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LOI GIOI THIEU

Pong bang séng Ctru Long (PBSCL) c6 thé duoc xem la cai ndi cia
nén néng nghiép cua Viét Nam. Vi véi chi khoang 4 triéu hecta dat néng
nghiép, PBSCL da cung cap khoang 50% san luong luong thuc cho ca nuéc.
Trong do, cy lua dugc xem Ia céy chu luc vi ching chiém dién tich I6n dat
ndng nghiép trong san Xuat va dang ganh vac mot trong trach rat 16n cho an
ninh lwong thuc quéc gia va con cung cap gao cho thé gioi. Tuy nhién thi hiéu
Vé gao trén thé gisi luon ludn thay doi, do d6 cac nha chon giéng lubn phai
song hanh chon tao ra nhitng giéng lua phu hop vai thi hiéu nguoi tiéu dung.

Lich str caa chon tao giéng lua di xuét tir cach day hon 8.000 niam,
khi d6 nham tim ngudn luwong thuc cung cép, con ngudi ¢b dai da thu luom
va chon loc céc gidng Ita hoang dai dé thuan hoa, tién trinh nay dan dan l1am
cac gidng lua duoc thuan hoa han ché kha nang chdng chiu trude diéu kién
bt loi khi ton tai theo kiéu hoang dai. Vao thoi d6 thi nguai ¢ dai chon giéng
bang cach cam nhan cac dic tinh mong mudn va chon loc, tién trinh kéo dai
qua hang ngan nam dé chon loc dugc cac gidng mang dic tinh tét. Do d6 tién
trinh chon loc da dan dan thu hep ngum gen trong tw nhién. Tuy nhién trong
phuong thirc canh tac cia nguoi ¢6 dai nhu du nhap gidng tir nhleu nguon
khac nhau, su giao phin trong tu nhién da gitp da dang hoa ngudn gen,
va véi su lya chon c6 y thic hay vo thic di tao ra trén 150.000 gidng cay
trdng trén thé gisi.

Nén tang ctia phuong thirc chon gidng hién dai dugc hinh thanh tir nam
1700 — 1900. Tur khi phat hién ra gioi tinh trén cdy trong vao nam 1694 va
nhan thy duoc ra su lai tao & thuc vat vao nam 1719, chinh hién tuong nay
d3 tao ra rat nhiéu cac bién di trong tu nhién. Sau nay co s khoa hoc cua viéc
chon gidng cay trong da duoc nang cao rat nhiéu trong thé ky 20. Thém vao
d6, nhitng budc dot pha khoa hoc ky thuat vao thé ky thir 20 ciing gop phan
cho viéc phat trién giéng méi, mot trong nhitng kham pha vé DNA 1a nén
tang cua sy di truyén va viéc phat hién cau tric cua vat chat di truyén da gitp
cho nganh chon giéng budc vao ky nguyén méi. Dya vao nén tang DNA
la vt chat di truyen, cac nha chon gidng da van dung nhitng ky thuat hién dai
giup cho cdng tac chon gidng duogc chinh xac va nhanh chéng hon, nhu ky
thuat di truyén (chuyén gen), ing dung hd trg chi thi phan tu trong chon gidng
(MAS), trong d6 mét trong nhitng phuong cach chon giéng chinh xac va hiéu
qua nhét 1a sir dung gen chirc nang lam dau chi thi phan tir (FM). Trong khuén
kho quyén sach nay nhom téc gia hy vong gidi thiéu doc gia nhiing kién thic
co ban vé dau chi thi phan tir 1a gen chirc nang va nhiing tng dung thuc té
ctia nd trong chon giéng cay trong.



Quyén sach nay muc dich chinh lam tai liéu tham khao cho sinh vién
chuyén nganh Noéng nghiép, Cong nghé Sinh hoc va Sinh hoc trng dung con
c6 the lam tai ligu huong dan cho céc Vién truong, trung tam giong ding 1am
tai liéu nghién curu giup céng tac chon glong chinh xac hon nho rng dung cac
ki thuat hién dai da trinh bay trong quyén sach nay.

Trong quyén tai liéu tham khao nay, nhém tac gia di tham khao nhiéu
tai liéu chuyén nganh di dugc xuat ban hoic cong bd, hau hét cac két qua
nghién ctu trén dbi tugng cay lda va hinh anh minh hoa 1a caa chinh nhom
tac gla (trong phan ung dung) Trong qua trinh bién soan, mic du da c6 nhiéu
¢ gang nhung chic chic con nhitng thiéu sét nhat dinh, rit mong nhan duoc
su dong gop chan thanh cua quy Thay C8, cac ban dong nghiép, sinh vién va
nhitng doc gia quan tdm c6 co hoi st dung hodc tham khao quyén sach nay
dé co co cap nhat va hoan thién hon.

