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TOM TAT

Chon tao gidng chanh leo (Passiflora edulis Sims) khang bénh hién 1a nhu ciu cép thiét cho chudi san
xudt chanh leo bén viing. Nghién ctiu nay ting dung 20 chi thi SSR dic hiéu khang NBS-LRR nham danh gid
da dang di truyén gen khang va cdu tric quin thé ctia by 55 mau gidng chanh leo thu thip tit Nghé An va
Tién Giang. Gia tri trung binh ctia cac chi s6 di truyén chinh H, PIC va D lan lugt dat 0,43; 0,395 va 0,701,
tuong duong véi cac loai chi thi da dugc st dung trudc day. Phan nhém di truyén va ciu tric quan thé cho
thiy bo mau giong thudc vé 5 quan thé (K = 5), phan anh dung ngudn géc clia cdic mau giong. Phén tich tuong
quan kiéu gen - tinh nhiém bénh da xdc dinh dugc lién két gitia 6 alen ctia 5 gen khang Pe. CNL41, Pe. TNL27,
Pe.TNL25, Pe.CNLI16 va Pe. TNL25 véi tinh nhiém cac bénh théi goc, d6m néu va d6m dau trén b mau giong
chanh leo thu thap tit Nghé An. Cac chi thi SSR dac hiéu gen NBS-LRR nay sé la cong cu hiiu hiéu phuc vu

cong tac chon, tao giéng chanh leo khang bénh.

Tu khoa: Chanh leo (Passiflora edulis), da dang di truyén, tuong quan kiéu gen - tinh nhiém bénh,

NBS-LRR, chi thi SSR

I. AT VAN PE

Bénh hai la tac nhan anh hudng chinh dén
san xudt nong nghiép, c6 thé gy ra thiét hai 15%
tong san lugng nong nghiép toan cau. Trong boi
canh do, chon tao gidéng khang bénh dua trén viéc
khai thac nguon bién di di truyén ty nhién hodc
nhan tao 1a gidi phap bén viing nhit nhim quan
ly hiéu qua bénh hai. D€ dat dugc diéu nay, danh
gia da dang di truyén cac ngudn gen cay trong la
mot trong nhiing budc can ban, tao nén tang quan
ly va stt dung hgp ly ngudn tai nguyén di truyén
(Salgotra & Chauhan, 2023). Ky thuéat xac dinh
“dau van tay DNA” (DNA finger printing) 1a cong
cu phd bién, dé tiép can va trién khai trong viéc
nhén dang nguén gen va dinh lugng mtc d¢ da
dang di truyén. Thé hé chi thi phan t{ truyén thong
- cht yéu dugc phat trién dua trén cac bién di di
truyén nhu microsatellite, InDel, SNP... & cac viing
gen khong ma hoa, c6 tinh da hinh cao va chdm
hodc it bi loai bo trong qua trinh tién hoa (Parida
et al., 2009) - thuong dugc su dung trong sang loc,
danh gia da dang di truyén ngudn gen. Tuy nhién
cac nha chon giéng quan tam hon téi cac bién di di
truyén trén hodc gin cac gen quy dinh tinh trang
c6 gia tri nhu khang bénh hai, ndng sudt cao, chat

lugng t6t. Pay la co s& d€ phat trién thé hé chi thi
phan tti mdi, chi thi chtic nang (functional marker)
hay chi thi ddc hiéu gen (gene-specific marker), la
cong cu hiéu qua hon trong danh gia da dang di
truyén ctia cac gen quy dinh tinh trang muc tiéu
cting nhu trong chon tao giéng nha chi thi phan tu
(Salgotra & Stewart, 2020).

Ho gen NBS-LRR (Nucleotide Binding Site -
Leucine-Rich Repeat) 1a dai dién chinh ctia nhom
gen khang R (resistance gene) & thuc vat, véi s6
lugng phong phti trong hé gen va thuong tao thanh
cac cum gen (cluster) trén cac nhiém sac thé nho
cac sy kién nhan doi hoac khuéch dai gen trong
qua trinh tién hoa (Shao et al., 2019). Dén nay,
hang tram gen NBS-LRR da dugc phén lap va xac
dinh chtic nang quy dinh tinh khang bénh & thuc
vat (Chen, 2021). b€ danh gia da dang di truyén
nguon gen khang, cac chi thi dic hiéu trinh tu
motif bao tht ctia cdc vung chtic nang dic trung
ctua ho gen NBS-LRR da dugc phat trién va st dung
(Ren et al., 2013). Nho thanh tuu ctia cong nghé
gidi trinh tu ciing nhu sy bung nd cta di liéu hé
gen 6 thuc vat, ho gen NBS-LRR dé dang dugc xac
dinh, m6 ta thong qua cdc cong cu tin sinh hoc va
la nguon dit liéu d€ phat trién cac chi thi dac hiéu
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gen khang phuc vu nghién ctiu danh gia nguén gen
va cong tac chon tao giong khang bénh.

Chanh leo (Passiflora edulis Sims) 1a cay an
qua c6 gia tri kinh t€ cao va dugc tap trung phat
trién tai Viét Nam trong nhiing nim gin day.
Nham dép tng nhu cau phat trién bén viing, cong
tac chon tao gidng chanh leo méi ndng cao nang
sudt va chat lugng da dugc trién khai thanh cong
(Nguyén Van Viét va cs., 2022). Tuy nhién nghién
ctiu cai thién tinh khang bénh hai, tré ngai 16n
nhit trong san xuét chanh leo, van con han chébéi
nén tang di truyén tinh khang & chanh leo chua
dugc lam sang t6. Gan day, v6i trinh tu hé gen
dugc gidi ma & cip do nhiém sic thé (Ma et al.,
2021), ho gen NBS-LRR & chanh leo da dugc xac
dinh va mo6 ta chi tiét, tao tién dé cho viéc phat
trién bd chi thi SSR dic hiéu gen NBS-LRR (Tran
bic Trung va cs., 2023). Trong nghién ctiu nay, bo
chi thi SSR dac hiéu gen NBS-LRR da dugc ting
dung nhdm danh gia da dang di truyén gen khang
cho bo mau giéng chanh leo thu thép tit Nghé An
va Tién Giang. Dong thai, két hop véi dii liéu danh
gid trén dong rudng, mot so6 alen ctia gen NBS-LRR
tiém nang lién két véi tinh nhiém mot s6 bénh hai
phd bién do ndm va vi khuén trén chanh leo ciing
dugc xac dinh. Két qua ctia nghién ctiu nay tao co
sG cho viéc danh gid nguon gen phuc vu cong tac
chon tao giong chanh leo khang bénh bang chi thi
phan tu trong thoi gian téi.

