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Drought Tolerance Assessment of 100 Vietnamese maize landraces at the tasseling stage
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Abstract

Drought is a major abiotic stress that severely limits maize growth and productivity. In this study, the drought tolerance of
100 promising local maize landraces selected from a previously characterized collection of 400 accessions was evaluated.
Pot experiments were conducted under greenhouse conditions at the Maize Research Institute (Hanoi) during the Spring
2025 season, with two treatments: well-watered and drought stress applied from the 9-leaf stage to the end of the tasseling-
silking stage. Agronomic traits assessed included growth duration, plant height, ear height, leaf stay-green rating, grain yield,
and the drought resistance index (DRI). The results showed that prolonged drought delayed tasseling, anthesis, silking, and
physiological maturity by 1.2, 1.3, 3.2, and 1.6 days, respectively, compared with the well-watered control. Drought stress
also reduced average plant height by 13.7 cm, ear height by 8.4 cm, and grain yield by 23.5%. Nevertheless, several accessions
demonstrated superior adaptability with DRI > 1, notably T83 (H'Mong red flint), T135 (Na Leng red-brown flint), T243
(Dan Hoa red flint), T267 (Krong Pék yellow flint), and T295 (Krong Ana yellow flint). These findings suggest that drought-
tolerant landraces can be valuable genetic resources for breeding maize varieties with enhanced resilience to climate change.
Keywords: Local maize landraces, drought, drought resistance index (DRI), growth, yield
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THANH TUU CONG NGHE DONG KICH TAO PON BOI TREN NGO
TAI VIET NAM VA TREN THE GIOI
Ha Van Giéi", Nguyén Xuan Thang', Luong Théi Ha', Nguyén Dtic Thanh' Nguyén Thi Nhu Quynh'
TOM TAT
Cong nghé don boi kép (Doubled haploid, DH) dugc sti dung rong rai va phd bién trong chon giéng ngd. Bang cach tan
dung khé néing tao ra dong thuan chting 100% chi trong hai chu ky chon tao ngan va kha néng 6 dinh kiéu gen mong muén
trén mot bd nhiém sic thé ma khong phu thudc vao su biéu hién troi hay lin ctia gen, ky thuat DH ho trg hiéu qua cho nhiéu
phuong phap chon giéng méi nhu chinh stia gen (genome editing), chuyén gen bat duc duc té bao chat. V&i nhiing hiéu biét
ma6i nhét vé ciu trac di truyén ctia cac gen kich thich tao don boi va cac QTL lién quan, sy két hgp ctia nhiéu chi thi kiéu
hinh véi chi thi R1-nj d€ xac dinh chinh xdc cac ca thé gia dinh la don bdi, cac phuong phap mdi, cai tién hon dé nhan doi
nhiém sic thé an toan hon, tiét kiém chi phi va cai thién ti 1¢ kich thich tao don béi (HIR), cdng nghé DH ngay cang tiém
nang trong chon tao giéng ngd. Mac du da c¢6 nhiéu nghién ctiu sdu rong va su hgp tac ctia cac nha khoa hoc toan cau, cong
nghé DH van d6i mét v6i nhiéu thach thiic. Bai viét nay téng quan cac nghién ctiu mdéi nhét vé cong nghé kich tao don boi
trén ngo trén cac tap chi, sach va bao cao hoi nghi trong va ngoai nudic vé cong nghé DH, bao gébm tdm quan trong ctia viéc
cai tién cac budc nghién ctiu, tiém nang ting dung trong tuong lai va nhiing thach thiic hién nay trén thé gisi va Viét Nam.
Tii khoa: DH, don boi kép, dong kich tao don boi
L. GIOI THIEU mai truong hoc thuat ma con dugc ting dung trong lai

Céc dong cdm ting don boi (Haploid Inducer - HI)  tao giéng thuong mai tai cc céngt‘ygi(‘)'ng lcjin (Bernardo,
dugc st dung rong rdi trong nghién cttu khong chi & 2014). Cong nghé kich tao don boi dugc coi la mot trong
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nhiing phuong phap nhanh nhat dé tao ra cac dong thuan
tui giong lai hodc quan thé; chi can hai thé hé 1a c6 thé tao
ra dong thuan so véi sau thé hé trong phuong phap tao
dong truyén thong, cac dong thuén nay dugc nhan d6i bo
nhiém sic thé tit hat don boi - phan 16n 1a 100% dong hop
tt (Butruille et al., 2015). Vi su hgp tac ctia cac nha khoa
hoc trén toan thé gidi, cac thé hé méi ctia dong cam ting
don boi hién da c6 thé dugc sti dung rdng rai tai cac quic
gia nhiét d6i hodc trén nén vat liéu di truyén nhiét doi.

Gén day, viéc phan tich di truyén va 4p dung cong
nghé dé tao ra cdc dong cam ting don boi t6t hon vé ty
1¢ cam ting, cling nhu cac chi thi hinh thai hoc cho viéc
nhan dién hat don b¢i nhanh chéng va chinh xac, da
khién cong nghé don boi kép (Doubled Haploid - DH)
trd thanh mot cong cu hiéu qua cao trong lai tao giong.
Bai tong quan nay sé cung cip mot cai nhin cip nhét vé
cau truc di truyén va ting dung ctia HI trong lai tao ngo.
II. CAM UNG PON BOI
2.1. Cam ting don bdi in vivo theo dong bd

Alen Ig - “giao ti bat dinh” (indeterminate
gametophyte) - dugc xac dinh 1a yéu t6 chinh gay ra
don bdi theo dong bo 6 ngd (Management, 1992). Ty 1é
cam ung don boi (HIR) trung binh theo dong b6 1a 1,6%
(Kermicle, 1994). Méc du don bdi theo dong bé khong
dugc st dung rong rai nhung dong WS14 - c6 ngudn goc
tli t6 hgp W23 x Stock 6 va mang alen ig - ciing cac thé hé
dong cam ting don boi sau nay nhu RWS, RWK va BHI
(cing bt ngudn tit WS14) lai dugc diing phé bién cho
cam ung don boi theo dong me (Lashermes et al., 1988).

Gén day, cac nha khoa hoc da phat trién dong cam
tng don bdi mang dot bién & vi tri Histone H3 (CENH3).
Dong cam ting don boi di hgp i (+/cenh3) c6 thé dugc
st dung nhu dong cam ting theo ca hudng cha va me,
tuy nhién, +/cenh3 thich hgp hon khi diing cho cam ting
don boi theo dong bd, véi ty 1é cam ting trung binh dat
5%, so v6i chi 0,5% & chiéu nguigc lai (Wang et al., 2021).
Mot ty & cam ung tuong tu cling dugc ghi nhan khi
st dung dot bién CENH3/CENPA cho ca hai huéng &
Arabidopsis, khing dinh ring +/cenh3 nén dugc vu tién
cho cam ting don boi theo dong b6 (Wang et al., 2023).
2.2. Cam ting don bdi in vivo theo dong me

Hién tugng don boi trong ng6 lan dau tién dugc de
cap nam 1932 bai Randolph, khi 6ng phét hién hat ngod
don boi xuat hién véi ty 1é rat thap (Randolph, 1932). Bao
cao dau tién vé ty 1¢ hat don boi do Chase cong bo, xac
dinh rang hat don boi c6 thé xuét hién tu phat & ngd véi
ty 1é trung binh 0,11% (Chase, 1949). Cot mdc quan trong
nhét ctia cac dong cam ting don boi dugc ghi nhan nam
1959 vé6i cong bo “A line with high haploid frequency” - d6
chinh la dong Stock 6, dugc sti dung lam ngudn gen cam

ting don boi ban dau cho hiu hét cac thé hé¢ dong cam
ting sau nay (Coe, 1959). Dong cam ting don boi thuic su
trd thanh cong cu hitu ich trong chon giong khi Stock 6
mang gen R1-nj tli nguon gen, con goi la “chi thi phdi tim”
(Purple embryo marker) (Chase & Nanda, 1965).

Trong thap nién 1970 - 1980, cac nghién ctiu vé dong
cam ting don bdi cht yéu dugc tién hanh tai Nga véi mot
s0 dong nhu KMS va ZMS; tuy nhién, hau hét van c6
ty 1¢ cdm ting thap hon Stock 6 (Tyrnov & Zavalishina,
1984). Cac nha khoa hoc Phép da thanh cong trong viéc
phat trién dong WS14, c6 HIR dat 2 - 5%, cao hon mtic
2,3% ctia Stock 6; WS14 dugc tao ra tii t6 hgp W23 x
Stock 6, trong d6 W23 mang alen ig cho cam ting don
boi theo dong cha (Lashermes et al, 1988).

