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Tom tit:

Thanh tuu cia cong nghé gidi trinh tw gen da tao nguon dir liéu phong phu va gia tri cho cac phan tich tin sinh hoc
nham phat trién chi thij phan tir phuc vu nghién ciru di truyen va chon tao glong o cac loai cay trong, trong do cé cay
chanbh leo (Passiflora edulis Sims). Trong nghién ctru nay, dwa trén dir li€u trinh tw ho gen khang NBS-LRR da dwoc
xac dinh tir hé gen chanh leo, phan tich in-silico lwa chon va thiét ké chi thi SSR dic hi€¢u cho cac locus mlcrosatelllte
tiém nang ciing nhw phan tich thwe nghiém kiém chirng tinh da hinh cia cac chi thi SSR da dwge trién khai. Tong 50
497 locus microsatellite da dwoc xac dinh tir trinh tw 161 gen NBS-LRR, tir do 383 chi thi SSR dac hi¢u hg gen NBS-
LRR dugec thiét ké cho chanh leo. Qua sang loc thure nghiém 46 chi thi SSR dic hiéu cho 35 gen NBS-LRR tiém ning
¢6 biéu hién gen lién quan dén cac stress sinh hoc va phi sinh hoc di xac dinh dwoc 25 chi thi tao bing alen 6n dinh
va da hinh giira cic miu gidng chanh leo khi phan tich PCR-PAGE. Cic chi thi SSR dic hi¢u gen khang NBS-LRR
méi nay la cong cu bo sung cho cac nghién ciru dinh gia ngudn gen, 1ip ban dd di truyén va chon tao gidng chanh

leo khang bénh bing chi thi phan tir.

Tir khéa: chi thi SSR, ho gen NBS-LRR, Passiflora edulis Sims, PCR-PAGE, phan tich in silico.

Chi s6 phén loai: 1.6

1. Dt van deé

Chanh leo (Passiflora edulis Sims) 1a loai cdy an qua
¢6 gia tri kinh té cao, xudt x{r tir Nam My va hién da dugc
trong pho bién & cac ving nhiét déi va a nhiét déi [1]. Tai
Viét Nam, ca hai dang chanh leo qua tim (P. edulis f. edulis)
va qua vang (P. edulis f. flavicarpa Deg. ) ciing nhu dang lai
gitia chung hi¢én dang duoc phat trién san xuét tai nhiéu dia
phuong nhu cac tinh Tay Bic, Nghé An va Tay Nguyén.
Ngoai gié tri sir dung 14 cdy an trai (in twoi hodc ché bién
nuéc qud), qua va la chanh leo chira mot sb hop chét tu
nhién c6 1gi cho stc khde, do d6 con duge st dung lam
nguyén liéu san Xut cac san phém cham séc strc khoe [2].
Mic du ¢6 tiém ning 16n vé chudi san pham ciing nhu nhu
cau thi truong nhung san xuét chanh leo con bi han ché boi
tinh man cam véi nhiéu loai bénh hai, dic biét do virus va
vi khuan gay ra[3]. Cling gidng nhu cac loai ciy trong khéc,
viéc phat trién cac giéng chanh leo mang gen quy dinh tinh
khang bénh hai dugc xem la giai phap cin co nhit dé phat
trién san xuét bén ving. Tuy nhién, nén tang di truyén vé
gen khang bénh va cac chi thi dac hiéu gen khang & chanh
leo hién van con han ché.

Tinh khang bénh hai ¢ thuc vat dugc quy dinh bdi cac
gen khang R, phan 16n trong d6 1a cac gen thuoc ho NBS-
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LRR (Nucleotide binding site - Leucine rich repeats) [4].
Ho gen NBS-LRR 6 céc loai cy trong ¢6 thé dugc xac dinh
va phan lap thong qua nghién ciru 1ap ban do gen [5], giai
trinh tu chon loc ving gen khang RenSeq [6] va phd bién
la tng dung tin sinh hoc trong phan tich dir li¢u hé gen [7].
Gan day, trinh tu h¢ gen duoc gidi ma & céip d6 nhi®m séc
thé [8] da tao co so cho phan tich in-silico xac dinh 161 gen
hoan chinh thudc ho gen NBS-LRR ¢ chanh leo (di liéu
chua cong bd).