I1. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ctiu

Mau 14 non tu 55 mau giéng chanh leo dugc
cung cip bdi Vién Nghién ctiu va Phat trién nong
nghiép Nafoods (Qué Phong, Nghé An) va Vién
Céay an qua mién Nam (Chau Thanh, Tién Giang)
(Bang 1). Thong tin trinh tu, nhiét d6 gan moi t6i
uu cta 33 chi thi SSR dac hiéu gen NBS-LRR phat
trién cho chanh leo theo Tran Dtic Trung va cong
su (2023).

2.2. Phuong phap nghién ciu

Péanh gia mac d6 nhiém bénh: Ap dung Tiéu
chuan qubc gia TCVN 13268-4:2021 (Bao vé
thuc vat - Phuong phép diéu tra sinh vat gay hai -
Phan 4: Nhom cdy an qud), cac bénh hai duoc theo
ddi trong diéu kién dong ruong bao gdbm bénh thdi
gdc do ndm Fusarium sp., bénh dém nau trén 14 do
ndm Alternaria sesami va bénh dém dau do nim

Phytophthora sp. gay ra. D6i v6i bénh théi goc, theo
d6i 10 cay/mau gidng va xac dinh cdp bénh dua trén
ty 1é cay bi héo chét va c6 d4u hiéu thoi goc: Cap 1 -
dudi 1/4 dién tich tan cay theo do6i bi héo hodc bién
vang (nhiém nhe), cip 2 - tii 1/4 dén dudi 1/3 dién
tich tdn cdy theo doi bi héo hodc bién vang (nhiém
trung binh), cdp 3 - trén 1/3 dién tich tdn cay theo
doi bi héo hodc bién vang (nhiém nang). Déi véi
bénh dém nau va d6m dau trén 14, diéu tra toan bd
s0 la clia 3 cdy/mau giong, xdc dinh cdp bénh dua
trén dién tich 14 bi bénh: Cip 1 - dudi 1% dién tich
la bi hai (khong bi nhiém bénh), cip 3 - tii trén 1%
dén 5% dién tich 14 bi hai (nhiém bénh nhe), cdp 5 -
tl trén 5% dén 25% dién tich 14 bi hai (nhiém bénh
trung binh), cap 7 - tii trén 25% dén 50% dién tich
14 bi hai (nhiém bénh ndng) va cip 9 - trén 50%
dién tich 14 bi hai (nhiém bénh réit nang).

Tach chiét DNA t6ng s6: Ap dung quy trinh
tach chiét DNA t6ng s6 tii mau ld chanh leo non
cua Tran Dic Trung va cdng su (2022).

Panh gid kiéu gen SSR: Phan mg khuéch
dai PCR st dung kit GoTaq Green Master Mix
(Promega) duoc chudn bi theo huéng din cua
nha cung cap voi 0,5 pM mdi mdi loai, 25 ng
DNA tong s trong tong thé tich 20 pL. Phan ting
khuéch dai PCR thuc hién trén may chu trinh nhiét
Mastercycler X50s (Eppendorf) sti dung chu trinh
nhiét bao gébm 1 chu ky bién tinh ban dau & 94°C
trong 5 phut, 35 chu ky gom cac cac budc bién tinh
& 94°C trong 30 gidy, bat cdp moi - khuodn & nhiét
do téi uu cho tling mdi trong 30 gidy, tong hop
chudi & 72°C trong 30 gidy, va 1 chu ky t6ng hop
két thic 6 72°C trong 4 phut. San phdm PCR dugc
phén giai trén gel polyacrylamide (29:1) khong bién
tinh 8% trong dém TBE 1X & hi¢u dién thé 12 V/cm
trong 3 gi®. Ban gel sau d6 dugc nhuom ethidium
bromide (0,5 pg/mL) trudc khi chup anh dudi anh
sang UV bang hé thong UVP Transiluminator
PLUS (Analytik Jena). Dya trén kich thudc thang
DNA chuin ®X174 DNA/Hinfl Marker (Thermo
Scientific), cac vi tri alen dugc ky hiéu 1an lugt theo
bang chii cai tuong ting véi kich thude 16n dén nho.
Tai méi vi tri, cic alen ctia tling mau giong dugc ghi
nhéan va ma hoa theo hé nhi phan “0” (khong c6
alen) va “1” (c6 alen). Mot mau giéng nhom ngoai
(outgroup) gid dinh véi ki€u gen tai toan bo locus
SSR phan tich 1a “0” dugc b6 sung dé lam can cu
dinh dang cay phan nhom di truyén.
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Phan tich s6 liéu: Dya trén ma tran di liéu
ki€u gen SSR, cac chi s6 di truyén bao gom s6
lugng alen (Na), di hop tt (H), ham lugng thong
tin da hinh (PIC) va kha nidng phan biét (D) cta
ting chi thi SSR dugc phén tich bing cong cu
iMEC (Amiryousefi et al., 2018).