NHOM TAC GIA

LOI CAM TA

_ Chan thanh cam on Dy 4n nang cip Truong Pai hoc Can Tho VN14-P6
bang nguon von vay ODA tur chinh phu Nhat Ban da tai trg kinh phi dé bién
soan tap sach nay.

Dé bién soan hoan chinh cuén sach nay xin chan thanh cam on cac ban
sinh vién nganh Cong nghé Gidng Cay trong K44, nganh Nong hoc K43, 44
khoa Nong nghiép, Truong Pai hoc Can Tho di hd tro cac két qua phan tich
chi tiéu chat luong trén lda bang ky thuat sinh hoc phan tir va sinh héa.
Ngoai ra, su dong gop rat quan trong tir quy Thay C6 B6 mén Di truyén va
Chon giéng Cay trong cho tap sach nay, xin chan thanh cam on.
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Chwong 1
CHI THI PHAN TU LA GEN CHUC NANG

Huynh Ky, Nguyén Chau Thanh Tting, Nguyén Van Manh,
Tran In D6, Chung Truong Quoc Khang

B¢ mdn Di truyén va Chon giong Cay trong, Khoa Nong nghip,
Truong Pai hoc Can Tho

“ Tac gia chju trach nhigm: Hupnh Ky (Email: hky@ctu.edu.vn)

TOM LUQC

Ngay nay nho nhaing tién bé viot tréi trong ky thugt sinh hoc phan ti da giip
gigi ma théng tin toan bg bg gen théng qua ks thugt gidi trinh tir thé hé méi, tir nhiing
dir liéu d@6 giip cho viéc phat trién cay trong ngay cang nhanh va chinh xdc hon.
Tuy nhién viéc xdc dinh gen mang chi th; chize nang (FM) hién dién trong bé gen ¢o
lién quan nhiéu dén sir bién d@si kiéu hinh cia cay l1a mét thach thic Ién. Do do,
nham tim ra dwoc gen chitc nang can tiép cdn cac buéc thong qua phién ma nham
tim ra bién thé cia cac gen chite ndng, tdi t6 hop tiwong dong, ldp ban do lién két va
si dung céc alleles da hinh dé xdc dinh chi thi phan tiz FM cho muc tiéu chon tgo
giong, chang han nhw ddc diém néng hoc, khang stress sinh hoc va phi sinh hoc. Mgt
trong nhitng déc diém noi bat ciia FM so véi chi thi phan ti khdc duoc sir dung trong
ta0 giong cay trong la su lién két gen chat ché véi mat kiéu hinh. Do d6, FM c6 thé
tao diéu kién thudn lgi cho viéc chon loc truc tlep gen lién quan dén ddc diém kiéu
hinh, gia tang hiéu qua chon loc trong chon giong. Trong chuong sach nay, ching
t0i t6m liroC cdc phwong phdp méi nhat trong phat trién chi thi phan tz FM va ung
dung trong phuong phap chon loc hé tro danh ddu (MAS) trong chon giong,
gilp chegn chinh x&c céc glong mang ddc diém nong hoc va tinh trang chdt leong
ciing nhu trong chon céc giong cay trong khang stress sinh hoc va phi sinh hoc.

1.1 GIOI THIEU

Theo dir liéu du doan sy bung nd dan sb vao nim 2030 thi nhu cau
lwong thuc can cung cap ting 50%, nhung ngudn gen va moi trudng canh tac
ngay cang thu hep, do d6 céc nha chon giéng gap rat nhiéu kho khin trong
viéc chon tao giéng vira tang san luong ma dap ing dugcC su tac dong cua moi
treong (Frona et al., 2019). Hon nira, nguon gen ngay cang bi hep dan do
trong thoi gian dai cong tac nghién ctiu va hoat dong tréng trot tap trung cha
yéu vao canh tac cac gidng cay trong cao san, nham rat ngan thoi gian va ting
san lugng (Chen et al., 2014). Trong hoan cdnh do, cdc nha chon tao gidng
cay trong phai tim ra va khai thac ngudn gen tir thdng tin bo gen. Viéc ap
dung cdng nghé gidp nha chon glong tim ra céch tlep can va giai quyét cac
thach thirc an ninh lwong thuc toan cau, phat trién bén viing (Oliver, 2014).



