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Véi 10ng biét on sau séc, toi xin gui 101 cam on téi Thay hudng dan 1a
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K¥ thuat cai bién sinh téng hop hoat chét sinh hoc da tao diéu kién thuan loi
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trir nAm gy bénh hai trén cdy sim Ngoc Linh”, ma sd dé tai: UDPTCN.02/25-
27 do ThS. Tran Xuan Khéi chil nhiém.

Cubi cung, toi xin gui 101 tri 4n sdu sic toi gia dinh va ban bé da ludn
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chac cho t6i trong sudt thoi gian qua.
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MO DAU

Sam Ngoc Linh (Panax vietnamensis Ha et Grushv.) 1a mot trong nhiing loai
duge lidu quy va co gid tri cua Viét Nam, phan b chi yéu & ving nai Ngoc Linh,
Quang Ngidi va Da Néng sau sat nhap. Sam Ngoc Linh duoc st dung dé boi bo sirc
khoe, hd tro tiéu giam kich thude khdi u, ting cuong hé mién dich va phong chdng
bénh ung thu. Trong thi truong Viét Nam, gia sam dao dong khoang 40 - 200 triéu
ddng/kg, tuy thude vao tudi va ngudn gbe. SAm tir nhién bi ngudi dan ban dia khai
thac triét dé va dang bi de doa tuyét chung ¢ murc dd nghiém trong. Chinh vi vy, sam
Ngoc Linh dugc goi tén chung 1a sim Viét Nam va dugc phé duyét ndm trong chuong
trinh phat trién sim Viét Nam dén nim 2030, dinh huéng dén nim 2045 theo Quyét
dinh s 611/QD-TTg ngay 1/6/2023 ctia Thu tuéng Chinh phu. Vi dinh huéng trén,
cay sam s¢ duogc di thuc tai nhiéu vung sinh thai khac nhau nham bao ton va tao ra
thuong hi¢u sam Viét Nam.

Trong sim & quy mo 16n gitp tang san lwong nhung dong thoi ciing ddi mat
v6i mdi de doa tir nAm gy bénh hai, ddc biét ty 16 mic bénh ngay cang cao ddi véi
ving trong sadm nhiéu nam. Ciy nhiém bénh thuong xuat hién triéu chimg chang han
nhu bi héo, thdi ré, ré bi gi hodc lam cay coi coc, anh hudng ti€u cuc dén nang suét
ciy trong. Nam gdy bénh phan 16n 1a cac loai thudc chi Rhizoctonia, Fusarium,
Phytophthora, Colletotrichum, Pestalotiopsis, Pythium,... Cac bénh thuong gép ¢ cay
sam chu yéu do nim gy bénh nam trong dat giy ra, bao gdm mot s loai Fusarium
solani (thdi 1& hodc ri sét), Rhizoctonia solani (&Gt ré, thdi gbc, chét rap),
Colletotrichum spp. (than thu, héo xanh) va Pythium spp. (gdy bénh thdi ré) [1]. Theo
ghi nhan thyc té cia Cong ty c6 phan dau tu Panax Viét Nam - don vi di thuc cay
sam Ngoc Linh t6i Yén Bai, dich chét rap, thdi, 16 ¢o ré dién ra nghiém trong trén cay
sam 1-2 ndm tudi. Pic biét, cdy nudi cdy mo 1a ddi tugng nhay cam nhat voi cac loai
ndm bénh. Céc bién phap hoa hoc c6 hiéu qua ngay lap tic nhung du luong thude
diét ndAm bénh lam anh huong dén chat lugng vé¢ sinh an toan thuc phém va gy 0
nhiém mai trudng. Poi voi cay trong 1au nam nhu sam, thuong trén 6 nim mai thu
hoach, viéc sir dung thudc hoa hoc sé& lam ting du lwong thude bao vé thuc vat trong
cu sam.