Tl nam 1988, cac dong cam ting don boi kép da phat
trién theo ba hudng chinh: (1) ting ty 1é cdm ting don
boi, (2) tim kiém cac chi thi méi d€ nhéan dién dé dang
hon, (3) m& rong ting dung dong don boi kép trén tat
ca nén vat liéu di truyén da dang ctia cdy me. Trong giai
doan 1988 - 2020, cac nha chon giong chu yéu tap trung
nang HIR ti mtic 5% 1én dén 15%. Mot s6 dong cam ting
hién tai c6 thé dat HIR dén 15% gom BHI201, BHI306,
va CSs. Quy trinh lai tao d€ chon loc HIR dugc hd trg béi
chon gidng c6 trg gitip chi thi (MAS) cho cac vi tri ghirl
va ghir8 (Chen et al., 2020; Chaikam et al., 2018).

Mot cdi tién quan trong khac trong cac dong cam ting
don boi la viéc bd sung céc chi thi hinh théi giup nhén
dién hat don boi dé dang va chinh xac hon. Tit ca cac
dong HI déu mang R1-nj tli ndm 1984, trong khi nhiing
dong dau tién st dung chi thi “Korichnevy marker
saratovsky” dugc bao cdo bdi Tyrnov va Zavalishina
(1984). Chi thi ré do PI1 hé trg nhén dién ciy con don
boi & giai doan ndy mam lan dau tién dugc stt dung cling
v6i chi thi R1-nj (Chalyk, 1999). Rotarenco (2010) da b6
sung thém cdc chi thi Bl (Boosterl) va PI1 (Purplel),
thé hién mau tim & be 14, ré d6 két hop v6i R1-nj. Chi thi
B1 cling c6 mat trong dong UH600, con Pl1 dugc dung
trong dong BHI306 (Melchinger et al., 2013).

Chi thi ham lugng déu cao (OC) d€ nhan dién hat don
boi lan dau tién dugc dp dung ndm 2009 cting v6i R1-nj
trong dong CAUHOI ctia Dai hoc Nong nghiép Trung
Qudc (Li et al., 2009). V6i su hd trg ctia cong huong tu
minispec (NMR), cac dong UH601 (ham ligng dau
11,7%, HIR = 6,6%) va UH600 (ham ligng dau 10,8%,
HIR = 10,2%) ctia Dai hoc Hohenheim da c6 thé dugc
st dung cho chon loc don boi tu dong bang may Brucker
mq20 (Melchinger et al., 2013; Mirdita et al., 2014).

Cac nha khoa hoc toan ciu ciing n6 Iic mé rong ting
dung ctia dong cam ting don boi trén nhiéu dang vét liéu
di truyén ctia cdy me. Nam 2012, CIMMYT da gi6i thiéu
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dong cam ting don bdi thich nghi nhiét déi (TAILs) phoi
hop véi Dai hoc Hohenheim, c6 kha nang cam ting hat
don boi 6 nguon gen nhiét déi t6i 10% va thich nghi tot
v6i khi hau nhiét déi (Prasanna et al., 2012). Thé hé tha
hai ctia TAILS, goi la CIM2GTAILS, ¢6 ty 1¢ cam ting dat
tGi 13,1% (Chaikam et al., 2018).

Dé khac phuc bét tuong hgp mét phan trong ngd nd
(popcorn), dong cam ting don b¢i BHI306 mang alen
Gal dugc phat trién bai Dai hoc Bang lowa tli ndm 2015.
Ngoai ra, dong cam ting don boi C1-I cho phép san xuat
hang loat cac dong HI tui quan thé mang gen HI va chi
thi R1-nj thong qua lai v6i cam ting don bdi theo dong
b6 Cl1-Iva chon hat don boi cam ting (Chen et al., 2024).

Trong thap nién 2020, chinh stia gen tré thanh xu

huéng nghién ctiu ndng trong sinh hoc; 6 ngd, dong cam
tng don boi dugc két hop véi chinh stia gen tao thanh
cong nghé HI-Edit. Cong ngh¢ nay sti dung phéan hoa ttt
cac dong HI dugc tai lap trinh dé chuyén tinh trang chinh
stia gen vao cdy muc tiéu. HI-Edit yéu cau cac dong HI
phai c6 kha ning bién nap va HIR cao d€ dap ung tat ca
diéu kién. Cac nha khoa hoc ctia Syngenta da tao ra thé
hé méi ctia cac dong HI-Edit (Delzer et al., 2024).

V6i hi€u biét vé co ché ctia gen cam ting don boi -
6 thé gy ra su bung phat cac goc oxy tu do (ROS) va
lam tang qua trinh oxy héa mang phan - cac nha khoa
hoc Trung Qudc da st dung hoa chat oxy hoa manh nhu
Methimazole va Phosphatidylcholine dé xti ly phén hoa
khong dot bién, tti d6 tao ra phan don boi cam ting nhan
tao véi HIR dao dong tti 2,2 dén 17,2% (Jiang et al., 2022).

Bang 1. Tén ctia cac dong kich tao don bdi va cac déc tinh co ban

Dor&igjlll(lglgit@o Nguon goc va dic tinh co ban HIR (%) Ellgutﬂi 1‘111211 Tai liéu tham khao
Stock number 6 | BO Nong nghiép Hoa ky 2,29 Coe, 1959
Sl e URETPVIIN A . Chase & Nanda., 1965; Nanda &
PEM Chi thi phoi tim, hiép hoi nong nghiép Deklb 0,11 R1-nj Chase, 1966
Korichnevy marker saratovsky, Nga phat trién o
KMS tli dong S\t?)’ck 5 ky, Nga p 0,5-34 Pl1 Tyrnov & Zavalishina, 1984
ZMS Zarodyshevy marker Saratovsky, Nga phit trién 2 Rl-nj | Tyrnov & Zavalishina, 1984
tu dong Stock 6
(Vién Nghién ctiu Nong nghiép Quéc gia Phap) .
WS14 phit it 2 dong W33 & Stock 6 2-5 Rl-nj | Lashermes et al., 1988
KEMS Chi thi phoi téng hgp Krasnador 6,3 Rl1-nj Shatskaya et al., 1994
MHI Dong kich tao don boi, dong phan ly ttit KMS x ZMS | 5,5 - 6,7 | R1-nj, P11 | Chalyk, 1999
RWS Pai hoc Hohenheim, dong phén ly tti KEMS x WS14 8,1 Rl-nj Rober et al., 2005
RWK-76 Pai hoc Hohenheim phan ly ttt WS14 x KEMS | 9-10 Rl1-nj Geiger, 2009
Stock 6 x quan thé ham lugng dau cao ti Dai R1-nj, high| ;.
CAUHOI hoc Nong nghiép Trung Qudc 221 | Gil content | L4 €t al» 2009
UH400 Pai hoc Hohenheim phén ly tit KEMS 7-9 Rl-nj Chang & Coe., 2009; Prigge et al., 2011
Dong don boi Procera tif Moldova, phanly ti MHI x| 15 1 | pq_: B
PHIs Stock6, mang gen Bl va Pl1. Cay don boi c6 thé dugc 145 Pf 1 Rotarenco et al., 2010
xac dinh dua la cay con khong c6 mau tim. ’
(Dong kich tao don béi thich ting véi diéu
TAILs kién nhiét d6i) CIMMYT phoi hop véi daihoc | 8-10 R1-nj Prasanna et al., 2012
Hohenheim
CAU5 Dai hoc Nong nghiép Trung Qudc 10 R.ll—nj, high Xu et al., 2013; Trentin et al., 2020
oil content
CAU079 Pai hoc Nong nghiép Trung Qudc 9 Rl-rgi high Xu et al., 2013; Trentin et al., 2020
DPai hoc Hohenheim, dong kich tao don boi ¢ R1-nj, B1, . e
UH600 ham hicjng d4u cao 10,8%, c6 chi thi B1 mau 10,2 High oil Nllelchlnger et al, 2013; Mirdita et
P T al., 2014
tim & be 14 va 14 bi. content
DPai hoc Hohenheim, dong kich tao don boi ¢ R1-nj, High| Melchinger et al., 2013; Mirdita et
UH601 ham lugng dau cao 11,7% 6,6 oil content | al., 2014
BHI201 https://www.plantbreeding.
(ISURF#04065) Pai hoc bang Iowa, B73 x RWS va RWK 8-15 Rl-nj | iastate.edu/breeding-programs/
maize-doubled-haploid From 2015
Dai hoc bang Iowa, B73 x RWS va RWK bg xung : (https://www.plantbreeding.iastate.
(ISI?I{_lI:I;(? 46099) gen Gal, gen bat hgp 1 phin cho phép dong cam | 8- 15 Rl-g)a,lPll, edu/breeding-programs/maize-dou-
ung hoat dong hiéu qua trén nén vat liéu ngo né. bled—haploic%, From 2015
CIMMYT thé hé hai dong kich tao don boi . .
CIM2GTAILs | 1< {ing véi didu kién nhiét déi, 8,2-13,1| Rl-nj |Chaikam etal., 2018
Dai hoc Non n%hiép Trung Qudc, dong kich 315-
CSs tao don boi dac biét ting cuong sic t6 tim & & 15.54 RI-nj | Chen etal., 2020
phoi non. ’
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Dot&gllfllfgitao Ngudn gdc va dic tinh co ban HIR (%) Ellclelutﬁirm Tai liéu tham khao
C1-I dong kich tao don boi tii dai hoc bang Cl-I (h .
X P N . - ttps://isurftech.technologypub-
ISURF #5202 | oW dong CL-I cho phép dng dyng cong nghé 58-12 lisher.com/technology/4840y3[;)‘;
don boi kép, va nhiing tién bo d€ phat trien Chen et al.. 2024
dong kich tao don bot. Mo47 x ISURF#04099 "
Dong kich tao don bdi cho chinh stia gen.Cong
19SN952196 | ty giong Syngenta. Dong phén ly tii SYN-INBB-| 13 R1-SCM2 | Delzer et al., 2024
C34X(RWKS/Z21S//RWKS).
Dong kich tao don boi cho chinh stta gen, con
19SN952452 | ty giong Syngenta. Phén ly tit SYN-INBB34x(R- | > 15 | R1-SCM2 | Delzer et al., 2024
WKS/Z21S//RWKS)