Tir xua dén nay chon gidng theo phuong phap truyen théng 1a cho hai
ca thé mang cac kiéu gen wu viét duogc thé hién qua kiéu hinh va chon loc lai
cac ca thé con cai mang cac kiéu hinh wu viét d6. Trong thyc té, chon giéng
cay trong 1a chon loc cac san pham cua su tai to hop kiéu gen va dudi tac
dong cua diéu kién moi truong. Thyuc vay, su tai to hop dan dén trao doi vat
chat di truyén 1a co s¢ dung dé cai tién va phat trién giong cay trong méi phi
hop vai nhu cau xa hoi va méi trudng tu nhién. Sy trao doi vat chét di truyén
tir viéc lai tao truyén thdng, truyén lai cho thé hé sau qua cac phép lai va chon
loc cac c& thé mang tinh trang mong mudn. Theo cac phuong thirc chon gidng
hién nay, ngoai cac diac diém hinh thai duoc chon con bao gdm dau hiéu di
truyén nhu té bao hoc va diu hiéu sinh hoa, vi vdy céc nha chon gidng can
hon 12 ndm dé phat trién mt giong mai. Tuy nhién, khi c6 thdng tin vé gen
muc tiéu va cac bién thé allele, dua vao céc bién thé allele cua gen c6 thé phét
trién thanh dau chi thi phan tir ding nhan dién va theo di sy di truyén o cac
thé hé lai tlep theo. Ngdy nay, phuong thuc chon gidng truyén thong duoc
thay the bang chon giéng véi su hd tro caia dau chi thi phan tir nhd vao phuong
phép tiép can mai thdng qua thong tin tir bo gen (Gupta et al., 2005; Collard
etal., 2005; Kumar et al., 2018). Véi phuong thirc chon gidng nay s& khong
bi anh huong boi cac yéu td moi trudng, giai doan thu thap MAu Va Cac giai
doan phat trién cua cay (Winter et al., 1995), nhu vy bang phuong thic nay
gilp rat ngén thoi gian va chinh xac hon trong cong tac chon gidng.

Nham dap tng nhu cau trén, chon giéng chuan xac 1a phuong phap chon
gidng cay trong mang tinh trang mong muén va dwgc nhan dién bang déau chi
thi phan tu gen chirc ndng (FM), chi thi nay c6 ngudn gdc truc tiép tir bo gen,
biét chinh xac viing gen kiém soét tinh trang do (Conner et al., 2004). Do biét
chinh xac gen quy dinh tinh trang mong mudn va khi c¢é su xuat hién bién thé
cua gen dan dén su bién dbi kiéu hinh. Tir nhitng phét hién d6, chi thi phan ti
FM dugc phét trién va dung trong chon gidng mét cach hiéu qua va chinh xac
hon (Bohra et al., 2019). Bén canh d6, FM con giai thich méi quan h¢ gitra
phién ma, gen, protein va kiéu hinh. Ngoai viéc dung trong chon giéng cay
trdng, du ch1 thi phén tur gen Chuc nang FM con dung trong nghlen ctru phat
sinh l0di, cdu trac va da dang quan thé nham hiéu rd hon vé sy tién héa cua
bo gen (Dhutmal et al., 2018; Amom et al., 2017).

1.2 LICH SU PHAT TRIEN CUA CAC CHI THI PHAN TU'

Vao thé ky thtr 20, viéc kham pha ra gen da giap hleu rang bo gen la
théng tin di truyen va la co s¢ tao ra sinh gidi, trong d6 bao gdm ca cay trong.
Tir co s& vé thong tin di truyén ciing vai tién bo caa khoa hoc ky thuat nén
nhiéu dau chi thi phan tir duoc tao ra va ding nhan dién tinh trang sé lwong
(QTL), lap ban db di truyén (Amom et al., 2017). Nhiéu dau chi thj phan ti
duoc tao ra nhu: da hinh vé chiéu dai DNA bing cat giéi han (RFLP)
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(Botstein et al., 1980), da hinh DNA dya vao khuéch dai ngau nhién (RAPD)
(William et al., 1990; Welsh et al., 1990), da hinh khuéch dai chiéu dai DNA
(AFLP) (Vos et al., 1995), microsatellite hay trinh tu lap lai gian don (SSR)
(Tautz et al., 1989; Litt et al., 1989), trinh tu ving DNA khuéch dai (SCARS)
(Paren et al., 1993), trinh ty DNA khuéch dai duogc cat ra tir gel (CAPS)
(Konieczny et al., 1993), da hinh don nucleotide (SNP) (Gupta et al., 2001).
Hau hét cac dau chi thi phan tir 1a ngiu nhién (RDMSs), ching c6 thé mat di
trong qua trinh téi to hop. Nguoc lai, néu dau chi thi 1a gen quy dinh tinh trang
cu thé, khi d6 dau chi thi DNA (FM) nam trong gen hay lién két chat vai gen
thi diu phan tir d6 duoc tao ra va c6 thé sir dung trong cai tién gidng cay
trdng. Trong trudng hop ndy dau chi thi duoc goi 1a chi thi phan tir gen chuac
nang (FMSs) rat thuan tién trong chon giéng.

