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Phan tich in-silico xac dinh va mo ta ho gen khang NBS-LRR
0 chudi Musa acuminata

Tréin Pirc Trung’, Ta Hong Linh
Vién Khoa hoc Nong nghiép Viét Nam
Ngay nhén bai 1/9/2021; ngay chuyén phan bién 6/9/2021; ngay nhan phan bién 7/10/2021; ngay chép nhan dang 12/10/2021

Tém tit:

Bénh hai do vi khuén, virus 12 mdi de doa nghiém trong ddi véi nganh san xuit chudi trén thé giéi néi chung, Viét
Nam néi riéng. Ngoai cac bién phap canh tac, viée khai thic va wng dung nguon gen khang - phin 16m thudc ho gen
NBS-LRR (Nucleotide binding site - Leucine rich repeat) trong chon tao, cii thién giéng chudi 1a phuong thirc bén
virng dé d6i phé véi dich bénh. Hé gen loai chudi Musa acuminata dwge giai ma tao tién dé cho cac nghién ciru di
truyén chuyén sau, bao gdm xac dinh ho gen khang NBS-LRR. Trong nghién ctru niy, cac cong cu tin sinh hoc di
dwgc sir dung dé xdc dinh, mé ta cAu tric va qua trinh tién héa ciia 97 gen NBS-LRR. Ngoai trir gen Ma_NBS 083
thudc phan ho RNL, cic gen khang con lai & chudi M. acuminata thudc phan ho CNL va hau hét 1a gen chira mot
exon. 66 gen NBS-LRR (68%) dwoc dinh vi trén 11 nhiém siic thé (NST), 38 gen trong sé d6 (39%) hinh thanh cac
cum gen. Cac gen NBS-LRR cua chudi dwgrc chia thanh 7 phan nhém dua trén sw da dang vé trinh tw va 56 lwgng,
clu triic cac motif bao thi dac trung cho cac viung chirc nang. Két qui nay cung cap co s6 khoa hoc cho cac nghién

ctru danh gia biéu hién gen khang va khai thac wng dung trong chon tao glong chudi.

Tir khéa: ciy phat sinh, gen khang NBS-LRR, MEME motif, Musa acuminata, phan tich in-silico, tién héa.

Chi s6 phin logi: 4.6
Gidi thiéu

Trai qua qua trinh tién héa v6i mdi twong tac bién dong
lién tuc tr cac tac nhan gay bénh (virus, vi khuén, nim,
sau bénh...), gioi thyc vat da kién tao hé théng mién dich
hiéu qua. Tuy nhién, do khong s& hiru hé mién dich thich
nghi (adaptive immune system) hay cac té biao mién dich
Iuu dong (mobile immune cell) nhu & dong vat nén sy dap
g mién dich & thuc vat hoan toan phy thudc vao hé théng
mién dich noi sinh (innate immune system), bao gém mién
dich bé mit té bao va ndi bao. Pap tng mién dich bé mat té
bao dugc khoi dong dua trén co ché nhan dién céc phan tir
ngoai lai (c6 ngudn gbe tir tic nhan gay bénh véi dic tinh
bao thu vé tién hoa) bang cac thu thé nhan dién khuon mau
(Pattern recognition receptors - PRRs). Trong khi do, dap
mg mién dich ndi bao dugc kich hoat thong qua co ché
nhan dién (tryc tiép hodc gian tiép) cac protein tir tic nhan
gdy bénh (Avirulence - Avr) xam nhép ndi bao cta protein
khang (R) [1, 2] theo co ché dic hiéu da duoc Flor mo ta qua
mo hinh “gen d6i gen” [3].

Hau hét, cac protein R ¢ thuc vat dugc ma hoa bdi ho
gen NBS-LRR dic trung boi cac ving gin nucleotide va
vung lap gidu leucine. Trai qua qua trinh tién hoa, ho gen
NBS-LRR da phan thanh 3 phan ho khac biét boi ving chire
nang ddc trung tai dau N cua protein dugc ma hoéa, c6 thu
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thé twong ty 1a Toll/interleukin-1 (Toll/interleukin 1 receptor
like - TIR), ving xoan kép (Coiled coil - CC) hodc ving
khang bénh phén tring s 8 (Resistance to powdery mildew
8 - RPWS) [4]. Theo d6, cac phan ho dugc dinh danh 1a TIR-
NBS-LRR (TNL), CC-NBS-LRR (CNL) va RPWS8-NBS-LRR
(RNL). Cac protein TNL va CNL c6 chlic nang nhu la cam
bién phat hién tac nhan gay bénh thong qua su bit gin hodc
kiém soat trang thai cac protein tac hiéu ctia ving LRR, qua
d6 kich hoat chudi tin hiéu va khai dong dap (mg mién dich
clia té bao [5]. Trong khi d6, phan ho RNL (bao gém hai
nhom duoc dat tén theo gen chirc nang 1a ADRI va NRG1)
tham gia van hanh qué trinh truyén tin hiéu thay vi phat hién
tac nhan gdy bénh [6]. Trong cdu trac protein NBS-LRR,
NBS la ving chirc nang ddc trung, dai khoang 300 axit amin
(aa), dugc ciu trac boi 8 motif cb mirc d6 bao thu bién thién
gilta cac phan ho 1a P-loop, RNBS-A, Kinase2, RNBS-B,
RNBS-C, GLPL, RNBS-D va MHDV. Ving LRR & dau C
dac trung boi motif LxxLxLxxNxL(s/t)GxLP lién quan dén
cép d6 biéu hién tinh khang cua gen NBS-LRR [7].

