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TOM TAT

Nghién ctu tién hanh xac dinh chi thj SSR tbi wu lién két véi gen shrunken2 (sh2), sugary1 (su) kiém soat do
ngot va tng dung chon loc trén 30 dong ngd ngot tw phdi S3. Bén chi thi SSR lién két chat véi gen sh2 (umc1320,
umc2276, umc1273, bnlg1257) va bén chi thi SSR lién két chat voi gen su1 (umc1142, umc1031, bnlg1937,
umc2061) dwoc khdo sat trén ba dong thuan déi chirng. Két qua cho thay chi thj umc2276 va umc1031 la phu hop
nhét d& xac dinh gen sh2 va sut, twong &ng. (Png dung hai chi thi nay khao sat trén 30 dong ngd ngot tw phdi S3 da
chon dwoc bay dong déng hop tir gen 1an sh2sh2 (D04, D09, D13, D21, D22, D24, D25), hai dong déng hop tir gen
1&n sutsu1 (D19, D30) va hai dong ddng hop t&r ngot 18n kép sh2sh2sutsu1 (D11, D14). Banh gia kiéu hinh da xac
nhan sw twong déng vé&i kiéu gen cho thdy dd chinh xac cao cla cac chi thi phan ti dwoc chon. Nhém dong déng
hop t& 1&n kép sh2sh2susut c6 tng lwgng chét ran hoa tan cao hon nhém dong sh2sh2 va vuwot tréi so véi nhém
dong sutsut. Hai chi thi SSR va mwdi mot dong mang gen muc tiéu nay 1a co s& dé phat trién nhanh dong thuan wu
ti va xay dwng chwong trinh ng dung chi thi phan t& chon giébng ngd thuwc phdm tai Viét Nam.

Tt khoa: Chi thj SSR, ngd ngot, sh2, su1, sh2sh2sut1su1.

Identification of SSR Markers Linked to sh2 and su?1 Genes in Sweetcorn Lines

ABSTRACT

The objectives of this study were to identify SSR markers closely associated with shrunken2 (sh2) and sugary1
(su1) genes and application for selecting target genotypes on 30 S3 sweet corn lines. Four SSR markers closely
associated with the sh2 gene (umc1320, umc2276, umc1273, bnlg1257) and four SSR markers closely associated
with the su7 gene (umc1142, umc1031, bnlg1937, umc2061) were investigated in three check lines. The results
showed that the markers umc2276 and umc1031 were suitable to identify the sh2 and su1 genes, respectively. Using
these markers for screening on 30 S3 sweet corn lines identified 7 lines homozygous for recessive gene sh2sh2
(D04, D09, D13, D21, D22, D24, D25), 2 lines homozygous for recessive gene su1su1 (D19, D30) and 2 lines double
homozygous recessive for sh2sh2su1su1 (D11, D14). Phenotypic evaluation confirmed the similarity to genotypes
and proved high accuracy of the selected molecular markers. Total soluble solids of the sh2sh2su1suf lines were
higher than sh2sh2 lines and superior to that of the su1suf lines. These SSR markers and 11 selected genotypes
played a vital role for the rapid development of high-quality inbred lines for specialty corn hybrid breeding in Vietnam.

Keywords: SSR markers, sweet corn, su1, sh2, sh2sh2sutsuf.

hién tu nhién ctia dot bién lin cia gen nhu sul,
sh2, bt, se diéu khién viéc chuyén duong thanh
Ngb ngot (Zea mays L. var. rugosa Bonaf.) 1a tinh bot bén trong ndi nhi cta hat ngd (Tracy &

1. DAT VAN DE

giéng ngd c6 ham lugng dudng cao, két qua xudt  cs., 2019). Ngoai ra, ngd ngot con chtia nhiéu
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chét dinh dudng thiét y&u cho co thé nhu cac hop
chét axit pantothenic, folate, vitamin B6, niacin,
kali, vitamin E, cic chat xg, chat khang oxy hoa
(Zhang & cs., 2017; Baseggio & cs., 2020). Xuat
khau ngd ngot dong lanh toan ciu tri gia 428,5
triéu USD véi s6 lugng 412.245 tan, trong khi
ngd ngot bio quan tuong tu tri gia 1.002,6 triéu
USD véi lugng xudt khau dat 784.282 tdn
(Faostat, 2021). Tai Viét Nam, phan 16n cac
gibng ngd ngot thuong mai trén thi trucng la
gidng lai nhu SW1011, GoldenCob, Hi-brix 58
nhap noi tu Thai Lan dude ban véi gia thanh hat
gibng cao, dao dong ti 700.000 téi 1.200.000
dong/kg. Tai Viét Nam, gan day da nghién ctu
chon tao gidng ngd ngot Duong Lai DL89
(Nguyén Thi Nhai & cs., 2020). Cac nghién ctu
co ban trén ciy ngd ngot nhu danh gia kha ning
chiu han dugc tién hanh béi Pham Thi Thanh
Huong & cs. (2019), phat trién dong da duge tién
hanh bdi Tran Thi Thanh Ha & cs. (2020) va
Nguyén Trung Dic & cs. (2020). Nhu vay, cac
gidng ngd ngot uu thé lai dudc chon tao va
thuong mai tai Viet Nam con thiéu, chua dap
tng nhu cau thi trudng. Cac nghién ctiu co ban
da dugc tién hanh nhung cong nghé cot 161 phat
trién va xac dinh cac dong ngd ngot mang cic gen
cu thé diéu khién qué trinh chuyén héa dudng va
tinh bot chua duge bao cao tai Viét Nam.