Hién nay, kiém soat sinh hoc cic bénh lay truyén qua dat bang cach sir dung
vi sinh vt 1a mot giai phap thay thé quan trong. Trong hé sinh thai phirc tap ctia ving
1, xa khudn Streptomyces 13 nhom vi sinh vat giit vai trd quan trong trong viéc tc
ché nam bénh théng qua kha ning sinh tong hop chat khang nidm, canh tranh dinh
dudng va enzym ngoai bao, dong thdi gop phan thuc day sinh trudng va phat trién
ciy trong. Ching Streptomyces sp. YIM PH20095 sinh chét strepphenazine A-C va
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baraphenazine E dé ¢ ché ndm Fusarium oxysporum, Alternaria panax, Phoma
herbarum gy bénh thdi c6 r& sim Panax notoginseng [2]. Tuy nhién, chua c6 nhiéu
cong bd va ché pham thuong mai tir xa khuan str dung trong bao vé ciy sam Ngoc
Linh.
Gén day, su phat trién vuot bac cua cong nghé gidi trinh tu toan bd hé gen
(Whole-genome sequencing, WGS) di tao ra bude tién quan trong trong nghién ctru
xa khudn. Véi kha ning giai mi toan bo hé gen mot cach nhanh chong, WGS giam
thoi gian nghién ctru, sang loc hiéu qua cac ching xa khuén tiém ning, xac dinh chinh
xé4c cac hoat chét va dic biét danh gia chinh xac d¢ an toan sinh hoc ctia chung trudc
khi thir nghiém trén dién rong. Voi cac trién vong nghién ciru trén, dé tai:“ Nghién
ciru dic tinh phong triv nam bénh va dic diém di truyén hé gen ciia xa khudn ving
ré cdy Sdm Ngoc Linh di thuc tgi tinh Yén Bdi” duoc thuc hién v6i myc tiéu khong
chi tuyén chon duoc ching xa khuan c6 tiém niang phong trir nAm giy bénh ma con
cung cip nhiing dit liéu khoa hoc nén tang vé hé gen nham canh tac sam Ngoc Linh
di thuc theo hudng hitru co tai cac tinh mién ndi nhu Yén Bai.
Muc tiéu ciia dé tai
Pénh gia duoc cac dic tinh khang nam ciia xa khuan ving ré cdy sam Ngoc
Linh di thuc tai Yén Bai va tir d6 xac dinh mdi lién hé di truyén hé gen lién quan dén
dic tinh khang nim ciia chung tiém nang.
Noi dung nghién ciru
1) Phan 1ap va tuyén chon cac ching xa khuan tiém ning tir dat ving ré cay sim
Ngoc Linh di thyc tai tinh Yén Bai.

2) Panh gia dic tinh khang ndm ciia chung xa khuan tiém nang.

3) Danh gia tiém ning kich thich sinh truéng thyc vat ctia ching tiém ning

4) Phan loai ching xa khuan tiém nang dua trén dic diém hinh thai va phan tich
trinh ty gen 16S rRNA

5) Giai trinh ty, phan tich dic diém di truyén hé gen va mdi lién hé di truyén lién

quan dén dic tinh khang nam.



Chuong 1. TONG QUAN TAI LIEU
1.1. TINH HINH DICH BENH HAI DO NAM TREN SAM NGOC LINH
1.1.1. Pic diém sinh hoc va thanh phin hoéa hoc ciia sim Ngoc Linh

Sam Ngoc Linh (Panax vietnamensis Ha et Grushv.) 1a mgt trong nhirng loai
duogc ligu quy hiém va cé gia tri dac cao cua Viét Nam. Loai nay dugc phat hién lan
dau tién trong ty nhién vao ndm 1973 tai vung ntii Ngoc Linh, thudc dia phén hai tinh
Quang Nam va Kon Tum. Dén nam 1985, Ha Thi Dung va I.V. Grushvitsky da chinh
thirc mo ta va cong bd loai véi tén khoa hoc Panax vietnamensis Ha et Grushv., thudc
chi Panax, ho Araliaceae [3]. Hién, cdy sim dugc phé duyét nim trong chuong trinh
phat trién sim Viét Nam dén nim 2030, dinh huéng dén nim 2045 theo Quyét dinh
s6 611/QP-TTg ngay 1/6/2023 ctia Thi twéng Chinh phu.

Sam Ngoc Linh 13 cdy than thao sdng lau nam, sinh truéng cham va chiéu cao
dao dong tir 40 -100 cm. Cay moc thang dimg va than ré dudi dat dang dot trac mang
cac seo dac trung do than khi sinh rung qua hang nam. La moc tap trung ¢ dinh than,
dang kép hinh chan vit moc vong, mdi 14 gdm 5 14 chét, mép c6 ring cua, chép nhon
va ¢ 16ng ¢ ca hai mat. Cay tir 3-5 nam tudi bat dau ra hoa, hoa ludng tinh mau vang
nhat, moc thanh tan don duéi tan 1a va thing truc voi than, mdi tan gdm khoang 60 -
100 hoa nho. Mdi qua thuong chtra mot hat, doi khi hai hat, sb qué trung binh trén
mdi cay dao dong tir 10 - 30 qua. Than ré va ré cti 1a bd phan quan trong va co gia tri
duoc liéu cao nhit ctia SAm Ngoc Linh [4, 5]. Chu ky sinh truéng cua sam Ngoc Linh
hién 13 tinh mua vu: nay chdi vao thang 1 sau giai doan ngu dong, ra hoa két qua tir
thang 4 - 6, qua chin trong khoang thang 7 - 9 va ngu dong tir thang 11 - 12. Theo
khuyén cdo, cay nén dugc thu hoach khi dat t6i thiéu 5 nam tudi dé dam bao gia tri
duoc liéu.