Chi thi phan tur 1a c6ng cu phd bién trong céc nghién cuu
danh gia da dang di truyén tlnh khéng va 1ap ban d6 phan tur
phuc vu cong tac chon tao glong khang. Duya trén nén tang
phéan tng nhan gen PCR va kha nang phan biét cac alen cua
mot locus cu thé, cac loai chi thi phan tu c6 thé phan thanh
nhom cac chi thi trdi (bao gém RAPD, ISSR, SRAP, mot sd
chi thi dva trén gen nhay...) va nhom cac chi thi dong troi
(bao gdm SSR, InDel, SNP...) [9]. Su phat trién vuot bac
cuia cong nghé giai trinh tu hién nay da tao ra luong dir liéu
phong phti vé thong tin hé gen céc loai thuc vat, tao diéu
kién cho cac nghién ctru xac dinh cac microsatellite va phat
trién, ung dung chi thi SSR. Dya trén bién dong trinh tu cua
locus microsatellite - ban chit 1a cac dot bién thay dbi sb
luong motif 13p don (SSR) trong qua trinh nhan ban va tai to
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Abstract:

The chromosome-level genome assembly of passion fruit
(Passiflora edulis Sims) has facilitated computational
analyses in developing novel informative SSR markers
for genetics and breeding research. In this study, in-
silico analysis was conducted to discover potential
microsatellite loci and to design specific primers from the
sequences of the characterised nucleotide-binding site -
leucine-rich repeats (NBS-LRR) gene family of passion
fruit, and a genotyping experiment was performed to
validate the novel simple sequence repeat (SSR) markers.
In total, 497 microsatellite loci were detected from 161
passion fruit NBS-LRR genes, of which 383 loci were
qualified for primer generation. Forty-six SSR markers
were selected for polymorphism verification, targeting 35
NBS-LRR genes that showed potential gene expression
in response to biotic and abiotic stresses. From that, 25
SSR markers showed consistent polymorphic alleles
among different passion fruit genotypes via PCR-PAGE
analysis. These novel NBS-LRR-specific SSR markers
might provide valuable tools for fortifying research on
germplasm evaluation, genetic mapping, and molecular
breeding for disease-resistant passion fruit varieties.

Keywords: in silico analysis, NBS-LRR gene family,
Passiflora edulis, PCR-PAGE, SSR marker.
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hop trong hé gen giita cac ca thé [10], chi thi SSR ¢6 nhiéu
uu diém nbi trdi so voi cac loai chi thi khac nho sb lugng 16n
va phan bé ddng déu trong hé gen, tinh dic hiéu va da hinh
cao, tinh 6n dinh va kha nang tai 1ap cao trong thuc hanh va
khong yéu cau phirc tap vé trang thiét bi phan tich. Mot s6
chi thi phan tir SSR da dugc phat trién cho dang chanh leo
qua vang [11, 12]. Tuy nhién, sb lugng cac chi thi nay con
khiém tdn so véi kich thude hé gen chanh leo va dac biét
chua co chi thi dac hi¢u hg gen NBS-LRR duogc phat trién
cho dang chanh leo qua tim phd bién & nudc ta. Nham thiét
1ap bo cong cu phan tir cho nghién ctru danh gia ngudn gen
va chon tao gidng khang bénh, nghién ciru nay sir dung trinh
tu ho gen NBS-LRR xéc dinh dugc tir hé gen chanh leo tim
dé phat trién bo chi thi SSR méi va kiém chtng tinh da hinh
clia cac chi thi nay trén mot sé mau giéng chanh leo.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit liéu

Mau 14 non tir 10 miu gidng chanh leo dugc thu thap tir
vuon luu gitt mau gidng cua Vién Nghién ctru Chanh leo
Nafoods (Qué Phong, Ngh¢ An) (bang 1).

Bang 1. Danh sach 10 mau gidng chanh leo str dung cho nghién ciru.