2.3. Co's6 di truyén ciia dong cam ting don boi theo dong me

Gen chinh kiém soat ti 1é cdm ting don boi (HIR)
& ngo la ghirl, chiém khoang 66% bién di di truyén
gitia cac quan thé phén ly lién quan dén HIR. Ba nhom
nha khoa hoc da doc lap phat hién gen nay va dat tén la

MATRILINEAL (MTL), ZEA MAYS PHOSPHOLIPASE
Al (ZmPLA1), va NOT LIKE DAD (NDL). Cac alen
lan gy dot bién kiém soat HIR dugc tim thiy & exon
ctia gen GRMZM2G471240, do c6 cheén 4 cdp nucleotit
(Gilles et al., 2017; Kelliher et al., 2017; Liu et al., 2017).

Bang 2. Tén cuia cac locus hodc gen diéu khién ti 1é kich tao don boi trén ngd

Gen Tén Alen Ta7c dong Vi tri gen Chiic nang/ dac tinh Tai hgl{
cuiia gen tham khao
](\Ifj[quﬂLljfL]\I]Ig;ﬁ%KE qhirl Phospholipase ddc hiéu cho Kelliher et al.,
Gen | DAD (NLD)/ Pata- | Mtl/nid/zmplal | Lin 67.86 Mb - 68.42 Mb | tinh trung; kich hoat cam ting | 2017; Gilles et
tin-Like Phospholi- P ‘ Gen don boi; dot bién ting cuong ti |al., 2017; Liu et
pase A (Zm iy ) GRMzM2G471240 | 1¢ hat don boi lén 2%. al., 2017
o Protein mang chiia mién . )
) Qhir8 bin 9.01 DUF679, dét bién ting ti 1¢ hat Liu et al., 2015;
Gen | ZmDMP zmdmp Lin Gen don boi 1én 7% khi két hap voi Zhong et al.,
GRMZM2G465053 gen er'lpla 1-zmdmp ; 2019
. lai +/cenh3 véi dong khong mang
Gen Centromere histone +/cenh3  Dihgp tu Chré6 dot bién ta 6 thé c6 dong don Wang et al.,
H3 (CENH3) e PR PR 2021
boi theo c& dong bd va dong me.
Zea mays PHOS- . e 1A ax
Gen | PHOLOPASE D3 Zmpld3 Lin Chr 6 Phospholipase bicu hién dac | ; 1 1 597
(Zm PLD3) hiéu trong hat phan.
+/ZmPODG65 | .. N Peroxidase 65 diéu khién bing né Jiang et al.,
Gen | ZmPOD65 (met to leu) Di hop tit Chr 5 ROS dan dén pha v DNA tinh triing, 2022
Cyclin dependent kinase 1 & ngo6
Gen Zm00001d4029559 Qhirl KOKOPELLI diéu khién siRNA | Trentin et al.,
KOKOPELLI Chr10 141.7 Mb cis-d6i nghia géy ra cdm ting 2023
don boi (HIR) & Arabidopsis.

Gan day, mot gen lién quan dén protein mang chia
domain DUF679, mang tén GRMZM2G565053, da dugc
xac dinh. Gen nay nam trong vung ghir8 (bin 9.01) va giai
thich thém khoang 20% HIR khi alen dot bién ton tai ciing
v6i dot bién zmplal/nld/mtl. Sau do, gen nay dugc dat tén
1a ZmDMP. Alen dot bién lan zmdmp gdy cam ting don
boi [a mot dot bién thay thé mot nucleotit don (single-
nucleotide substitution mutation) (Zhong et al., 2019).

Khi hai alen dot bién zmdmp va zmplal/nld/mtl cing
ton tai trong kiéu gen, HIR ¢6 thé ting tli 2 - 6 1an so véi
chi mot dot bién mtl, cho thdy c6 tuong tac at ché gitia
cac gen kiém soat mang t€ bao tinh trung (Trentin ef al.,
2020). Béng cach st dung cac chién lugc di truyén dao
ngugc (reverse genetics), nguoi ta cling xac dinh mot gen
khac tén ZmPLD3. Gen nay dugc cho la c6 tac dung hiép

luc (synergistic) v6i alen zmplal/nld/mtl, khikét hop cing
zmplal/nld/mtl c6 thé taing HIR gip ba lan tli 1,19% lén
4,13% (Li et al., 2021). Co ché ma dot bién zmplal/nld/
mtl gay ra hién tugng cam tng don boi (HI) da dugc dé
xudt va chling minh lién quan dén bung n6 cac géc oxy
phén ting (ROS), gy ton thuong ADN dan dén mat b
gen ctia bo. Nghién ctiu nay ciing xac dinh gen ZmPOD65
la mot gen méi kiém soat HI (Jiang et al., 2022). Ngoai
hai gen chinh trén, HIR con dugc diéu khién bdi mot s6
QTL c6 tac dung viia va nhiéu QTL nhé hon. Mot nghién
ctiu GWAS da xac dinh 52 SNP lién quan dén HIR (Nair
et al., 2020). Ciing theo phuong phap nay, dé tim céc gen
kiém soat HIR ngoai ZmPLA1/NLD/MTL va ZmDMP,
cac nha khoa hoc da phat hién mot gen chinh gan MTL
va mot gen trén chromosome 10, la tuong dong chiic
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nang gen Kokopelli kiém soat HIR & Arabidopsis. Ngoai
ra con ¢6 nhiéu QTL khac c6 tac dung nho hon (Trentin
et al., 2023). Hau hét cac alen mtl, zmdmp, zmpld3 déu tao
ra hat don bdi khi 6 trang thai dong hop lan. Tuy nhién,
dot bién ctia cenh3 trén chromosome 6 da dugc xac dinh
6 thé cam ting hat don boi theo ca hai hudng khi ta lai
gitia dong cam ting +/cenh3 véi dong khong mang dot
bién (Wang et al., 2021). Cac dong HI trong tuong lai c6
thé két hgp bién thé CENH3 va cic gen cam ting chinh
6 trong cac dong phén ly it Stock 6; nhiing dong ¢6 ca
bién thé CENH3 va dac tinh tli Stock 6 c6 thé ting HIR ti
10,2% 1én 16,3%, cho thdy tiém ning phat trién cac dong
HI trong tuong lai (Meng et al., 2022).