Ké thira két qua cac nghién ctru giai ma hé gen va tng
dung tin sinh hoc, ho gen khang NBS-LRR da dugc xac dinh
& nhiéu loai thyc vat [8-11]. Theo d6, s6 lugng gen NBS-
LRR duoc xéc dinh tir khoang 50 gen ¢ du du [12] dén 1.015
gen & tio [13] va phan bd khong dong déu, thuong dugc
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Abstract:

Various common diseases caused by bacteria and
viruses are increasing threats to the production of
bananas worldwide. Besides the practical application
of cultivation techniques, intensive exploitation of
resistant genes, most of which belong to the NBS-LRR
(Nucleotide-binding site - Leucine-rich repeat) gene
family, in fortifying banana’s disease resistance, has
been considered as a sustainable approach. The recently
published genome assembly of Musa acuminata, a species
of the Musa genus native to Southern Asia, has facilitated
the genome-wide identification and characterisation
of NBS-LRR genes. In the present study, an in-silico
approach was employed to identify and characterise
97 NBS-LRR genes and their evolution in M. acuminata
genome. Except Ma NBS 083 belonging to the RNL
sub-family, other identified genes are members of the
sub-family C/VL and most of them contain only one exon.
Sixty-six (66) NBS-LRR genes (68%) were mapped on
11 banana chromosomes, among them 38 genes (39%)
located in clusters. Phylogenetic analysis in combination
with conserved motif identification classified the banana
NBS-LRR genes into seven groups. This study provides
novel insight into the VBS-LRR gene family in bananas
as a potential resource for further research in functional
evaluation and utilisation of resistant genes.

Keywords: evolution, in-silico analysis, MEME motifs,
Musa acuminata, NBS-LRR genes, phylogenetics.
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tim thdy trong cac cum cluster trén cac NST [14]. Viéc duy
tri s6 luong 16n gen NBS-LRR nhu viy phan anh qua trinh
d4u tranh sinh hoc 1au dai & muc do phan tr thong qua qua
trinh tién hoa giita thuc vat va cac tac nhan gay bénh. Hiéu
16 phan bd trong hé gen va duong hudng tién hoa cia gen
NBS-LRR s& gbp phan quan trong trong nghién ctru cai thién
tinh khang cay trong phuc vu néng nghiép [7].

Chudi (Musa spp.) 1a ciy trong c6 gia tri kinh té va phd
bién & cac ving nhiét d6i, 4 nhiét doi am. Pugc thuan hoa
tir hon 7.000 nam trude & khu vire Dong Nam A, cac gidng
chudi hién nay la két qua ciia qua trinh lai khac loai (chu yéu
dua trén M. acuminata va M. balbisiana) trong chi chudi
Musa, dugc cing cb 1ién tuc va trong thoi gian dai bdi qua
trinh chon loc, nhan glong v6 tinh nhiing dong nhi boi, da
boi dé dap ung nhu ciu cia con ngum Gidng Cavendish
chiém hon mét nira san luong chudi thé gisi 1a dong chudi
tam bdi vo tinh dugc chon Igc bdi qua trinh nay [15]. Chinh
vi dic diém trén, siu bénh hai (dac bi¢t la cac bénh do virus,
vi khuan, nim) ngay cang tré nén thich nghi va dan pha vo
tinh khang (von bi giéi han do nén di truyén kém da dang
ctia chubi) da tré thanh hiém hoa hién hiru v&i nganh san
xuit chubi trén thé gidi [16]. Thong qua khai thac co so dir
liéu (CSDL) trinh tu hé gen cua chudi M. acuminata [17],
nghién ctru nay s& xac dinh va dy doan cdu tric, hudng tién
hoa cia ho gen khang NBS-LRR, qua d6 gop phan tao lap
co s6 di truyén phuc vu cong tac cai thién tinh khang bénh
& chubi.

