét cia mot sb dong céy chuyén gen
d3 nhan dwoc. Két qua cho thiy, ham luong tinh bot trong cac cdy ngod chuyén gen Sh2 tang tir
10,12 dén 15,69% so véi dong d01 chting khong chuyen gen, con trong cac cdy chuyén gen B2
tang tir 8,76 dén 10,55%. Nang suét trung binh cua mot s6 dong ngd chuyén gen tang tr 10,41 dén
11,16% so véi dbi ching khong chuyén gen. Ca biét co cay chuyen gen cho ning suit ting trén
15% Day 1 cong trinh dau tién ¢ Viét Nam vé cai tién nang suit cdy ngd bang cong nghé gen. Cac
két qua nhan dugc gop phan vao nghién ctru vai tro cua gen Sh2 va Bt2 trong tong hop va tich liy
tinh bt & ngo.

Tir khéa: Zea mays, chuyén gen, gen Shrunken 2 (Sh2), gen Brittle 2 (Bt2), ham lwong tinh bét,

nang suat.

MO DAU

Ngd (Zea mays L.) 1a cdy ngi cbe quan
trong trong nén kinh té toan cu vi n6 nudi sdng
mot phan ba dan sb thé gigi va la cay luong
thyc dimg thir ba sau lia mi va lia. O Viét
Nam, ngé la cay luong thyc ding thir hai sau
cdy Ita. Nhu cau vé lvong thyc, thirc dn chin
nudi va nhién ligu trén thé gidi ngiy mot ting
va da vuot so voi kha nang san xuét. Theo du
béo, dén 2020 nhu ciu vé ngi coc tang 45% [4].
O chau A, dén 2020, nhu ciu v& ngb sé ting dén
87% so voi 1995 [4]. San luong ngd & Viét
Nam ciing khong dap tng do yéu ciu ngiy cang
tang. Nam 2013, Viét Nam phai nhap khau 2,6
tridu tan, nam 2014 1én t6i 3,0 triéu tan. Nang
sudt ngd Viét Nam chi dat 4,43 tin/ha [6]. Van
dé cai tién ngo theo hudng ting ning suat dang
duoc cac nha khoa hoc quan tam nhiéu. bé tang
ning suit, mot trong nhitng cach tiép can 1a ting
tong hop va tich liiy tinh bot & hat. ADP-
glucose pyrophosphorylase (AGP) la enzyme c6
cAu trac to phan tir nhiéu phan tir khic nhau,
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xUc tac qua trinh tao ADP-glucose tur ATP va
glucose-1-phosphate va dwoc biét dén nhu la
enzyme then chét trong diéu khién sic chira.
Cai bién di truyén lién quan dén enzyme nay c6
thé 1am tang stc chira cia ciy va sau do 1a ting
ning sudt sinh khdi va ning sudt hat. Gen
Shrunken 2 (Sh2) va Brittle 2 (Bt2) ma hoa cho
cac tiéu phan ciia ADP- glucose [1, 2]. Chuyen
cac gen ndy vao ngd co thé cai tién ning suat.
Trong khudn khé dé tai “Nghién ctru tao dong
ngd bd me dugc ting cudng kha niang tong hop
tinh bot bang cong nghé gen” thuéc Chuong
trinh Cong nghé sinh hoc néng nghiép, chung
t6i da chuyén thanh cong gen Sh2 va Br2 vio
mot s6 dong ngd trong [6, 8]. Bai bao nay tap
trung gidi thiéu cac két qua vé ham luong tinh
bot, cac yéu té cAu thanh ning suit va ning sudt
ctia mot s6 dong cdy chuyén gen da nhan dugc.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Céac dong ngd chuyén gen T1 dong hop tir
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da dugc kiém tra bang phan tich PCR, lai
Southern va Northern [6, 8] vdi mdt ban sao cla

gen chuyén duogc st dung trong nghién ctru nay
bao gom cac dong dugc trinh bay trong bang 1.