Trong hat ngd, phan ndi nhii bao gdm
khoang 80% tinh bot, 10% protein, 2% dudng va
8% chat xo (Tracy & cs., 2019). Tinh b6t thudng
chi€m 73% téng trong lugng hat, trong dé 25%
tinh bot 1a amylose, trong khi phan con lai bao
gdom amylopectin (Wilson & cs., 2004). Cac dot
bién kiéu hinh bat thudng ¢ hat ngd da gép
phan dang ké vao viéc tim ra con dudng sinh
téng hop tinh bot. Trong sd nay, cac gen nhu
brittle2 (bt2), shrunkenl (shl) va shrunken2
(sh2) hd trg su hinh thanh glucose, trong khi cac
enzyme dugc ma hobéa bdi amylose extenderl
(ael), sugaryl (sul) va waxyl (wxI) san xuit
cac san pham cudi cing cta quéa trinh chuyén
héa tinh bét, amylose va amylopectin (Whitt &
cs., 2002; Tracy & cs., 2019). Trong d6, hai gen
lan sh2 va sul da dudc st dung rong rai dé phat
trién cac giéng ngd ngot trén toan thé gidi
(Revilla & cs., 2021). Gen sul dai 11,7kb nam
trén vai ngén cta nhiém séc thé 4S, ma héa mot
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enzyme phan huy tinh bot SU1 isoamylase thiy
phan lién két a-1,6 glycoside va déng vai trd
quan trong trong su phét trién cta tinh thé
amylopectin (Feng & cs., 2008; Tracy & cs.,
2019). Cac dong ngd ngot mang gen lin sul s6
h#tu lugng phytoglycogen cao gdp 10 lan so véi
ngd thuong, lam cho hat day dan va béng khi
thu hoach (Hossain & cs., 2015). Gen lan sh2
nidm trén nhiém séc thé s6 3L ma héa tiéu don
vi 16n ctia AGPase (adenosine diphosphate
glucose pyrophosphorylase) xuc tac budc gidi
han téc d6 trong con dudng sinh téng hop tinh
bot (Hu & cs., 2021; Ruanjaichon & cs., 2021),
da dudc st dung rong rai dé phat trién giéng
ngd ngot va ngd siéu ngot, chiém khoang 70%
thi phan giéng ngd ngot trén thé gisi (Revilla &
cs., 2021). 0 giai doan chin sifia, cac giéng siéu
ngot mang gen 1an sh2 tich tu nhiéu duong hon
(29,9% sucrose), cao hon gap ba l4n so véi ngo c6
dot bién sul (10,2% sucrose) va cao hon gip tam
lan ngd binh thudng (Tracy & cs., 2019).

Dé tng dung chi thi phan t& trong chon
giéng (MAS) ngb ngot, Hossain & cs. (2015) da
tién hanh 1ap ban d6 gen va xac nhan 4 chi thi
SSR lien két chat véi gen sh2 (umcl320,
umc2276, umcl1273, bnlgl1257) va 4 chi thi SSR
lién két chit véi gen sul (umcll42, umcl031,
bnlg1937, umc2061). Véi uu diém dong troi, chi
phi thap, hiéu qua va kha ning tai lap cao, cac
chi thi SSR nay da va dang dudc st dung trong
cac nghién ciu da dang di truyén va MAS
(Mehta & cs., 2017a; Baveja & cs., 2021). Tuy
nhién, méi chuong trinh chon giéng thudng st
dung quén thé ngd ngot khac nhau. Vi vay,
viéc x4c dinh chi thi phu hgp nhat va st dung
dé xac dinh gen kiém soat do ngot ctia hat sé
gitp nha chon gidng phét trién céc giéng ngd
ngot lai phu hgp véi chi phi thdp nh4t trong
thoi gian ngin nhAt.

Ngb6 ngot c6 ngudn goc 6n d6i, tién hoa tu
ngd da va c6 phd di truyén hep (Tracy & cs.,
2019). Viéet Nam khéng phai 1a noi phat sinh
ngudn gen ngd ngot, cac vat liéu ngd ngot hién
nay phan 16n phat trién tit cac giong thuong
mai. Pay 1la mot thach thic 16n khi nghién ctu
phat trién cac gidng ngd ngot méi, thich tng véi
diéu kién khi hau nhiét dé6i tai Viét Nam.
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Do vay, nghién cttu nay tién hanh xac dinh
chi thi phan ti SSR t6i uu lién két véi gen sh2,
sul va ting dung chon loc trén cac dong ngd ngot
tu phéi phuc vu chuong trinh chon gidng ngd
thuc phdm ch4t lugng cao, thich tng véi bién d6i
khi h&u tai Viét Nam.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu

Vat liéu nghién ctiu gbm dong thuin ngb té
vang D105, dong ngd ngot Sh922 (sulsul) rit
dong tir gibng Golden Bantam, dong ngd ngot
SWsyn1 (sh2sh2) riat dong ti gibng ngd ngot lai
Sugar75 va 30 dong ngd ngot tu phoi S3 (ky hiéu
DO01-D30). Giong Golden Bantam mang gen sul
da dugc bao cao béi Brewbaker & Martin (2015)
va gidng ngd ngot Sugar75 mang gen lin sh2 da
dudgc bao cio bdi Mehta & cs. (2017b).

