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Thi trwdng lta gao la thj tredng mong manh, rat hep so véi mé céc khac, chi cé 7% téng san lvong
gao thé gidi van hanh trong thi trwdng xuét nhap khau Ay (Giraud 2013; Muthayya et al. 2014). Giéng lta
c6 gao thom (goi chung lta thom: aromatic rice) chiém ty trong dang ké thi trwéng gao xuéat khau véi nhiéu
dang cap khac nhau, bao gdm loai hinh gao Jasmine va loai hinh gao Basmati. Hai loai hinh gao nay cé
vai trd chl lyc trong san lwong gao thom the gi¢i (Annex 2011; Giraud 2013; Mahajan et al. 2018). Bo
Nong Nghiép Hoa Ky (USDA) dw doan nguon gao nhap khau ctia Hoa Ky la 2,7 triéu cwt ndm 2018, véi
2,35 triéu cwt gao thom, hat dai bao gdm ca hai loai hinh néi trén [Jasmine hodc Basmati types] (Baldwin
and Childs 2018). Di truyén gitra giéng lua thom lién quan dén quan thé giéng lua khac & mdc d6 phan
loai 'subpopulations’ ngay cang ré hon trong xép hang nho chi thi phan t&r dwoc ap dung trong sang loc di
truyén.

Cay lua (Oryza sativa) da dwoc loai ngwdi thuan héa trén 10.000 ndm trwéc day tir ngudn da dang
di truyén hoang dai ctia cac loai Hoa thdo nhw Oryza rufipogon (Kovach et al. 2007). Ngudn gen phong
phu cla loai hinh lGa trdng thudc indica va japonica, dwoc gia dinh 1a sy phan chia ra cach nay 200.000 -
400.000 nadm trong qua trinh thuan héa (Cai va Morishima 2002; Ma va Bennetzen 2004; Vitte et al. 2004).
Nhiéu két qua nghién ciru da phan 1ap duoc 5 quan thé phu (sub-populations) co khoang cach di truyén ro
rang hinh thanh nén nhirng nhoém giong lua khac nhau (varietal groups). Nhom gléng lta tréng indica bao
gdm kiéu hinh quan thé phu indica va aus. Nhom g|ong lta tréng japonica bao gdm kiéu hinh quan thé phu
japonica nhiét d&i, japonica 6n d&i, va nhédm quan thé phu aromatic (Glaszmann 1987; Garris et al. 2005;
Kovach et al. 2007; Civan et al. 2015; McCouch et al. 2016).

Tuy nhién, quan thé phu aromatic trwéc d6 dwoc ngwoi ta cho rang lién quan gan nhat véi loai
hinh lta trong indica trén co s& gibéng nhau vé hinh thai hoc cia hat thc, hat gao. Theo két qua sang loc
di truyén bang chi thi SSR (simple sequence repeats) lai chirng minh rdng quan thé phu aromatic cé ban
chét di truyén gan véi loai hinh japonica hon quan thé phu indica (Sweeney va McCouch 2007).

Hién nay, theo két qua phan tich ‘resequencing’, quan thé phu aromatic dwoc giai thich la mot
loai hinh pha trén rat cd xwa gitra loai hinh lGa tréng japonica 6n d&i va loai hinh aus, cé mét anh huéng
nhd tlr té tién cha giéng lua indica (Civan et al. 2015).

Tai My, hau hét ngudn gidng bd me thudc loai hinh japonica, v&i ngudn vat liéu hat dai két hop véi
loai hinh japonica nhiét d&i, va lua hat dai trung binh ham chira ca kiéu hinh tir té tién japonica nhiét d&i
va japonica 6n d&i (Lu et al. 2005; Zhao et al. 2011).

Hoa ky cho phép phat trién 13 gidng IGa thom dan xuét tir 6 vat liéu giéng lua thom lam bd me da
dwoc thu thap trong ngan hang gen Ita cGa Hoa Ky. Ngudn gen thom tir vat liéu bd me nay 1a Delitus,
Basmati 370, Jasmine 85, 96A-8, va hai loai hinh Basmati co tinh chat bd sung (Linscombe and Famoso
2017; McClung 2018; Marchetti et al. 1998; Sha et al. 2011; CCRRF 2018).