Bdng 1. Cac dong ngd chuyén gen sir dung trong nghién ctru

S Dong ngo6 Gen Dong S Dong ngd Gen Dong
TT chuyén gen chuyén gbe TT chuyén gen chuyén gbe
1 CML161SC-34-1 Sh2 CMl161 17 H26SM-1 Sh2 H26
2  CMLI161SC-34-2 Sh2 18 H26SM-3 Sh2
3 CMLI161SC-34-5 Sh2 19 H26SM-9 Sh2
4 CMLI161SC-34-6 Sh2 20 H95SE-2 Sh2 HO95
5 H240SC-45-2 Sh2 H240 21 H95SE-3 Sh2
6  H240SC-45-3 Sh2 22 H95SC-4 Sh2
7  H240SC-45-4 Sh2 23  H95BE-1 Bt2
8  H240SC-45-9 Sh2 24 H21BE-3 Bt2 H21
9  H240SC-44-4 Sh2 25 H21BE-4 Bt2
10 H240SC-44-7 Sh2 26 CMLI161BE -1 Bt2 CML161
11 H240SC-44-9 Sh2 27 CMLI161BE -9 B2
12 H240SC-44-10 Sh2 28 HI14BE-1 Bt2 H14
13 H20SM-4 Sh2 H20 29 HI14BE-2 B2
14 H20SM-4 Sh2 30 HO64BE-2 B2 Ho64
15 H20SM-4 Sh2 31 HO64BE-4 B2
16 H20SM-4 Sh2 32 HO64BE-5 B2

Phan tich ham lwong tinh bjt

Ham luong tinh bot dugc tién hanh theo
phuong phap Miller (1959) [7]. Hat ctia céc
dong ngod chuyen gen duoc nghién thanh bot
min. Can 1 g mau moi dong ngd cho vao binh
tam giac, bd sung vao binh 100 ml HCI 5%.
Pun céch thay mﬁu trong 1 gid. Sau 1 gio toan
b tinh bt chuyén thanh glucose.

bé ngudi, nhd vao 4-5 giot dung dich

methyl da cam sau d6 dung NaOH 20% dé
trung hoa axid toi khi dung dich d6i mau (tir
hong sang vang). Loc bang gidy loc dé thu dung
dich trong.

Dung dwong chudn va xdc dinh ham lwong
dwong

Cho vao 6 dng nghiém sach vé6i cac chat co
thé tich nhu trong bang bén dudi:

Hoa chat Ong BC

Ong 1

Ong 2 Ong 3 Ong 4 Ong 5

Glucose 10 mg/ml (pl) 0
Nudc cat (ul) 1000
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Lay 1 ml dung dich thuy phan trong cic
binh thi nghiém cho vao cac ong danh so thir
tu. Lan luot cho vao cac 6ng nghiém mdi 6ng 3
ml thude thir Dinitrosalicylic (DNS). Pun s6i 5
phit c6 ddy nip, sau d6 lam lanh dén nhiét do
phong. Po mét d6 quang ¢ bude song 540 nm
v6i mau tring pha tir 5ng d6i ching.

V& duong chuan glucose voi truc tung la
mat d6 quang (ODs4gum), truc hoanh 1a ndng do
glucose (0, 20, 40, 60, 80 va 100 mg/ml) (hinh
1). Tim phuong trinh biéu dién duong chudn
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dang y = ax + b v6i y= ODs4g nm, x = [glucose]
(mg/ml) va hé sé twong quan R? nhd phan mém
Excel.

Tinh két qua
Tir phuong trinh @6 thi duong cong chuan
tinh dwoc X mg/ml duong khur trong dung dich
0 cac ong nghiém.
Ham lugng glucose trong nguyén liéu dugc
tinh theo cong thic:
G- XV.100
1000.m

Trong d6, m 1a lugng mau dem thi nghiém
(m =1 g); V la thé tich dinh mirc dung dich thi
nghiém (V=200 ml); X Ia ndéng d6 duong khir
trong dung dich mau tinh theo glucose (mg/ml)
finau: hé s6 pha lodng mau

Lna (%)

Duo6i tac dung cua acid, tinh bot bi thiy
phan thanh duong glucose, xac dinh lugng
glucose tao thanh roi nhan voi hé s6 0,9 s& duge
ham lugng tinh bét.