Vat liéu va phuong phap nghién ciu

Vat liéu nghién ciru

Trinh ty h€ gen va hé phién ma cua chudi M. acuminata
duoc thu thap tir CSDL Banana genome hub (https://banana-
genome-hub.southgreen.fr/). Hé gen chudi dugc giai mi c6
kich thudc 450,6 Mbp (twong duong 75,8% kich thude hé
gen dugc woc lugng bang phuong phap Flow cytometry),

bao gdm 11 NST gia dinh va 7.248 scaffold khong dugc
lép rap.

Ho protein NB-ARC déc trung cho cac gen NBS-LRR
thuc vat thu nhép tir CSDL Pfam (dinh danh PF00931).

Phuwong phdap nghién ciru

Ho protein NB-ARC dugc st dung lam trinh ty tham van
trong phan tich so sanh tBLASTn (e-value 1e-20) véi CSDL
hé gen chudi (di loai bo céc scaffold co kich thude <1.000
bp) dé xac dinh va trich xuat cac Blast hit khong tring lap.
Bing cong cu FGENESH, céc gen va protein twong ing trén
cac Blast hit dugc dy doan thong qua so sanh voi CSDL
gen cuia 16p thuc vat mot 14 mam. Cau trac ciia cac protein
du doan dugc sang loc thong qua so sanh voi co s¢ dit li€u
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InterProScan. Chi nhitng protein mang vung chirc ndng NB-
ARC va dugc ma hoa boi gen nguyén ven mdi duge su dung
cho cac phan tich cau tric ti€p theo.

Céu triic cia timg gen/protein NBS-LRR dugc chu giai
béng cac cong cu: trinh ty va cAu trac exon-intron dugc xac
dinh tir két qua dy doan gen FGENESH [18], viing xo4n CC
duogc xac dinh bang MARCOIL [19], ving lip LRR dugc
chu giai bang LRRfinder2.0 [20], cac motif bao thu ciia cac
protein NBS-LRR duoc xac dinh bing MEME [21].

Tuong dong trinh tu cic gen va protein NBS-LRR cua
chudi dugc xac dinh bang thuat toan MUSCLE, cdy phan
loai dugc xdy dung bang phuong phap MLM dua trén md
hinh cua Whelan va Goldman véi gia tri tin cdy bootstrap
500 bang phan mém Geneious V11. M6 hinh va chiéu
huéng tién hoa cia cac protein NBS-LRR duoc xac dinh
thong qua ty 1é gitra dot bién khong ddng nghia vai dot bién
déng nghia (Ka/Ks) va cac gen NBS-LRR dugc dinh vi trén
cac NST chudi bang cong cu TBTools [22].

Két qua nghién ciiu
So lwong va phdn logi cac gen ma héa NBS-LRR

Bﬁng viéc st dung ho protein NB-ARC lam trinh tu
tham van dé sang loc ddy du cac gen ma hoa NBS-LRR tiém
nang, 246 trinh ty ma hoa protein NBS da duoc phat hién
trén toan hé gen chubi M. acuminata V2.0. Tiép theo do,
phéan tich du dodn gen trén cac vung trinh ty nay da xac
dinh dugc 97 gen khong trung lap va nguyén ven ma hoa
protein NBS (ky hiéu tir Ma_NBS 001 dén Ma_NBS _097).
Théng qua budc phén tich cha giai, trinh tu va cau tric cc
ving chire nang dic trung (ving xodn CC, ving lip LRR
va cac vung chirc nang khac) dugc xac dinh. Theo do, 96
gen NBS-LRR & M. acuminata thudc phan ho CNL va dugc
phan thanh 4 nhém, bao gdm 44 gen CC-NBS-LRR, 9 gen
CC-NBS, 33 gen NBS-LRR va 10 gen NBS. Pang chu y, da
xac dinh dugc 1 gen ma hoa protein RPWS-NBS-LRR thudc
phan ho RNL (bang 1).