Thit ty Ky hiéu miu gibng Thit tw Ky hiéu miu giéng

1 CKL 6 CPP
2 H4.115 7 PN1

3 TC(14-5)-51 8 TC(14-5)-45

4 TC(14-5)-7 9 H5-27

5 H14.7 10 (14-11)(16-6).20

Trinh ty gen hoan chinh bao gém 2.000 bp trinh ty
ngoai vi tir ddu 5’ (tinh tir vi tri bt ddu phién ma TSS -
Transcription start site) va dau 3’ (tinh tir vi tri poly-A) cia
161 gen NBS-LRR xac dinh tir hé gen chanh leo tim (dir
lidu chua cong bd).

2.2. Phwong phap nghién ciru

Xac dinh cac locus microsatellite: Trinh twy DNA cua
161 gen NBS-LRR duoc sir dung lam tham chiéu dé phéan
tich tim kiém cac microsatellite biang cong cu MISA-web
(https://webblast.ipk-gatersleben.de/misa) [13]. Tiéu chi dé
xac dinh cac microsatellite 1a chiéu dai motif 1, 2, 3, 4, 5
va 6 nucleotide voi s6 1an motif 1gp lién tuc tuong tng la
10, 6, 5, 4, 4 va 4. Bdi voi cac microsatellite phure hop, céac
microsatellite thanh phan khong cach xa nhau qua 100 bp.

Kiém tra locus microsatellite va thiét ké chi thi dac hiéu:
Vi tri cac locus microsatellite dugc chu giai trén trinh tu
161 gen NBS-LRR cua chanh leo dé kiém chimg trude khi
thiét ké cac bo mdi bang cong cu Primer 3 tich hop trén
phdn mém Geneious v11. Cac thong sb thiét ké moi bao
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gbm: chiéu dai trinh tyr 18-23 nucleotide (tdi wu 14 20), ham
luong GC 40-60%, nhiét do gén moi tdi uu 55°C, san phém
nhan gen PCR dy kién 150-300 bp. Cac cap moi SSR dép
g yéu cu dugc lwa chon va tong hop tai Phu Sa Genomic.

Tdch chiét DNA tong s6: Cac mau la non sau khi thu
thap dugc xir 1y, tach chiét DNA va danh gia do nguyén
ven, do tinh sach va néng d6 theo quy trinh da ap dung cho
chanh leo [14].

Phan trng nhdn gen PCR: Phan tmg khuéch dai PCR str
dung kit GoTaq Green Master Mix (Promega) dugc chudn
bi theo huéng dan cua nha cung cdp véi 0,5 pM mdi mdi
loai, 25 ng DNA tong sé trong tong thé tich 20 pl. Phan tmg
khuéch dai PCR thyc hién trén may luan nhiét Mastercycler
X50s (Eppendorf) sir dung chu trinh nhiét bao gdm 1 chu
ky bién tinh ban ddu & 94°C trong 5 phut, 35 chu ky gom
cac cac budc bién tinh & 94°C trong 30 gidy, bét cip moi -
khuon & nhiét do t6i vu cho timg mdi trong 30 gidy, tong
hop chudi & 72°C trong 30 gidy, va 1 chu ky tong hop két
thiic & 72°C trong 4 phut. D6i voi mot s6 chi thi SSR ¢o
tinh ddc hiéu thap (thé hién qua bing san pham khuéch dai
khong dac hi¢u), chu trinh phan trng Touchdown-PCR duoc
ap dung theo huéng dan cua D.J. Korbie va cs (2008) [15].

Phdn tich két qua: San phim phan Gmg khuéch dai PCR
dugc phan gidi trén gel agarose 1,5% trong dém TBE 1X &
hiéu dién thé 7V/cm trong 1 gio (xac dinh nhiét do gén moi
t6i wu T hodc polyacrylamide khong bién tinh 8% trong
dém TAE 1X & hiéu dién thé 12 V/em trong 3 gid (danh gia
tinh da hinh). Ban gel sau d6 dugc nhudm ethidium bromide
(0,5 pg/ml) trude khi chup anh dudi anh sang UV bang hé
théng UVP Transilluminator PLUS (Analytik Jena). Cac
alen duoc ghi nhén dya trén kich thudc thang DNA chuan
50 bp DNA Ladder (Thermo Scientific) hoac ®X174 DNA/
Hinfl Marker (Thermo Scientific).