(CH1005)1’1 +n HQO —> nh C6H1206
162,1 18,02 180,12

F=180,12/162,1=10,9
Twr day ham lugng tinh bot: X =G % 0,9.

_ Trong d6, G 1a ham luong glucose trong
mau phén tich (%); X la ham lugng tinh bot
trong mau phan tich (%).

Dainh gia nang sudt va mjt 0 yeu 10 ciu
thanh nang sudt mot 0 dong ngo chuyen gen

Céc dong ngd dugc trong riéng ré& & timg 6.
M&i 6 thi nghiém tréng 20 cdy, trong d6 c6 3
cdy dbi chirmg. Dién tich 6 thi nghiém: 3,6 m’
(chiéu dai: 3 m; chiéu rong: 1,2 m). Mat do
trdng: 70 cm x 20 cm. Bon phan va chim soc
theo quy trinh ctia Vién Nghién ctru ng6. Cac
chi tiéu vé ning sudt duoc danh gia bao gdom
tong s bap: dém tong sb bép thu hoach/o; chiéu
dai bip (cm): duoc do tir dau bap dén muap bap,
duong kinh bip (cm): dugc do & giita bép; sO
hang hat/bip: 1 hang dugc tinh khi c6 50% s
hat so vd&i hang dai nhat; sb hat/hang: dém sb
hat/hang c6 chiéu dai trung binh trén bép; khoi
lwgng cua hat (g): can 1 mau, mdi mau co tir 50
dén 500 hat (tuy theo ting dong ngé thu dugc
nhiéu hay it hat) ching t6i chia ra lam hai lan
can, néu hiéu s6 hai lan can khong chénh léch
quéa 5% so voi khdi lwong trung binh ciia mot
mau ta c6 khdi lugng cia 50 dén 500 hat. Sau
d6 khéi lugng ciia mot mau sé& duoc chia trung
binh cho téng sb hat cua mot mau, khéi lugong
ctia 1 miu nhan v&i 1000 s& duoc khéi lugong
téng cua 1000 hat. S6 lwong hat cang nhiéu thi
khdi lugng 1000 hat cang chinh xac.

Pn = P1 + P2

Trong do, P, 1a khéi lugng 25 dén 250 hat
can lan 1; P, 1a khéi lugng 25 dén 250 hat cin
lan 2; P,: khéi luong cua 50 - 500 hat; n: s6 hat
50 dén 1000.

PlOOO = pn/l’l * 1000.

Ning suat Iy thuyét (NSLT) (t/ha) duoc
tinh theo cong thic:

SHH/bap x SH/H x P1000 hat x SB/cay x S6 cay/m’

NSLT =

Trong d6, SHH/bap: s hang hat/bap (hang);
SH/H: sb hat/hang (hat); P1000 hat: khéi lugng
1000 hat (g); SB/cay: sb bip/cay (bdp); sb
cay/m2: mat do tréng.

_Céc s6 liéu dwoc tinh toan va xir ly bang
phan mém Exel.
KET QUA VA THAO LUAN
Két qua phan tich ham lwgng tinh bjt

Céac dong ngd chuyén gen T1 dong hop tir
mang gen Sh2 tr 5 dong dong goc va cac dong
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10.000

ngd chuyén gen mang gen B2 tir 3 dong gdc
sau khi dugc danh gia su c6 mat cia cac gen
chuyén dich bang PCR, Southern va RT-PCR
va mang mot ban sao gen dich, dugc trong dé
thu hat, phan tich ham lugng tinh bt va danh
gid ning suit. Mdi dong trong 20 ciy va thu
ngiu nhién 10 cay cho phén tich. Két qua phan
tich ham lugng tinh bot cho thiy, tit ca cac ciy
ngd chuyén gen déu c6 ham luong tinh bot cao
hon so voi dong gbc ddi ching khong chuyén
gen. Bang 2 chi ra ham luong tinh bot cua cac
cdy chuyén gen cua cac dong gbc c6 ham luong
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tinh bot ting tir 5,86 dén 15,28% so voi dbi
chimg. Két qua nay cho thiy, ham luong tinh
bot & cac cdy chuyén gen Sh2 tang tir 10,12 dén
15,69% so voi dong gbc dbi ching Kkhéng
chuyén gen, con trong cac cdy chuyén gen Br2
tang tir 8,76 dén 10,55%. Nhu vy, viéc chuyen
gen Sh2 hodc Bt2 tham gia viao qua trinh tong