Phwong phap do lwéng mui thom clia gao va com dwa trén nén tang tinh trang mui thom (scent-
based), bao gébm thir phan rng gao v&i KOH, ké ca phan (rng nghién |4 hodc mé than lta (Sood and Siddiq
1978). Hop phan tao mui thom, 2-acetyl1-pyrroline (2AP), dwoc xac dinh [a yéu té then chbt quyét dinh
phdm chét gao thom ¢ trong giéng Ita thom (Buttery et al. 1982). Phwong phap dinh tinh 2AP bang sac
ky khi [GC: gas chromatography] dwoc nhém nghién ctru Petrov et al. (1996) thwe hién va phd bién quy
trinh. Két qua twong quan chat git)a phwong phap GC va phwong phap cdm quan do nguwdi ta ngli
(standard human scent technique), chirng minh réng phwong phap GC chinh xac va it bi ch quan (Lorieux
et al. 1996).

Phwong phap GC duorc tin cay cao nhung két qué twong dbi thap vi gia thanh lam han ché th
nghiém khi s6 dong con lai quéa I&én trong chwong trinh cai tién giéng lua thom.

Gen lan cha luc fgr dwoc tim thay trong rat nhiéu két qua nghién ctvu cé chirc ndng ma héa protein
2AP. Gen nay dinh vi trén nhiém sic thé 8, giai thich dwoc 69% bién thién ham lwong 2AP (Ahn et al.
1992; Lorieux et al. 1996; Chen et al. 2006).

Gen c6 tinh chat ké dwsi d6 (underlying gene) 18 gen BADH2 m3a hoa betaine aldehyde
dehydrogenase (BADH2). Dot bién chirc nang dwgc minh chirng & doan phan t& bi mat 8 bp, tai exon
s6 7 clia gen nay (Bradbury et al. 2005a).



Chu trinh sinh tdng hop 2AP bat dau véi proline bi di héa théng qua putrescine bién thanh y-
amino butyraldehyde (AB-ald), mot co' chat cia BADH2. Enzyme hoat tinh BADH2 chuyén héa AB-ald
thanh y-aminobutyric acid (GABA). Lua thom thiéu mét enzyme cé chirc ndng BADH2 dan dén tich tu
AB-ald. Do tinh chét bt hoat clia enzyme nay dé chuyén hoa AB-ald thanh GABA, nén viéc téng hop 2AP
tang 1&n tir két qua tich tu AB-ald bi acetyl hoa (Bradbury et al. 2008; Chen et al. 2008).

Cho du ¢6 10 alen khac nhau da dwoc ngwdi ta bao cao co lién quan dén tinh trang mui thom,
nhwng chi ¢4 phan t& mat doan 8-bp la alen wu thé nhat quyét dinh sw thé hién mui thom. Phan t& méat
doan hoac thiéu doan 8-bp (InDel) xuét hién trong 93/124 giéng lua thom kha da dang trén thé gisi (80%),
bao gdm nhirng giéng ndi tiéng nhw KDML105, Basmati, Della, va Jasmine 85 (Kovach et al. 2009).

Su phét hién ra phan tlr mat doan 8-bp da lam dé& dang hon cho phat trién chi thi phan t& InDel
dwoc ap dung vao nghién ctru di truyén va chon gidng nhd marker (Bradbury et al. 2005a, b). M6t gen don
diéu khién bién thién kiéu hinh vé&i khéi lwong 16n tinh trang mui thom; gia thanh va két qua danh gia kiéu
hinh khéng con 1a gi¢i han cho nha chon gibéng lia thom, lam chién lwoc MAS tré nén ly twéng hon dé cé
giébng phuc vu yéu cau san xuat. Cling muc tiéu nhw vay, Hoa Ky phat trién phwong phap st dung chi thi
SNP dé sang loc di truyén tap doan vat liéu lua thom véi phwong phap danh gia kiéu gen theo KASP.

Muc tiéu nhdm (1) dinh tinh sy da dang cla haplotype gen BADH2 thdng qua O. sativa; (2) xac
dinh nhirng haplotypes/alen ctia BADH2 cé trong ngan hang gen lua Hoa Ky; (3) phat trién va minh chirng
SNP-based kompetitive allele chuyén phuc vu cho xét nghiém PCR cé tén la KASP (LGC Group 2016).
1. Da dang haplotype BADH2 — gen diéu khién mui thom hat gao.