FMs duoc phan loai trong nhom chi thi phan tir DNA, ¢ ngudn gbc
dwa vao trinh ty DNA chirc nang dic trung di duoc kiém ching (Andersen
etal., 2003). Vi vay SNP hay InDels nhu 14 chi thi FMs rat hitu ich trong chon
gidng cay trong khi so sanh gitra chi thi RDMs va chi thi khdng mang gen
chic ning (GMMs) (Hinh 1.1). Chi thi GMMs nam trong mot gen chtic ning,
c6 thé khong lién két dén kiéu hinh mong doi, vi vay dan dén chon loc sai
trong MAS. FMs duoc goi la chi thi phan tir “chudn xac”, nguoc lai chi thi
RDMs la chi thi phan ti “khdng chuan” nhu RFLPs, AFLPs, hay SSR
(Varshney et al., 2005). That vay, chuong sach nay, chung t6i gidi thigu su
hiéu qua cua viéc sir dung chi thi phan tir FMs dung trong chon gibng lda.

DAu chi thj phan
ttr gen khéng
mang chic nang
(GMM)

DAu chi thi phan
tlr ngdu nhién
(RDM)

SNP tai exon 2
cliagen GS3, qui
dinh chiéu dai hat

gao (FM)

Hinh 1.1 M0 hinh xay dung chi thi phan ti 1a gen chirc nang (FM) dya trén
bien the allele ¢ exon 2 cua gen GS3, trong d6 GMM la dau phan tir khong
mang gen chirc nang va RDM dau chi thi phan tir ngau nhién



1.3 DAU CHI THI CHUC NANG

Chi thi phan tir FMs nam trong ving gen duoc ma hda thuong lién két
tryc tiép 1 kiéu hinh, duoc biét chirc ning va sy da dang trong kiéu hinh
(Andersen et al., 2003). FMs con dugc biét nhu dau phan tir nhan dién chinh
xéac kiéu gen va kiéu hinh. Kiéu gen chi bi anh husng khi trinh tu qui dinh
chirc nang dac trung bj thay doi, FMs chi c6 thé chinh sira khi nhitng alleles
¢ loi hién dién trong quan thé (Varshney et al., 2005). Khi da hinh xay ra ¢
gen mong mubn va dugc stra chita bang alleles thlch hop trong chon loc quan
thé, khi d6 FMs dugc sir dung trong chon loc tinh trang phuc tap (Bagge et
al., 2007). Vi thé chi thi phan ti FMs c6 tinh hiéu qua, nhanh chdng va sir
dung trong chon loc da hinh alleles véi su chinh xac cao vi chiung khéng bi
tac dong bai su téi t6 hop.

Muén phat trién dau chi thi phan ti FMs can phai nhan dién dwgc gen
mong muén anh huéng dén dic diém hinh thai, trinh tu gen, va dic diém chuc
ning (Amom et al., 2017). Pé xac dinh dugc chic ning cua gen thi co rat
nhiéu phuong phap khac nhau nhu nghién ciu sy biéu hién gen, lap ban do
tao dong, ban dd QTL, chuyén vi gen (Borevitz et al., 2003; Salgotra et al.,
2014) (Hinh 1.2). K§ thuat chuyén gen biéu hién vuot mic (overexpression)
va giam sy biéu hién cua gen (knockdown) ciing dugc dung dé nghién ctu
chtrc ning cua gen muc tiéu. Budc tiép theo caa qua trinh phat trién chi thi
phan tir FM 13 nghién ctu cac dang bién thé allelic cua gen muc tiéu. Khi do,
trinh tu céc allele bién thé kiéu gen lién quan dén kiéu hinh tuong ung va
nhan thdy dugc su thé hién gitra kiéu gen va kiéu hinh (Thornsberry et al.,
2001). Viéc phat trién chi thi phan tir gen chic ning FM yéu cau phai biét
duoc trinh ty cua alleles/gen lién két dén kiéu hinh duoc biéu hién. Su da hinh
giira cac alleles cua gen muc tiéu do viéc mat hoic thém nucleotide (InDels),
SNPs, su khac nhau vé sé luong va 1ap lai dic trung cia SSR, su mat di mot
doan hay mét ca gen (Borevitz et al., 2003). Thuc vay, chi thi phan ter FMs
c6 thé duya trén nhiéu viing gen mé héa (exon) va khdng ma héa (intron, UTR)
(McCouch et al., 1997).