hop tinh bot vao mot sé dong ngd bd me da dan
dén su gia ting ham lugng tinh bot. Két qua nay
twong ty nhu két qua da cong bd cua Li et al.
(2011) [5]. Tuy nhién, két qua cua ching 61
chuyén cac gen dich vao dén 5 dong ngod b6 me,
trong khi Li et al. (2011) [5] chi chuyén vao 2
dong ngd bd me.

Bdng 2. Ham luong tinh bot & mot s6 dong ngd chuyén gen

Dong ngd Gen Ham lugng Ty 1¢ tang ham luong tinh bot
chuyén tinh b6t (%) 0 v0i cdy doi chirng (%)

95bC 0 60,18 0

95SC-26T1-5 Sh2 69,01 14,65
95SC-26T1-6 Sh2 66,62 10,68
CML161 BC 0 62,67 0

CML161SC-34T1-2 Sh2 69,23 10,45
CML161SC-34T1-5 Sh2 72,26 15,28
CML161SC-34T1-8 Sh2 69,02 10,12
H240 bC 0 62,67 0

240SC-45T1-2 Sh2 71,26 13,69
240SC-45T1-8 Sh2 70,44 12,38
240SC-44T1-7 Sh2 70,63 12,69
26DC 0 63,41 0

26SM-T1-6 Sh2 73,36 15,69
H20 BC 0 70,49 0

20SM-T1-6 Sh2 80,52 14,22
20SM-T1-9 Sh2 80,78 14,59
H21 BC 0 66,20 0

21BE-3T1 B2 72,0 8,76
21BE-4T1 B2 72,45 9,44
95BE-1T1 B2 71,2 10,55
CMLI61BE -1 B2 71,68 9,37
CMLI161BE -9 B2 70,79 9,25
H64 BC 0 70,12 0

H64 BE4 Tl B2 74,23 8,86
H64 BE 5Tl Bt2 76,24 8,79

Két qua phan tich niing suit va mjt sé yéu to
ciu thanh ning suét

Tuong tu nhu két qua phan tich ham lugng
tinh bot, két qua phan tich mot s6 yéu t cau
thinh ning sudt va ning suat cac cdy ngod
chuyén gen tir cac dong ngd gbc khong chuyén
gen cho thiy & tit ca cac cdy chuyén gen nghién
ctru déu co cac tinh trang quan trong lién quan
dén ning sudt nhu dai bip (DB), duong kinh
bép (PKB), khi lugng hat (KLH), va ning sut
ly thuyét (NSLT) cao hon so véi dong gbc
khong chuyén gen. Ning suit ting trung binh &

cac dong chuyén gen Sh2 CMLI161SC-34,
H240SC-45, H240SC-44, H20SM va H26SM
twong Ung la 11,06; 10,87; 10,41; 11,00 va
11,16% (bang 3). Ca biét c6 cac cay chuyén gen
nang suét tang trén 15% nhu cdy CML161SC-
345 (15,65%), H20SM.6 (15,44%) va
H26SM.6 (15,58%).

Dbi voi cac dong chuyen gen Bt2, bude dau
khao sat nang suit mot sd cay chuyén gen tir 5
dong bd me gdc ctng cho thiy su gia tang nang
sudt (tr 1,02 dén 17,62%) & tat ca cac cay
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chuyén gen nghién ctu, trong d6 c6 ba dong
tang tir 13,01 dén 17,62% (bang 4).