Ciu triic va sw phéin bo ciia cdc gen NBS-LRR trén
cac NST

Céc gen NBS-LRR trong hé gen chudi M. acuminata
¢6 chiéu dai trung binh 4.560 bp, bién thién tir 690 (Ma
NBS 028) dén 13.566 bp (Ma_NBS_094), s luong exon
trung binh 1a 2,03. C6 61 (62,9%) gen NBS-LRR chi c6 1
exon. Cac gen NBS-LRR phan bd trén ca 11 NST gia dinh.
Tuy nhién, chi c6 66/97 gen NBS-LRR (68%) dugc dinh vi
trén cac NST, 31 gen con lai (32%) nam trén cac scaffold
khong duogc lap rap vao cac NST. Cac gen NBS-LRR khong
phan b rai rac trén cac NST, tdp trung nhiéu nhat trén cac
NST 9 (15 gen) va 6 (10 gen) hinh thanh cac cum gen.
Can ctr vao tiéu chi xac dinh cac cum gen cua Schranz va
cs (2006) [23] (khoang cach giira 2 gen NBS-LRR lién ké
khéng qua 200 kb va khong c6 hon 8 gen khac) cho thay, co
38 (39%) gen NBS-LRR dugc dinh vi trong 13 cum gen va
35 gen NBS-LRR con lai dugc xac dinh 1a gen don (hinh 1).
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Hinh 1. Phan bé trén 11 NST gia dinh ctia 66 gen NBS-LRR (38
gen duwoc dinh vi trong 13 cum gen, vong tron dé).

Mo hinh motif bdo thii va quan hé phat sinh giita cdac
protein NBS-LRR

20 motif bao thu co6 kich thudc tir 11 (motif 17) dén 72
aa (motif 9) di duogc xac dinh bang cong cu MEME trén 97
protein NBS-LRR 1 chi ddu cho su da dang vé cau triic cua
cac protein nay. Theo vi tri trén trinh ty protein, ving xoan

Bang 1. Théng ké sé Iwong gen NBS-LRR thuéc cac phan ho va phan bé trén cac NST trong hé gen chubi M. acuminata.

Phén ho S(j) lrong
) Ting NST1 NST2  NST3  NST4 NST5  NST6 NST7 NST8 NST9 NST10  NSTIl  Scaffolds

Phdn ho CNL

CC-NBS-LRR 44 2 1 5 2 2 3 4 5 2 2 16
CC-NBS 9 - - 1 2 3 3
NBS-LRR 33 2 1 1 1 7 3 1 6 3 2 6
NBS 10 2 - - 2 s s 6
Phdn ho RNL

RPWS-NBS-LRR 1 1 . ) )

Tong sb 97 6 2 7 3 2 10 8 1 15 8 4 31
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kép CC tai dau N ctia 53 protein dugc dai dién boi cac motif
16, 5 va 15. Vung NBS ddc trung cua toan bd protein NBS-
LRR c6 kich thude tir 66 dén 351 aa duge dai dién boi cac
motif 1, 10, 6,7, 17, 3, 18, 2, 13, 8 va 12. Trong khi d6, cac
motif 4, 20, 19, 14, 9 va 11 dai dién cho vung 1dp LRR tai
dau C cua cac protein. Thong qua so sanh vi CSDL Pfam,
xéac dinh dugc 10/20 motif bao thu trong dong cao voi cac
vung chirc nang dac trung ctia ho gen NBS-LRR thuc vat
(bang 2).

Nham danh gia mé hinh cau tric va quan hé tién hoa
giita cac gen NBS-LRR & chudi, cdy phan loai dya trén trinh
tu ddy du cua 97 protein di duoc xdy dung. Theo dé, hau
hét cac protein NBS-LRR thudc cac nhém dinh danh dya
trén chu giai cac ving chirc nang thé hién quan hé tién hoa

Khoa hoc Néng nghiép n——

gan gul véi muc do tin cay cao (hinh 2A) Két hop véi mo
hinh céu tric dya trén s6 lugng va to chirc cua cac motlf
bao thu, cac protein NBS-LRR cho thay su da dang vé ciu
tric va dugc phan thanh 7 phan nhom chinh (hinh 2B). Cac
phan nhom I (9 protein), IV (4 protein) va VI (10 protein) co
dic diém cau truc khong dic trung cho protein NBS-LRR do
thiéu cac motif bao thu cho ving CC & dau N, trong khi cac
motif thanh phan ving NBS va LRR & déu C khong dong
nhat. Ma NBS 083 1a gen ma hoa protein RPWS-NBS-
LRR duy nhét ctia phan ho RNL tim thay trong hé gen M.
acuminata thudc nhém nay. Trong khi d6, céu tric cua 10
protein NBS-LRR trong phan nhom II da c6 mat motif 5 dac
trung cho ving Rx & dau N, hau hét cac motif ciu tric cua
ving NBS va motif 4 ctia ving LRR ¢ dau C. Céu triic xoén

Bang 2. Théng tin 10 motif bao thi dwoc xac dinh b&i cong cu MEME twong déng vé&i cac viing chirc niang da biét ctia protein

R trén CSDL Pfam.