2.2. Phuong phap nghién cttu

2.2.1. Thiét ké thi nghiém

Thi nghiém déng rudéng danh gia kiéu hinh
30 dong ngd ngot tu phdi S3 va 3 dong thuan déi
chiing trong vu Péng 2022 dudc bd tri tuan tu
khong nhéc lai, dién tich 6 thi nghiém 30m?
trong mat do hang cach hang 60cm x 25cm cay
cach cdy, tai Vién Nghién ctu va Phat trién cay
trong. Chon loc chi thi SSR t6i uu xac dinh gen
sh2 va sul trén ba dong thuan d6i chiing D105
(SH2SH2SU1SU1), Sh922 (SH2SH2sulsul) va
SWsyn1 (sh2sh2 SU1SUI). Chi thi téi vu dugc
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(A) Dong D105
(SH2SH2SU1SU1)

(B) Dong Sh922
(SH2SH2su1suf)

chon tiép tuc dudc tng dung dé x4c nhan dong
mang gen muc tiéu tit ADN tach chiét tir mau la
cta 30 cé thé c6 kiéu hinh dai dién cho 30 dong
tu phoi & giai doan phun rau. Cac ca thé nay
dudc tu phdi va x4c nhan biéu hién gen muc tiéu
dua trén kiéu hinh. Cham séc, bén phan va
phong trit sdu bénh hai theo tiéu chudn Viét
Nam TCVN 13381-2:2021.

Nghién ctitu tién hanh theo dai 13 chi tiéu
noéng hoc gbm: thdi gian tung phan (TP, ngay),
phun rau (PR, ngay), thoi gian sinh trudng
(TGST, ngay), chénh léch tung phan - phun rau
(ASI, ngay) chiéu cao cay (CCC, cm), chiéu cao
déng bap (CDB, cm), chiéu dai bap (ChDB, cm),
dudng kinh bap (DKB, cm), s6 hang hat/bip
(HHB), s6 hat/hang (HH), khéi lugng 100 hat
(KL100, g), nang suét ca thé (NSCT, g) va téng
lugng chét rén hoa tan (TSS, °Brix). TSS dudc
do bang vi tric k& dién tit ATAGO PAL-1 (Nhat
Ban) ¢ giai doan thu bap tuci (20-24 ngay sau
thu phan) theo phuong phap cua Kleinhenz &
Bumgarner (2012).

2.2.2. Tach chiét ADN

ADN cta cac mau la ngd dugc tach chiét
theo phuong phap cta Dellaporta & cs. (1983).
O giai doan V3, 14 tuoi ctia méi ca thé dai dién
cho dong ngd dudc thu thap va chuyén ti khu
thi nghiém déng rudng vé phong thi nghiém dé
sdy kho va nghién. Cac ca thé nay dugc danh
d&u va duy tri bing phuong phap tu phéi theo
Shull (1909).

(C) Dong SWsyn1
(sh2sh2SU1SU1)

Hinh 1. CAy va dang hat khé ctia cac dong b6 me
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Bang 1. Cac chi thi SSR st dung khao sat sy c6 mit ctia gen sul va sh2

Gen Ténchithi Khoang cach dén gen (cM)

Trinh tw xubi (5-3’)

Trinh ty nguwoc (5°-3)

umc1320 1,8 TGCGAATCTATACCATAGGCA CTCTTTTAGCAGTGTGCCGAATTT
umc2276 1,2 CTAGGTAGCCAGCTAGGTACGGGT AGTGGAGCTTCTTCATTCTACCG
oh? umc1273 3,0 GTTCGCTGCTGCTTCTTATATGCT AATTGGCGCAGGCTATAGACATTT
bnig1257 5,1 CGGACGATCTTATGCAAACA ACGGCTTGCGACAGGATATT
umc1142 3,2 CCGAAAACCCATTCTTCTAGCATC  GTGCGGTGTTCTCTCTTTCACTCT
umc1031 3.1 TTGGGTTCATACCTCCTAGGAACA ACGTGGACAACCAGTCTATCAACA
su? bnlg1937 1,4 AATGCTCGGTCCACAGAATC AACTGGAGCCAAAAGTGGTG
umc2061 0,3 GTCTGGAGAACTCCCTACCCATTC TAGCTTGAGAGACCGGAACAGC

Nguén: Hossain & cs. (2015).