Cam tng don boi do gen diéu hoa methyl héa
ADN (DMGs): mot s6 bang chiing i ca néc cho thay
c6 nhiing gen c6 sy khac biét vé methyl héa ADN va
biéu hién gitta don boi va ludng boi, cling nhu su khac
biét hiéu sudt & cac mtic do da boi nhiing gen nay co thé
tham gia vao hién tugng hinh thanh don béi (Zhou et
al., 2022). Ngoai ra, c6 bang chting cho thiy methyl hoa
ADN c¢6 thé gy bién di & thuc vat (Kaeppler & Phillips,
1993). Mac du1 cac nghién ctiu trén dugc thuc hién & ca,
nhung methyl héa ADN ciing nén dugc xem xét trong
tuong lai cho cam ting don bdi & ngod.

Két luan: hién tugng cam ting don boi 6 ngd dugc
diéu khién boi da gen ¢ nhiéu vung trén b gen véi
cac alen dot bién kiém soat cac co ché riéng biét nhu
phospholipase mang t€ bao, chtic ning cta protein
CENH3. Dong thdi, methyl hoa ADN ciing la mot yéu
t6 can dugc can nhac nhu mét cach kha thi d€ tang téc
do cam ting don boi.

2.4. Cac co ché gay cam ting don bdi theo me

Hat don boi ¢6 thé dugc cam ting béi nhiéu yéu t6
va co ché, bao gom kich thich tii va hién tugng thu tinh
don. Trong cac nghién ctiu tap trung giai ma di truyén
cac dong cam ting don boi, cac nha khoa hoc da xac
dinh mot s6 gen chti chét c6 vai tro gay va kiém soét loai
bd nhiém sic thé sau thu tinh.

Thuyét thu tinh don:

Trong ngo, phéan hoa trai qua qua trinh thu tinh kép:
mot tinh trung két hop vdéi 2 t€ bao trung tam tao thanh
noi nhd, tinh trung con lai hgp véi tring tao thanh phoi
(Dresselhaus et al., 2016). Thuyét nay cho rang hat don boi
6 thé1a hiu qua clia qud trinh thy tinh don (Hinh 1A).
Bang chiing vé thu tinh don da dugc phat hién & cac nén
gen khac nhau ctia ngo6 (Kato, 1999). Kato con xac dinh
hién tugng thu tinh di hop (hetero fertilization) khi noi
nhi va phdi trong ciing mot hat bi thu tinh béi phan hoa
khac nhau, véi tan sudt trung binh khoang 1,46% (Gao et
al., 2011). Nghién ctiu sau d6 cung cip thém bang chiing
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rang thy tinh don két hgp véi loai bé nhiém sic thé chinh
1a co ché giy cam ting don boi & ngd (Tian et al., 2018).

Thuyét loai bo nhiém sac thé:

Sau khi tinh tring hgp nhat véi triing, b nhiém sac thé ti
b6 bi loai khoi phéi, dan dén hién tugng phoi don boi (Hinh
1A). Nam 2013, cac nha khoa hoc Trung Quéc stt dung cac
dong cam ting mang ky hiéu B Chromosome 6 t€ bao chat di
truyén. Sau khi lai dong cdm ting véi giong lai ZhengDan95B,
cac hat don boi dugc xac dinh van mang nhiém sic thé B tu
dong cam ting - chiing to thu tinh d4 xéy ra nhung nhiém sac
thébd da biloai sau d6 (Zhao et al,, 2013).

biéu nay dugc cling ¢6 khi giai trinh tu phoi don boi
cho thdy c6 cac doan ADN ngudn gdc tli dong kich tao
don boi CAUS ton tai trong hat don bot (Li et al., 2017).
Sau khi xac dinh gen chinh MTL/ZmPLA1/NLD diéu
khién cam ting don boi c6 & dong Stock 6, thuyét loai bo
nhiém sic thé dugc khing dinh (Liu et al., 2017). Nghién
cliu sau hon cho thdy rang su bung né cac géc oxy phan
tng (ROS) trong qua trinh cam ting don boi gay diit gay
ADN cua tinh trting va dan dén mat ADN tui b6, chi délai
mot s6 doan ADN trong phoi don bdi (Jiang et al., 2022).

Su sai s6t trong phan li tim dong ctia nhiém sac thé
(dot bién CENH3):

Viing tim dong (centromere) 1 noi gén vi 6ng trudc khi
phén li nhiém sic thé. Dot bién & ving CENH3 lam thay d6i
cdu truc va chiic ndng clia protein, gy sai sot trong phan li
nhiém sic thé, hiu qua 1a loai bo b gen va hinh thanh thé
don bdi (Hinh 1B) (Comai & Tan, 2019; Sanei et al., 2011).

Anh huéng cia méi trudng 1én cam ting don béi:

Cé nhiéu bai bao ghi nhdn moéi trudng anh hudng
dén ti 1é cam ting don boi & ngd (Trampe et al., 2022;
Kebede et al., 2011). Nghién ctiu tai Brazil cho thay ti 1é
cam ung cao hon vao mua he so véi muia déng (Da Silva
et al., 2020). O ciy Arabidopsis, kich thich nhiét d ngan
han trén dot bién cenh3 c6 thé ting hiéu qua cam ting
1én gép 10 lan (Ahmadli et al., 2023) goi y rang stress
nhiét ciing ¢6 thé ting hinh thanh hat don béi khi két
hop véi dot bién tam dong & ngo.

IIl. PHUONG PHAP PHAT TRIEN CAC DONG
CAM UNG PON BOINGO
3.1. Phuong phap truyén thong

Véi su o trg clia chon loc dya vao chi thi phéan ttt MAS
(Marker-Assisted Selection) cho cac gen chinh nhu mifl va
zmdmp va cac ddu hiéu kiéu hinh nhu R1-nj, Pl1 (ré do),
B1 (be 1a do), cac dong kich tao don boi truyén thong cd
thé phat trién sau khoang 6 thé hé (Trentin et al., 2020).
Dé rut ngan thoi gian va hudng dén san xuit hang loat,
cac nha khoa hoc tai Iowa State University (ISU) da phat
trién phuong phap két hop cac dong HI mang gen CI-I.
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Khi lai v6i quan thé ngudn da dugc 6 dinh gen R1-nj, mt],
zmdmp, c6 thé chon hat don boi mang d4u hiéu mau tim &
phoi. Sau d6 tién hanh nhén doi nhiém sac thé dé phat trién
dong DH mang RI-nj, mtl, zmdmp chi trong 2 thé hé, mot
s0 dong DH inducer dat HIR vugt 23% (Chen et al., 2024).
3.2. Phat trién cac dong cam ting don béi bang ky
thuit chinh stia gen

Gen CENH3 ma hoa protein kiém sodt phtic hgp
kinetochore tai cac tim dong ctia nhiém sac thé. Dot bién
trong gen CENH3, dugc goi la cenh3 L130F, khi cay di hop
tl +/cenh3 lai véi cay hoang dai & Arabidopsis da tao ra hat

Dong me Dong cam ing bd mang allele mtl/mtt

X

e
e

Té béo nodn Tinh tring

0
),

Thutinhdon S Thutinh kép

~ phéi

©
Q
S
\

@ g
‘ /

| Loai bd chromosom

©an bdi

5

8 Nhiém séc thé dong bd ’ Nhiben sdc thé dong me

6 bao cht cda me

Krmamgoni @ ;
s

Tam dong thuting

don boi (Karimi-Ashtiyani ef al., 2015). Mot trong nhiing
dong cam ting don boi sém nhét dugc tao tii chuyén gen
CENH3 dé stt dung lam dong kinh tao trong ng6 da dugc
cong bd vao ndm 2016 vdi ti 1é cam ting don boi t6i da la
3,6% (Kelliher et al., 2016). D6i v6i ngo, sau khi c6 dong
cam ting mang dot bién +/cenh3, viéc sti dung va duy tri rat
don gian. Bang cach lai dong +/cenh3 véi ciy binh thuong
theo ca hai chiéu lam b6 va 1am me, ta ¢6 thé thu dugc hat
don boi. Khi lai dong +/cenh3 véi cac dong mong mudn,
ta ¢6 thé nhanh chong chuyén cac dong d6 thanh cam ting
mang +/cenh3 chi sau mot 1an lai, gitip viéc duy tri va st
dung dong +/cenh3 tré nén rat don gian (Wang et al., 2021).