Phan nhém di truyén dua trén ma tran
khoang cach di truyén Jaccard dugc xdy dung
bang phuong phdp Neighbor-joining (NJ) trén
phan mém DARWIN ver.6.0. C4u trac di truyén
ctia b mau chanh leo nghién ctiu sau d6 dugc xac
nhan lai thong qua phén tich phan nhém duya trén
mo hinh (model-based clustering) trén phan mém
STRUCTURE v2.3.4 v6i cac thong so: s lugng

quan thé t6i vu K dugc kiém nghiém tir 1 - 10
bang mo hinh hdn hop véi 50.000 1an 1ap burn-in
va 50.000 lan Idp chudi MCMC (Markov Chain
Monte Carlo). Gia tri K t6i uu theo cong thtic va
mo hinh cdu tric quan thé dugc xdc dinh bing
cong cu StructureSelector (Li & Liu, 2018).

Panh gia twong quan kiéu gen - tinh trang
gitra cac chi thi SSR ddc hi¢u gen NBS-LRR va
muc do nhiém bénh hai trén déng rudng cua cac
mau giéng chanh leo duoc thuc hién trén phan
mém TASSEL 5.0. Hai mo hinh tuyén tinh tong
quat (GLM) va tuyén tinh hon hop (MLM) dugc
ap dung v61 ngudng gia tri tin cdy p < 0,05 va so
sanh d€ lya chon mo hinh t6i uu nhat.

Bang 1. Danh sach 55 mau giong chanh leo sti dung cho nghién ctiu va két qua danh gia
cdp do nhiém bénh hai trén dong rudng

Bénh| Bénh | Bénh Bénh | Bénh | Bénh
TT |Ky hiéu Mau gidng théi | d6m | d6m | TT | Ky hiéu Mau giéng | théi | d6m | d6m
gdc | nau | dau gbc | ndu | dau
1 QP-01 GL1 2 3 3 29 QP-29 (14-11)(16-6)-24 1 3 5
2 | Qp-02 PN2 2 3 3 30 | QP-30 (4-86)TC-24 2 3 5
3 QP-03 (4-86)TC-9 1 3 3 31 QP-31 TC(14-5)-57 1 3 5
4 QP-04 Nafoods 2 1 3 3 32 QP-32 H36.36 1 3 3
5 QP-05 Qué Phong 1 1 3 3 33 QP-33 Chanh khdéng 16 2 5 5
6 QP-06 H5-23 2 5 5 34 QP-34 H4.115 2 5 5
7 | QP07 Chanh béng 2 5 5 | 35| QP-35 TC(14-5)-51 2 3 5
8 QP-08 NYC No.2 2 3 5 36 QP-36 TC(14-5)-7 1 3 3
9 QP-09 bai Loan 2 5 5 37 QP-37 H14.7 2 3 5
10 | QP-10 H8.10xH22-6 2 3 3 38 QP-38 Dbai Nong 1 2 5 5
11 QP-11 GL2 2 5 5 39 QP-39 TC(14-5)-45 2 5 3
12 | QP-12 Chanh bn dia 2 5 5 | 40| QP-40 H5-27 1 3 3
13 | QP-13 H9.10xH23-1 2 5 5 41 QP-41 (14-11)(16-6).20 2 5 5
14 | QP-14 Nafoods 1 1 3 3 42 QP-42 TC(14-5)-21 2 5 5
15 | QP-15 (15-6)A13-12 1 5 5 | 43| QP-43 DNX-H9.10-3 2 3 5
16 | QP-16 Ecuador 1 3 3 44 | SOFRI-01 PKO05 NA NA NA
17 | QP-17 Edulis 2 5 5 45 | SOFRI-02 CVo05 NA NA NA
18 | QP-18 NYC No.1 1 3 3 46 | SOFRI-03 PKO8 NA NA NA
19 | QP-19 B-25(S) 2 5 5 47 | SOFRI-04 Cvo7 NA NA NA
20 | QP-20 Incarnata NA | NA NA 48 | SOFRI-05 CVo1 NA NA NA
21 | QP-21 | Passiflora Edulis Sims Twan | 1 3 3 49 | SOFRI-06 CVo08 NA NA NA
22 | QP-22 Sky Star 1 3 3 50 | SOFRI-07 NLO03-1 NA NA NA
23 | QP-23 Golden passion Fruit 2 3 3 51 | SOFRI-08 NL10 NA NA | NA
24 | QP-24 Hoang Kim 1 3 3 52 | SOFRI-09 NL03-2 NA NA NA
25 | QP-25 H16-58 2 5 5 53 | SOFRI-10 TB06 NA NA NA
26 | QP-26 Germany 1 3 3 54 | SOFRI-11 NLO06 NA NA NA
27 | QP-27 (15-6)A13-11 2 5 5 55 | SOFRI-12 TB04 NA NA NA
28 | QP-28 H4.75 1 3 3

Chui thich: QP - madu giong tir Vién Nghién ciiu va Phdt trién nong nghiép Nafoods; SOFRI - mdu giong tui Vién

Cay an qud mién Nam; NA - khong cé dii liéu.
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2.3. Thoi gian va dia diém nghién ciiu

Nghién ctu dugc trién khai ti thang 6/2022
dén thang 11/2023 tai Vién Dugc liéu va Vién
Khoa hoc Nong nghiép Viét Nam (Ha Noi).

III. KET QUA VA THAO LUAN

3.1. Tinh hiéu qua cta cac chi thi SSR dac hiéu
gen NBS-LRR trong danh gia da dang di truyén
bo mau chanh leo

Trong s6 33 chi thi SSR ban dau, 13 chi thi c6
ty 1é khuéch dai PCR trén bo mau giong chanh leo
nghién ctiu dudi 65% hodc cho két qua kiéu gen
don hinh va bi loai khoi phan tich tiép theo. 20 chi
thi con lai cho két qua kiéu gen r6 rang va da hinh
qua phan tich PCR-PAGE (Hinh 1).