Mui thom la tinh trang phdm chét hat gao quan trong, dugc didu khién béi sy dot bién gen trong
ho gen BADH2. Pay la tinh trang c6 co ché di truyén don gian, nguoi ta ¢ thé phat trién dong ta thom
théng qua sang loc di truyén bang chi thi phan t& trong nhiéu chwong trinh cai tién gidng lta. Dot bién cé
chirc nang mang tinh trdi (predominant) trong gen BADH2, mét phan t&r indel vai kich thwédc 8-bp, cé thé
dwoc tim thay bang xét nghiém PCR, nhwng xét nghiém gén két voi danh gia kiéu gen (associated
genotyping platforms) van chwa dd dé& ap dung di truyén phan t& trén qui mé 16n va né khong cé thé tiép
ho’p duoc véi kidu gen ngoai ludng (outsourcing genotyping). Addison et al. (2020) xac dinh tinh da dang
cta b chi thi SNP phu trén toan b6 gen BADH2 trong mét tap doan glong lta bao gdm 2932 mau giong,
dé tim ra s6 haplotypes cla gen thom nay trong O. sativa. Nguoi ta sir dung 297 SNPs lién quan dén
gen dich, ngwdi ta tim thay 11 haplotype groups. Sau dd, ngudi ta da phan lap dwoc mot minimal set
bao gébm 9 chi thi SNPs mang tinh chét théng tin dang tin cay, biéu hién tinh ddc nhéat vé nhj ctia nhirng
haplotypes clia gen BADH2. Chin chi thi SNPs nay dwoc dwoc phat tnén thanh KASP assays. Nguoi ta
st dung chung dé khao sat tap doan glong laa thom Hoa Ky gdm 369 méau giéng. Tap doan giéng nay déc
trwng cho giong Iua cao san c6 nguon goc bd me 1a lta thom ban dia ctia Hoa Ky. Sau haplotypes da
dwoc tim thay trong tap doan gidng lua Hoa Ky, trong dd, hai haplotypes biéu thi tinh chat cha chét nhat
(85%). Mot bd gidng dac trung gdbm 39 dong lua tir nhivng nhém haplotype da dwoc danh gia kiéu hinh
(tinh trang mui thom) dé phan biét lua thom va lua khéng thom. Mét haplotype (Hap 6) dwoc ghi nhan la
két hop hoan hao véi kiéu hinh gao thom. Chi thi KASP SNP c6 tinh chat doc nhat déi véi Hap 6 da minh
ching ring day Ia k§ thuat phan biét dang tin cay: gitra gibng lia thom véi gibng lua khong thom trong
ngén hang gen lua Hoa Ky (Addison et al. 2020).

2. Vai tro diéu tiét cta proline déi véi mui thom

Proline la tién chat cta chu trinh sinh tdng hop 2-acetyl-1-pyrroline (2-AP), la chia khéa dinh tinh
hop chat bay hoi c6 mui thom cua lta. Nghién ciru anh hudng ngoai sinh chat proline trén sinh téng hop
2-AP va céc tinh trang phdm chét hat khac gép phan tao mui thom ctia gao, Luo et al. (2020) st dung 2
gibng lua thom indica: "Meixiangzhan-2" va "Xiangyaxiangzhan", 1 giéng lua thom japonica:
"Yunjingyou", dé& phan tich di truyén. Khi lua bat dau trd bong, dung dich proline & ndng d6 0 (déi chirng),
0,10 (Pro1), 0,20 (Pro2) va 0,50 (Pro3) g L' dwoc phun trén 14 Ita cla cac gibng khdo nghiém nay. So
sanh vé&i nghiém thire d6i chirng, cac nghiém thirc Pro1, Pro2 va Pro3 déu gia tdng ham lwong 2-AP cé y
nghia. Sy diéu tiét dé gen thom biéu hién theo liéu 'up' chiu anh hwéng béi x ly proline ngoai sinh dwgc
quan sat & nghiém thtrc proline, A1-pyrrolidine-5-carboxylic acid (P5C) va A1-pyrroline, véi két qua
hinh thanh 2-AP. Phun proline lam giam dang ké y-aminobutyric acid (GABA). Bén canh dd, nghiém thtrc
c6 proline da lam tang hoat tinh ctia proline dehydrogenase (ProDH) ciing nhw merc thé hién cac phan
ttr transcript ciia gen PRODH. Mat khac, s& phan tt transcript ctia gen BADH2 va hoat tinh cla betaine
aldehyde dehydrogenase (BADH) giam xudng trong nghiém thirc proline. Cac nghiém thtrc proline (Pro2
va Pro3) con lam tang ham lwong protein trong hat: 3.57-6.51%. Bén canh d6, ty 1é gao bac bung giam
xubng: 32.03-34.25%, chi sb bac bung gidm 30.80-48.88% trong nghiém thirc Pro2 va Pro3, gibng lua
Meixiangzhan va Xiangyaxiangzhan, trong khi giéng Yunjingyou khéng cé anh hwéng nao khi phun trén 1a