Tén motif va S6 protein  Ving tueng déng trén CSDL Pfam
, . MEME logo g . P
kich thuéc mang motif  Hp protein Mo ti E-value
Motif 1 Vung NBS trén cac gen
(29 aa) 86 NB-ARC khéng NBS-LRR 4,60-08
Motif 3 Vung NBS trén céc gen
(29 aa) 8 NB-ARC khang NBS-LRR N
Motif 4 Vung chira motif lap
(33las) s LRR_4 LRR! 42 copics) Frs
Motif 5 Ving Rx dic trung &
(24 aa) b KD"@ D AE er E 72 Rx N dau N cua cac protein ~ 4,7¢-09
SEaliby Vesegs . LELE khang & thyc vat
Motif 6 R Vung NBS trén cac gen
(15 aa) : 'SEFLLVLDDVW %0 NB-ARC khéng NBS-LRR R
Motif 7 2 Vung NBS trén cac gen
D) k. 0o 00 LMTTH? YA oo H NEARE khing NBS-LRR 0.0021
Motif 9 Vung chira motif lap
(72 aa) LA LRR 4 (2 copies) i
Motif 15 | . . Céu tric xoén kép CC
(29 aa) C]V'KEH gvAvg Matrilin_ccoil dic tnmg 0,008
1= L2V la

. : Vung Rx dac trung &

](\;[;t;i)] 6 SL i ELEK Rx N dau N ctia cac protein  7,7¢-09
ExcEn Bt (S50 khang & thyc vat
L bfiel) £ L Q LRR 8 Leucine rich repeat 0,0043
=1 T
(46 aa) Jel B7e™ Ky
S el M o
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HOA HOC 99

ONG NGHE I} Nam 63(12) 12.2021



s Khoa hoc Néng nghiép

CC khong c6 mat ¢ céc protein trong phan nhom nay. Phan
nhom IIT bao gdm 11 protein ¢ ciu truc day di nhat voi
su ¢6 mat cia 20 motif bao thu dai dién cho cac viung chirc
nang cua protein NBS-LRR. 2 motif 9 va 11 bao thu cho
ving LRR 1a diém ddc trung phan biét phan nhom III voi
céc protein con lai trong hé gen chudi. Céu triic ciia phan
nhoém V (17 protein) twong dong véi phan nhom II1, ngoai
trir sy vang mit ciia cac motif 9 va 11 dic trung cho ving
LRR dau C. 3 protein thugc phan nhém CC-NBS (mic du
thleu 9/11 motif vung NBS va cac motif vang LRR) dugc
xép vao phén nhom nay boi mirc do tuong dong cao ca vé
trinh ty va cau trac vung CC, NBS voi cac protein con lai
trong nhom. 36 protein ctia phan nhom VII ¢6 cdu trac da
dang hon vé6i dic diém chung 1a thiéu motif 15 dic trung
cho ving xodn kép CC va cac motif 20, 9 va 11 dic trung
cho viing LRR & du C (hinh 2B).
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Hinh 2. Quan hé phan loai, ciu tric va cac motif bao tha cta
cac gen NBS-LRR & chubi M. acuminata. (A) Cay phan loai dwa
trén trinh tw ddy da cta 97 protein NBS-LRR. Gia tri boostrap thé
hién mre do tin cay cla tirng nhanh trong cay phan loai (20-100%
xac suét). Tén cac protein dwgc danh ddu mau theo phan loai gen
NBS-LRR dwa trén chu gidi cac vung chirc nang tai bang 1; (B)
Thanh phan va tb chirc clia cac motif bao thd trong cu tric cac
protein NBS-LRR. Cac motif dwoc ky hiéu tw 1 dén 20 va phan biét
bdi cac mau sic khac nhau. Cac protein dwoc bidu thi ty 1& voi
chiéu dai thyec té.
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Gen lgp va mo hinh tién héa ciia cic gen NBS-LRR

Quad trinh phan tan cia mot ho gen trong h¢ gen nho
cac su kién sao chép dién ra trén quy mo toan hé gen hoic
mot ving cu thé trén NST. Trong hé gen chudi, thong qua
so sanh tuwong dong trinh ty di phat hién 28 cap gen NBS-
LRR lip c6 mirc d6 twong dong >80%. Trong sb nay, 20
cap dugc xac dinh 1a gen 1ap lién tiép (TD) dua vao ti€u chi
khoang cach gitta 2 gen dudi 200 kb [23]. 8 cdp gen con lai
c6 khoang cach trén 200 kb hodc nam trén cac NST khac
nhau nén dugc phan loai 1a gen 1ap phan tan (SD) (bang
3). Céc cip TD phén bd khong dong déu trén cac NST cua
chudi, bao gdm céc nhom ldp ciia 2, 3 hodc 5 gen NBS-LRR
trén cac NST s6 1, 3, 7, 9, 10 va 11. Trong khi do, cac SD
dugc phat hién trén NST sb 9 (bao gdbm 2 gen) va nhom 4
gen trén NST s6 10 va 11 (hinh 3).