MaAu 14 sau khi 1am kho dudc tién hanh cét
nho bing phanh thanh ting doan 0,5-4cm vao
ong 1,5ml da ghi sin tén giong; Nghién mau
bing may nghién bi (bead shocker) & 1.800
vong/phit, 60s, mbi 1an nghi 10s, 1ap lai hai 14an;
Thém 600ul dém chiét xuat (10mM Tris, pH 8,0;
1mM EDTA, pH 8,0) (da 1 & 65°C) va dao déu.
Sau d6 mang mau 1 & 65°C trong 30 phit; Thém
1/3 lugng 5M potassium acetate so véi thé tich
dung dich dém chiét xust. U mAu vao td lanh
thoi gian 30 phut; Ly tAm 6 12.000 vong/phit
trong 15 phut 6 4°C; Cén than hut phan dung
dich phia trén (khoang 400ul) sang Ong
Thém lugng tuong duong
Isopropanol va dao déu; Ly tam & 14.000
vong/phit trong 30 phit, 6 4°C; DS bd cdn than
phan dung dich phia trén, tranh dé dung dich

eppendorf mdi;

rét sang giéng khac va khong lam roi két tua;
Riia két tia bing 200ul ethanol 70%, khong 1ic
tron chi nho tiing giot nhe nhang; Ly tdm &
14.000 vong/phit, trong 10 phut 6 4°C, d6 bd
phan dung dich phia trén; Loai bd hét ethanol &
nhiét d6 phong hoidc 6 37°C; Thém 100ul nuéc
kht ion dé hoa tan két tia ADN. Kiém tra ADN
téng s6 thu duge bang cach dién di 20 phit 6
100V, st dung gel agarose 1% da pha sdn véi
ethidium bromide 1 pg/ml. Quan sat két qua
dién di duéi dén UV va chup anh. Phan ting
PCR dudc thuc hién véi bude bién tinh & 95°C
trong 5 phut véi thé tich phan tng 20pm. Diéu
kién cho mdi chu ky tiép theo nhu sau: bién tinh
6 95°C trong 30 gidy, gdn mdi ¢ 53-50°C trong
30 giay, kéo dai mach & 72°C trong 30 giay, két
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thic kéo dai mach & 72°C trong 7 phut. Giti mau
PCR ¢ nhiét d6 duéi 15°C. San phdm PCR dugc
dién di trén gel agarose 4% pha sin véi
Ethidium bromide 1 pg/ml ¢ hiéu dién thé& 250V
trong thoi gian tit 40-50 phiit. Quan sat két qua
dién di duéi dén UV va chup anh.

2.3. Phan tich s6 liéu

S6 liéu duge téng hop va tinh trung binh
trén phan mém Microsoft Excel. Phan tich
thanh phéan chinh va phan cum duya trén thanh
phan chinh bing gbi “factoextra” va
“FactoMineR’ trén phan mém R 4.1.3.

3. KET QUA VA THAO LUAN

3.1. Két qua xac dinh chi thi phat hién gen

sul va sh2

Két qua khao sat chi thi xac dinh gen sh2
cho thay ca ba chi thi gdm umc1320, bnlg1257
va umc2276 cho cac bang ADN tuong tg nhau
trong d6 phan biét dudc maAu mang gen troi
D105 va mau mang gen lin SWsynl, trong dé
phan biét rd nhat 1a chi thi umc2276 (Hinh 2A).
Dua trén théng tin vé khodng cach cua cac chi
thi doi véi locus gen SH2, chi thi umc2276 nam
gin gen sh2 nhat 14 1,2 ¢cM (Hossain & cs.,
2015). Nhu vay chi thi umc2276 1a t61 uu nhat
dé st dung trong xac dinh gen sh2 ¢ dong ngd
ngot. Khdo sat chi thi xac dinh gen sul cho thay
ba chi thi gom umc1142, bnlg1937 va umc1031
phan biét dude mau mang gen troi D105 va maiu
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mang gen lian Sh922 (Hinh 2B). Trong bdén chi
thi umc1142, umc1031, bnlg1937 va umc2061,
theo cong bd cua Hossain & cs. (2015) vé ban d6
gen sul thi chi thi umc1142 ndm xa gen sul
nhat trong khi umc2061 nim gin nhit, khoang
0,3cm (Hossain & cs., 2015). Tuy nhién dé chon
dugc chi thi thich hgp trong viéc xac dinh va
chon loc dong/giong mang gen sul thi két qua
dién di sau khi chay PCR chi thi nay phai phan
biét dugc maAu mang gen dbéng hdp tu troi
SU1SUI va mang gen dong hop tt lan sulsul.
Nhu vay, dua vao két qua sang loc da chon dugc
cap mdi umc1031 1a thich hop nhat dé chon loc
cac dong ngbé ngot mang gen sul (Hinh 2B).
Trong nhiing thap ky qua, it nhit tdm gen
da dugc ap dung trong cac chuong trinh nhén
giébng ngd ngot, thanh céong nhat 14 sh2, sau
d6 1a sul (Tracy & cs., 2019). Mic du, d6i v6i ngd

DNA ladder
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Hinh 2. (A) K&t qua th nghiém 4 cip mdi xac dinh gen sh2 phan biét mau D105
(khéng c6 gen) va mau SWsynl (déng hop tir gen lin sh2);
(B) 4 cap modi xac dinh gen sh2 phan biét mau D105 (khéng c6 gen)
va Sh922 (déng hop tir gen lin sul)
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D12

D11
D13

D14
D15
D16
D17
D18

ngot thudc nhém siéu ngot sh2 c6 thé kiém tra
déng hgp ti lan sh2 dya trén kidu hinh hat
nhin nheo khi tién hanh lai v6i dong sh2 da biét
kiéu gen. Ung dung chi thi SSR sé gitp x4c dinh
dong dong hop ti gen lan sh2 ngay 6 giai doan
cay con va cac dang di hgp ti cua ching, gitp
tiét kiém thoi gian, cong stic va chi phi lai tao.
Gen lin sh2 lam cham qué trinh chuyén héa
duong sang tinh bot ngay ca khi khéng lam lanh
mang lai 1gi thé& cho cac gidng ngd siéu ngot phu
hdp hon cho thu hoach va bao quan kéo dai. Do
vay, st dung céc chi thi phan ti ti& nghién ciu
nay xac dinh dudc cac dong mang gen sul va
sh2 sé c6 ¥ nghia rét 16n, vita dé phat trién cac
gibng ngd ngot chit lugng cao va c6 thé phat
trién giéng chin cham & cac vang nhiét déi, dic
biét trong diéu kién khi hau miia hé  mién Béc
Viét Nam.

