TONG QUAN DI TRUYEN CAY CHUOI (Musa spp.)
TIEP CAN KY NGUYEN SAU NGS

. DI TRUYEN TE BAO

Chudi (Musa spp.) dugc trong &
vung nhiét doi, can nhiét doi,
thuoc khu vuc Pong Nam A,
chau Phi, Nam My, la nguén
cung cap kali quan trong, sb
luong xuat khau 6n dinh va 1a
thyc phim quan trong cho hang
triéu nguodi dang séng & cac
nudc phat trién.

! Ho Musaceae c6 bo nhiém sic
| thé rat phtc tap. Ky thuat di
truyén té bao co tén la oligo
painting FISH dugc phat trlen
dé xac dinh tat ca bo nhidm sic
thé cua cay chudi (Musa spp.).
Ngudi ta tién hanh khao sat loai
chudi ludng bdi M. acuminata
spp. malaccensis (thudc hé gen
N A), M. balbisiana (thudc hé gen
B) M schlzocarpa (thude h¢ gen S) cua SeCtlon Eumusa trong chi Musa.

Chi Musa c6 khoang 75 loai va nhiéu dong vo tinh c6 thé an duoc; xét theo bd tiéu chuan dinh
dang ctia IPGRI-INIBAP/CIRAD (1996) va trén co s& sd luong nhiém séc thé (x). Chi Musa duoc
nguoi ta chia lam lam 4 sections: Eumusa (x = 11), Rhodochlamys (x = 11), Australimusa (x =
10), va Callimusa (x = 9, 10).

Hau hét cac dong chudi vé tinh dugc canh tac hién nay (3n) nam trong section Eumusa sau qué
trinh lai trong loai, lai giita cac loai d6i v6i loai chudi hoang ludng bdi M. acuminata (nguon cho
h¢ gen A) va M. balbisiana (ngudn cho hé gen B). Loai ludng boi M. schizocarpa (h¢ gen S) ciing
tham gia vao qua trinh tién hoa cta dong chudi vo tinh dn duge hém nay. Cac cdp lai ty phat trong
loai va giita cac loai thuong khong c6 hat va biéu hién tam bdi (AAA, AAB, hoic ABB).

Chi Musa 1a genome tuong d6i nho, kich thudc phan tir bién thién tir 550 dén 750 Mbp / nhiém
sac thé. Ap dung k¥ thuat té bao FISH (fluorescence in situ hybridization), cung v6i nhimg chi thi
tham do phén tor DNA repeats vo6i phan b6 rat dic biét trén nhiém séc the, két qua cho thy day la
phuong phép tiép cén hiru ich dé xac dinh nhiém sic thé trong cdy chudi. ‘Phuong phap
chromosome painting cho phép danh déu bang huynh quang trén toan bo nhiém sic thé.

Oligo painting FISH cho chung ta co hoi xac dinh dugc timg nhiém sic thé riéng biét, cac ving
cua nhiém sic thé ciia chi Musa, hoan thién phén tich so sanh nhiém sic thé va dinh tinh ndi dung
sap xép gen trén nhiém sic thé. Két qua xac dinh c6 3 loai: M. acumlnata ssp. malaccenSIS M.
balbisiana, va M. schizocarpa, di va dang tham gia tich cuc vao sy tién hoa ciia gidng trong trot
hién nay.

II. HE GEN CHUOI VA NANG SUAT
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Chudi c6 kha ning tao ra giéng khong hat. Tinh trang ndy dugc xem nhu chia khoa trong tién trinh
thuan hoa chudi hoang dai sang chudi an duoc, d6 ciing 1a két qua cua tién trinh da boi hoa. Nang
sut chudi dua theo khdi lugng quay chudi trén don vi dién tich canh tac, thoi | gian thu hoach trong
1 nam. Thanh phan quyét dinh khéi lwong quay chudi (bunch weight) 1a sb nai chudi va sb trai
chudi; chiéu dai va chu vi trai chudi; dudng kinh trai va duong kinh thit qua. Tinh trang su day
chéc ctia qua chudi, lién quan dén strc chira (sink) twong quan truc tiép dén thit qua (pulp), hodc
phan dn dugc cia qua chudi.