Trén bo 55 mau giéng chanh leo nghién
clu, tong s6 64 alen dugc ghi nhén, trung binh

3,2 £ 0,696 alen/chi thi. S6 alen ghi nhan & moi
chi thi bién thién tt 2 alen (cac chi thi Pe. TNL09-
SSR1, Pe.TNL19-SSR va Pe.TNL50-SSR5) dén 4
alen (cac chi thi Pe.CNLO05-SSR, Pe.CNL29-SSR,
Pe.CNL41-SSR, Pe. TNO1-SSR, Pe. TNL25-
SSR5, PeTNL27-SSR2 va PeTNL27-SSR3)
(Bang 2). Chi s6 di hgp tii H cta cac chi thi
bién thién tu 0,103 (Pe.TNL50-SSR5) dén 0,499
(Pe.CNL41-SSR), v6i gia tri trung binh dat 0,430
+ 0,09. Chi s6 ham lugng thong tin da hinh PIC
ctia 20 chi thi SSR déu cao hon 0,35 va dat gia tri
trung binh 0,401 + 0,029, trong d6 cao nhat (0,443)
1a chi thi Pe. TNL27-SSR3. Trong khi d6, kha nang
phan biét D ctia b chi thi nghién ctiu bién thién
ti 0,107 (Pe. TNL50-SSR5) dén 0,957 (Pe. TNL27-
SSR3), trung binh dat 0,701 + 0,207.
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Hinh 1. Két qua phan tich PCR-PAGE ctia mdt s6 chi thi SSR dac hiéu gen NBS-LRR
trén bo 55 mau gidng chanh leo nghién ctiu

Chil thich: (M) - ®X174 DNA/Hinfl Marker; (1-55) - Thii tu mdu gidng chanh leo (Danh sdch theo Bdng 1).
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Bang 2. Cac chi s6 ctia 20 chi thi SSR dic hiéu gen NBS-LRR & chanh leo

T Chi thi SSR Na H PIC D
1 Pc.CNLO1-SSR5 3 0.456 0,394 0.878
2 Pe.CNLO5-SSR 4 0.397 0.419 0,927
3 Pe.CNLI16-SSR2 3 0475 0,385 0.851
4 Pe.CNL16-SSR3 3 0452 0.395 0,573
5 Pe.CNL29-SSR 4 0,494 0,376 0.803
6 Pe.CNL38-SSR 3 0,444 0,399 0.557
7 Pe.CNLA41-SSR 4 0.499 0.373 0.723
8 Pe.NO1-SSR 3 0472 0.386 0.619
9 Pe.RNL02-SSR1 3 0.493 0.376 0,691
10 Pe. TNOI-SSR 4 0.405 0416 0.485
11 Pe. TNL09-SSR1 2 0.351 0,436 0.950
12 Pe.TNL14-SSR 3 0,480 0383 0.641
13 Pe.TNL19-SSR 2 0.489 0,378 0.820
14 Pe. TNL25-SSR5 4 0.465 0,389 0.602
15 Pe. TNL27-SSR2 4 0.483 0.381 0.834
16 Pe. TNL27-SSR3 4 0331 0,443 0,957
17 Pe.TNL28-SSR3 3 0.436 0.403 0.898
18 Pe.TNL34-SSR 3 0.444 0.399 0.557
19 Pe. TNL39-SSR 3 0.436 0,403 0.541
20 Pe. TNL50-SSRS ) 0,103 0,358 0.107
Trung binh 3,200 0.430 0,395 0,701
SD 0,696 0,090 0,021 0,207

Ghi chii: Na - s6 alen, H - chi s6 da dang di truyén, PIC - ham lugng thong tin da hinh, D - khd ndng phan biét.

Cac cong bo trude day cho thay chi thi SSR ¢6
s0 lugng alen trung binh dat 3,26 alen (Araya et al.,
2017) dén 4,2 alen (Olivera et al., 2005) & cac quan
thé chanh leo vang. Trong nghién ctiu nay, téng s6
64 alen da dugc ghi nhéan tu 20 chi thi SSR (trung
binh 3,2 alen) cho thay mtic d¢ da dang alen tuong
do6i cao ctia ho gen NBS-LRR & bo mau giéng
chanh leo nghién ctiu. Gia tri ctia cac chi thi phan
tu trong danh gia da dang di truyén c6 thé dugc
xac dinh thong qua cac chi s6 di truyén nhu di hgp
tti (H), ham lugng thong tin da hinh (PIC) va kha
nang phan biét (D). Trong nghién ctiu cta Olivera
va cong su (2005) va Araya va cong su (2017), cac
bo chi thi SSR dugc phat trién ngau nhién dya trén
dii liéu trinh ty DNA tich dong va trinh ty hé gen.
Qua thuc nghiém danh gia da dang di truyén cac
mau giong chanh leo vang, cac bo chi thi nay cé
tinh da hinh cao véi gia tri H trung binh lan lugt la
0,43 va 0,35, gid tri PIC trung binh lan lugt la 0,361
va 0,45. Két qua nay tuong dong véi gia tri H va P
trung binh ghi nhan dugc & bd chi thi SSR dac hiéu
gen NBS-LRR trong nghién ctiu nay (Bang 2). Bén
canh do, chi thi phan tti c6 chi s6 D cao sé co gia tri
ting dung trong cac nghién ctiu khic nhau, méc du
hiéu luc phan biét c6 thé thay d6i gitia cac quin thé
6 tan so alen khac nhau do khéc biét vé ngudn géc
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hay vung phan b6 (Tessier et al., 1999). Gia tri trung
binh ctia chi s6 D ctia cac chi thi SSR ddc hiéu gen
NBS-LRR trong nghién ctiu nay tuong duong véi
cac chi thi ngau nhién da locus ISSR/SRAP (0,8)
da dugc st dung trong danh gia da dang di truyén
mot s mau gidng chanh leo tai Viét Nam (Tran
Diic Trung va cs., 2022). Diéu nay cho thay bo chi
thi SSR ddc hiéu gen NBS-LRR hoan toan c6 thé su
dung thay thé cac chi thi ngau nhién ciing nhu cac
chi thi SSR trong nghién ctiu di truyén & chanh leo.