DNA ladder

| umcl142 |umc2061 | bnlg1937 |umc103 1 |
(B)

D19
D20
D21
D22
D23
D24
D25
D26
D27
D28
D29
D30

Hinh 3. Hinh anh dién di xac dinh gen sh2 trong 30 ca thé ngé ngot bang chi thi umc2276

153



Xéac dinh chi thj phan tlr SSR lién két véi gen sh2 va sut trén cac dong ngd ngot tw phéi

Hinh 4. Hinh anh dién di xac dinh gen sul trong 30 ca thé ngé ngot bang chi thi umc1031

3.2. K&t qua xac dinh gen sul va sh2 & cac
dong ngd ngot ty phéi

Ung dung chi thi umc2276 va umc1031 khao
sat trén 30 ca thé dai dién caa 30 dong ngd ngot
tu phéi da chon loc duge 9 dong mang gen dong
hop ti lan sh2sh2 bao gom D04, D09, D11, D13,
D14, D21, D22, D24, D25 (Hinh 3) va bén dong
dong hop ti gen lin sulsul cling duge phat hién
bao gbm D11, D14, D19 va D30 (Hinh 4). Két hop
két qua kiém tra cta ca hai chi thi phan ti da
phat hién hai dong dong hgp ti ngot lin kép
sh2sh2sulsul gbm D11 va D14. Chi thi SSR c6
tinh d6ng trdéi trong tu nhién vi ching c6 thé
phan biét cac thé di hgp ti véi cac thé déng hop
ti. K&t qua nghién ctu ciing chi ra hai dong D15
va D20 dong hgp ti troi SH2SH2SU1SU1, cac
dang di hop ttt SH2sh2 va SUlsul cling da dudgc
phat hién. Trong d6, 10 dong di hop tu
SH2sh2SUlsul gbm D01, D02, D03, D06, D07,
D08, D16, D17, D23, D28; 05 dong di hgp tu
SH2sh2SU1SU1 gom D10, D12, D18, D27, D29;
va 02 dong D5 va D26 di hop t& SH2SH2SU1sul.
Céac gidhg ngd siéu ngot va ngd ngot tiéu chuin
thuong mai déu khai thac gen lan sh2 va sul
tuong tng, cac giong nay khac biét hdn vé mét di
truyén. Su biéu hién ctia cac gen nay c6 lién quan
chit ché t6i kiéu hinh hat va ham lugng dudng
trong hat thuong duge do bang chi s6 TSS. Dang
hat sulsul thudng c6 dd ngot thap hon va hat it
nhéin hon so véi dang hat sh2sh2 (Tracy & cs.,
2019). Do vay, danh gi4 kiéu hinh s& 1a co s6 dé
x4c nhan d6 chinh xac cia phudng phap chon loc
dua trén chi thi phan tt.

3.3. Két qua danh gia dic diém nong hoc
cua cac dong ty phoi

Panh gia cac dac diém néng hoc cta 30
dong trong vu Dong 2022 tai Ha Noi cho thay
TGST ctia nhém dong sh2sh2 ngin hon khoang
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2 ngay so v6l nhéom dong SHZ2/.SUI/. (83,3
ngay), dai hon nhém dong dong hop ti lin
sh2sh2 (81,3 ngay) va nhém dong déng hop tu
lan sulsul (75,5 ngay). Nhom dong sh2sh2 va
nhém dong sh2sh2sulsul c6 chi tiéu TP, PR,
ASI va TGST trung binh khong c¢6 su khac biét
I6n. CCC va CDB trung binh khong ¢6 su khac
biét 16n gitia cac nhém dong doéng hop ti lin
sh2sh2 (164,3cm va 48,9cm), sulsul (161,8cm
va 65,2cm), sh2sh2sulsul (155,9cm va 48,9cm),
thap hon nhém dong SHZ2/..SU1/.. (172,0cm va
54,5cm). Tinh trang ChDB, DKB, HHB, HH
trung binh ctia cac nhém dong khong c6 su khac
biét dang ké. Tuy nhién, trong cing mot nhém
sh2sh2, c6 su dao dong 16n & cac tinh trang nay.
Tinh trang KL100, NSCT va TSS c¢6 sy khac
biét 16n gitia cac dong tu phdi. Trong d6, KL100
d nhém dong sh2sh2 (13,1g) va sh2sh2sulsul
(14,0g) thap nhat, thdp hon hin so véi nhém
dong sulsul (16,0g) va nhém dong SH2/..SU1/...
(19,9g). NSCT thap nhit 6 nhém dong sh2sh2
(34,7g) va nhém dong sulsul (38,9g), thap hon
nhém sh2sh2sulsul (44,2g) va nhém dong
SH2/..SU1/.. (53,3g). Téng luong ch4t rdn hoa
tan nhém dong déng hdp ti lin kép
sh2sh2sulsul (21,1°Brix) cao hon nhém dong
sh2sh2 (17,2°Brix) va vugt tréi so v6i nhéom
dong sulsul (14,7°Brix). Trong cung mdt nhom
dong sh2sh2 cting c6 su chénh léch kha 1é6n
(khoang 2,2°Brix) ¢ chi tiéu TSS, dao dong tu
15,7°Brix (D22) dén 17,9°Brix (D09). Diéu nay
c6 thé do sy khac biét vé y&u t8 phién ma lién
quan dén qua trinh dong héa, téng hop
D-fructose, D-glucose trong hat va su diéu hoa
cla ciac gen lam cham qua trinh phin gidi
duong 6 cac dong ngd ngot sh2sh2 nay (Chen &
cs., 2022). Két qua danh gia kiéu hinh da xac
nhan su chinh x4ac cta chi thi phan ti & su khac
biét 16n vé chi tiéu téng lugng chit rin hoa tan
gitia cac dong tu ph6i. Cac dong c6 chat luong