Dong me bién ddi CENH3 Dong thuong

® @

Tinh tring

noiin
\

|

I Haop wr

+ Chromosome phan ly 131

oibor oon b

Hinh 1. So d6 minh hoa hién tugng cam ting don boi trén ngd. (A) hai kha ning tao hat don béi trén ngd
v6i dong cam ting mang gen mtl/mitl. (B) don boi gay ra do su dot bién gen CENH3

Con khi két hop chinh stia gen CENH3 d¢€ tao biéu
hién qua mtic cung véi cac dong kich tao don boi mang
gen don bi tii Stock 6, cac nha khoa hoc da tao dugc
cac dong c6 HIR 1én dén 16,3%, cao hon khoang 6,1%
so véi cac dong kich tao don boi goc goc tii Stock 6.
D€ giam nhugc diém ctia phuong phap chinh stia gen
bang TILLING st dung Ethyl Methane Sulfonate (EMS)
gdy dot bién diém, moét phuong phap méi goi la “base
editing” da thay thé Adenine (A) bang Guanine (G)
trong gen CENH3 ctia Arabidopsis va tao dugc cac dong
don boi (Wang & Ouyang., 2023).

Chinh stia gen trong cac ving QTL chinh dugc xac
dinh la lién quan dén cam ting don boi:

Hién c6 hai ving QTL chinh da xdc dinh kiém
soat HIR & ngo la ghirl va qhir8. Gen ZmPLA1 thudc
locus ghirl va ZmDMP thudc locus ghir8. Dot bién &
ZmPLA1 & Stock6 dan dén hién tugng cam ting don
boi & ngo. Bang cach chinh stia gen, cdc nha khoa hoc
da thu chinh stia vi tri muc tiéu trong gen ZmPLAI &

dong nhiét déi LM13 va dat dugc két qua kha thi dau
tién (Rangari ef al., 2023). Dong thai, stt dung CRISPR-
Cas9 dé€ knockout gen ZmDMP c6 thé kich hoat ti 1&
cam tng don boi khoang 0,1 - 0,3%, va dot bién nay con
c6 thélam tang HIR khi nén tang c6 alen mutant zmplal
(Zhong et al., 2019). Gen ZmPLD3 trén nhiém sic thé
6 khi dugc chinh stia cling gay ra hat don bdi, cho thay
hiéu ting hiép luc v6i mutant zmplal (Li et al., 2021).

fj“‘ﬂ F Y

Hat ngd don bai (n)

emnmes N

Hat ngd ludng boi (2n)

Hinh 2. Hat don b¢i va hat luéng béi dy kién dugc nhén dién
béng chi thi R1-nj
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IV. XAC PINH PHOI PON BOI
4.1. Phuong phap chinh d€ nhan dién don boi

Cac nha khoa hoc tai CIMMYT thuong st dung danh
gia hinh thai vé stic s6ng cdy, d6 rong 14, mau sac 14, goc 14,
kha néng trd ¢6 d€ nhan dién cay don boi, day dugc goi la
phuiong phéap “tiéu chuan vang” trong phén loai phoi don
boi. Méc dii phuong phap nay diing duigc cho quy md 16n,
n6 b thé gy két qua sai khi ngudn gen dong thuén c6 do
bién dong vé stic song (Chaikam et al.,, 2016; Nair ef al,
2020). Dém nhiém sac thé la cdng cu chinh xéc nhung doi
hoi ki nang cao trong di truyén t€ bao (Sekiya et al., 2020).
Phén tich t€ bao theo dong chay (flow cytometry) dugc
xem la mot trong nhiing phuong phap chinh xac nhat dé
nhan dién don bdi nhung lai ton kém (Ribeiro et al., 2018).
4.2. Chi thi hinh thai va mét s6 chi thi hién hanh dé
nhén dién hat don boi

Falvan3 . 4-diol

@ =
N I ¥
N =
A

Hinh 3. Con duong tong hgp anthocian 6 ngo

Chi thi R1-nj (Navajo):

Uu diém: chi thi R1-nj diing d€ chon hat don boi lan
d4u do Nanda va Chase phat trién dudi tén R-nj:cudu, sau
nhiéu nam ting dung va cai tién, déy la chi thi dugc st dung
rong rai nhat d€ quét hat don boi trén thé gidi; hau hét cac
dong cam ting déu st dung chi thi R1-nj. Hat don béi du
kién dugc nhan dién véi phoi khong mau va 16p t€ bao
quanh ndi nhit mau tim; hat ludng boi sé dugc xac dinh
va loai bo khi biéu hién mau tim & c& phéi va 16p té bao
quanh ndi nhi hinh 1 (Chase & Nanda, 1965). Mot s6 dong
méi dugc cong bo gan day két hop R1-nj véi cac dau hiéu
khac nhu ham lugng dau cao, ré do va than do (Chaikam
et al., 2019; Porotnikov et al., 2022). Chi thi nay khong chi
dung d€ nhan dién don boi & hat da chin ddy dti ma con ¢6
thé dung & giai doan rat sém ctia phoi thong qua ky thuat
ctiu phoi trong budng tang trudng (Lopez et al., 2023). Hau
hét ng6 6n déi c6 thé dé dang nhan dién 1a hat don boi khi
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duing chi thi Navajo. Chi thi nay la bén viing trén hat va cé
thé dugc chon loc véi sap xép thoi gian va lao dong hop ly.

Nhugic diém: mauanthocyanin ¢ hat, cu thé Galeurone
va phoi, dugc kiém soat boi mot hé alen phiic tap gom A1
A2 Bzl Bz2 C1 C2RI Prl. Su két hgp khac nhau gitia cac
alen c6 thé tao ra mau hat tit d6ng do, do sdm, do, dén tim
den (Coe, 1994). Diéu nay khién viéc quan sat gap kho
khién trong cac ngudn gen c6 t6 hgp alen véi R1-nj.

Mot trong nhiing khé khan khi st dung chi thi R1-njla
trong nguén gen c6 alen CI-I, nam trén nhiém sac thé 9, c6
kha néng tic ché biéu hién anthocyanin ctia hat. Alen CI-I
nay c6 thé bao gdbm ca diu hiéu 8 bp indel va SNP dac hiéu
cho C1-I(Chaikam et al.,, 2015). M6t chi thi R1 méi goilaR1-
SCM2 da dugc phat trién bdi cac nha khoa hoc tii Syngenta
nham hé trg nhén dién don bdi; chi thi ny it bi anh hudng
hon so véi cac alen R trudc day, dugc cho la sé giam ty 1é sai
1am duong trong lua chon don boi (Delzer et al., 2024).

Cac chi thi khac:

Chi thi ham lugng dau cao: chi thi nay lan dau dugc
bdo cdo co thé sti dung cho xac dinh dong DH vao ndm
2003, va dong HI dau tién dugc cong b la CAUHOI
bai cac nha khoa hoc Trung Qudc (Shao, 2003; Li et
al., 2009). Nghién ctiu sau d6 xac dinh rdng chi thi dau
cao c6 thé két hgp véi may NMR tu dong d€ tang t6c
do chon loc va giam chi phi lao dong. Hé thong NMR
tu dong c6 thé quét hat véi toc do 4 giay mdi hat va do
chinh xac 94% (Wang et al., 2016).

Theo thoi gian va d€ nang d¢ chinh xac 1én dén
97,8% ciing nhu loai bo cac hat bi ngung phat trién do
dau thap, phuong phap ngudng kép (double threshold)
da dugc sti dung dé phén loai hat don boi, hat luéng boi
va hat ngung phét trién (Qu et al., 2021).

Sau khi ky thuét sang loc tu dong bang may NMR cho
hat don boi dugc phat trién thanh cong, nhiéu truong dai
hoc va vién nghién cttu da né luc két hgp chi thi déu cao
V6i cac chi thi hinh théi khéc, cic dong DH méi véi ham
lugng dau cao va ti 1é cam ting t6t hon ciing da dugc cac
nha khoa hoc Trung Quéc cong b (Liu et al., 2022).