Quan thé ty nhién cta sdm Ngoc Linh tap trung & cac khu vuc nuii cao, dién
hinh 1a day nti Ngoc Linh trai dai trén dia phan huyén Tu Mo Rong, Dak T6 cua tinh
Kon Tum va huy¢n Nam Tra My, tinh Quang Nam cii (nay la Quang Ngai). Tai cac
ving ban dia, sim Ngoc Linh sinh truéng t6i wu dudi cac tan rimg nguyén sinh do
cao tir 1200 m tré 1én so véi muc nude bién, noi co do che phit 16n (thudng trén 70%),
khi hau mat mé va co tﬁng thdm muc day [4]. Bén canh cac vung phan bd ty nhién,
nham dap tng nhu cau bao tdon ngudn gen va phat trién ngudn kinh té duoc liéu, sdm
Ngoc Linh hién nay d duogc di thuc thanh cong tai mot sé dia phuong ¢ diéu kién
vi khi hau va thé nhudng tuong dong nhu Lam Dong, Vinh Phuc, Yén Bai.

Vé thanh phan hoa hoc, sim Ngoc Linh c6 hon 300 hop chét c6 hoat tinh sinh

hoc va phan loai thanh nhiéu nhém khéac nhau, chéng han nhu saponin, flavonoid,
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phenolic,...Cac hop chét nay thé hién nhiéu hoat tinh dugc 1y quan trong nhu phong
chdng khdi u, chéng viém, bao vé than kinh, chéng ciang thing [6].

Saponin triterpenoid 1a nhom cac hop chét thir cip quan trong quyét dinh gia
tri duoc 1y va thurong mai cta sém Ngoc Linh. Cac hop chit nay duoc sinh tong hop
va tich lily trong hau hét cac bd phan cla ciy va chia thanh 4 nhém chinh dya trén
ciu trac khung aglycone bao gém: protopanaxadiol (PPD), protopanaxatriol (PPT),
ocotillol (OCT) va oleanane (OA) [7]. V& mit cdu trac, hai nhém PPD va PPT thudc
khung dammaran rat phd bién trong chi Panax. Chiing bao gém cac chét ginsenoside
nhu Rbl, Rb2, Rc, Rd (thuoc nhom PPD) va Re, Rgl (thuoc nhom PPT). Nhém OA
c6 cAu triic khung hé 5 vong va lién két véi nhau qua cac gde glucuronic axit. Cac dai
dién tiéu biéu ctia nhém nay bao gém ginsenoside Ro va chikusetsusaponin IV/Iva
[7]. Pic biét nhét trong sam Ngoc Linh phai ké dén nhém OCT, nhém nay s& hitu
cAu tric mang vong epoxy dic trung & vi tri C-20 voi dai dién noi bat nhat 1a
majonoside R2 (MR2). Theo nghién ciru ciia va cong su, MR2 c6 kha ning tc ché
dang ké doi voi khang nguyén sém cua virus Epstein-Barr (EBV-EA) do chat thuc
day khoi u phorbol acetate gdy ra va ngan chin su hinh thanh khdi u trén gan va da ¢
chudt [8]

1.1.2. Dich bénh hai do nim giy ra trén sim Ngoc Linh
1.1.2.1. Téng quan tinh hinh dich bénh hai do ndm trén cdy sam

Trong sam & quy mo 16n giup tang san lugng nhung dong thoi ciing d6i mat
v6i mbi de doa tir nAm gay bénh hai, dic biét 1a ddi voi vang trong sdm nhiéu nam.
Céc cdy nhiém bénh thuong xuét hién triéu chimg nhu héo rii, thdi ré, ré bi gi hoic
cham phat trién, anh huong nghiém trong dén ning suat va chat lugng mua vu.

Theo tong hop céc cong bd khoa hoc vé chi Panax tir nam 1995 dén nam
2024 trén cac co s¢ dir lieu nhu Web of Science, PubMed va Google Scholar,
Zhaobei, Wang va cOng sy da ghi nhan c6 khoang 31 chi nam la tac nhan gay bénh
trén cac chi Panax. Trong do, phﬁn 16n 1a cac loai thudc chi Rhizoctonia, Fusarium,
Phytophthora, Colletotrichum, Pestalotiopsis, Pythium,... Cac bénh thuong gap & cay
sim chu yéu do nim gdy bénh nam trong dat gy ra, bao gdbm mot sd loai nhu
Fusarium, Rhexocercosporidium panacis, Cylindrocarpon structans, Phytophthora
cactorum giy bénh thdi r& hodc ri sét, Alternaria panax giy bénh bac 14 va cac loai
Pythium gy bénh thdi ré [1]. Trong s cac mam bénh nay, 4. panax 14 tac nhan chinh
gdy ra bénh bac 14 hang nim tai My ma ngudi trdng sim phai dbi mit.
Liyanapathiranage va cong su (2023) da bao cao su xuét hién ctia bénh dém 14 va héo
vang do P. nanjingensis va Colletotrichum spp. gy ra ¢ cay sam Panax quinquefolius