Bang 3. M6 hinh cac cap gen NBS-LRR lap va chiéu hwéng
chon loc trong qua trinh tién héa cta hé gen chuoi.

TT  Cipgen Mo hinh Ka/Ks Mya
1 Ma_NBS 028 Ma_NBS 026 D 0,46 9,02
2 Ma_NBS 020 Ma_NBS 022 D 0,48 3,95
3 Ma_NBS_048 Ma_NBS 087 D 0,80 4,68
4 Ma _NBS 048 Ma_NBS 088 D 0,72 4,94
5 Ma_NBS 088 Ma_NBS 087 D 0,67 4,85
6 Ma_NBS 071 Ma_NBS 072 D 0,72 2,98
7 Ma_NBS 073 Ma_NBS 071 D 1,01 2,17
8 Ma_NBS 073 Ma_NBS 072 D 1,16 1,76
9 Ma_NBS 031 Ma_NBS 035 SD 0,23 35,59
10 Ma _NBS 030 Ma_NBS 031 D 0,23 36,23
Il Ma_NBS 030 Ma_NBS 035 SD 0,29 32,33
12 Ma NBS 078 Ma_NBS 080 D 0,79 4,58
13 Ma NBS 014 Ma_NBS 005 D 0,97 227
14 Ma NBS 014 Ma_NBS 008 D 0,31 14,61
15 Ma_NBS 014 Ma_NBS 005 D 0,97 227
16 Ma_NBS 014 Ma_NBS_008 D 0,31 14,61
17 Ma NBS 014 Ma NBS 011 D 0,27 20,07
18 Ma NBS 014 Ma_NBS 013 D 0,71 2,17
19 Ma_NBS 014 Ma_NBS 029 SD 0,29 27,83
20 Ma _NBS 011 Ma_NBS_005 D 0,26 20,10
21 Ma NBS 011 Ma_NBS 008 D 0,36 5,38
22 Ma NBS 005 Ma_NBS 008 D 0,42 5,07
23 Ma NBS 005 Ma_NBS 013 D 0,44 3,80
24 Ma NBS 008 Ma_NBS 013 D 0,43 5,56
25 Ma NBS 029 Ma_NBS 005 SD 0,27 29,36
26 Ma NBS 029 Ma_NBS 008 SD 0,31 27,03
27 Ma _NBS 029 Ma_NBS 011 SD 0,27 21,17
28 Ma NBS 015 Ma_NBS 017 D 0,60 4,39

Mya: triéu nam trwéc.

Céc dot bién lién quan dén mot hay mét vai nucleotide
trén trinh tu mot gen co thé tao ra sy thay doi (dot bién khong
ddng nghia) hodc khong lam thay doi (dot bién dong nghia)
trinh ty protein ma gen d6 ma hoa. Ty 1¢ Ka/Ks cua mot gen
ma hoa protein phan anh mirc do va chidu hudng ciia ap luc
chon loc ma gen d6 dang trai qua trong hé gen. Ty 1¢ Ka/Ks<1
cho thdy mot cip gen dang trai qua qua trinh thanh loc nhim



loai bé nhiing dot bién, trong khi d6 Ka/Ks>1 la chi déu cua
qua trinh chon loc thich nghi ciia dot bién [24]. Két qua xac
dinh chiéu hudng chon loc cia cac cip gen lip cho thiy, 26
cdp gen NBS-LRR trong hé gen chudi dang trai qua qua trinh
thanh loc (Ka/Ks<1) ¢ cac mttc d§ khac nhau. Thoi gian phan
ky trong hé¢ gen ctia cip gen ldp nay udc tinh tir 2,17 dén 36,23
triéu ndm trude. Trong khi do, chi c¢6 2 cap gen (Ma_NBS 073
va Ma NBS 071, Ma _NBS 073 va Ma NBS 072) dang trai
qua qua trinh chon lgc thich nghi (Ka/Ks>1). Thoi gian phat
sinh ctia hai cip gen lip nay kha gan so véi cac cip gen con lai,
udce tinh khoang 2 triéu nam trudce (bang 3).