Ban chat trinh san (parthenocarpy) ctia chudi dugc diéu khién bai 3 gen P1, P2 va P3. Tinh trang
trinh san dwoc lién két véi sy phan ly ciia mot gen troi diéu khién trinh san (parthenocarpy) gen
P1. Dong v6 tinh tam boi thudc hé gen AAA c6 3 gen trdi P diéu khién tinh trang trinh san nay.
Dong vo tinh ludng boi trinh san c6 tén 1a Pisang Lilin thudc hé gen AA, biéu hién di hop tir d6i
v6i 3 gen P trong khi d6, bién thién vé s alen tréi dugc ghi nhan ¢ nhitng ciy ludng bdi khac.
Cac gen cia Musa acuminata: MCM1-AGAMOUS-DEFENSINS-SRF (MaMADS), MYB va gen
ma hoa yéu té phién ma AP2/ERF déu c6 trong ndi ham kién triic qua chudi, phat trién qua va su
chin qua.

Két qua GWAS tinh trang khéi lwong quay chubi cho thay kha nang du doan cao d6i véi tinh trang
su vao chac cua qua (> 0,7), trong sang loc di truyén cta quan thé training, nguoi ta gia dinh rang
su vao chic cta qua duoc didu khién bai mot vai QTL chit luc. Nhiing QTL chu lyc lién quan dén
tinh trang khéi luong budng chubi (bunch weight) va cdc tinh trang hop phan ciia nd cua tap doan
gidng chudi ving cao DBong Phi dinh vi trén nhiém sic thé 3 (Nyine et al. 2019). Nguoi ta blet rat
it nhiing loci nao dleu khién kh01 luong buong chubi va céc tinh trang hop phan cta nang suit dy.
Nguoi ta s dung quan thé gom 307 miu gidng chudi ban dia co bién thién d6 boi thé; ching duoc
danh gia kiéu hinh tai 3 dia diém khao nghiém khac nhau vé sinh thai canh tac. Nguoi ta thu thap
s6 liéu khi lwong budng chudi, s6 nai va sé qua; chidu dai qua, chu vi qua; duong kinh qua c6 vo
va dudng kinh thit qua trong 3 vu chudi lién tuc. Tién hanh danh gia kiéu gen quan thé association
nay bang k¥ thuat doc trinh tw DNA va str dung 27.178 chi thi SNPs. Gia tri association di truyén
gitta nhitng SNPs ay va thuat toan tuyen tinh t6t nhat, d phan tich chinh xac nhimng predlcto rs
cua tinh trang nong hoc, nho phan mém TASSEL v5, sir dung két qua tich hop mé phong tuyén
tinh tham gia vao cdu tric quan thé va gia tri quan hé ho hang (kinship). Hé sé chinh xac
Bonferroni, xac suat tim kiém sai, va gia tri LD (linkage disequilibrium) co tinh chat long-range,
da giup nguoi ta xac dinh duoc 25 loci véi chi thi SNPs ¢ y nghia vé thong ké. Két luan: cac loci
muc tiéu ay dinh vi trén nhiém sic thé 3. hdu hét cac chi thi SNPs déu nam trong ving gen dich
ma hoa protein chua dinh tinh va con la gia thuyét, nhung mét vai QTL duoc ‘mapped’ biéu thi
cac yéu to phién m4, va 1a nhimg gen c6 trong n6i dung diéu tiét khi phan bao. Gia tri LD co tinh
chat ‘lién nhiém séc thé’ thong qua két qua phén tich chi thi SNPs duoc quan sat trong quan thé
1ap ban do nay, nhung khong cé chi thi SNPs nao lién két c6 ¥ nghia thong ké véi cac tinh trang
noi trén. Cluster di truyén c6 y nghia ctia nhitng SNPs trén NST 3 khang dinh gia thuyét ctia nhém
tac gia rang: tinh trang vao chic cua qua (fruit filling) trong quéan thé nay dugc diéu khién boi mot
vai QTL chu luc.