[9]. Fusarium solani va Fusarium oxysporum la nhiing loai nam bénh dién hinh c6



tinh xam 14n cao gy bénh thdi ré & cac ving san xuat sim cta Trung Qudc [10]. Mot
sO nghién ctru d4 chi ra rang 20% céc cdy sim M¥ trén 3 ndm mac bénh thdi ré khi
duogc trong trén dat méi canh tac va ty 18 nay 1a 70% khi dugc trong trén dat tai canh
tac [11].

Viét Nam nim trong vung khi hau nhiét do1 gié mua vdi dac trung nhiét do va
d6 Am ludn & mirc cao. Do do, tao diéu kién thuan lgi cho ca sinh trudng thuc vat va
cac tac nhan gay bénh. D6i v6i cay P. vietnamensis, cac bénh do ndm giy ra dang tr
thanh mot trong nhitng thach thirc 16n ddi voi cong tac bao tén va phat trién loai dugc
liéu quy nay tai Viét Nam. Theo bao cdo thdng ké ctua Uy ban nhan dan tinh Kon
Tum, trong dot dich bung phat vao giira ndm 2022, tai huyén Tu Mo Réng va Dik
Gle da lam chét hon 38.000 cdy sam, wdc tinh thiét hai hang chuc ti dong. Lién quan
dén van dé nay, mét cudc khao sat da dugc tién hanh trén téng dién tich 15 ha bao
g0m cac trang trai sim & Kon Tum va mot s6 ving trong khac. Két qua da ghi nhan
hai bénh pho bién 13 than thu va thdi mém 14 véi ti 16 mac bénh lan luot khoang 30%
va 26%. Trong s6 79 chung nim dugc phan lap tir 14 bi nhiém bénh, da xac dinh va
dinh danh dugc 2 chung Neocosmospora ipomoeae NLS va Fusarium miscanthi
KT2.1.2 14 tac nhan gy bénh théi mém 14 [12].

Tinh trang dich bénh khong chi xay ra & ving trong dic hitu ma con dién bién
phtc tap & cac ving trong di thue méi. Tai ving di thue Mu Cang Chai, Yén Bai, cac
s6 liéu khao sat thuc dia tai vuon wom cta Cong ty cd phﬁn dau tu Panax Viét Nam
cho thiy ty 1& cay giéng sam Ngoc Linh bi chét do ndm tin cong 1én t&i trén 30%
tong sb ciy con dudi 1 ndm tudi. Dich bénh trén sim Ngoc Linh di thuong mang tinh
quy luat mia vy, ching bung phat manh nhat vao mua mua (tir thang 5 dén thang 10)
khi nhiét d6 va d6 am cao. Nam gdy bénh xdm nhiém truc tiép vao hé ré, gay ton
thuong mo thyuc vat va tao tién dé cho sy xAm nhiém thir cip clia cac vi sinh vét giy
bénh khac. Do dé, can ¢ cac bién phap phong trir nam hiéu qua theo hudng hitu co
bén viing.

1.1.2.2. Dic diém va dic tinh gdy b¢nh ciia ndm Fusarium

Nam Fusarium thudc nganh nam tai Ascomycota, hé soi nam phan nhanh, c6
vach ngan va sinh san vo tinh bang bao tir. Bao tir nam Fusarium thudng ton tai trong
dat & trang thai nghi, khi gap diéu kién thich hop ching ndy mam va xam nhép vao
cay chii. Fusarium spp. phan bd rong khap trén toan cau va duoc xac dinh 13 tac nhan
chinh gay ra cac bénh lay truyén qua dat nguy hiém nhat & thuc vat va duoc xép vao
top 10 chi ndm gay bénh thyuc vat quan trong nhét trén thé gi6i [13]. Trong qué trinh
lay nhiém, cac chi Fusarium thuong ton tai dudi dang phirc hé loai va giy ra nhiéu
tri¢u chirng bénh ly v6 cung phuc tap.