Két qua gia ting ham luong tinh bot va nang
sudt & cac cay ngd chuyén gen c6 thé 1a do su
tang cuong thé hién cua cac gen chuyén Sh2 va
Bt2 vi cac gen ndy ma hoa cho cic tiéu phan
cia ADP-glucose pyrophosphorylase, mot
enzyme then chdt trong qué trinh tong hop tinh

bot. Két qua cua ching t6i phu hop voi mot sO
két qua ctia mot sb tac gia di cong bd trude day
(Groux et al., 1996; Li et al., 2011; Wang et al.,
2007) [3, 5, 10]. Tuy nhién, nhu két qua da trinh
bay, chung toi dd tao dwoc cic ciy ngd chuyén
gen gia ting ham lugng tinh bdt cling nhu nang
sudt tir nhiéu dong ngd bdé me khic nhau (4 dén
5 dong).

Bdng 3. Mot s6 yéu té cdu thanh ning suat va ning suit cia mot sé dong ngd chuyén gen T1 mang

gen Sh2
o Dai g SO ggpy  Khoi o Nangsuat oo
Tén dong bap (cm) HH/B (hat) luong LT tang (%)
(cm) (hing) ; hat (2)  (tAn/ha) g7
CML161 gbc 14,1 3,5 14 22 50,98 4,79 0
CML161SC-34 14,6 3,6 14 21,9 51,37 5,32% 11,06%
CMLI161 SC-34.1 15,2 3,5 14 23 54,52 5,12 6,88
CML161 SC-34.2 15,2 4 14 24 53,65 5,35 11,69
CML161 SC-34.5 15,4 3.4 14 24 53,63 5,54 15,65
CML161 SC-34.6 15,6 3,2 14 23 52,45 5,25 9,60
H240 gbc 12,3 3,3 14 21 53,33 4,78 0
H240SC-45 14,1 3,5 14 21,5 53,23 5.30% 10,87*
H240SC-45.1 15,5 3.4 14 22 53,25 5,25 9,83
H240SC-45.2 14,6 3,9 14 22 53,56 5,44 13,80
H240SC-45.3 14,8 32 14 23 54,85 5,32 11,29
H240SC-45.4 15,6 3.4 14 22 54,25 5,15 7,74
H240SC-45.8 15,3 3,2 14 22 54,87 5,42 13,38
H240SC-45.10 14,5 33 14 22 55,56 5,22 10,92
H240SC-44 13,2 3,4 14 21 53,09 5,28% 10,41*
H240SC-44.4 15,6 3.4 14 25 54,25 5,23 9,41
H240SC-44.7 13,5 3,5 14 22 55,45 5,35 12,15
H240SC-44.9 13,5 32 14 23 54,87 5,28 10,69
H240SC-44.10 14,5 3,3 14 22 55,56 5,21 10,44
H20 gbc 15 3,5 14 23 52,73 5,18 0
H20SM 15,5 3,5 12 23,1 52,65 5,75% 11,00%
H20SM.1 15,5 3,5 14 23 52,45 5,62 8,49
H20SM.4 14,6 3.4 14 25 52,55 5,63 8,68
H20SM.6 15,6 3.4 14 24 54,28 5,98 15,44
H20SM.8 16,5 3,6 14 23 51,84 5,58 7,72
H20SM.9 15,2 3,2 14 23 52,58 5,94 14,67
H20SM.10 14,5 3,6 14 24 51,82 5,72 10,42
H26 gbc 12,1 3,3 12 21 50,13 3,85 0
H26SM 12,6 3,3 12 21 50,55 4,28+ 11,16*
H26SM.2 12,5 3.4 12 22 51,25 4,26 10,64
H26SM.3 13,4 3,2 12 22 52,64 4,25 10,38
H26SM.6 13,5 3,2 12 22 51,25 4,45 15,58
H26SM.10 12,6 3,2 12 22 51,14 4,18 8,57

*Gia tri trung binh; DKB: duong kinh bép; KL: khéi luong; HH/B: hang hat trén bép; H/H: hat trén bép; LT:

ly thuyét.
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Bdng 4. Mot sb yéu t6 cu thanh nang suit va ning sudt ciia mot sé dong ngd chuyén gen T1 mang

gen Bt2
So Khoi Nang suat LT o £
Tén dong Dai bap bKB SOhHH/B H/H luong (tAn/ha) N? ne s0>1at