. Nguyén Trung Btrc, Nguyén‘Quéc Trung, Pham Quang Tuén,
Nguyén Thi Nguyét Anh, Pham Thu Hang, Pham Xuan Hdi, Vi Van Liét

cao, hat thudng nhin nheo va ning sudt ca thé
thuong thadp hon hdn so véi cac dong cé chat
lugng thap. Do vay, trong chon loc dong ngd
ngot & nhiing doi ddu cadn danh d6i giita chat
Iugng va ning suidt. Nha chon gidng ngd thuc
pham c6 thé ap dung phuong phap chon loc déc
lap, chi dua trén 1-2 tinh trang quan trong dé
sang loc s6 lugng 16n cac dong tu phéi ¢ nhiing
giai doan nay.

Phan tich thanh phan chinh 14 mét phuong
phap phan tich da bién gitp gidm sb lugng 1é6n
tinh trang c6 tuong quan v6i nhau thanh cac
thanh phan chinh, dung phan tich ca dit liéu
kiéu hinh va kiéu gen, da va dang dudc khai
thac trong qua trinh sang loc quan thé, xac dinh
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cac tinh trang quan trong va minh hoa cdu tric
quan thé thong qua biéu dé biplot (Greenacre &
cs., 2022). Phan tich thanh phan chinh 13 tinh
trang nong hoc theo doi cho thdy téng hai thanh
phan chinh dau tién déng goép 56,4% tong
phuong sai kiéu hinh (Hinh 5A, B). Tri cac tinh
trang ASI, CDB, HH, cac tinh trang con lai déu
c6 déng gép 16n trong viée phan biét kiéu hinh
gitia cac dong ngd ngot tu phoi véi déng gbp 16n
nhét t6i tong phuong sai kiéu hinh 1a TGST va
NSCT. Ngoai ra, tinh trang TSS c6 vector dai va
ngugc chiéu so véi cac tinh trang con lai cho
thdy day la tinh trang c6 su bién d6i va khac
biét 16n nhat, c6 thé dung dé phan biét kiu gen
gitia cac dong tu phoi (Hinh 5A).

Scree plot

Dimensions

(B)

Hinh 5. (A) Phan tich thanh phan chinh cac tinh trang néng hoc
va (B) mudi thanh phan chinh dau tién
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Hinh 6. Phan tich cum dua trén thanh phan chinh phan nhém da dang
cac dong ngb ngot tu phéi dua trén diac diém noéng hoc
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Bang 3. Pic diém néng hoc clia cac dong tu phéi trong vu Péng 2022 tai Ha Noi