3.2. Da dang di truyén va ciu triac quan thé caa
bo mau gidng chanh leo dva trén dii liéu SSR dic
hiéu gen NBS-LRR

Khoang cach di truyén Jaccard gitia cac
mau giéng bién thién tu 0,028 (gitia SOFRI-01
va SOFRI-03) dén 0,815 (gitia QP-20 va QP-12),
trung binh dat 0,43. Phan tich phan nhém di
truyén NJ dua trén dii liéu kiéu gen SSR dic hiéu
gen NBS-LRR cho théy phén l6n mau giéng chanh
leo tao thanh m¢t s6 phan nhém don nguon riéng
biét nhung cé khoang cach di truyén rat gin nhau.
Chi c6 mot nhom nhé mau gidéng c¢é khodng cach
di truyén xa hon va phéan tach dang ké so véi cac
mau giong con lai (Hinh 2A).
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Hinh 2. Két qua phan nhém di truyén b6 55 mau giéng chanh leo dya trén di liéu kiéu gen SSR
ddc hiéu gen NBS-LRR

Ghi chui: (A) Cay phan nhém NJ dua trén khodng cdch di truyén Jaccard. 55 mau giong chanh leo duigc phan
chia thanh 5 qudn thé I, 11, I1I, IV va Hon hgp (nén di truyén pha tron). (B) Két qua xdc dinh s6 qudn thé K toi
uu dya trén phuong phdp ciia Evanno (K = 2). (C) Két qud xdc dinh s6 qudn thé K t6i vu dua trén phuong phdp
ctia Raj (K = 5) véi ty 1é nén di truyén tong hop va riéng ré theo ting qudn thé thanh phdn.

Thong qua phan tich cau tric di truyén cta bo
55 mau giéng chanh leo st dung di liéu kiéu gen
cua 20 chi thi SSR ddc hiéu gen NBS-LRR, gid tri
K = 2 (theo phuong phap ctia Evanno) va K = 5
(theo phuong phap ctia Raj) da dugc dé xuat 1a s6
lugng phan nhém t6i uu dai dién cho cac nén di
truyén khac nhau ctia cic mau giong. Trong tuong
quan véi két qua phan nhom di truyén dua trén
khoang cach di truyén Jaccard, s6 lugng phan
nhom tuong ting véi K = 2 khong phan anh ding

su da dang clia cic mau giéng chanh leo trong bo
mau nghién cdu, dic biét la gitia cdc mau giong
dugc thu thap ti hai ving khac nhau (Nghé An va
Tién Giang) (Hinh 2B). Trong khi d6, véi s6 phan
nhém tuong ting v6i K = 5, cdu tric di truyén ctia
bd mau giong chanh leo dugc thé hién rd rang
va phu hgp v6i két qua phan tich phan nhéom di
truyén (Hinh 2C). Theo d6, cac phan nhom I (bao
gém 26 mau giong), phan nhém II (3 mau gidng),
phén nhém III (9 mau giéng) va phan nhom IV
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(1 mau giong) c6 miic dong nhét di truyén cao
nhat. S6 lugng tuong d6i 16n mau gidong chanh leo
nghién ctiu (16 mau gidng, 29%) c6 nén di truyén
pha tron ctia nhiéu hon 2 phdn nhém khac nhau
v6i ty 1€ hon 10% dugc tap hop trong phan nhém
Hoén hgp. M6 hinh cdu truc di truyén tuong ting
v6i K = 5 ddng thoi phan anh dung ngudn gdc
clia cac mau giéng nghién ctru v6i phan 16n cac
mau giéng tir Tién Giang duoc tip hop trong phan
nhém III. Do khong phai 13 ciy ban dia, cic mau
gidng chanh leo da dugc du nhap vao nudc ta phuc
vu san xuét va 1a ngudn gen chii yéu cho cong tac
chon tao giéng. Chinh vi vy, nén di truyén ciia
cac mau gidng chanh leo twong ddi hep va chi co
thé x4c dinh duoc thong qua két hop phan tich da
dang di truyén va cau triic quan thé.
3.3. Panh gia mic 49 nhiém bénh hai va phan
tich tuong quan kiéu gen-tinh trang & by mau
giong chanh leo nghién ctiu

Céc mau gidng thu thép tai Tién Giang khong
c6 di liéu vé miic d6 nhiém bénh hai. D6i véi cac
mau giong thu thap tai Nghé An, két qua theo doi
cdp d6 nhiém cla cdc mau gidng chanh leo doi
v6i bénh thoi goc, bénh dom ndu va bénh dom
dau trong diéu kién dong rudng dugc thuc hién
bdi Vién Nghién ctu va Phét trién noéng nghiép
Nafoods. Do6i véi bénh thoi goc, c6 18/43 (chiém

M6 hinh GLM

-Log10(P-Value)

e A
o W o un o

0.0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Expected -Log10(P-Value)

e Bénh thdi gbc

Bénh dém nau

41,8%) mau giéng nhiém bénh nhe (cip 1) va 25/43
(chiém 58,2%) mau giéng nhiém bénh trung binh
(cap 2). Doi v6i bénh dom nau va bénh dém dau,
s6 lugng mau giong nhiém bénh nhe (cidp 3) lan
luot la 25 (chiém 58,2%) va 20 (chiém 46,5%), sO
mau giéng nhiém bénh trung binh (cip 5) lan lugt
1a 18 (chiém 41,8%) va 23 (chiém 53,5%). Trong s6
43 mau giong danh gia, c6 13 (chiém 30,2%) mau
giéng nhiém ca ba bénh & mtc nhe va 15 (chiém
34,8%) mau giéng nhiém ca ba loai bénh & mtc
trung binh. Trong diéu kién dong rudéng, khong co
mau giéng nao thé hién tinh khang hoéc bi nhiém
bénh nang véi ba loai bénh hai néu trén (Bang 1).