2.3. Thoi gian va dia diém nghién cuu
Nghién ctru dugc trién khai tir thang 6/2022 dén thang

9/2023 tai Vién Dugc li¢u va Vién Khoa hoc Nong nghiép
Viét Nam (Ha Noi).

3. Két qua

3.1. Phin bé microsatellite trén trinh tw cdac gen ho
NBS-LRR o chanh leo

Téng s6 497 microsatellite di dugc phat hién tir 139/161
gen NBS-LRR & chanh leo bang cong cu MISA-web, sd
luong trung binh 3,08 microsatellite/gen va mat d§ trung
binh 0,23 microsatellite/kb. Trong sé nay, 114 gen NBS-
LRR (70,8%) c6 nhiéu hon mot microsatellite (bang 2).
Trong s6 cac microsatellite da xac dinh, cac motif c6 do
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dai 1 (mono-), 2 (di-), va 3 (tri-nucleotide) chiém ty 1&
nhiéu nhét, 1an luot trong tmg 64,59, 21,33 va 6,84%. Cac
microsatellite ciia motif c6 do dai 4 (tetra-), 5 (penta-) va 6
(hexa-nucleotide) ¢ s6 luong it nhat. Bén canh d6 co 26
(5,23%) microsatellite dang phire hop da dugc xac dinh trén
cac gen NBS-LRR phan tich (bang 2 va hinh 1A).

Bang 2. Thong tin cac microsatellite xac dinh trén ho gen NBS-LRR
& chanh leo.

Muc Gia tri
S6 gen NBS-LRR phan tich 161

Téng chidu dai trinh tu phén tich (nu) 2.180.487
Téng $6 microsatellite xac dinh dugc 497

- S gen NBS-LRR chita SSR 139

- S6 gen NBS-LRR c6 nhiéu hon 1 microsatellite 114

Phén loai microsatellite theo kich thwée motif S0 lwgng (ty 1¢ %)

Mono-nucleotide 321 (64,59%)

Di-nucleotide 106 (21,33%)

Tri-nucleotide 34 (6,84%)
Tetra-nucleotide 4(0,81%)
Penta-nucleotide 3 (0,6%)
Hexa-nucleotide 3 (0,6%)
Microsatellite phirc hop 26 (5,23%)
(A) (B)
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Hinh 1. Théng s6 cac microsatellite xac dinh trén trinh tw ho gen
NBS-LRR & chanh leo. (A) Phan bé cac microsatellite theo chiéu dai;
(B) Phan loai cac microsatellite theo sé 1an 1ap clia motif; (C) Phan b cac
microsattlite tinh theo trinh ty cta tirng motif.



mssssssm Khoa hoc Tu nhién | Khoa hoc su séng

Theo M.K Biswas va cs (2020) [16], cac microsatellite
dugc phan loai thanh hai nhom dya trén chiéu dai trinh
tu, bao gdm nhom I (>20 bp) va nhom II (<20 bp). O ho
gen NBS-LRR chanh leo, s§ microsatellite thuéc nhom 11
(443) nhiéu gap 11,6 lan nhom I (38) (hinh 1A). S6 motif
1ap lai ctia cac microsatellite bién thién tr 4 dén hon 17
lan, trong d6 cac microsatellite chtra cac motif 1ap lai 10 lan
(133) va 11 1an (67) chiém ty 1& cao nhit (chii yéu 1a motif
1-nucleotide) (hinh 1B). V& trinh ty, nhém motif A/T chiém
da sb trong cac motif 1-nucleotide, trong khi d6 motif AT/
AT phé bién nhit trong sd cac motif 2-nucleotide va motif
AAT/ATT thudng gap trong s6 cac motif 3-nucleotide ciia
cac microsatellite xac dinh duoc & ho gen NBS-LRR ¢
chanh leo (hinh 1C).