Chi thi ré d6 va chi thi mam do: chi thi P11 (ré do) 1a
mot chi thi anthocyanin phu thu¢c anh sang, biéu hién
mau do & ré ciy con khi ndy mam, c6 thé dung dé ho trg
nhan dién hat don boi (Trentin et al., 2020). Chi thj ré
do c6 thé dung nhu ddu hiéu chon trong nguén gen, khi
n6 hoan toan tic ché biéu hién anthocyanin & 16p vo hat
hoédc dung két hgp véi R1-nj dé ting hiéu qua nhan dién
trong nguon gen da dang (Chaikam et al., 2016). D6i véi
viéc nhén dién cu thé hon trén mot s6 ngudn gen mang
chi thi PI1, chi thi nay c6 thé két hgp véi chi thi Bl. Khi
ca BI va PlI xudt hién, cay con sé c6 mam, be, bao 1, vo
va thin mau tim sam gin nhu den (Coe, 1994). Mot s6
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dong cam ting don bdi c6 mang chi thi P11 trong bo gen
nhu KMS, MHIs, BHI306 (Tyrnov & Zavalishina., 1984;
Chalyk, 1999). Cac dong PHIs (DH) két hgp chi thi P11
va B ciing da dugc phat trién (Rotarenco et al., 2010).
4.3. Cac co hdi tiém nang khac cho viéc chon hat don boi

Cac nha khoa hoc dang tim kiém cac phuong phap
méi c6 kha ning nhén dién hat don boi nhanh va chinh
xac; Iya chon hat don bdi tu dong la yéu t6 then chot cho
viéc ting dung cong nghé DH & quy mo lai tao. Mot s6
phuong phép tiém ning nhu phé can héng ngoai (NIR
spectroscopy): hat don boi c6 thé dugc tu dong chon
véi d6 chinh xéc 96,16% (Lin et al,, 2018); Phé bién d6i
Fourier Raman (FT-Raman): la phuong phap phén tich
khong xam lan, cung cap thong tin chi tiét hon vé cau tric
hoa hoc ctia nhan hat don boi (Rosa et al., 2023). Cac nha
khoa hoc tai CIMMYT da phat trién co ché gitip rit ngan
thoi gian kich tao don béi kép tit hai vu gieo trong xudng
con mot vu rudi bang ky thuét ctiu phoi (embryo rescue)
giai quyét ca kho khan véi nguon gen cd 16p aleurone den
hoéc tim. Phoi dugc dat 1én gidy loc chtia sucrose 200 mM
va chon dua vao biéu hién chi thi R1-nj (Lopez et al., 2023).
V6i su phét trién cha tri tué nhan tao va hoc siu (Al &
Deep Learning), cic mo hinh nhu CNNs dang dugc ting
dung dé nhén dién hat don boi qua anh: m6 hinh VGG-19
dat do chinh xac 94,58% (Altuntas et al., 2019). Cac nghién
ctiu tiép theo v6i CNNs tiép tuc cai thién do chinh xac lén
97,07% va 98,5% (Sabadin et al., 2021; Zhu et al., 2023).
V. KY THUAT LUONG BOI HOA BO NHIEM SAC
THE G NGO

Hat don boi chi mang mot bo nhiém sic thé tit me.
Hat c6 thé ndy mam nhung thuong la v sinh va khong
thé tao ra hat méi, d€ phuc héi s6 lugng nhiém sic thé,
can tang gdp doi s6 nhiém sic thé tit cdy mam don boi
(Chaikam et al., 2019).
5.1. Ky thuét lugng boi héa bo nhiém sic thé nhéan tao

Colchicine va tac nhan héa hoc trong viéc tang s6
nhiém séc thé: Colchicine ngan chan sy phan li ctia nhiém
sac thé trong phén chia té bao. Ké qua la té bao c6 s6 lugng
nhiém sic thé gdp doi binh thudng (Manzoor et al., 2019).
Theo quy trinh tiéu chuén ludng boi héa bo nhiém sic thé
& ngo, hat don boi dugc gieo trén gidy 4m; khi mam dat
chiéu dai khoang 2 cm, ddu mam (coleoptile) sé dugc cat
vaxt Iy bang dung dich colchicine 0,06 % pha véi DMSO;
sau do cay con dugc rtia sach va trong trong dét da dugc
tiét khuén (Prigge & Melchinger., 2012). Mot bao cao gan
day nham cai tién ky thuat nay cho biét rang két hop 0,07%
colchicine va 0,1% DMSO & giai doan c6 hai la thét (V>)
mang lai ti 1 song sot ctia cay don boi kép cao nhat tang
tli 30% lén dén 52,7% & ngd thich nghi viing can nhiét déi
(Kaur et al., 2023). Méc du colchicine dugc sti dung rong

rai nhung n6 réat doc hai cho mai trudng va can xu ly déc
biét. Vi véy, cac nha khoa hoc dang nd luc tim cc héa
chit thay thé an toan hon, chdng han nhu khi nitrous oxit
(N20), N,O da dugc dung dé tang nhiém sic thé & ngo
nhdm tao cy ti boi (Kato & Birchler,, 2006). Nghién ctiu
gan day da so sanh hiéu qua ting nhiém sac thé gitta N,O
va colchicine: ti 1¢ thanh cong (OSR) ctia N,O dao dong
tli 6,4% dén 33,3%, trong khi ctia colchicine la 5,0% dén
28,1%, tuy thudc nam va méi triong. N,O dugc danh gia
la thay thé canh tranh cho colchicine va cac phuong phap
duing thudc diét co, dong thoi cd loi vé mat an toan va xt
ly (Molenaar et al., 2018). Mot phuong phép thay thé khac
la stt dung thudc diét co ngén thoi vo sac nhu amiprophos-
methyl (APM) va oryzalin. Theo mot nghién ctiu, taic dong
ludng bai thuic t€ dat dugc véi APM la khoang 38,23%, so
v6i 20,64% ctia colchicine va 19,4% ctia oryzalin cho thdy
APM c6 hiéu qua hon colchicine. Phuiong phap ngdm hat
dugc xac dinh 1a cach thtic xt ly cho ti 1é ludng boi hoa
nhiém sic thé don bdi cao nhat (Ren et al., 2017).

5.2. Luéngbdihéa nhiém sac thé tu dién (Spontaneous
Haploid Genome Doubling - SHGD)

SHGD da dugc quan sat hon 70 ndm qua. Véi sy hiéu
biét va ho trg tit cong nghé hién dai, SHGD hién c6 thé
dugc tan dung dé tang tac dong ctia cong nghé DH trong
lai tao ngd (Boerman et al., 2020). Thong qua chon loc chu
ky, cac nha khoa hoc tai Dai hoc Hohenheim da tang ti 1
nhan doi ty phat ctia cay don boi tti 5% lén t6i 50%, tiy vao
nguon gen, cach nay tiém nang hon phuong phap truyén
thong diing colchicine (Molenaar et al., 2019). Co ché ctia
SHGD van chua dugc hiéu déy du, nam 2022 nghién ctiu
t€ bao hoc ¢ ngd don boi cho thiy SHGD c6 thé la két
qua ctia ba co ché: nhan doi b gen trudc giam phan (pre-
meiotic), léch phén ly nhiém sac thé ¢ ki gitia gidm phéan
I va trong giam phan thi hai. Nghién ctiu ciing cho thdy
hién tugng SHGD & t€ bao soma nhu md l4 1a doc 1ap véi
phoi (Yang et al., 2022). Vé phan tich di truyén SHGD, mot
QTL chinh ndm trén nhiém sic thé 6 goi la ghmf4 da dugc
xdc dinh (Ren et al,, 2017). Mot QTL khéc trén nhiém sic
thé 5 giai thich hon 45% bién dong gitia cic mdi trudng
cling dugc xac dinh, la ting cti vién tiém nang cho nhéan
doi nhiém sac thé ty dién vi dé lai ngugc va thé hién 6n
dinh qua moi trudng khac nhau (Trampe et al., 2020).