nghiém thirc proline, dén ty I& gao bac bung va chi s bac bung. Khong khac biét trong phadm chét xay cha
(ty 1&t gao It, gao xat trdng, gao nguyén), ham lwong amylose gitra dbi chirng va nghiém thire xt ly proline.
X0 ly proline ngoai sinh 1am ting sinh téng hop 2-AP 1am cai tién gao thom hon cla gidng lua thom (Luo
et al. 2020).

3. Di truyén tinh trang mui thom ctia Basmati

Tén goi Basmati xuat phat tir hai chi¥ Sanskrit: “Vas” cé nghia Ia “aroma” va “matup” cé nghia |a
“possessing: s& hivu.” Két hop hai chir nay lai véi nhau, ching ta c6 “Vaasmati,” dwoc ngudi ta doc trai
thanh “Basmati” (Siddiq et al. 2012).

Basmati Ia nhom giéng la d&c biét (Oryza sativa L.) vi mui thom clGa né va pham chét gao thwong
hang, ngudn géc: chan ndi Himalaya (An D& va Pakistan). Nhirng nghién ctru di truyén trwéc day cho thay
céc giébng Basmati duwoc xép vao nhom lua aromatic (Kishor et al. 2020). Cho du ¢b gang rat nhiéu, nhung
quan hé c6 tinh chat genomic cla gidng Ita Basmati v&i cac nhdm giéng lua khac; bién thién hé gen trong
céc gibng lua Basmati van chua dwoc hiéu rd. Kishor et al. (2020) da tién hanh k¥ thuat "resequencing”
toan hé gen cay lta cla 3 gidng Basmati ban dia, mat d6 pha: 25X lllumina HiSeq2500, réi xay dwng ban
dd di truyén cac trinh tw DNA nhan biét so véi hé gen tham chiéu cta gidng lua Nipponbare (japonica),
Kasalath (aus), va Zhenshan 97 (indica). So sanh cac trinh tw DNA cho thay nhirng chi thi SNP lién két véi
gen dich tai ving muc tiéu cla ba giébng IGa Basmati. Phan tich SNPs cho thay cac giéng Basmati biéu
hién trinh tw loai hinh aus it c¢é bién di di truyén hon cac giéng lua thudc loai hinh japonica va indica.
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Hinh 1: Phan tich da dang di truyén 60 giéng IGa thong qua 190 chi thi SNPs. (A) UPGMA dendrogram. Nhanh biéu hién mau séc tly

vao két qua danh gia subpopulation; tren co s@ K = 6, ngoai trlr nhom la aromatic, K = 3. Nhanh mau xam biéu thi sy pha tron
(admixture). (B) Phan tich kién triic quan th& bang phan mém STRUCTURE vé&i cac gia tri K bién thién tir 2 dén 7. Ba giéng Ita dwoc
phan tich genome cé mau vang (Kishor et al. 2020).
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V& tin sinh hoc, phan tich dé phong phi cia GO (gene ontology: mirc d6 biéu hién clta gen va
san pham gen gop. phan khang dinh ban chat nhém) cho thay rang SNPs c¢ trong nhirng gen dich voi
nhiéu chirc nang vé sinh hoc, phan t&r va té bao. Hon niva, két qua giai thich phan mém annotation cla
chum gen doét bién Basmati dwgc chia sé béi Nipponbare, Kasalath, va Zhenshan 97 cho thay: méi quan