Ma_NBS 025
Ma_NBS 06

e

NBs o,
o~ 1B, 02
~6S 2,

NBS_04
Ma_! o NBs oa?

s Ma NBS_088

Hinh 3. Phan bé cta cac nhém gen NBS-LRR lap trong hé gen
M. acuminata. Duong nbi mau xanh biéu thi TD, dwong ndi mau
dd thé hién SD. Vi tri twong dbi clia cac gen co thé dwoc xac dinh
thong qua ky hiéu va kich thwdc clia cac NST.

M. acuminata la 1 trong 2 loai thudc chi Musa (cung véi M.
balbisiana) va 14 6 tién cua cac gidng chudi lai ludng boi, da
boi phd bién trong san xuat hién nay [25]. Viéc phan tich hé gen
M. acuminata khong chi cung cip ludn ¢t cho qué trinh phat
sinh, tién hoa cta cac loai thudc chi Musa ma quan trong hon
la tao co so khoa hoc phuc vu cho qua trinh cai tao cac giéng
chubi hién nay. NBS-LRR 1a ho gen quan trong quy dinh tinh
khang sau bénh hai va da dugc xdc dinh ¢ nhiéu loai thyc vét
thong qua cac cach tiép can khac nhau [12, 13, 26, 27]. Trong
nghién ctru nay, s6 lugng, cau tric, su phan b va mé hinh tién
hoa cua ho gen NBS-LRR da dugc mo ta trén quy mod toan hé
gen (phién ban V2.0) cua loai chudi M. acuminata [17].

Tong s6 97 gen mi hoa protein NBS-LRR da dugc xac dinh
trén h¢ gen chubi thong qua két hop cdng cu so sanh trinh ty
tBLASTn nhim ra soat cac vung gen tuong ddng cao va du
doan gen FGENESH dé x4c dinh chinh xac cac gen hoan chinh
(voi trinh ty tir vi tri TATA-box cua promoter dén ving PolyA
va khong chira cac khoang trong) [28]. S6 lugng gen NBS-LRR
hoan chinh trong h¢ gen chudi duge xac dinh day du hon so
voi cac cong bd trude ddy ciia Martin va cs (2016) [17] (90
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gen ma hoa NBS-LRR) khi ap dung thuat toan chu gidi h¢ gen;
Chang va cs (2020) [29] (94 gen ma hoa NBS-LRR) dua trén
sang loc CSDL chu giai protein cua hé gen M. acuminata v2.0.
Theo két qua phan tich mo ta cau triic, hau hét cac gen NBS-
LRR & chudi thugc phan ho CNL twong ty voi thanh phan gen
khang & cac cdy mot 14 mam khac [4]. Pang chu ¥, di xac dinh
duoc gen Ma_NBS-083 duy nhét thudc nhém ADR! cua phan
ho RNL chua dugc phat hién trong cac nghién ctu trude (chi
bao gém cac gen thudc phan ho CNL) [17, 29]. Bén canh do,
chi c6 66/97 gen NBS-LRR hoan chinh, it hon so vé6i con sb
100% gen theo nghién ctiru cua Chang va cs (2020) [29] dinh
vi trén 11 NST cta h¢ gen M. acuminata V2.0. Su khac biét
trén do nghién ctru nay st dung dir liéu trinh ty hé gen day du
(bao gdm 11 NST gia dinh cling céc scaffold chwa dwoc lap rap
hoan thién) va ap dung ngudng chinh xac cao (e-value 1e-20)
cho cac phan tich so sanh trinh ty, do d6 da loai bo nhiéu gen
{mg vién c6 mirc do twong dong trinh tu thip. Trong khi do,
nghién ctru cua Chang va cs (2020) [29] chi khai thac thong tin
du doan protein da dugc chu giai trén cac NST gia dinh hé gen
M. acuminata V2.0. Nhu vy, nghién ctru ndy da bo sung thong
tin vé s6 luong ciing nhu thanh phéan ciia ho gen NBS-LRR &
chudi M. acuminata.