Duya trén m6 hinh GLM va MLM, tuong quan
kiéu gen-tinh trang da gitia cac chi thi SSR dac hiéu
gen NBS-LRR v6i cdp do nhiém ba bénh hai ctia 43
mau giong chanh leo thu thap tit Nghé An da dugc
phan tich. Miic d6 chinh xac ctia hai mé hinh dugc
danh gia thong qua so sanh biéu d6 xac sudt chuin
gia tri tin cdy cta céc lién két ki€u gen-tinh trang
dugc phan tich (Hinh 3). Theo d6 so v6i mo hinh
GLM, m6 hinh MLM da xé4c dinh dugc caclién két
kiéu gen-tinh trang véi gia tri tin cay phan bo tap
trung quanh duong phan bé xac suit chuin. Két
qua nay cho thdy mé hinh MLM cé mtic d¢ chinh
x4c cao hon va duoc lua chon dé xdc dinh céc lién
két kiéu gen-tinh trang tiém nang.
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Hinh 3. Biéu d6 xac sudt chuédn (Q-Q plot) so sanh d¢ tin cdy ctua két qua phén tich tuong quan
kiéu gen - tinh trang bang mo6 hinh GLM va MLM

Vé6i ngudng tin cay p < 0,05, m6 hinh MLM
da xac dinh dugc 6 lién két ki€u gen - tinh trang
cua cac chi thi SSR déc hiéu gen NBS-LRR véi cap
do nhiém 3 loai bénh hai & chanh leo (Bang 3).
Dai voi bénh thoi goc, hai chi thi Pe.CNL41-SSR
(alen d, p = 0,027) va Pe.TNL27-SSR3 (alen a,
p = 0,037) tuong quan cao nhdt véi tinh nhiém
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bénh, hai alen nay dugc ghi nhén l4n lugt & 40 va
8 mau giong chanh leo. D4i v6i bénh dom nau,
hai chi thi Pe. TNL25-SSR5 (alen d, p = 0,026) va
Pe.CNL16-SSR3 (alen b, p = 0,035) tuong quan cao
nhdt véi tinh nhiém bénh, hai alen nay dugc ghi
nhén lan lugt & 25 va 39 mau gidng. D6i véi bénh
dom dau, hai alen cta chi thi Pe. TNL25-SSR5
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(alen ¢, p = 0,018 vaalen d, p = 0,039) tuong quan
cao nhét véi tinh nhiém bénh va dugc ghi nhan lan

lugt 6 20 va 25 mau gidng (Bang 3).

Bang 3. Két qua phén tich tuong quan gitia ki€u gen SSR ddc hiéu gen NBS-LRR
va tinh nhiém bénh hai & chanh leo (p < 0,05)

Bénh hai Tén chi thi Alen | Gidtri F-test p 56 mau giong
mang alen lién két

o Pe.CNL41-SSR d 5,340 0,027 40

Bénh thoi goc
Pe. TNL27-SSR3 a 4,703 0,037 8
Pe. TNL25-SSR5 d 5,403 0,026 25

Bénh d6m nau
Pe.CNL16-SSR3 b 4,819 0,035 39
. . Pe. TNL25-SSR5 c 6,131 0,018 20

Bénh d6m dau
Pe. TNL25-SSR5 d 4,599 0,039 25

Tinh khdng bénh hai 1a méi quan tam hang
dau ctia cac nha chon giong chanh leo hién nay.
Mic du nhiéu bénh hai quan trong véi da dang
tac nhan gay bénh trén chanh leo da dugc nhan
dién (virus, vi khudn, ndm...) (Fischer & Rezende,
2008), nhung dén nay ngudn gen khang bénh hai
hiéu qua chu yéu tu cac loai hoang dai cta chi
Passiflora (Cerqueira-Silva et al., 2018). Tai Viét
Nam, bénh théi géc do ndm Fusarium sp., bénh
dém nau do ndm Alternaria sesami va bénh dém
dau do nam Phytophthora sp. 1a nhém bénh hai phd
bién trén chanh leo va gay thiét hai 16n cho san
xuat. Két qua danh gia cip d6 nhiém ba loai bénh
nay trén dong rudng cia 43 mau giéng chanh leo
thu thap tir Nghé An da phan anh dung thuc té nay.
Do s6 liéu bién thién tinh trang nhiém bénh khong
day du (khong c6 mau gidng khong nhiém bénh/
khang bénh hai) nén chi xac dinh duoc lién két
kiéu gen-tinh trang c6 y nghia (p < 0,05) gitta 6
alen ctia cac chi thi SSR dac hiéu gen NBS-LRR véi
cdp do nhiém cta ba bénh hai theo m6 hinh MLM
(Bang 3). So v6i mo6 hinh GLM, m6 hinh MLM két
hgp ma tran quan hé di truyén (kinship matrix) va
két qua phan dinh quan thé t&i vu (Q-matrix) nén
gidm thiéu sai s6 va loai bo dugc két qua duong
tinh gia (Mazkirat et al., 2023). Do cép do nhiém
bénh ctia 43 mau giong chanh leo & mic nhe dén
muic trung binh, khong c6 mau giong khong nhiém
bénh nén cic alen lién két tinh nhiém bénh xic
dinh dugc c6 thé1a cic alen nhiém (susceptible) &
chanh leo. Mdc du 1a nhén t6 chinh trong hé mién
dich tao nén tinh khang bénh hai & thuc vat, mot s6
gen NBS-LRR lai thuic d4y su xdm nhiém cua bénh
hai do mét kha nang thuc hién chic niang va gay

nén “dut gay” chudi phan tng ctia hé thong mién
dich (Lorang et al., 2007). Sau alen nhiém ctia cac
gen Pe.CNL41, Pe.TNL27, Pe.TNL25, Pe. CNL16 va
Pe. TNL25 sé la tién dé cho cac nghién ctiu chuyén
sdu hon dé lam r6 co ché va cai thién tinh khang
bénh hai & chanh leo.