hé v&i tién trinh bién dwdng, bao gdbm hop chéat tao mui thom & murc dd t& bao, chi ra tinh tran thom
(aroma) la dc diém quan trong clia hé gen cac gibng la Basmati. Nguoi ta phan loai 30 gibng Ida Basmati
truyen thdng chia ra thanh 3 nhém di truyén khac nhau: aromat/c (22 gibng), aus (4 gidng), va indica (4
giéng), trén co s& chay ‘genome-wide SNPs’. TAt ca 22 gibng Basmati aromatic mang alen Badh2 c6
chirc nang kich hoat tinh trang mui thom. Nguoi ta tiép tuc hoan thién phan tich 13 tinh trang néng hoc
cha chét va tinh trang phdm chét hat cta gidéng IGa Basmati va nhirng giéng lua khac. Ba tinh trang duwoc
chu y la: ty 1& hat dai/rong [L/I ratio], chiéu dai béng (PL), ham lwong amylose (AC) déu cé khac biét y nghia
gitra lua thom (aromatic) va lua khéng thom (indica/aus) (P < 0.05 va P < 0.01). Phan tich so sanh c4u truc
genome, trén co s& bién thé cac doan trén hé gen va phan tich GO, két qua cho thay hé gen giéng Basmati
dwoc dan suat chi yéu tir loai hinh aus va japonica. Co s& di liéu 'whole-genome sequence' va théng tin
vé da dang di truyén co tir két qua thi nghiém nay sé Ia ngudn tw liéu quan trong phuc vu chon giéng theo
nén khoa hoc phan t&r va phuc vu phan tich di truyén cac giéng lia Basmati (Kishor et al. 2020).
4. OsBADH2 - alen méi dwoc chinh stra nh& CRISPR-Cas9

Mui thom cla hat gao la tinh trang pham chét hat quan trong khang dinh sy ch&p nhan cla thi
trwdng thé gidi. Cong trinh khoa hoc nghién ctu tinh trang aroma cay l0a vé cung db sd, két qua da xac
dinh nhitng thé ddt bién clia betaine aldehyde dehydrogenase (OsBADH2) dan dén mui thom cua lua.
Co6ng nghé chinh stra hé gen théng qua hé théng CRISPR/Cas9 da mé ra con dworng mai, thuc day cai
tién giéng lta c6 phdm chat gao mong mubn théng qua dét bién cé chi dich. Ashokkumar et al. (2020) da
tién hanh st dung CRISPR/Cas9 dé sang tao ra alen mai cé tén la OsBADH2 du nhap tinh trang thom
vao giéng Ita cao san khong thom ASD16. Phan tich PCR nhirng cay transformants gid dinh nh® nhirng
cap mdi danh diu dich dén nhirng viing ké can phan t&r sgRNA tai exon thr 7 ctia gen OsBADH2, két qua
xac dinh duwoc 37.5% dot bién da alen cé tiém nang & thé hé To. Tréc nghiém mui thom 14 lta cta dong To
cho théy c6 13 dong thudc 5 s kién doc lap san sinh ra mui thom. Phan tich trinh tw gen clia nhirng dong
lua thom To nay cho thdy nguoi ta xac dinh dwoc 22 loai hinh d6t bién khac nhau dinh vj tai -17 bp dén
+15bp cla ving sgRNA. Phan tlr mét doan -1/-2 bp clia dong Iua # 8-19 va phan t& méat doan -8/-5 bp cta
dong lua # 2-16 biéu thi cé mui thom rat manh, kiéu hinh nay dwoc di truyén én dinh sang thé hé T+1. Phd
thé hién mang tinh chat so sanh tinh trang mui thom dé bay hoi nay cho két qua tim thy dwoc hop chét
aromatic moi viz., pyrrolidine, pyridine, pyrazine, pyradazine va pyrozole trong hat gao cay T1 - dong
lta # 8-19. Ngwdi ta ching minh dwoc CRISPR/Cas9 ¢é kha nang tao ra alen méi ctia gen OsBADH?2 diéu
khién mui thom cla béat cw gidng Ita khéng thom nao dé (Ashokkumar et al. 2020).
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