Cac protein NBS-LRR & M. acuminata c6 sy da dang vé
trinh tw va cdu trac. Phan tich phan loai két hop vai s6 lugng va
t6 chirc ciia 20 motif bao thi dwoc xac dinh boi cong cu MEME
da phan 97 protein NBS-LRR thanh 7 phan nhom. Viung NBS
1a dau hiéu dic trung cho toan bd protein cua 7 phan nhom.
Tuy nhién, so v&i cac phan nhom con lai, cac protein cua phan
nhém I, IV va VI ¢6 su bién dong rat rd rang ve€ sO lugng va
cau trac cac motif bao thu ciia ving NBS, nht 1a cac motif bao
thu twong dong v6i ving NBS tham chiéu trong Pfam (hinh 2
va bang 2). Néu coi ving NBS 12 tiéu chuan dé du doan chic
ning cua cac gen NBS-LRR thi diéu nay la chi ddu cho thay cac
protein thudc phan nhom I, IV va VI & trong hé gen chudi hoic
1a két qua cua su thanh loc cac gen du thua, hodc thé hién su
chuyén biét hoa cdu tric cua cac gen niy trong qua trinh tién
hoa hé gen chudi [8]. Cac nghién ctru su hon vé biéu hién gen
s& gitip 1am sang t6 gia thuyét nay.

Qué trinh nhéan 1én va phan tan cua ho gen khang NBS-LRR
trong h¢ gen khong chi gitp duy tri s lugng gen khang cho
qua trinh bién dbi lién tuc dap tng mo hinh “gen ddi gen”, dam
bao tinh khang cta thyc vat trude sy tdc dong khong ngung cua
tdc nhan gay bénh, ma con la dAu hiéu quan trong cta sy van
dong, tién hoa cua hé gen thuc vat. Thong qua danh gia mutc
d6 twong ddng va tinh toan ty s6 Ka/Ks ctia cac gen NBS-LRR,
thoi diém phét sinh va phan tan céc cip gen NBS-LRR lip xa
nhét c6 thé woc tinh 1a khoang 36,23 triéu nam trude, phi hop
voi thoi diém tién hoa phat sinh ciia chi Musa (~50 triéu nim
trude) [30]. Bén canh d6, 16/26 cap gen lap co thoi gian phat
sinh gan hon, udc tinh trong khoang 5 triéu nim trudc va hau
hét trong qué trinh thanh loc (bang 3). Pay 1a minh ching cho
qua trinh chon loc dién ra lién tuc trong thoi gian dai nham duy
tri tinh bao thu c4u trac cua gen NBS-LRR trong tién hoa hé gen
chudi. Bén canh do, viéc chi c6 2 cap gen lap c6 thoi gian phan
ky gan day va dang trong qua trinh chon loc thich nghi ¢6 thé
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1 chi ddu cho s6 it nhimg d6t bién méi phat sinh va c6 lgi cho
cay chudi. Két qua nay ciing ddng thoi phan anh thyc té von gen
cay chudi bi thu hep do lich sir hang nghin nam thuan hoa va
chon loc cuia con nguoi.

C6 dén 31/97 gen NBS-LRR chua dugc dinh vi trén cac NST
do thong tin hé gen M. acuminata V2.0 chua hoan chinh. Do
0, két qua xac dinh gen, md ta cdu trac protein va danh gia
chiéu hudng chon loc ciia cac gen NBS-LRR trong nghién ctru
nay chua phan anh diy du nhét buc tranh tién hoa cua ho gen
ndy trong h¢ gen chudi. Viéc hoan thién hé gen ldp rap cia
chudi (M. acuminata V4.0) trong thoi gian to1 [31] s€ tao co
hoi cho cac phan tich day du hon vé ho gen nay. Mic du vy,
cac két qua dat duoc da gop phan lam sang to nhitng khia canh
lién quan dén ho gen NBS-LRR, tao nén ting cho cic nghién
ctu khai thac ting dung trong chon tao va cai thi¢n tinh khang
siu bénh ¢ chuoi.

Keét luan

Trong nghién ctru nay, 97 gen NBS-LRR cua chubi M.
acuminata da dugc xéac dinh va chia vao 7 phan nhém da dang
ve s6 lugng va céu trac cac motif bao thu dai dién cho cac vung
chirc ning dic trung clia ho gen NBS-LRR. Mo hinh tién hoa
cac gen NBS-LRR cho thdy, qua trinh thanh loc cac gen lap
dong vai tro chu dao trong tién hoa hé gen chudi, gop phan duy
tri s bao thu cdu triic cua ho gen NBS-LRR. Két qua ctia nghién
ctru ndy 1 ngudn thong tin hitu ich cho cac nghién ciru danh gia
biéu hién gen khang, phat trién chi thi phan tir phuc vu chon tao
va cai thién tinh khang sau bénh hai chudi bang chi thi phan tir.

LO1 CAM ON

Nghién ctru nay dugc thuc hién trong khuon kho dé tai
“Nghién ctu xac dinh gen tiém nang khang bénh hai trén cay
chudi (Musa spp.) thong qua phan tich tin sinh hoc” do Vién
Khoa hoc va Nong nghiép Viét Nam tai trg. Cac tac gia xin
chan thanh cam on.
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