O giai doan hoai sinh, chung san xuét cac doc t6 va enzym phan giai cellulose
1am suy yéu cau tric mé va hé thong phong vé cua thuc vat. Nhom cac hop chat nay
v6 cung da dang bao gom: aflatoxin, fumonisin, terpene, doc t& T-2, deoxynivalenol,
enniatin,...cling cac dan xuat indole terpene, alkaloid va siderophore [14]. Dic biét,
Fusarium spp. con san sinh ra axit fusaric, mot chat chuyén héa thi cap lam rdi loan
sinh 1y té bio, ting stress oxy hoa va tic ché hé théng enzym chéng oxy hoa (catalase,
ascorbate peroxidase) dan dén héo rii va chét cay [15, 16]

Trén thé gidi, Fusarium giy ra nhirng thiét hai vo cuing ning né cho cic ving
trong sam. Tai Trung Quéc, Fusarium flocciferum 13 tic nhan chinh gy ra hién trong
théi r& hang loat & sim Panax notoginseng trén mét dién tich trong 1én dén hon 4000
ha. Cac triéu chtng dién hinh bao gém 14 héo dot ngdt, biéu bi 1& teo lai, ré chuyén
sang mau vang saim, mém va thdi rita [10]. Tuong tu, mdt béo cao gan diy vao nim
2026 tai bang Tennessee (Hoa K¥) cho thay F. oxysporum da tan pha cic quan thé
saim My (Panax quinquefolius) gdy ra hién tugng thoi ré trén cac cay sam 5 nam tudi
dang trong thoi ky thu hoach véi ty 18 mic bénh 1én t&i 50%. Nhitng cay sim bi nhiém
Fusarium 14 s& chuyén sang mau do ¢ giai doan dau, sau d6 héo rii va chét kho. Song
song voi d6, hé ré ciing s& xuat hién cac vét hoai tir mau nau trén bé mat biéu bi ré,
sau d6 lan rong vao nhu mé va gay thdi ré hoan toan [17].

1.1.2.3. Pic diém ciia ndm Rhizoctonia solani gdy bénh

R. solani 13 mot loai nam gdy bénh phd bién trong dat thudc nganh
Basidiomycota va c¢6 kha niang gy bénh trén nhiéu loai cdy trong khac nhau. Sy xam
nhiém cua chiing gdy ra hang loat bénh 1y nhu théi ré, loét than, chét cay con, dé lai
hau qua ning né vé kinh té [18]. Theo nghién ciru ctia Putnam, M. (2025), R. solani
12 mot trong nhing tac nhan gy bénh trong dat pho bién trén cac loai sam thudc chi
Panax, dic biét gay hién tuong 16 c¢o ré ¢ giai doan cdy con. Nam c6 kha ning giy
hai ngay tir giai doan nay mam, 1am théi hat giong trong dat va gay chét cay trudc
hodc ngay sau khi moc. O cdy con d3 hinh thanh, bénh biéu hién qua cac vét loét tai
ving co ré gan miat dat, dan dén hién tuong do rap. Ngoai ra, R. solani con gy anh
hudng nghiém trong dén hé ré, 1am ré chinh bién dang, d6i mau va suy giam hoic
mat hoan toan ré phu [19].

Kha ning tan pha ctia nAm con duoc thé hién qua cac nghién ctru trén cac ciy
trong khac, vi du khi nghién ctru tic nhan gay bénh & cdy dau Ha Lan, Sharma va
cong sy (2015) da bao cao rang R. solani 1a tac nhan giy bénh chiém wu thé (76%
chung phén lap) gay thiét hai ning suat 1én dén 75%. Trong d6, cac nhém twong hop

AG 4 va AG 2-1 la cac tac nhan phé bién va c6 doc luc cao nhat. Két qua thyc nghi¢m



cho thay AG 2-1 lam giam ty 1¢ ndy mam, trong khi AG 4 giy thdi ré va suy giam
sinh trudng nghiém trong [20].

Khac voi nhiéu loai ndm khac duogc phan loai dua trén hinh thai bao tu,
Rhizoctonia (dac bi¢t 1a R. solani) dugc phan loai thanh cidc nhom tuong hop
(Anastomosis Groups - AGs) dua trén kha ning dung hop mang té bao va trao doi
ndi chét cua soi ndm. Mdi nhém AG sé hitu nhirng ddc tinh sinh hoc riéng biét vé doc
lwc, phd ky chu va kha ning thich nghi sinh thai [21]. Qua trinh gdy bénh cia
Rhizoctonia spp. trén thuc vét 1a mot qua trinh phire tap gdm 3 bude chinh: (i) Nhan
dién va tiép can cdy chu: hé soi ndm s& dinh hudng sinh trudng vé phia cay chi dudi
tac dong ctia cac tin hiéu hoa hoc do r& ciy tiét ra nhu cac chat dinh dudng, axit hitu
co, oxylipin,...va hinh thanh céc cu tric chuyén hoa nhu giic bam va cac dém xam
nhiém [22]. (ii) X4m nhiém: Nam pha v 16p biéu bi va cutin cua ré bang cach két
hop &p luc co hoc tir su phat trién cua hé soi voi viée bai tiét hé enzym thuy phan
véach té bao. Pong thoi, tan dung cac 16 mé ty nhién nhu khi khong, hodc vét thuong
dé xam nhap [23]. (iii) Uc ché hé mién dich bang cach sinh ra cac protein tic dong.