Kidu gen Dong TI\3 PR TG$T A§I CCC CDB ChDB DKB HHB HH KL100 NSCT ;I'SS
(hgay)  (ngay)  (ngay)  (ngay) (cm) (cm) (cm) (cm) @) @) (°Brix)
SH2sh2 SU1sut D01 52,0 55,0 83,0 3,0 171,56 67,1 16,4 3,5 13,5 32,8 19,5 70,7 8,8
SH2sh2 SU1su1 D02 52,0 54,0 82,0 2,0 168,2 61,5 151 3,6 12,0 26,0 22,9 58,0 74
SH2sh2 SU1sut D03 50,0 51,0 79,0 1,0 175,7 76,8 14,5 3,7 13,4 28,4 20,7 68,0 53
sh2sh2 SU1sut D04 49,0 52,0 80,0 3,0 165,6 50,9 11,4 3,6 14,0 25,0 13,1 35,0 17,3
SH2SH2 SU1sut D05 50,0 52,0 80,0 2,0 172,7 68,1 14,7 3,6 12,4 28,3 19,5 55,5 5,6
SH2sh2 SU1su1 D06 48,0 50,0 78,0 2,0 169,1 79,8 15,8 3,8 14,8 22,6 18,2 49,1 7.2
SH2sh2 SU1sut D07 52,0 54,0 82,0 2,0 169,9 54,1 16,3 3.4 12,0 31,3 17,3 52,6 7,8
SH2sh2 SU1sut D08 53,0 54,0 82,0 1,0 193,2 41,5 15,2 3,6 13,7 29,8 18,9 62,9 6,2
sh2sh2 SU1su1 D09 53,0 55,0 83,0 2,0 160,7 58,8 12,3 3.4 12,0 28,3 12,7 34,6 17,9
SH2sh2 SU1SU1 D10 53,0 55,0 83,0 2,0 1731 33,7 16,6 3,6 14,0 34,2 17,6 68,3 7,0
sh2sh2 sutsut D11 46,0 49,0 77,0 3,0 160,4 64,6 15,2 3,7 14,0 30,4 13,8 47,3 21,6
SH2sh2 SU1SU1 D12 51,0 53,0 81,0 2,0 168,6 49,2 15,4 3.4 12,8 30,8 18,9 60,7 6,1
sh2sh2 SU1sut D13 50,0 51,0 79,0 1,0 154,5 38,4 14,4 3,6 14,0 32,0 13,5 48,8 17,5
sh2sh2 sutsut D14 52,0 54,0 82,0 2,0 151,3 62,9 13,8 3,5 12,0 30,5 14,1 41,2 20,5
SH2SH2 SU1SU1 D15 57,0 60,0 90,0 3,0 1817 36,2 12,0 3,3 11,5 22,5 211 43,8 53
SH2sh2 SU1sut D16 51,0 53,0 81,0 2,0 163,3 40,8 15,2 3,5 12,9 15,6 20,3 32,1 6,6
SH2sh2 SU1sut D17 54,0 56,0 84,0 2,0 158,8 50,9 14,6 31 12,0 16,9 19,8 31,5 5,0
SH2sh2 SU1SU1 D18 51,0 53,0 81,0 2,0 156,9 40,4 13,7 3.4 12,0 21,0 18,1 36,1 4,8
SH2sh2 sutsut D19 43,0 45,0 75,0 2,0 165,5 75,2 13,3 3,6 14,0 22,0 16,3 41,0 14,5
SH2SH2 SU1SU1 D20 61,0 64,0 93,0 3,0 177,3 60,6 16,4 3,5 13,3 31,3 20,5 69,9 4,4
sh2sh2 SU1sut D21 52,0 54,0 82,0 2,0 165,7 55,5 13,2 3,7 14,0 18,0 13,2 27,5 18,8
sh2sh2 SU1SU1 D22 49,0 52,0 80,0 3,0 163,2 44,4 13,5 3,5 12,0 29,0 12,6 34,6 15,7
SH2sh2 SU1sut D23 54,0 57,0 86,0 3,0 162,6 55,4 16,1 34 12,0 14,9 21,9 30,6 6,3
sh2sh2 SU1sut D24 54,0 56,0 84,0 2,0 162,5 40,9 9,5 35 12,0 19,0 13,8 241 16,1
sh2sh2 SU1sut D25 51,0 53,0 81,0 2,0 178,0 53,3 14,0 3,6 14,0 27,0 12,7 38,2 17,2
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SH2SH2 SU1sut D26 51,0 54,0 85,0 3,0 174,4 52,8 15,5 3,6 12,7 31,0 221 71,3 5,8
SH2sh2 SuU1sU1 D27 56,0 58,0 88,0 2,0 187,8 63,1 13,4 3,8 14,2 23,5 19,3 52,1 6,2
SH2sh2 SU1sut D28 52,0 55,0 83,0 3,0 175,6 46,3 14,3 3,6 13,0 29,0 18,6 57,0 7,0
SH2sh2 SuU1SU1 D29 51,0 53,0 81,0 2,0 167,0 57,9 10,9 34 10,8 21,0 23,4 42,5 49
SH2sh2 sutsut D30 44,0 47,0 76,0 3,0 158,1 55,2 12,8 35 12,0 24,0 15,7 36,8 14,8
Trung binh

SH2/..SU1/... 52,6 54,8 83,3 2,2 172,0 54,5 14,8 35 12,8 25,8 19,9 53,3 6,2
sh2sh2 51,1 53,3 81,3 2,1 164,3 48,9 12,6 36 13,1 25,5 13,1 34,7 17,2
sutsut 43,5 46,0 75,5 2,5 161,8 65,2 13,1 36 13,0 23,0 16,0 38,9 14,7
sh2sh2sutsut 49,0 51,5 79,5 2,5 155,9 63,8 14,5 36 13,0 30,5 14,0 44,2 21,1

5 6 7 8 010 111213 14 15 16

(A) sutsut (B) sh2sh2 (C) sh2sh2sutsut

Hinh 7. (A) Kiéu hinh bip dong dong hop ti 1an sulsul,
(B) dong dong hop ti 1an sh2sh2 va (C) déng hop ti lan kép sh2sh2sulsu
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Két qua phan tich cum duya trén thanh
phan chinh da phan nhém 30 dong tu phoi
thanh ba nhém chinh, gitia cac nhém cé su khac
biét chu yéu & tinh trang TSS (Hinh 6). Trong
nhom I, chia thanh ba nhém nhé bao gém hai
dong dong hogp ti lan sulsul gom D19 va D30
dugc phan cung nhém. Hai dong dong hdp ti lin
kép sh2sh2sulsul D11 va D14 nam trong cling
moét nhém 16n nhung lai thudc hai nhém nhé
khac nhau. Ba dong D11, D13, D25 thudéc mot
nhém nho va 6 dong D14, D04, D09, D21, D22,
D24 thudc nhém nho con lai.