3.2. Thiét ké chi thi phin tiv SSR diic hi¢u ho gen NBS-
LRR ¢ chanh leo

Céc locus microsatellite co vi tri qua gan hai dau trinh
tir gen NBS-LRR tham chiéu khong du khoang cach dé
thiét ké moi hodc c¢6 thanh phan trinh tu hai ving ngoai vi
khong dap tmg yéu cau thiét ké moi s& bi loai bo. Tong s6
405 cap mdi d3 duoc thiét ké cho cac microsatellite trén
ho gen NBS-LRR ¢ chanh leo, trung binh 2,9 cip mdi cho
mdi gen dugc xac dinh mang microsatellite. Cac cip mdi
c¢6 san pham khuéch dai dy kién tir 175 dén 575 bp (cac
cap moi ddc hiéu cho SSR phte hop). Ra soat tinh déc hi¢u
thong qua so sanh vai trinh ty hé gen chanh leo biang cong
cu BLASTn cho thdy chi c6 22 cip moi SSR (5,43%) co
nhiéu hon 1 két qua truy van. Cac cp mdi nay c6 kha nang
khuéch dai nhiéu h0’n 1 locus nén bi loai bo. Céac cdp moi
con lai (383 cap mdi, 94,57%) duoc xac dinh 1a cac chi thi
SSR tiém nang ddc hiéu cho ho gen khing NBS-LRR &
chanh leo.

3.3. Kiém chirng tinh hiéu dung ciia b chi thi SSR dic
hiéu ho gen NBS-LRR ¢ chanh leo

Dua trén bo dit liéu RNA-Seq v& tinh chiju lanh [17] va
phan mg v6i bénh hai [18] ctia cac mau giéng chanh leo,
phan tich biéu hién gen da xac dinh dugc 35 gen NBS-LRR
tiém ning c6 muc d6 biéu hién gen khéac biét va tuong quan
v6i kha ning chong chiu cac didu kién bt thuan vo sinh va
hiru sinh (két qua chua cong bd). Tap trung vao nhom gen
NBS-LRR tiém ning nay, 46 chi thi SSR dic hiéu cho 35
gen da dugc lya chon dé khao sat kiém ching tinh dac hiéu
va tinh da hinh trén bo 10 miu gidng chanh leo.

Khé nang bét cap dac hi¢u cua cac chi thi SSR v6i DNA
khuon ctia mau gidng chanh leo H14.7 duoc danh gia ¢ cac
nhiét do gan mdi T, khac nhau. Két qua khao sat nhi¢t do
gin mdi ghi nhan gia tri T, t4i wu kha cao (60~62°C) cho
hau hét cac chi thi SSR (hinh 2). P6i v6i mot s6 chi thi
SSR ¢6 d¢ ddc hiéu kém ngay cd ¢ T, cao nhat, phan tmg
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Touchdown-PCR da dugc thir nghiém va cho thy hiéu qua
giam thiéu san pham khuéch dai khong ddc hiéu ma khong
can sir dung cac chat phu gia bd sung khac. Két hop ca hai
phuong phap t6i wu, di xac dinh dugc 32/46 chi thi SSR
nhan ban dac hi¢u vung trinh ty muc tiéu tir 27 gen NBS-
LRR tiém nang ¢ chanh leo (bang 3).

R | PeCNL38.SSR | PeCNLA1SSR |
ABCD ABGC D]

| PeCNL32-SSR | PeCNL29.SSR | Pe.CNL30.SSR2| Pe.CNL35.
{ABCD ABCD|ABCOD|ABGCD,]

- ‘ ‘ ] 4 L
i PeNLO5SSR | PeRNLOZSSR1| PeRNLO2.SSR2] PeNOT-SSR | PeN01.SSR | Pe.TNOA-SSR6 |
‘A B CD{AB CD/ABJCDABCD ABCTD{ ABTCD]

i T LTI
- s s

ihunui

Hinh 2. Két qua khao sét xac dinh nhiét d6 gan méi téi wu (T,) ciia mét
s6 cap moi SSR dic hiéu gen NBS-LRR & chanh leo. M: 50 bp DNA
Ladder; +: d6i ching dwong tai T,=54°C. Dai nhiét do gan méi khéo sat:
A: 50°C, B: 54°C, C: 58°C, D: 62°C. Gia tri T, cla cac cap mdi dwoc trinh
bay tai bang 3.