VI. NG DUNG CONG NGHE PON BQI KEP
TRONG CHON GIONG NGO
6.1. Ung dung cong ngh¢ DH dé phat trién dong thuan

Cong nghé DH dugc st dung trong cac vién nghién
cliu va cac cong ty san xudt hat giong 16n nhu Syngenta
(Karen, 2017). Pioneer cting dang sti dung cong nghé DH
dé phat trién cac dong (farmprogress.com). Céc nha khoa
hoc xac nhan rang viéc ap dung cong nghé DH trong cic
chuong trinh lai tao thuic t€ 1a hiéu qua ngang véi phuong
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phép truyén thong. Tuy nhién, dé€ cai thién kha ning két
hop ctia cac dong, can thuic hién mot thé hé chon loc dai
tra cho nguén gen nham loai bo cac kiéu gen khong mong
muén (Jumbo et al,, 2011). Nén di truyén ctia dong cam ting
cling cho thiy anh hudng dang ké dén ti1¢ cam ting don boi
(HIR). V6i cac nén goc khac nhau ctia dong lai thuong mai
danghat rang nguia, til¢ HIR cao nhét 14 9,66%,  dong non-
stiff stalk dat 7,06%, & dong Stiff stalk [a 5,68%, trong khi cac
dong ngo ngot (sweet corn) va ngo hat da c6 ti 1é HIR thap
nhét, an lugt 12 4,62% va 4,03% (Trentin et al., 2022). O cic
loai ngd biét dang, viéc st dung cac dong cam ting cho thay
6 kha nang st dung dong kich tao don boi theo me trong
quan thé ngd ngot nhiét d6i. Do ngd ngot c6 thé mang cac
alen tic ché t6ng hgp anthocyanin, sti dung chi thi mau ¢ be
14 hiéu qua hon so v6i chi thi R1-nj trén hat ngd ngot; viéc
do chi s6 khi khong (stomata) cling c6 thé dugc ting dung
néu ching ta khong thé quan sat mau sic trén [ mam dau
tién (Sekiya et al., 2020). Trentin cing dé cap trong nghién
cliu ndm 2022 rang cdc nhém ngd nhiét d6i va ngd ngot c6
thé c6 ty 1é nhan dang sai (misclassification) cao hon do su
xudt hién ctia alen tic ché anthocyanin. D€ khic phuc tinh
trang nhan dang nham phoi don boi, dong cam ting c6 thé
dugc bd sung cac chi thi P11 va B1, va phuong phép kiém
tra tiéu chuén vang (gold-standard test) ciing c6 thé duigc
st dung dé xac dinh ti1é don boi. Trong ngd nép ky thuat st
dung dong cam ting theo me d€ phat trién cic dong thuan
ngo déo va dung délai tao ng6 déo lai (hybrid waxy corn) dé
dang ap dung trong quén thé ngd nép vdi ti 1é kich tao don
boi dao dong tli 5% dén 14%, tiy thudc kiéu gen cdm ting
va quan thé nép (Cengiz, 2022). Mot s6 nghién ctiu gan day
vé ngd no trong cac quan thé ngd nd viing 6n ddi va nhiét
déi gap nhiéu kho khén trong viéc vugt qua su bat hop &
ngo nd; ti 1é HIR dao dong tii 0,0% dén 1,2%, trung binh
0,34%. Tuy nhién, quan thé nhiét déi cho thay s6 Iugng hat
trén bap cao hon khi lai v6i cac dong cam ting so véi quan
thé 6n ddi tuong ting (JPAd et al., 2023).

Viée sti dung thé hé nao lam me délai véi dong cam ting
don boi dé tao cac dong thuan hiéu qua hon 1a mét cau hoi
dugc cac nha khoa hoc quan tAm. Tan s6 téi t6 hgp & quan
thé F, thuong thap hon so v6i F,, diéu nay ¢ théla han ché
khi san xudt truc ti€p dong don boi kép tii F;. Cac nghién
ctiu gan déy cho thay cac dong don boi kép duigc trich xuat
tUi quan thé F, ¢6 su da dang cao hon vé kha néing khang
bénh Fusarium Stalk Rot so véi cac dong tli F;, trong khi ca
F, va F, déu la két qua cta lai gitia dong khang va dong dé
nhiém bénh (Mamtazbi et al., 2023). Nghién ctiu vé sti dung
giong lai F1 ctia cac dong cam ting d€ ting dung trong kich
tao don boi da dugc tién hanh kha sém, trong d6 t6 hop lai
lai RWS x RWK-76 ¢6 ti 1¢ cam ting tuong duong véi cac
dong cam ting ban dau nhung thé hién sinh trudng manh
mé va tung phan tot hon (Geiger, 2009). Cac dong cam ting
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don boi thuan thong thudng thudng yéu hon va cho phan it
hon so véi cac giong cam ting lai la két qua ctia viéc lai gitia
hai dong cam ting don boi; giong lai ctia hai dong kich tao
donboi BH201/LH82-Ped126 va BH201/LH82-Ped128 thé
hién tiém nang t6t cho kich tao don boi, cai thién stic song
cdy cam ting véi cd ngd 16n hon ma khong lam giam i 1é
cam ung (Trentin et al, 2023). Tiém nang sti dung giong lai
kich tao don boi trong lai tao cay trong la rat rd rang béi cam
ting lai dé trong va cham séc trong vuon uom; st dung cac
dong kich tao don boi lai c6 lgi vi khong can thém mot thé
hé dé tao ra giong lai kich tao don boi, dong thoi cac dong
kich tao don boi dé dang duy tri qua cac thé hé.
6.2. Ung dung cong nghé¢ don boi kép trong cic ky
thuat lai tao tién tién

Dong cam ting don boi c6 thé phodi hgp véi cong
nghé chinh stia bo gen goi la HI-Edit; phan ngo tii dong
kich tao don b¢i mang protein Cas9 va gRNA sé chinh
stia dén ADN muc tiéu trong t€ bao noan. Sau khi lai véi
phan HI-Edit, hat don bdi dugc hinh thanh chi mang
ADN me da dugc chinh stia. Hat don boi nay sé nay
mam va sau d6 dugc ludng boi hoa nhiém sac thé dé tao
ra dong thuan chiing mang gen da chinh stia. Cong nghé
HI-Edit trong ngo6 giup cac nha khoa hoc khac phuc
nhiéu han ché ctia chinh stia gen truyén thong (Kelliher
et al., 2019). Cac nha khoa hoc tai Syngenta cling phat
trién thé hé HI-Edit méi d€ tang tan sudt bién nap cua
dong cam ting dung cho HI-Edit, dong thoi cai thién ti
1¢ kich tao don boi (Delzer et al., 2024). Cong nghé DH
ciing dugc dung d€ nhanh chong chuyén dong thuin
thanh dong bat duc duc té€ bao chit. Dong kich tao don
boi dugc mang CMS-C va dot bién di hop tit cenh3 sé
dugc dung lam me va lai v6i cac dong thuong mai mong
mudn. Hat don béi sau khi ludng boi nhiém sac thé sé
mang nhiém sic thé tit dong thuong mai va té bao chét tu
dong cam ting, tao nén dong CMS (Bortiri et al., 2024).

Tai Viét Nam, Vién Nghién ctiu Ngo la don vi chtt dong
tiép can s6m véi cong nghé don boi kép véi su chuyén giao
cong nghé va dong kich tao don boi nhiét déi tii CIMMYT
tti ndm 2011 khi dugc trong tai cac viing nhiét d6i nti cao
tai Dtic Trong - Lam Dong 6 ti 1é hat don boi la 6 - 8%
(Nguyén Dric Thanh va cs., 2013). Tl nhiing budc dau
thanh cdng trong cong tac duy tri va tao hat don boi Vién
Nghién ctiu Ngb tiép tuc ting dung cdng nghé don boi kép
va da thu dugc nhiéu thanh cong trong cong tac chon tao
giong véi 16 dong c6 nhiéu dic tinh nong sinh hoc tot,
ning sudt > 30 ta/ha. Khao sat danh gia cc t6 hop lai dugc
tao ra tui cac dong ngd don boi kép dugc chon dugc 04 t6
hop lai don (LVN399, VS89, LVN228 va LVN268) nang
sudt dat tlif 12 dén 13 tdn/ha trong diéu kién tham canh
(béang Ngoc Ha va cs., 2020). Giong ngo6 lai don LVN226
¢6 2 dong bd me dugc tao ra tii dong don boi kép, khing
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dinh kha ning két hop ctia dong dugc tao ra tli phuong
phap kich tao don boi c6 trién vong 16n trong chon tao
giong (Nguyén biic Thanh & Ding Ngoc Ha, 2019). Cac
t6 hop lai tiém nang nay sau d6 da phat trién thanh cac
giong lai thuong mai minh chiing cho kha nang ting dung
thuic t€ cao ctia dong kich tao don boi trong chon tao giong
ngo tai Viét Nam. Dac biét t6 hgp lai THA1 x THB12 duigc
tao ra gitta 2 dong don boi kép da dugc khao nghiém trén
pham vi c nudic va c6 ning suat vuigt & mtic ¢6 y nghia véi
hau hét cac doi chiing la cac giong thuong mai phd bién
khac. Giéng ngo nay sau d6 da dugc dat tén thuong maila
Thinh Vugng 9999 va chinh thtic di vao thuong mai héa
(Nguyén Drtic Thanh va cs., 2020). Véi viéc thuong mai
héa chinh thtic gidng ng6 dugc tao hoan toan tii 2 dong
don boi kép chiing minh gia tri thuc tién cao clia viéc ap
dung cong nghé dong kich tao don béi trén ngo.
VIL THACH THUC VA TRIEN VONG CUA CONG
NGHE DONG PON BOI KEP
7.1. Nhiing thach thic khi ing dung cong nghé don
boi kép trong tao giong ngo