Mot sb protein do nam tiét ra c6 kha nang uc ché hé théng mién dich ctia thuc
vat. Chﬁng han, protein RsCRP1 tac dong truc tiép 1én ty thé va luc lap lam gian doan
cac qua trinh san xuét ning lugng va quang hop, LysM e ché phan tmg mién dich
ctia cay do chitin kich hoat, giup nam tranh dugc su nhan dién cua hé théng phong
vé thuc vat nhu con dudng axit salicylic va ethylen va RsSCR10 - mot protein nhd
gidu cysteine, c6 kha ning giy chét té bao va thiic ddy qua trinh hoai tir mo [24-26].

1.1.3. Cac bién phap phong trir naim giy hai

Céc loai nAm nhu Fusarium spp. va Rhizoctonia solani 14 nhiing tac nhan gay
bénh rat nguy hiém, ton tai lau dai trong dat va kho kiém soat do co ché xAm nhiém
phirc tap. Vi vay, viéc nghién ciru va ap dung cac bién phap phong trir nam gy hai
mot cach hiéu qua la rat can thiét nham han ché thiét hai va bao vé nang suat cay
trong. Hién nay, cac bién phap phong trir duoc thyc hién bang nhiéu bién phap két
hop, bao gdm:

1.1.3.1. Bi¢n phap vt ly

Céc bién phap vat 1y 12 hudéng tiép can than thién v6i moi trudng, sir dung cac
tac dong nhu nhiét va birc xa dé tiéu diét mam bénh trong dat va vat liéu tréng. Nhiét
hoa dat bang nang lwong mit troi hodc hoi nudc c6 thé loai bo hodc lam giam mot sb
mam bénh sbéng trong dat, chang han nhu Verticillium dahliae, F. oxysporum, P.
ultimum, Agrobacterium spp., P. cinnamomi, Sclerotium rolfsii va R. solani. Theo
nghién ctru ctia Panth va cong su, xir Iy dt bang hoi nudc & nhiét do trén 70 °C trong
30 phut c6 thé diét trir cac mam bénh phd bién trong dat nhu Pythium va Verticillium



[27]. Mic du than thién v6i moi trudng nhung cac k¥ thuat vat 1y kho c6 thé ap dung
trén quy mo 16n do phu thudc hoan toan vao khi hau, dia hinh va dac thu canh tac.
Pong thoi, cac phuong phap nay thudng tiéu tén nhiéu ning luong va thoi gian xir 1y
kéo dai nén khong kha thi trong thuc té san xuat.

1.1.3.2. Bién phdp hoa hoc

Pay 1a phuong phap phd bién nhat nhd kha ning tc ché hodc tiéu diét mam
bénh nhanh. Tuy nhién ching c6 nguy co hinh thanh cac chung khang thudc va anh
huong dén céac loai khong phai muc tiéu va hé sinh thai. Hon nita, ddi véi cdy trong
lau ndm nhu sam, thuong trén 6 ndm ma1 thu hoach, viéc st dung thudc hoa hoc sé&
lam ting du lwong trong cti sim va anh hudng dén strc khoé nguoi st dung.

Nghién ctru cia Gong va cong su (2022) trén 122 ching R. solani cho thay
nhiéu chiing di xut hién kha ning khang tebuconazole & murc trung binh dén cao.
Phan tich di truyén céc chiing khang thudc tebuconazole phat hién cac dot bién mai
trong gen cytochrome CYP51, diy 13 gen ma héa enzym muc tiéu ciia nhom thudc
trc ché khir methyl sterol (DMI) ¢6 thé lién quan dén co ché khang thudc cia nim
[28]. Két qua nay cho thay viéc sir dung thudc hoa hoc can duoc quan 1y dé han ché
su phat trién ctia cac chung ndm khang thudc .

1.1.3.3. Bién phap sinh hoc

St dung cac vi sinh vat 1am tac nhan kiém soat sinh hoc ngay cang duoc quan
tam nhu mot giai phap thay thé bén viing cho cac bién phap truyén théng trong viéc
phong trir bénh trén cay trong. Mot s6 chi vi khuan nhu Bacillus, Streptomyces va
Lysobacter duoc xem 1a tac nhan kiém soat sinh hoc tiém ning nho kha ning e ché
mam bénh thuc vat thong qua san Xuét khang sinh, canh tranh dinh dudng va kich
thich co ché khang bénh cua cay [29].