Vi cac dong ngd ngot dong hop ti sh2sh2 va
sulsul c¢6 kiéu hinh hat riéng biét khi hat khé
hoan toan (Hinh 7), nén dé& dang chon loc dua
trén kiéu hinh, dic biét hiéu qua khi cac dong
ngd ngot duge chon loc bing phuong phap chon
loc pha hé. Tuy nhién, khi tién hanh cai tién
quan thé ngd ngot bang cach lai cac dong ngbd
ngot sh2sh2 va sulsul nay vao dong/giéng ngd
té hoac ngd nép uwu td, viéc chon loc cac thé di
hop ti (SH2sh2 va SUlsul) tré nén khé khan
trong cac thé hé BC1F1 va BC2F2, vi ching sé
biéu hién kiéu hinh binh thuong nhu duge quan
sat 6 kiéu gen SH2SH2 va SU1SUI1. Mat khac,
gen l4n sh2 gitp ting do ngot cua hat c6 lién két
vat 1y rat chit véi gen sinh téng hop sic t6 tim
anthocyaninl (al) trén nhiém sic thé s6 3, véi
khoang cach chi khoang 0,1 cM (Yao & cs.,
2002). Gen troi Al tao ra sic t6 anthocyanin,
trong khi thé dong hop ti lan (alal) khong c6
séc t6 nay. Chhabra & cs. (2019) nhéan th&y
rang thiéu sic t6 tim & goc, than 1a mot chi thi
hinh théi hiéu qua dé chon loc kiéu gen sh2sh2.
Trong nghién ctu nay, dic diém kiéu hinh
khong c6 siic t6 anthocyanin ¢ cac dong ngé ngot
vang sh2sh?2 cling tuong ty dugc phat hién. Tuy
nhién, khi sh2 dugc lai vao mot dong/giong ngd
té ho#c ngd nép uu t4, thi ca dong mang gen
SH2sh2 va SH2SH2 déu sé hitu sic td, do dé
anthocyanin khéng thé duge st dung nhu mot
chi thi hinh thai. Vi vay, viéc lua chon kiéu gen
dua trén cac chi thi phan ti lién két v6i gen sh2
va sul c¢6 ¥ nghia 16n vi cac thé di hop tu
(SH2sh2 va SUlsul) c¢6 thé duge phan biét véi
céc thé dong hop ti (SH2SH2 va SU1SU]I).

Kiéu hinh hat cta cac dong sh2sh2 (Hinh
7B) va dong sh2sh2sulsul trong gidng nhau
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(Hinh 7C), vi vay kho c6 thé chon loc dua trén
kiéu hinh. Do d6, viéc phat trién cac gidng ngod
ngot uu thé lai dua trén cac dong déng hop tu
lin kép sh2sh2sulsul sé tré nén dé dang hon
khi ting dung chon loc c6 hé trg ctia chi thi phan
tt. Dé tiang thém do ngot ctia hat, phat trién céc
dong dot bién lin kép sh2sh2sulsul la mot
chién lugc da va dang dudc 4p dung trong cac
chuong trinh chon gidng ngd ngot tai An bo
(Mehta & cs., 2017a; Mehta & cs., 2017b). Cac
gidng ngd ngot c6 kiéu gen SH2sh2sulsul
(SH2SH2sulsul X sh2sh2sulsul) va
sh2sh2S5U1sul (sh2sh2SU1SU1 x  sh2sh2
sulsul) két hgp hai hoa do ngot, mém thom cta
hai gen sh2 va sul khi dugc lai tao tit cac dong
b6 me phat trién & nghién ctu nay sé bé sung
lya chon méi cho thi trudng ngé thuc phdm an
tuoi tai Viét Nam.

4. KET LUAN

Nghién ctiu da xac dinh chi thi umc2276 va
umc1031 1a t&i wu dé phat hién hai gen sh2 va
sul, tuong ting. Khao sat trén 30 dong ngd ngot
tu phoi S3 da chon loc duge 7 dong dong hop ti
lan sh2sh2, hai dong déng hop ti lin sulsul va
hai dong déng hop ti lin kép sh2sh2sulsul.

Két qua danh gia kiéu hinh da xac nhan su
chinh xac cta chi thi phan ti & su khac biét 16n
vé chi tiéu téng lugng chat rin hoa tan gitia cac
dong tu phéi. Trong d6, tong lugng chat rén hoa
tan nhém dong déng hdp ti lin kép
sh2sh2sulsul (21,1°Brix) cao hon nhém dong
sh2sh2 (17,2°Brix) va vugt tréi so v6i nhéom
dong sulsul (14,7°Brix).

Nghién ctiu da cung cdp chi thi phan tu
SSR hiéu qua nhat dé chon loc cac dong ngd
ngot sulsul, sh2sh2, sh2sh2 sulsul va 11 dong
tu phoi mang gen muc tiéu phuc vu cai tién chat
lugng ngd thuc pham tai Viét Nam.

LOI CAM ON

Nhém tac gia tran trong cdm on Du an
DA15-4.0/2019 da cung cdp vat liéu khdi dau dé
phat trién hai dong ngd ngot tu phoi D21
(SHO01) va D30 (SU02).
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