Dua trén gia tri T, t8i wu, tinh da hinh cua 32 chi thi SSR
ddc hiéu gen NBS-LRR tiém ning tiép tuc dugc danh gia
thong qua phan tich PCR-PAGE trén 10 miu gidng chanh
leo. Két qua cho thdy, vé& da dang s luong alen ciia cac
locus microsatellite c6 23/32 (71,87%) chi thi SSR 1a chi
thi 2 alen (hinh 3A) va 9/32 (28,13%) la chi thi da alen
(hinh 3B). Trong khi d6, vé tinh da hinh, ¢6 7/32 (21,88%)

(A)

M1 2 34567 891M

(B)

M1 2 3456 7 8910M

ek

Pe.TN04-SSR6 Pe.CNL38-SSR

249 249

200 200

(]

151
140

151
140

Pe.CNL29-SSR Pe.TNL25-SSR5

oy b gy

Pe.NL05-SSR Pe.CNL41-SSR

Hinh 3. Két qua danh gia kiéu gen ctia 10 mau giéng chanh leo bang
cac chi thj dac hiéu gen khang NBS-LRR. M: -®X174 DNA/Hinfl marker;
1-10: th( tw cac mAu gibng chanh leo (danh sach theo bang 1). Gia tri T,
clia cac cap mdi dwoc trinh bay tai bang 2.
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Bang 3. Thong tin cac chi thi SRR dic hiéu gen NBS-LRR khuéch dai thanh cong & cac mau gidng chanh leo khao sat.

tTuh“ Tén chi thi Trinh ti (5°-3%) Motif 13p Ta (°C) ;(l':nh (;hp‘;éc 11;1::11:”1::1 c;it:lien D i
1 Pe.CN06-SSR gﬁ g?l%‘;??ﬁg:fgggggéii?g € (ceacca, 56 175-260 X X
2 Pe.CNLO1-SSR1 1;:: ?;ﬁ%?é?ffffé?‘égﬁffgé ' (G)—(AD), 56 413-427 X X
3 Pe.CNLO1-SSR5S g ig?i‘é‘éi?égigﬁéffﬁg :‘gﬁAG (AT),, 58 250-260 X X
4 Pe.CNLO5-SSR E:: %‘ééii??&&p}%%‘égggﬁzgém} (AT), 58 300-310 X X
5 Pe.CNL09-SSR E:: (éZTT(é(é(;ETG(%CG‘ZTCTCT AASTC:TTT‘X;GC (GAA), 60 412-427 X X
6 Pe.CNL16-SSR2 ; %ﬁgﬁ?ﬁéiﬁf&%’}%ﬁggﬁiig(} (AC), 60 250262 X %
7 Pe.CNLI6-SSR3 1 igfgfggfggég}ggiﬁéﬁ&?% (TTTTA),~—(TCTTA), 60 206-225 X X
8 Pe.CNL20-SSR §§ ?E‘Z%%ﬁ%’é%%iiif&}%}g’j&% (CCCGA), 58 180-230 X X
) o §ANSASTISONCNCOTIO “ s "
10 Pe.CNL29-SSR 1;:: ggggié&%ﬁ%%iﬁggéi‘z‘z& (AG), 62 189-220 X X
11 Pe.CNL30-SSR2 E i‘éf;gié?glgé{f‘ffﬁ‘égéiggc (AAGCTO), 58 240270 X
o reomsssn STSACNICMSMOAMAES 0
5 recmsssn §UATATMCATICANTIAGIG (s, .
14 PeCNL4I-SSR 1 ii%i%igii%i%?gﬁg};g%}% (CA)—(TA), 60* 237-245 X X
15  PeNOI-SSR EZ: ggggé?g;:l%g%%?&g%ﬂ? (AAAAT),—(ATA), 45 237-255 X
16  PeNLO5-SSR g gggggggﬁgiﬁgﬁgééﬁﬁi%G (GAACCT), 60 210-220 X X
17 Pe.RNLO2-SSR g: ?éﬁié?ﬂl?ﬁ‘éf&fgﬁgéﬁﬁ (CAT), 62 413-450 X X
18  Pe.RNLO2-SSRI E:: %‘iTATCCATgZ;TC%TTiGC%K}TTTCGATTiC (TA), 62 371-417 X X
o remoss  §OSCATOMGIETMTAGANGC (o) . wem "
20  Pe.TNO4-SSR6 g:: ’ETGT?TT g??ﬁ%%?:;ﬁﬁi%%ﬁéﬁ (GAACO), 58 246 %
21 PeTNLO9-SSRI ' gzﬁngéi?ﬁ%ngfgéi%%gT (TO), 50% 212216 X X
22 Pe.TNLI4-SSR FF{:: gﬁiﬁg@?g:ﬁé?égi?giﬁg‘* (AT), —-(ATATA), 55 200 X X
5 reissn [ OSMGCTTIMITNICACCS "
24 Pe.TNL25-SSR5 g: igé&?igggiééiﬁigi‘é‘fﬁfc (AT), 58 175-200 X X
s rmzsssns LCRASATIACOIONCTTC GO o x
o remmrssa §SASTIOTIGTINTIOONNG o, W em :
27  Pe.TNL27-SSR3 ; ’;ggéiéigi‘:i?fggﬁfgfc (TCG), 58 140-220 X %
28 PeTNL28-SSR ' ZqTTACT:Ti%igéfg :&T;Z(T:égg (CT),—(TA), s6 175-185 X X
I T x
o reawss [ CTICTICOTGOMIOMTIACE o wewm x
31 Pe.TNL50-SSR5S g: (T:é%‘f\r(é(%ééﬁ?fﬁﬁéfffg ACG (CAT), 40 200-235 X X
b remusss §OSCAoMascaaGTEC o o wm = -
*: chi thi ap dung ky thuat Touch down - PCR.
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chi thi don hinh (vi du chi thi 2 alen Pe.TN04-SSR6 va chi
thi da alen Pe.CNL38-SSR, hinh 3) va c6 25/32 (78,12%)
chi thi SSR cho da hinh (vi du cac chi thi Pe. CNL29-SSR,
Pe.NLO5-SSR, Pe.TNL25-SSRS5, va Pe.CNL41-SSR, hinh
3) trén b 10 mau giéng chanh leo khao sat.