Mot s6 dong DH dugc tao ra bang cong nghé DH
khong c6 hiéu ning 6n dinh; médc du cac dong DH dong
nhat hon so véi cac dong truyén thong nhung mét s6 dong
¢4 hién tugng moc nhiéu bap bén trong bap chinh, mot s6
khac c6 d dau hat kém hodc khong dau dugc hat (Jumbo
et al., 2011). Hiéu nang kém nay c6 thé do tac dong ctia
colchicine hodc ¢ thé do mot yéu t6 chua r6 lién quan dén
su methyl ha ADN. Nghién ctiu gan day & Arabidopsis
cho théy, cdy DH dugc tao béi colchicine hodc tu ludng boi
c6 s6 ving ADN bi methyl hoa tang én 16 rét (Piskorz et
al., 2023). Sy methyl héa ADN cao c6 thé anh hudng dén
ndng sudt hat va hién tugng moc nhiéu bap trong cac dong
DH. Trong tuong lai, phuong phap luong boi hoa nhiém
sac thé tu dién (SHGD) cd thé la mot thay thé hiéu qua vé
chi phi va c6 thé giam tac dong bét lgi ctia colchicine. Cho
dén nay, ti1¢ cdm ting don boi cao nhét & cac dong cam ting
chi dat khoang 15%, ti 1é nay thap dan & cac dong nhiét déi
r6i dén ngod n6 hodc ngd ngot. Ti 1é sdng sot ctia cay DH
truyén thong sti dung colchicine chi khoang 30%, hodc t6i
da 50% néu ap dung phuong phap cai tién, do do tu hat
don boi ban dau dén cay DH hoan chinh chi hiéu qua t6i
dala 7% (Delzer et al., 2024; Kaur et al,, 2023). Tuy nhién,
s6 lugng hat thu hoach tit cdy DH, sau khi nh4n d6i nhiém
sac thé thudng rét thap, khién chi phi san xudt cic dong nay
tang cao. D€ tang s6 lugng hat, cac nha khoa hoc tii Bayer
da phat trién phuong phép xti Iy DH, bang Paclobutrazol
§ giai doan chuyén sang sinh san, nhd do ting s6 bap trén
moi cay va 6 hat thu hoach (Wu et al., 2020).

Dékhic phuc han ché vé méi trudng va nguén gen nhiét
déi, cac dongkich tao don boi nhiét d6i méi cling duigc chon
loc theo phuong phép bép trén hang cai tién, két qua 1a ting

ti 1 kich tao don boi thém 0,4% moi chu ky va ting 30,1%
s6 hat trén bap (Trentin et al., 2023). Tuy nhién, cAn nhiéu
nghién ctiu va cong nghé hon nita dé cai thién ti ¢ kich tao
don boi, i 1é song sot ctia cay ludng bdi hda bo nhiém sac thé
va s lugng dong DH c6 thé tao ra tit mbi cay ng6. Nghién
ctiu véi dong kich tao don boi UH400 chi ra rang, dong kich
tao don boi c6 ngudn goc 6n ddi nay cb thé thich hop véi
diéu kién nhiét d6i & phia Béc cu thé 1a vu Xuén tai Ha Noi
véi ti 1é kich tao don bdi 7,05%, nhom tac gia cling dua ra
phuong phap sti dung chi thi SSR d€ ho trg cho cong tac xac
dinh hat don boi va ludng boi v6i do chinh xéc cao, khing
dinh chi thi SSR ¢6 thé ting dung cho viéc sang loc hat don
bdi va ludng boi (Pham Quang Tuan va cs,. 2026).

Quy trinh chon hat don boi van ton thoi gian va chi
phi cao. Méc dut da c6 nhiéu nd luc tu dong hoa quy trinh
chon loc hat don boi, hau hét cac bude van phu thude vao
lao dong c6 tay nghé d€ nhin dang. Diéu nay khién viéc
chon loc tré nén ton thoi gian, gy mét moi va tang chi phi
nhén cong (Lin et al., 2018; Melchinger et al.,, 2013). Hoc sau
(Deep Learning) c6 thé dugc ting dung d€ chon Iyia nhiing
hat don boi tiém nang nhung van cin thém budc xac nhan
dé dam bao chinh xac (Sabadin et al., 2021). Chi phi cho m¢t
béap doubled haploid bing phuong phap colchicine truyén
thong ciing kha cao, khoang 20 USD/bap va ngay ca khi c6
cac phuong phap héa hoc thay thé, chi phi nay van khong
hé thap (Molenaar et al., 2018). O cac qudc gia nhiét doi, cd
thé trong 2 - 3 vu ngd mdi ndm nhuing loi thé giam thoi gian
tao dong thuén bing DH lai khong r6 rét do yéu cau cao vé
huén luyén, cong lao dong va hda chit cho hidng boi hoa
nhiém sic thé mot sé bude con tao ra rao can ti chinh 16n
Vv6i cac don vi lai tao nho (Transon & Defourny, 2017).

7.2. Trién vong tuonglai ciia cong nghé don bdi kép trén ngod

Clng véi viéc nang cao ty 1é cam ting don boi (HIR),
viéc ting dung cac chi thi hinh thai dé phan biét, kha ning
két hgp véi chinh stia bo gen (Genome editing), cac dong
cam tng don bdi me cd thé dugc dung dé chuyén d6i cac
dong uu ti thanh dong bat duc duc t€ bao chat. Ludng
boi héa nhiém sac thé tu dién ciing cd thé gitp giam
chi phi ctia cong nghé DH. Trong tuong lai, khi két hop
nhiéu alen kich tao don boi khac nhau, kha nang kich tao
don bdi ¢ thé tang 1én, dong thdi chi thi nhan dién c6
thé trd nén manh hon va dé ting dung trén nhiéu nén di
truyén khac nhau. Cac cong nghé don boi kép tuong lai
sé tdp trung vao nang cao kha nang nhéan doi nhiém sic
thé ty nhién, dong thoi hop tac hiéu qua hon véi ky thuat
chinh stia bd gen nhu tang tan suét chuyén gen. Véi su
cong tac ctia gidi khoa hoc toan cau, cong nghé DH sé tré
nén dé tiép can hon, kinh t€ hon va trién vong ting dung
rong rai hon cho cac nha lai tao ngo trong tuong lai gan.

Trong diéu kién Viét Nam da budc dau st dung cong
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nghé dong kich tao don boi kép vao thuc t€ san xuat va
6 nhiing thanh tuu dang dugc ghi nhan thong qua cac
dong va giong lai thuong mai. Nhung do han ché va khé
khan trong qua trinh chon loc hat don boi can mot lugng
16n nhén cong dugc dao tao, viéc sti dung dong kich tao
don bdi cé ham lugng dau cao phoi hgp véi cong nghé
chon loc hat tu dong bing may NMR c6 thé sé gitp ich
16n cho viéc ap dung cong nghé dong kich tao don boi
vao san xudt. Song song v6i do can cd nghién ctiu thay thé
colchicine 1a hda chét rat doc va dit tién bang cac hoa chat
ré tién khac nhu N O dé cong nghé nay c6 thé ap dung
don gian tai cac phong thi nghiém viia va nhé. Cong nghé
mady hoc va Al khi ap dung vao nhan dién hat don boi
cuing vdi robot ciing la mot huéng di hiiu ich cho tuong
lai nham hé trg cho viéc sang loc hat don boi budc dau.
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Technological achievements in doubled haploid maize breeding: Vietnam and the world
Ha Van Gioi, Nguyen Xuan Thang, Luong Thai Ha, Nguyen Duc Thanh, Nguyen Thi Nhu Quynh

Abstract

Doubled haploid (DH) technology is used broadly and extensively in maize breeding. By taking advantage of the ability to
form a 100% inbred line in a very short breeding cycle and to fix the desired genotype in one chromosome regardless of
dominance or recessive gene expression, the DH technique is integrated into many new breeding methodologies like genome
editing, cytoplasmic male sterility conversion. With the latest understanding of the genetic constitution of haploid inducer
genes and QTLs, the cooperation of many phenotypic markers with the R1-nj marker for accurate identification of putative
haploid, new and improved methods for chromosome doubling, which is safer and more cost-eftective, improve Haploid
Induction rate (HIR) and DH technology has gained increasing potential in maize breeding. Despite extensive research
and cooperation by scientists worldwide, DH still faces many challenges. This paper reviews DH technology, including the
importance of improved research steps, potential for future application, and challenges in Viet Nam and globally.
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