Trai qua hai thap ky véi su phét trién ciia nhidu phuwong phép giai trinh
tu nucleotide, cho dén hom nay d c6 phuong phap giai trinh ty thé hé méi
(NGS), nhiéu QTLs duoc nhan dién va ban db di truyén duoc xay dung dua
vao céc dong tai to hop (RILS), dong dang gen (NILs), da boi thé (DHS),....
Phat trién ban dd di truyén dwa vao lai tao giira cac cap bd me c6 kiéu hinh
tuong phan can nhiéu thoi gian va kinh phi. Bé vuot qua cac kho khan trén,
mot phuong thuc tiép can khac 13 1ap ban db di truyén twong quan dung nhan
dién cac QTL c6 trong tu nhién hoic tir ngudn gen lai tao. Ban do di truyén
trong quan (AM) 13 cong cu quan trong trong nhan dién da hinh gan hoic
trong gen, ma gen thé hién kiéu hinh khac nhau giira cac kiéu gen (Soto-Cerda



et al., 2012). Lién két khong 6n dinh (Linkage Disequilibrium ~LD) ¢6 xu
hudng duy tri qua nhiéu thé hé giita cac loci ¢6 kiéu gen lién két vai nhau, co
thé hitu ich trong chon loc (MAS) (Rostoks et al., 2006). Ban db tuong quan
gilp ich cho nghién ciru da dang kiéu gen myc tiéu, mot khi quén thé nghién
clru cang da dang va cang I6n thi mbi tuong quan cang 16n (Breseghello et
al., 2006). Khi co su két hop gitra kiéu gen SNPs nam trén cac vung LD véi
tmh 6n dinh cua LD thi nhitng SNPs nay rat hiru ich cho su phat trién cua chi
thi phan tr FM va hd trg tét cho chon giéng theo phuong phap hoi giao
(MABB) (Simko et al., 2009).

e Gen biéu hién, nhan dién cac gen chirc nang
e Gan thé vitri gen nhay
e Ban do

e Chuyén gen
¢ Nghién cru chirc nang gen bang ki thuat RNAi

Chre nang

0| * Nghiénctu thé dot bién
-H\u
e Giaitrinh tw doan gen dé tim da hinh cac allele
J
-

* Taito hop dong hinh
Nha dién « Nghién ctru twong quan gitra kiéu gen va kiéu hinh
Sidloils « Danhgia thé dot bién
chirc nang
gen

» Chithj phan tlr dong troi (chi thi phan trSNF, SSR, CAP

etc...)
chi thi phan

tlr FM

U'ng dung cta chi thi phan tir 1a gen chirc ning

H tro trong cong tac chon loc (MAS)

Ho trg trong cong tac lai hoi giao (MABC)
HO tro trong cong tac chon loc tuan hoan
Chon loc kiéu gen

Hinh 1.2 Cac phwong phap phét trién chi thi phan tir gen chirc nang (FM)



Véi cong nghé giai trinh tu thé hé mai (NGS), s6 luong bo gen duogc
giai trinh tu ngay cang nhiéu dan dén nhiéu SNP duoc tim ra, tir théng tin d6
nhiéu ban dd gen c6 do phan giai cao duoc thiét lap (Huang et al., 2017).
Hon nita, cac nghién ctu lién két toan bo bo gen (GWAS) hién 1a mét giai
phap thay thé kha thi cho viéc lap ban dd QTL gilp phan tich cac tinh trang
s6 lwong quan trong. GWAS c6 thé cung cap thdng tin danh gia mau dai dién
mang ving gen muc tiéu. GWAS tan dung khdi gen lién két c6 mat do cao
trai dai toan bo bo gen ciia mot kiéu gen dé xac dinh cac ving gen lién quan
dén dic diém kiéu hinh. Gan day, GWAS duoc (ng dung thanh cong dé xac
dinh cac ving gen lién quan dén tinh trang quan trong & Ia, l1Ga mach, bép,
IGa mi va cac loai cdy trong khac (Huang et al., 2017). Vi dy, GWAS sir dung
trong mot tap hop ban db lién két xac dinh SNP lién quan dén kha ning chdng
chiu man trén cay lda (Simko et al., 2009).