Nhiéu nghién ctru da chimg minh tiém ning cua cac bién phap sinh hoc trong
viéc kiém soat mam bénh. Nghién ctru ctia Ursan va cong su (2018) da ghi nhan 20
ching Streptomyces spp. phan lap tir dat co hoat tinh wc ché F. culmorum va F.
graminearum [30]. Theo Rashmi Srivastava va cong sy (2010), t6 hop vi khuan
Pseudomonas, nAm Trichoderma harzianum va Glomus intraradices ¢O hiéu qua tot
trong viéc kiém soat bénh héo rii do nAm Fusarium & ca chua, giam ty 1¢ méc bénh
va mirc d6 nghiém trong lan luot 1a 74% va 67% trong chau va ngoai dong rudng
[31]. So v6i phuong phép hoa hoc va vat 1y, bién phép sinh hoc an toan va bén viing
hon nhung hi¢u qua cham va phu thudc vao diéu kién moi truong cling nhu cac tuong

tac sinh hoc va phi sinh hoc trong dét.


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pseudomonas
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hypocrea
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/glomus-intraradices

1.2. TONG QUAN VE XA KHUAN VUNG RE VA UNG DUNG TRONG
TRONG TROT
1.2.1. Gi6i thigu vé xa khuén

Xa khuan thudc vé 16p Actinobacteria, by Actinomycetales, bao gém 10 dudi
b, 35 ho, 110 chi va 1000 loai. Pang chu y, xa khuan c6 khuan lac kho, dang phong
xa, ty 1€ GC > 70% va c6 dac diém hinh thai khac biét v6i vi khuan Gram (+) do su
hinh thanh hé soi [32]. Xa khuan dugc phan bd rong rii trong dat va co thé chiém t6i
30% tong sd vi sinh vat dat, véi mat do khoang 10°-10° té bao/g dat. Trong quan xa
xa khuén dat, chi Streptomyces thuong chiém wu thé va c6 thé chiém hon 90% tong
s6 xa khuéan phan lap duoc tu dét hodc vung ré thyc vat [33]. Phan 16n xa khuén 13 vi
sinh vat hiéu khi, tuy nhién mot s loai c6 kha nang phat trién trong diéu kién ky khi
va ¢6 kha ning hinh thanh bao tir gitip chiing thich nghi t6t hon trong cac diéu kién
bat loi cia méi trudng.

Vé mit hinh thai, xa khuan thé hién su chuyén tiép doc dao gitra vi khuan va
nam. DU ¢6 cau tric té bao nhan so v6i vach té bao chira peptidoglycan nhung ching
lai phat trién du6i dang hé soi phan nhanh phitc tap. T6 chirc hinh thai nay bao gdm
2 phan chinh: Khuén ty co chat ddm sau vao moéi trudng dé hap thy dinh dudng va
khuan ty khi sinh mang cac chudi bao tir & dang tran va cAu thanh nén bé mat cta xa
khuan. Hau hét xa khuan 1 sinh vat hoai sinh, song trong dét va trai qua phan Ién chu
ky song dudi dang bao tir. Tuy nhién, nganh nay da thich nghi v6i nhiéu méi truong
sinh thai khac nhau nhu nudc, khong khi, trim tich,...[33].

Chu ky song ctia xa khuan Streptomyces 1a mot qua trinh biét hoa da bao phirc
tap, khac biét hoan toan vdi co ché phan déi ctia cac vi khuan don bao thong thudng.
Vong doi xa khuan bat dau khi mot bao tir gip diéu kién thuan loi va ndy mam thanh
soi ndm co chat. Khi nguén dinh dudng can kiét, xa khuan trai qua mdt budc ngoat
quan trong 1a chét té bao theo chuong trinh. Luc ndy, phan 16n sgi nim sinh dudng
s& tu phan giai dé giai phong cac nguyén lidu nhu axit amin, duong va nucleotide.
bay la nguén nang luong can thiét dé vi khuan biét hoa nén hé soi th hai, goi 1a soi
nam khi sinh. Cudi cling, céc soi nay biét hoa thanh cac chudi bao tir va chiing s& phat
tan vao moi trudng dé bat ddu mot vong doi méi [33].