I11. DI TRUYEN TiNH KHANG BENH

[11-1. Bénh héo vang la do ndm Fusarium oxysporum f. sp. cubense gay ra, c6 ban chat lan truyén
tir dat. BO assemblies ciia ndm thudc race 1 co 35 contigs va race 4 nhiét d6i co 29 contigs. Chiéu
dai contig N50 cta race 1 14 2,08 Mb, caa race 4 14 4,28 Mb. Hai hé gen tham chiéu méi nay biéu
thi mot su cai tién gip 100 lan hon dit liéu thong ké cua contig 50 theo két qua chay “short read”
trudc day nhitng assemblies ciia nAm Fusarium oxysporum f. sp. cubense.
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Ahmad et al. (2020) da tién hanh nghién ciru mau chudi hoang di hop tir, tw phdi: Musa
acuminata ssp. malaccensis (Mam, AA, 2n=22) dé tao ra quan thé ban dd va dé nghién ctru di
truyén tinh khang bénh Race 1 va Race 4 (TR4) nhi¢t d¢i. Danh gia kiéu gen bang ky thuat doc
trinh tw DNA biéu thi 2802 chi thi SNP ¢6 chat luong cao dung lam chi thi phan tir trong ban dd
di truyén. Gen diéu khién tinh khang 1a don gen trdi d6i v6i Race 1, ban d6 di truyén cho thiy
locus nay dinh vi trén nhiém séc thé 10, gan dau xa nhat cua nhiém sic thé. Két qua chay ban d6
GGT (graphical genotyping), cho thiy nhirng markers ké can gen dich trong quing 360 kb lién
quan dén tinh khang Race 1. Vung nay c6 tit ca 165 gen gia dinh trén hé gen tham chiéu, bao gdm
19 gen ma hoa LRR (leucine-rich repeat receptor-like kinase).

[11-2. Bénh théi nhiin (Banan Soft Rot) do vi khuan Dickeya zeae MS2. M6t ching noi co gen
dot bién proline iminopeptidase, gen dong dang v6i vi khuan gdy bénh cho cdy trong
Xanthomonas sp, gen dot bién nay bj tiét giam (attenuated) d01 v6i triéu chimg théi nhiin. Nghién
ctru chire néng cua proline iminopeptidase tr¢ thanh nhan t6 gy doc tinh 1a dbi twong dugc xem
xét. Dickeya zeae MS2 tiét ra doc t6 1am cdy chudi bi thdi nhiin. Do d6, nguoi ta tap trung tim
hiéu vai tro s6 luong can thiét cuia quorum sensing va tim hleu nhan t6 diéu tiét quorum- SenSIng
trong mdi quan hé voi D. zeae MS2. Feng et al. (2019) da tién hanh chay trinh tu hé gen vi khuan
va cho trinh tu query Ay duoc giai thich nhd phdn mém annotation, dé xéac dinh trinh tu tuong
dong cta gen ma hoa LUxR (homologs). Ho xac dinh mot cap gen dong dang LuxR-Luxl rét kinh
dién v&i cac thanh phan loai khac cia chi Dickeya. Tin hiéu di truyén quorum- sensing dbi véi
cdp gen nay la N-3-oxo-hexanoyl-homoserine lactone, va chu trinh dnh huong dén su chét, sy
két lai thanh khdi cua té bao (cell clumping), sy sinh ra sac to indigoidine, nhung né khong anh
huong gi dén su nhidm bénh cta cay chudi non trong thi nghiém nay. Ho xac dinh duoc mot gen
dong dang luxR lién két voi mot gen khac duge chu thich 1a ma hoa men proline iminopeptidase.
Gen luxR lién két véi mot gen khac, ma hoa enzyme proline iminopeptidase. Trong khi gen dot
bién mét doan cua gen dich, ma héa LuxR homolog, biéu thi doc tinh binh thuong.