Nhiing thanh tuu trong nghién ctu lap ban
do di truyén va dac biét la sy gia tang khong ngting
cua di liéu trinh tu hé gen - hé phién ma da tao
diéu kién cho viéc phat trién thé hé chi thi phan tu
dac hiéu gen hay chi thi chtic ning, gitp truc tiép
khao sat va danh gid da dang di truyén cac gen muc
tiéu (Salgotra & Stewart, 2020). Nhom gen quy
dinh tinh khang bénh hai & thuc vat la mdt trong
nhiing gen muc tiéu c6 chi thi chiic ndng dau tién
dugc phat trién & thuc véat (Poczai et al., 2013). Tu
nhom chi thi phat trién dya trén viing bao tha ma
héa protein NBS ddc trung gitp khao sat ca ho gen
cua mot loai cu thé, dén nay cac chi thi dic hiéu
cho tling gen NBS-LRR dugc thiét ké dya trén cac
bién di dugc xac dinh trén trinh tu gen (Ren et al.,
2013) da trd thanh cong cu hiéu qua cho cong tac
danh gia co s& di truyén tinh khang va khai thac
trong chon tao va cai thién tinh khang bénh ctia
cay trong. Mot s6 chi thi SSR da dugc nghién ctiu
phat trién trén chanh leo qua vang (Olivera et al.,
2005; Araya et al., 2017), va day la nghién ctiu dau
tién st dung 20 chi thi SSR thiét ké dac hiéu cho
cac gen NBS-LRR trong danh gia da dang di truyén
cac mau giong chanh leo. V6i kha nang danh gia
truc tiép nhiing bién di di truyén & cac gen quy
dinh tinh trang muc tiéu, chi thi ddc hiéu gen hay
chi thi chtic nang da xac lap dugc vi tri la thé hé chi
thi mdi, hiéu qua va chinh xac hon va thay thé cac
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thé hé chi thi ct trong nghién ctiu danh gia ngudn
gen va chon tao gi6ng, va dic biét ca trong phan
tich tinh 6n dinh, tinh dong nhét va tinh khéc biét
(DUS) ctia giong cay trong (Salgotra & Stewart,
2020). Qua so sanh véi cac chi thi ngau nhién ciing
nhu chi thi SSR da dugc st dung & chanh leo, céc
chi thi SSR dac hiéu ho gen khang NBS-LRR trong
nghién ctiu nay da cho thay tiém nang st dung
thay thé va nang cao hiéu qua cho cac phén tich da
dang di truyén cting nhu cong tac chon, tao giong
chanh leo khang bénh hai nha chi thi phan td.

IV. KET LUAN

Thong qua danh gia bo 55 mau giong chanh
leo, 20 chi thi SSR ddc hi¢u gen khang NBS-LRR
c6 gid tri trung binh ctia cac chi s6 di truyén chinh
tuong duong cac chi thi ngdu nhién va chi thi SSR
da dugc st dung & chanh leo. Két qua danh gia
kiéu gen cho thdy muc d6 da dang di truyén cing
nhu cdu tric quin thé phan anh ding ngudn goc
cua cidc mau giéng chanh leo nghién cttu. Phan
tich tuong quan kiéu gen-tinh trang da xac dinh
dugc 6 alen ctia 5 gen khang Pe. CNL41, Pe. TNL27,
Pe.TNL25, Pe.CNL16 va Pe.TNL25 lién két c6 y
nghia véi tinh nhiém céc bénh théi géc do ndm
Fusarium sp., bénh dém nau do ndm Alternaria
sesami va bénh dém dau do nam Phytophthora sp.
trén b mau gidng chanh leo thu thép tit Nghé An.
Toan bo mau giong nhiém bénh & cac cdp do cho
thdy cac alen lién két xac dinh dugc c6 thé la alen
nhiém & chanh leo. Céc két qua nay khang dinh
tiém ndng ung dung cta cac chi thi SSR dac hiéu
gen NBS-LRR trong cac nghién ctiu di truyén tinh
khang bénh hai & chanh leo.
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Nghién ctiu nay dugc thuc hién trong khuén
khd dé tai tiém nang cdp B Nong nghiép va PTNT
“Nghién ctiu xac dinh ho gen khdng NBS-LRR va
thiét ké chi thi phan ti gen dich phuc vu cai tao
tinh chong chiu bénh hai cho chanh leo” Nhom
tac gid tran trong cam on cong sy tai Vién Cay an
qua mién Nam da ho trg cung cdp mau la ctia mot
s6 mau giéng chanh leo stt dung trong nghién ctu
nay.
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Genetic diversity and marker-disease sensitivity association analysis
of NBS-LRR resistance gene family in passion fruit using SSR markers

Trung Duc Tran, Huong Thi Hue Tran, Hang Thi Thu Nguyen,
Linh Hong Ta, Hoa Thi Lan Nguyen, Huyen Thanh Pham,
Hoang Nguyen, Dang Quang Bui, Viet Van Nguyen
Abstract

Breeding for disease-resistant varieties is urgently demanded to facilitate the sustainable production of passion
fruit (Passiflora edulis Sims). This study employed 20 NBS-LRR gene-specific SSR markers to assess the genetic
diversity of resistance genes and population structure of 55 passion fruit genotypes collected from Nghe An
and Tien Giang. The average value of the main genetic parameters such as H, PIC, and D was 0.43, 0.395,
and 0.701, respectively, equivalent to previously used markers. Phylogenetic and population structure analysis
grouped the studied passion fruit genotypes into five populations (K = 5) with genetic backgrounds accurately
reflecting their origin. The marker-disease sensitivity association analysis revealed significant linkage among 6
alleles of 5 genes i.e. Pe. CNL41, Pe. TNL27, Pe. TNL25, Pe.CNL16, and Pe. TNL25 and susceptibility to collar rot,
brown spot and grease spot diseases of passion fruit genotypes collected in Nghe An. These NBS-LRR gene-
specific SSR markers will be an effective tool for breeding and selecting disease-resistant passion fruit varieties.