(cm) (hang) (hat) hat (2) tang (%)
H95 17,0 4 13 22 49 3,45 0
H95BE-1 17,9 4 14 22 51 3,74 8,40
H21 15,3 3.4 13 23 49 3,67 0
H21BE-3 15,5 3,7 14 22 51 3,86 5,17
H21BE-4 15,6 3,9 14 24 52 4,15 13,07
H14 14,5 3,6 13 23 51 3,12 0
HI14BE-1 15,8 3,7 14 23 50 3,34 7,05
H14BE-2 15,0 4,1 14 22 52 3,67 17,62
CML161 14,1 2,9 14 22 45,92 3,87 0
CMLI161BE-1 15,7 3,1 14 23 47 4,21 8,78
CMLI161BE-9 14,56 3,0 14 22 46 4,18 8,01
Ho4 14,0 3,2 14 22 47 2,92 0
H64BE-2 14,4 3.3 14 22 47 2,95 1,02
H64BE-4 14,0 3,3 14 24 50 3,20 9,58
H64-BE-5 15,7 3,8 14 23 48 3,30 13,01

DPKB: dudng kinh bép; HH/B: hang hat trén biap; H/H: hat trén bap; LT: Iy thuyét.

KET LUAN

Két qua nghién ctru nay cho thiy, cac dong

ngd dugc chuyén gen ting cuong tong hop tinh
bot Sh2 hay Bt2 ¢6 ham lugng tinh bdt cling
nhu ndng sudt 1y thuyét cao hon so véi cac dong
b6 me gbc khong chuyén gen. Ham lugng tinh
bot trong cac cdy ngd chuyen gen Sh2 tang tur
10,12 dén 15,69% so v&i dong gbe ddi ching
khong chuyén gen con trong cdc cay chuyen
gen Bt2 tang tu 8,76 dén 10,55%. Nang suat
tang trung binh ting tir 10,41 dén 11,16%. Ca
biét c6 dong tang trén 15%. Vige tao ra céc cay
ngd chuyén gen gia ting ham lugng tinh bot va
ning suit trong nghién ctru ndy mé ra trién
vong cho cai tién ning suit cdy ngd bang cong
nghé gen.
Loi cam on: Cong trinh dugc thuc hién trong
khuon kho cua dé tai “ Nghién ciru tao dong ngd
b6 me duge ting cuong kha ning tong hop tinh
bot bang cong nghé gen“ thuéc Chwong trinh
Trong diém phat trién va @ng dung Cong nghé
Sinh hoc trong linh vuc Nong nghiép va phat
trién néng thon dén nam 2020.
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TRANSGENIC MAIZE PLANTS WITH ENHANCED
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SUMMARY

The demand in food, feed and energy in the word is increasing in every year and exceeds global
production. Therefore, the improvement of productivity of maize is of great interest of scientists. One of the
approaches for the increase of maize productivity is the enhancement of biosynthesis and accumulation of
starch in the seeds. ADP-glucose pyrophosphorylase (AGPase) catalyses the formation of ADP-glucose from
ATP and glucose-1-phosphate. And is the key enzyme in regulation of starch accumulation.Genetic
modification of this enzyme can enhance the accumulation of the plant that leads to the increase of mass and
the seed yield. Shrunken 2 (Sh2) gene coding for large subunits and Brittle? (Bt2) gene coding for small
subunits of ADP-glucose pyrophosphorylase. The transfer of these genes into maize may improve the
productivity. In previous works, we have presented the results on successful transfer of Sh2 and Bt2 genes in
to several inbred maize lines. This article presents the results on starch content, yield components and yield of
the obtained transgenic maize plants. The results showed that the starch content in transgenic plants carried
Sh2 transgene was increased from 10.12 to 15.56% comparing to the un-transformed plants, while that of
transgenic maize plants with B£2 transgene was increased from 8.76 to 10.55%. The yield of some transgenic
maize lines had increased from 10.41 to 11.16% comparing to un-transformed maize lines. Particularly, the
yield of some transgenic plants was increased more than 15%. This is the first research in Vietnam on the
improvement of maize yield by genetic engineering. The results obtained will contribute to the study of the
role of Sh2 and Bt2 gene in starch biosynthesis and accumulation in maize.
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