111-3. Bénh soc nau l4 do siéu vi (banana streak virus: BSV): Muén xac dinh mau bj xdm nhiém
bai siéu vi BSGFV, Li et al. (2020) tién hanh dong hoa san pham PCR va phan tich toan bo hé gen
cua siéu vi nay voi nguon vat licu la mau phan lap siéu vi cia Van Nam (BSGFV-YN). Siéu vi
BSGFV-YN xam nhiém giéng chudi thuéc nhém Cavendish Musa AAA. Hg¢ gen cua siéu vi c6 d§
dai phan tir 7.325 bp, ty 1¢ GC Chlem 42%. Phan tng siéu vi d6i v6i cac gidng chudi trong trot rat
khac nhau. Do d6, sang loc di truyén dé tim ra giéng khang hoan toan kha thi.

[11-4. Bénh dom la Sigatoka: Ba loai nAm Pseudocercospora sp. c6 lién quan dén bénh Sigatoka
1a P. fijiensis (tén trudc day Mycosphaerella fijiensis) gy hién tugng dém 1a den Sigatoka, P.
musae (tén trudc day 1a M. musicola) gay hién twong dém 1a vang Sigatoka, va P. eumusae (tén
truée ddy M. eumusae) gay hién tuong dom 14 eumusae. Loai nam P. eumusae va P. fijiensis c6
tinh chat xdm nhiém manh nhét (Chang et al. 2016). Két qua k¥ thuat phan tich pairwise ciia gen
cho thay: P. eumusae va P. fijiensis c6 doc tinh cao hon lién quan dén co ché bién dudng va sy
suy thoai ctia enzyme trong thanh té bao ndm, khang dinh su tién hoa ciia doc t6 cua hai pathogens
nay. C6 tat ca 234 ho gen, bao gdm 7 effecto rs gia dinh, déu hién dién trong 3 loai nam gay bénh
Sigatoka, chung déu c6 kha ning thich nghi t6t voi cay chu. Glong chudi “Calcutta-4> khang tu
nhién vai Black Sigatoka; tuy nhién, pham chét trai ctia mau gidng nay khong dap img yéu cau
thuong mai dugc. Nguoi ta phén lap 7 chudi trinh tr DNA ¢6 tinh chét rat da dang va phd bién;
mot chudi DNA giong voi cac gen cé trong danh muc khang pathogen nay, ma héa protein RGA1
duogc gia dinh khang nim x4m nhiém. Cac gen ma hoa protein zinc finger domains di dugc xac
dinh, voi chirc ning quan trong trong phan tng khang, thong qua kich hoat su biéu hién cac gen
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dudi ngudn (downstream genes). Sau d6, bon gen dich duoc sang loc di truyén va duoc hoan
thién bang k¥ thuat RT-qPCR.

IV. CHONG CHIU STRESS PHI SINH HQC

IV-1. Chéng chju dét thiéu vi lwong: Miy nim gan day, di truyén biéu sinh (epigenetics) da va
dang phat trién tich cyc. Phan tir microRNAs (miRNASs) véi 20-24 nucleotide (nt) mang ban chét
non-coding RNAS, 1am cam ling cac gen dich dudi ngudn (downstream target genes) cua thuc vat
va dong vat. Chung dugc tao ra thong qua mot chu trinh v6 cung phuec tap, bat dau tur phién ma
RNA Pol Il cia mot phan tir RNA dai ¢6 thuat ngtt 1a pri-miRNA (primary microRNA) tai mot
locus nao dé cua hé gen.