4. Ban luan

Céc yéu t6 DNA lip, bao gdom DNA ldp lién tuc (tandem
repeat) va DNA [dp rai rac (interspersed repeat), c6 dong
g6p quan trong vao su bién thién vé kich thudc va phirc tap
vé cAu tric cia hé gen thuc vat. Microsatellite (kich thudc
motif [dp <10 nucleotide) cung vdi minisatellite (motif 1ap
dai hon 10 nucleotide) 1a hai phan 16p ciia nhom DNA lap
lién tuc, dic trung boi tinh khong 6n dinh vai ty 1& dot bién
tir 103 dén 10 qua mdi thé hé té bao, cao gip 10 lan ty
1¢ dot bién diém xay ra trong hé gen. Pay ciing chinh la
co sd tao nén tinh da hinh cao ctia cac microsatellite trong
hé gen thuc vat [19]. Nghién ciru trén cac loai cdy trong
cho thiy cac microsatellite phan bd khong dong déu, chu
yéu tap trung & cac vung gen khong mi héa do c6 tiém
ning dot bién cao [20, 21]. Tuy nhién & nghién ciru nay, s6
luwong microsatellite xac dinh dugc trén cac gen NBS-LRR
va vung trinh tu phu cén 13 twong di 16n (trung binh 3,08
microsatellite/gen), didu nay c6 thé phan 4nh sy da dang
ctia ho gen NBS-LRR ¢ thuc vat, thé hién & tinh lap lai va
cAu triic cum gen (cluster) hinh thanh trén cic nhidm sic
thé [7]. Tuy theo nhom loai, thanh phan va ty 1& cac motif
microsatellite ghi nhan dugc 1a khac nhau [19]. Déi véi ho
gen NBS-LRR & chanh leo, cac nhom motif A/T va AT/AT
chiém s6 luong da s6 (ty 1¢ lan luot 1a 62,37% va 14,89%),
tuong tng voi két qua xac dinh microsatellite trude do tir dir
liu giai trinh ty thu vién tach dong (BAC-end sequencing)
[22] va dir liéu trinh ty h¢ gen chua hoan chinh (draft-
genome) [11] ¢ chanh leo vang.