Thém vao d6, nhitng tién bo trong cong nghé giai trinh ty thé hé maéi
dan dén chi phi giai trinh ty DNA giam, hién nay viéc xac dinh kiéu gen dua
vao trinh tu (GBS) cua cac loai thyc vat vi chiing c6 su da dang di truyén cao
va bo gen I6n (Elshire et al., 2011), phuong phép méi nay hd tro rat hiéu qua
cho chon giéng. K¥ thuat GBS lién quan dén viéc sir dung cac enzym gigi
han dé giam d6 phuc tap cia bo gen, theo sau la giai trinh tu bang ky thuat
NGS. GBS duoc xay dung dwa vao nhirng bién thé SNP hién dién trong phan
I6n b gen, phuong phap nay gitp giam nhiéu vé chi phi (Elshire et al., 2011,
Sonah et al., 2013). Do d6, cac SNP hién dién trong bo gen c6 thé duoc sir
dung trong cac nghién ctiru chon loc bo gen, GWAS va da dang di truyén.
Vi du nhu SNP c6 ngudn géc tir GBS lién két véi alen chire ning E3Ha cho
su trréng thanh & dau nanh da dugc xac dinh (Tardivel et al., 2014).

Tuong tw viéc giai trinh bo gen, viéc gidi trinh tw hé gen phién ma
(RNA-Seq hay Transciptome) ciing cung Cap mot luong 1on thdng tin vé cac
mdi lién hé giita gen va tinh trang duoc thé hién thdng qua viéc giai trinh ty
bo gen trén mo hinh va khéng cé mo hinh. Tap hop théng tin tir viéc so sanh
cac blen thé trong hé gen gitra cac mau thi nghiém, cho phép phét hién genva
phét trién ching thanh chi thi phan tir FM ciing nhu nghién ciru sy biéu hién
gen va so sanh mirc d6 biéu hién gitra cac ca thé (Garg et al., 2013). RNA-
Seq c6 thé cho phép xay dung diu chi thi phan tir, bao gom FM & céc loai
thuc vat chua c6 bo gen tham chiéu, chwa duoc giai trinh ty toan bo bo gen
(Chen et al., 2013). RNA-Seq da dugc (tng dung thanh cong trong nghién cau
sinh vat tir ndm men cho dén thyc vat. Thém vao do, véi trinh tu cua hé gen
phién ma cling gitp phat hién SNP la mot phan quan trong trong nghién cuu
di truyen phan tir vi céc locus caa SNP c¢6 thé duoc ding xay dung ban db di
truyén mat do cao GWAS (Novaes et al., 2008; Guo et al., 2003; Duran et
al., 2009; Li et al., 2016; Park et al., 2019; Huang et al., 2020).



That vay, su xuat hién cac bién thé SNPs ¢ gen chuc nang da gitp ich
trong viéc nang cao hiéu qua trong chon gidng. Thong qua cac bién thé SNPs
Xay ra & gen chirc ning, ngay cang nhiéu chi thi phan tir FMs lién quan den
dac tinh ndng hoc quan trong dé xac dinh dugc cac tinh trang, cung cap ngmn
gen quy cho tao gidng. Viéc giai lai trinh tu b gen va viéc xac dinh bién thé
SNP c6 lién két chat ch& véi kiéu hinh 1 hai chién lugc quan trong duoc sir
dung trong GWAS dé xac dinh SNPs chirc nang va su phét trién dau chi thi
phan tt FM (Hinh 1.3). Lap ban d6 quan thé (RIL, DH, phan ly, wv...)
su dung xac dinh QTL thich hop, trong do trinh tu bo gen c&c dong khéac nhau
tao ra du s SNP. Trong d6 SNP xuét hién tai cac QTL duoc coi 1a SNP
GWAS, Vi c4c gen tiém ning tai locus QTL duoc du doan theo phan tich
GWAS. Mat khac, trong 1ap ban dd twong quan, ngudn gen da dang rat htru
ich va viéc xéac dinh kiéu gen SNP trén co so giai ma lai bo gen cung cap mot
cdng cu tét dé phat hién SNP trong bo suu tap nguon gen 16n. Viéc so sanh
cac SNP GWAS tir quan thé giup xac dinh cac SNP chirc ning c6 lién quan
dén tinh trang kiéu hinh.