Phan ta micro RNAs (miRNAs) diéu khién su ting truong, phat trién va chdng chiu stress phi sinh
hoc cuia nhiéu loai cdy trong. N6 dang dugc ap dung dé nghién ctru hé gen cay chudi, cdy dang
dung trudce thach thirc ciia bién ddi khi hau va thiéu dinh dudng kha ning. Patel et al. (2019) da
khai thac tién than ciia phan phéan tir Musa-miR397 mang 11 motifs cia GTAC phan tng véi
dong (Cu) trong promoter cua no, thudc h¢ gen cay chudi. Phan tir Musa-miR397 duoc diéu tiét
dang ké theo kiéu up gap 8-10 lan trong 1é& chudi va 14 chudi khi cay bi thiéu dong, twong quan véi
nhiing gen marker thleu dong trong ré, d6 la Musa-COPT va Musa-FROZ2. Phan tor Musa-
miR397 dugc diéu tlet theo kiéu up (>2 lan) trong nghiém thire xu Iy ABA, MV va xur ly nhiét do
nong, nhung diéu tiét theo kiéu down duéi diéu kién stress man. Két qua xét nghiém RNA- -seq
cdy. chudi transgenic va cay chudi wild type cho thay md dun cua sy thé hién 71 gen lién quan dén
nhiéu khia canh khac nhau nhu ting trudng va phat trién, tao sinh khéi 16n. Phan tir Musa-miR397
khong nhiing 13 (mg ctr vién lam ting cuong sinh khéi ma con tham gia vao hé thong tu vé cia cay
chéng lai stress thiéu dinh dudng.

IV-2. Chéng chiu lanh ciia trai chudi: Ton trit trong nhiét do lanh 14 chién lugc pho bién
dé bao quan va van chuyén chubi. Tuy nhién, nhiéu loai trai ciy v6 cting nhay cam va bi tén thuong
khi lanh cap dong, trong d6 c6 chudi. Song et al. (2019) da tién hanh nghién ctru ton trir chudi &
diéu kién nhiét d6 11°C dé 1am cham lai qua trinh chin qua cua gidng chubi Fenjlao (Musa ABB
Pisang Awak), va thit qua chu01 ¢6 thé mém lai sau khi xir ly ethephon. Piéu kién ton trir 7°C
ngan ngua qua chudi bi chin mém hoan toan, quéa chudi s& giit dwoc ham lugng tinh bot cao hon
c6 y nghia théng ké va lam giam thip hon ham lugng duong hoa tan. Gen MaEBF1 la thanh phan
quyet dinh chu trinh truyén tin hiéu ethylene, bi trc ché trong sudt giai doan trai chin, sau khi qua
chudi duoc ton trix 12 ngay & diéu kién 7°C. Su biéu hién mét series cac gen co6 lién quan dén phan
giai tinh bdt va mot gen dién hinh nhu MaNAC67 cling bi uc ché rat manh mé&. Ca hai MaEBF1
va MaNAC67 déu bj kich hoat boi ethylene va dinh vi trong nhan. Protein MaNAC67 ¢6 kha ning
két gin v4i promoter ctia nhitng gen lién quan dén su phén gidi tinh bot, bao gdm gen MaBAMS,
MaSEX4, va MaMEX1. Xét nghiém sinh hoc “Yeast two-hybrid, GST-pull down, va BiFC” cho
két qua 12 MaEBF1 tuong tac voi protein MaNAC67, dan dén kich hoat promoters ciia gen
MaBAM6 va MaSEX4. Nhu viy MaNAC67 1a mot phan tir regulator tryc tiép trong qua trinh
phan gidi tinh bot va c6 kha nang diéu tiét sy phan giai tinh bot bi (rc ché boi nhiét do dong lanh
nho twong tac véi chu trinh truyén tin hiéu ethylene trong qua chudi. Pay 1a két qua nghién ciru
dua trén phan tich chirc nang ctia protein MaEBF1 va MaNAC67, s& hitu dung trong co ché diéu
tiét bién dudng tinh bot va diéu tiét sy chin qua.
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Hinh 1:

Idiograms cua 3 loai ludng bdi thudc Section Eumusa chi Musa. (A) Musa acuminata ssp. malaccensis “Pahang”
(genome A) ITC 0609. (B) Musa balbisiana “Tavni” (genome B) ITC 1120. (C) Musa schizocarpa “Schizocarpa”
(genome S) ITC 0560. (D) multicolored scheme (Simonikova et al. 2019).
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(Téng hop ngudn trich dan tir 161 tu liéu trong PubMed, NCBI)
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