So véi céac loai chi thi phan t& khac, chi thi déng troi
SSR cho két qua danh gia kiéu gen on dinh va do d6 mirc
do tin cay cua cac phan tich da dang di tmyén, xac dinh dac
trung di truyén cua ca thé/loai hay 1ap ban dd di truyén dya
trén dir liéu SSR ciing cao hon. Chinh vi vay, chi thi SSR
dugc tmg dung pho bién trong cic nghién ctru thudc linh
vuc sinh hoc phén tir va di truyén & nhiéu ddi twong ciy
trong khac nhau [22]. Di v6i chanh leo, nghién clru xac
dinh cac gen quy dinh tinh khang bénh hai va chi thi phan
ttr ddc hiéu hodc lién két gen khang lam nén tang phuc vu
chon tao giéng chanh leo khang bénh la hudng nghién ctru
dugc quan tim. Mot sé nghién ciru 14p ban dd di truyén &
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chanh leo di dugc thyc hién nhiam xac dinh cac locus quy
dinh tinh khéang nhung chua thanh cong do s6 lugng han ché
cua cdc chi thi phan tir so véi kich thudce h¢ gen chanh leo
khong dam bao d phan gidi ciia ving chua locus muc tiéu
[1]. Bé 1am phong pht thém cac chi thi da hinh cho chanh
leo, E.J. Olivera va cs (2005) [12] da phat trién 10 chi thi
SSR tu thu vién tach dong hé gen, trong khi d6 S. Araya va
¢s (2017) [11] thong qua phan tich bd dit li¢u trinh tu hé gen
chua hoan chinh da phat trién 42 chi thi SSR khéc. Trong
nghién ctu nay, 383 chi thi SSR déc hi¢u ho gen NBS-LRR
& chanh leo da dugc thiét ké thong qua cac phan tich in-
silico. Két qua kiém chiig thuc nghiém 32 chi thi SSR trén
bo 10 mau giéng chanh leo cho thfiy, mac du da sang loc
tinh dac hiéu b?mg cong cu BLAST ciing nhu tdi wu nhiét
do gén moi T, mot s6 chi thi SSR van c6 kha nang khuéch
dai cac locus khac ngoai viing mang microsatellite muc tiéu.
Theo E. Guichoux va cs (2011) [23], diéu kién PCR bao
gdm nhidu yéu t6 anh huong va khong hoan toan nghiém
ngit ¢6 thé 12 nguyén nhan cia hién twong nay. Ngoai ra, do
ban chat da dang cua ho gen NBS-LRR, viéc phat sinh ban
sao cia mot gen NBS-LRR trong hé gen hoan toan c6 thé
xay ra & mot s6 ngudn gen & cac didu kién ap lyc tién hoa
bénh hai khac nhau, nhu 12 mot co ché dam bao nguf")n alen
gen khang phong phu trong qua trinh tién hoa gen khang
- gen gy bénh mang tinh tuan ty ké thira cia mé hinh gen-
dbi-gen [24]. Ngoai ra, ty 1 cac chi thi SSR da hinh dat
78,12% phan nao da phan anh sy da dang alen twong di cao
ctia cic gen NBS-LRR & cic miu giéng chanh leo, khing
dinh tiém ning tng dung trong danh gia da dang di truyén
gen khang va nghién ciru lap ban do di truyén, chon tao
gidng chanh leo bang chi thi phén tir trong thoi gian téi.

£ ~
9. Ket luan

Nghién ctru nay da xéac dinh cac locus microsatellite va
thiét ké dugc 383 chi thi SSR dic hiéu gen NBS-LRR &
chanh leo. Trong ) nay, 25 chi thi dac hiéu cho cac gen
NSB-LRR tiém nang co biéu hién lién quan dén phan
g stress sinh hoc va phi sinh hoc dd dugc kiém chung
thuc nghiém vé tinh dic hiéu va tinh da hinh trén b mau
giéng chanh leo. Céc chi thi déu khuéch dai duge locus
microsatellite v&i kich thude nhu thiét ké va co su da dang
vé sb luong céc alen, phan anh dung ban chat di truyén cia
ho gen NBS-LRR. Céc chi thi SSR dédc hi¢u gen NBS-LRR
s& la cong cu bo sung co gia tri cho cong tac danh gia ngudn
gen khang va nghién ctru chon tao giéng chanh leo khang
bénh hai bang chi thi phan tir trong thoi gian toi.
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