T6m lai, bat ké bién thé DNA c6 ngudn gbc tir ddu, mot khi chi thi phan
tar FM duoc phét trién, budc tiép theo 1a danh gia chirc nang cua cac chi thi
duoc xay dung lién két véi gen dugc quan tdm (Kage et al., 2016). Viéc danh
gia cé4c chi thi phan t&r FM méi duoc phat trién vé chirc nang c6 thé duoc thuc
hién bang cac nghién ciru biéu hién gen, bao gém ca viéc 1am im lang gen do
virus gay ra (VIGS) va cac phan tich loai bé hodc 1am giam su biéu hién gen
nhu da néu o trén (Rodenburg et al., 2018; Burch-Smith et al., 2004; Tadege
et al., 2005).
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Hinh 1.3 So d6 nghién ciru tuong tac bo gen (GWAS) dung dé nhan dién
cac bien thé SNPs va xay dung nén chi thi phan ta 1a gen chirc nang (FM)



1.4 UU DPIEM CUA CHI THI PHAN TU FM SO VOI CAC DAU CHI
THI KHAC

RDMs la dau chi thi DNA phé bién nhat dugc sir dung trong chon loc
gian tiép. RDMs c¢6 ngudn gdc tir sy da hinh cua trinh tw DNA trong viing
gen 1an can gen muc tiéu, dan dén viéc tién doan khéng chinh xac vé tinh
trang dugc quan tam. Tuy nhién, van dé xay ra khi sir dung RDMs c6 thé khic
phuc duoc bang chi thi phan tir FMs voi su twong tng kiéu hinh 100%.
Khi tac dong di truyén quy dinh chirc ning dya trén cac trinh tu gen, chi thi
phan tir FM duoc thiét 1ap dua vao allele trong mot s gen goc ma khang can
hiéu chinh (Cakir et al., 2010; Gupta et al., 2010). Diéu nay cd loi cho viéc
tng dung cac dau chi thi phan tir, dic biét 1a trong chon gidng cay trong,
gitp lua chon vat liéu di truyén ban dau dé 1ap mot hé thdng quan thé phan ly
gom nhimng cay dugc chon ciing nhu tiép tuc chon loc céc dong tién tién
(Andersen et al., 2003).

Chi thi phan tar FMs nam ¢ tai cac gen mong mudn va duoc lién két truc
tiép vé6i dic diém hinh thai, vi thé co thé st dung véi do tin cay va hiéu qua
cao dya vao allele dugc nhan dién chinh xac dung trong chuong trinh chon
gidng (Simko et al., 2009). Chi thi phan tir FMs ciing lam giam nguy co mat
hozc chon loc sai c&c ca thé dugc chon khi sir dung phwong phéap chon gidng
MAS (Rodenburg et al., 2018; Lau et al., 2015). Trong khi do, chon gidng
bang MAS, QTL dugc xé&c nhan 1a can thlet dung dé danh gia su khéc biét
nguon goc di truyén cua chang. Tuy nhién, chi thi phan ta FMs thi sir dung
truc tiép ma khong can thiét phai kiém chang (Ingvardsen et al., 2008;
Rodenburg et al., 2018; Nawaz et al., 2017). FMs tao diéu kién cho viéc lua
chon dic diém kiéu hinh, dic biét cho phép cac nha nhan gidng céc to hop lai
hiém trong mot quan thé Ion (Edmeades et al., 2004). Ngoai ra, FM rat hitu
ich trong viéc sang loc ra cac allele trong tu nhién ciing nhu qué‘m thé trong
nhan gibng, sira chira cac allele mong mudn trong quan thé, xay dung lién két
haplotype FM va t4 hop céc allele chi thi phan ti FM lién két véi céc tinh
trang phuc tap (Andersen et al.,2005).