Keywords: Passion fruit (Passiflora edulis), genetic diversity, marker-disease sensitivity association, NBS-LRR,
SSR marker
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XAC PINH MOT SO GIAI PHAP NHAM NANG CAO CHAT LUQNG SAN PHAM
MUT DEO TU KHOAI LANG PO
Hoang Thi Lé Hiang"', Hoang Thi Tuyét Mai', Pham Vin Linh?,
Nguyén Dtic Hanh', Nguyén Thi Bich Thuy’, Pinh Lé Khanh'

TOM TAT

Nghién ctiu xdc dinh céc bién phap cuing véi cac thong s6 ky thuat trong qua trinh ché bién
san phdm mt déo ti khoai lang d6 Quang Binh nham nang cao chit lugng ctia sain phdm. Ct khoai
lang do dugc xt ly & cac diéu kién nhiét do (30 + 2°C, 35 + 2°C, 40 + 2°C) va d6 dm (65 - 70%; 75 -
80%; 85 - 90%) d€ cai thién ham lugng dudng. Trong qua trinh ché bién, cac lat khoai lang dugc xu
ly bang mét s6 phu gia (dudng phytolin, axit ascorbic) & cac ndong do khao sat (duong phytolin 0,1%;
0,2%; 0,3% va dung dich axit ascorbic 0,05%; 0,07%; 0,09%) nham cai thién chat lugng va 6n dinh
mau sac san phadm. Két qua cho thay, ct khoai dugc t & diéu kién nhiét d¢ 35 + 2°C, d6 4m 75 - 80%
trong 20 ngay sau thu hoach da taing ham lugng dudng t6i 7,5%, ham lugng chit kho hoa tan téng s6
dat 10,5°Bx, ty 1é moc mam dudi 1,5%. Dong thoi, chit lugng cam quan cta san phdm dugc cai thién
1o rét khi stt dung dudng phytolin véi nong 0,2% trong cong doan xt ly, da cai thién dugc mau sac

cua san pham sau ché bién.

T khoa: Khoai lang d6 Quang Binh, mit déo khoai lang, chit lugng san phdm

I. DAT VAN PE

Khoai lang (Ipomoea batatas) la loai cay
luong thuc, thtic &n chdn nudi, ciy trong cung
cdp nang lugng quan trong, dugc trong rong rai
& hon 100 quéc gia va khu vuc trén thé gidi (Xiao
et al., 2023). O Viét Nam, khoai lang dugc xem la
loai ciy trong quan trong, viia dam bdo an ninh
luong thuc, viia gia tang gid tri kinh t€. Chinh vi
vay, khoai lang dang dugc phat trién & nhiéu dia
phuong trong ca nudc, trong d6 Quang Binh dugc
biét dén véi giong khoai lang do. Khoai lang do
rat giau vitamin A va C, giau chat khoang va chat
X0, gitp co thé cin bang nudc va tét cho hé tiéu
héa (Vietnam.vn, 2023). Ngoai viéc sti dung d€ dn
tuoi, nguoi dan Quang Binh con ché bién khoai
lang thanh mot loai san phdm truyén thong (khoai
deo), tuong tu nhu loai mut déo.

Hién nay, san phdm mut déo khoai lang do
dang dugc san xudt dya theo kinh nghiém cua
nguoi dan theo quy trinh nhu sau: Khoai lang sau
khi thu hoach dugc @ bang chian bong trong thoi
gian khoang 5 ngay roi dugc rua sach, ludc chin,
béc vo, thai lat va dugc sdy & nhiét do 70 - 80°C

hodc phoi nang cho dén khi d6 4m dat 25 - 30%.
Do san phdm dugc ché bién v6i quy mo nho 1é, ky
thuat th cong nén khong dam bao an toan thuc
phdm, mau sic san phdm khoéng dong déu, chit
lugng khong 6n dinh trong qua trinh bdo quan nén
tiéu thu trén thi trudng gap kho khan. Cac nghién
ctiu quoc té da chliing minh viéc xt ly khoai lang &
diéu kién phu hgp sau thu hoach c¢6 thé lam giam
lugng tinh bot, tang ham lugng duong, dap tng
yéu cau khi ché bién mut déo (Agnes et al., 2017).
Do dé, viéc nghién ctiu ché do u trudc khi chébién
va bién phdp 6n dinh mau sic cho san phdm la rét
can thiét. Hon niia, hién nay chua c6 cong trinh
nghién ctiu nao vé quy trinh san xuét, ché bién san
phdm mut déo khoai lang dugc cong bd & nudc ta,
vi véy, viéc nghién ctiu cac gidi phap ky thuat nham
néang cao chit lugng san phdm mut déo khoai lang,
gop phan nang cao hiéu qua san xuit, tao déu ra
6n dinh cho san phdm la vin dé mang tinh méi, c6
tinh khoa hoc va thuc tién cao.

II. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciu
Khoai lang do dugc thu hoach tai huyén Lé

'Vién Nghién ctiu Rau qua

2Vién Khoa hoc Ky thuat Nong nghiép Bic Trung bo
*Hoc vién Nong nghiép Viét Nam

" Tac gia lién hé, email: hoangthilehang@yahoo.com
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