1.5 FMs TRONG NHAN GIONG CAY TRONG CHINH XAC

Chi phi giai trinh tu gen ngay cang giam, diéu nay da tao diéu kién thuan
loi cho su phét trién chi thi phan tir FMs. Do chi thi phan tir FMs ¢6 nhiéu uu
diém hon RDM, FMs ngay cang duoc su dung nhiéu hon trong phuong phap
chon giébng MABB V¢ tinh trang chét lugng va dic tinh tét cua cay trong nhu
chdng chiu stress hay khang sau bénh hai va nang suit cao (Edmeades et al.,
2004; Yang et al., 2015). Trong chon gidng, chi thi phan tr FMs duoc sur
dung sang loc ngudn gen, phén tich da dang di truyen MAS, MABB,
tng dung chi thi phan tir h tro chon loc trong chon gidng (MARS) va chon



loc bo gen (GS) nham cai thién céc tinh trang quan trong (Salgotra et al.,
2014; Xu et al., 2005; Yi et al., 2009; Jin et al., 2010).

1.5.1 Sang lec quan thé va da dang di truyén

Ngudn gen thuc vat (PGR) 1a nguyén liéu co ban can thiét dé cai thién
cay trong, nang cao ning suit, cai thién chat luong, giam dich bénh va gay
hai cua con trung cling nhu cac yéu t6 stress phi sinh hoc. Truéc khi xuat hién
phuong phap méi vé tiép can bo gen, cac dau chi thi di truyén chinh chi dung
trong danh da dang di truyén cua nQUOn gen dua vao cac dic diém hinh thai
khéc nhau (Vos et al., 1995). Vi tién bo cua ki thuat giai trinh ty gen da cho
phép phat trién nhidu loai diu chi thi phan tir khac nhau nhue RDBMs, GMs
va FMs (Yu et al., 2002). Bé chon ngudn gen cé su bién dbi allele dbi véi
tinh trang kiéu hinh cu thé, chi thi phan ti FMs lién két truc tiép voi gen muc
tidu va co thé sir dung tryc tiép trong cac chuong trinh chon gidng (Nadeem
et al., 2018). Chi thi phan tu FMs cho phép xdc dinh dac tinh va chon loc cac
kiéu gen mong mudn véi d6 chinh xac cao. Khi so sanh véi chi thi phan to
RDMSs, chi thi phan tr FMs ding dé xac dinh truc tiép céc kiéu gen quan
trong Vé mat néng hoC tir ngudn gen duoc thuan hoa, gibng dang canh tac,
cay hoang da va nguon gen thuc vat. Cac tinh trang muc tiéu dugc chon loc
trong nguon gen bang chi thi phan tir FMs c6 thé duoc sir dung trong cac
chuong trinh phat tr1en cay trong méi. Piéu nay, gidp cho nha chon gidng cay
trong phat trién nguon gen mdi biang cach dua cic gen mong mudn sang bo
gen cay trong dang can c6 gen d6 (Xu et al., 2004). Bén canh do, Lién minh
quéc té Bao vé giéng Cay trong mai (UPOV) ciing ddng y st dung chi thi
phan tir FMs dé xac dinh cu thé cac dic diém kiéu gen va dung dé danh gia
su khac biét gitta gidng, tinh dong nhat va dic tinh 6n dinh (DUS) cua gidng
(Jamali et al., 2018).

Théng tin vé bién thé di truyén c6 trong ngudn gen 1a co s dung dé cai
thign va phat trién giéng cay trong (Hodgkin et al., 2001). Thong tin da dang
di truyen ctia PGR 1a diéu can thiét va dau tién cho chon giong, vi ngay cang
nhiéu PGR da dugc danh gia dac diém cua ching dya trén cac tinh trang kiéu
hinh, nhung rat it nguon gen dugc danh gia & cap do phan tir. Vi ky thuat
hién dai giai trinh tw rat nhiéu bo gen cua céc loai, tir co s d6 da xdy dung
dugc nhiéu chi thi phan ta dung trong phan tich da dang di truyen nhan di¢n
gidng, chon loc chinh xéc c4 thé F1 va dung trong bao ho cac gidng cay trdng
(Kaisoon et al., 2008; Salgotra et al., 2015). Pé xac dinh kiéu gen tiém ning
va da dang dung cho chon gidng, can c6 mot ngudn gen di truyén Ién (Collard
et al., 2005; Jiang et al., 2013). Trong ky nguyén thdng tin di truyén tir cac
bd gen, nhimg thong tin nay da gitp cho viéc xay dung cac chi thi phan tu
nhu RDM, GMM, FM duing danh gia sy bién di di truyén c6 san trong ngudn
gen (Singh et al., 2019). Trong do, tinh chuyén biét cua chi thi phan tr FM