1.2.2. Pic diém ciia xa khuin vung ré

Vung 1é 12 16p dat hep bao quanh hé thong ré clia cdy va chiu anh hudng truc
tiép tir cac chat tiét ctia ré. DAy 1a noi tap trung sb luong 16n cac vi sinh vat boi chiing
¢6 kha nang hudng héa manh mé véi cac chét hitu co do ré thyc vt tiét ra nhu axit
amin, dudng va cac hop chit chuyén hoa thir cip. Trong s6 cac vi sinh vat ving ré,
xa khuén Streptomyces dugc ghi nhan c6 vai tro dac biét quan trong trong h¢ sinh thai



dat. Nho kha nang thich nghi t6t v6i didu kién moi truong khac nghiét va kha nang
phan giai nhiéu hop chat hitu co phirc tap nhu cellulose, chitin va lignin, xa khudn
tham gia tich cuc vao qua trinh phan huy chét hitu co va hinh thanh mun trong dat.
Ngoai ra, nhiéu loai xa khuan ving r& con c6 kha ning san sinh cac enzym ngoai bao,
siderophore, phytohormone, ciing nhu cac hop chat khang nim va vi khuan khac, gop
phén thuc déy sinh trudng thuc vat, trc ché cac vi sinh vat gay bénh trong dat [34].
Sy phéan bd cia xa khuin ving ré ciing phu thudc vao pH ctia méi truong nhu xa
khuan thuong tap trung & cac ving dat ré c6 pH & mirc trung tinh, kiém yéu hodc axit
yéu v6i dai pH sinh truong dao dong tir 6 - 9. Cac nghién ciru phan lap tir ving ré ctia
nhiéu loai thuc vat cho théy sy da dang cua xa khuén véi nhiéu chi khac nhau nhu
Streptomyces, Micromonospora, Nocardia, Actinoplanes, Amycolatopsis, Kribbella
va Saccharopolyspora [35].
1.2.3. Phuong phap phén loai xa khuan

Phén loai xa khuéan theo phuong phap truyén théng dua trén cac dic diém hinh
thai va sinh 1y nhu: cAu trac hé soi khi sinh va hé soi co chat, hinh dang va cach sép
xép cua bao tr, cling nhu cac dac diém sinh héa va héa hoc cua thanh té bao. Tuy
nhién, trong nhitng nim gan day, cic phuong phap sinh hoc phan tir da duoc ung
dung rong rai trong phan loai va dinh danh xa khuan. Phan tich trinh tu gen 16S rRNA
1a phuwong phap pho bién va dang tin cay dé xac dinh mbi quan hé phét sinh chung
loai va phén loai cdc nhom xa khuan. Cac gen mi hoa 5S rRNA, 16S rRNA va 23S
rRNA nam canh nhau, ¢6 cting mot operon va ¢ co ché diéu hoa chung. Tuy nhién,
trong cac loai rRNA, thi 16S rRNA 1a phu hop nhéat cho nghién ciru phéan loai xa
khuan vi gen mi héa 16S rRNA c6 kich thudc khoang 1540 bp phu hop cho cac
nghién ciru phan loai. Trong khi d6, hai gen con lai qua dai hodc qua ngan dé giai
trinh ty bang cong nghé Sanger.

Tir ndm 2022, céc tiéu chuan dinh danh qubc té da xac dinh rang: phan tich
trinh tu 16S rRNA va sinh 1y, sinh hoa 13 diéu kién can nhung chua du. Dé ching
minh chiing hozc loai méi can bd sung cac két qua phan tich hé gen chuyén sau nhu
giai trinh ty toan bo hé gen va tinh toan chi sb twong ddng hé gen trung binh (Average
Nucleotide Identity - ANI) [36]. Viéc chuyén dich tir phan tich don gen sang phan
tich hé gen khong chi giup giai quyét cac nut thit trong phan loai ma con mo ra co
hoi khai thic cac tiém ning di truyén cua xa khudn trong cac nghién ciru Gng dung
thyc tién sau nay.

1.2.4. Co ché d6i khang ciia xa khuan doi véi cac vi sinh vat gy bénh

Trén thé gidi, nhidu ching xa khudn ving ré da ching minh duoc kha ning

tac dong kép: vira thiic dy sinh trudng thuc vat, vira thé hién hoat tinh khang khuan



va khang ndm manh. Nho nhitng wu diém nay, chiung dugc danh gia 1a cac tic nhan
kiém soat sinh hoc tiém ning nhim phong trir mam bénh trong dat va giam sy phu
thudc vao thude bao vé thuc vat hoa hoc trong san xuat ndng nghiép bén vimg. Cac
chung xa khuan thue hién chirc nang kiém soat sinh hoc thong qua nhiéu con dudng
khac nhau:
1.2.4.1. Sén xuit cdc logi khdng sinh hay chét khdang nam tw nhién

Xa khuan 12 ngudn cung cép doi dao cac hop chét co hoat tinh khang ndm
manh nhu nystatin, filipin, candicidin va natamycin. Trrong do, nystatin la khang sinh
khang nAm dau tién duoc san xuat tir xa khudn Streptomyces noursei vao nam 1950.
Hop chét nay c6 kha ning trc ché nhiéu loai ndim gay bénh, dic biét 1a cac loai thudc
chi Candida. Ngay nay, S. noursei van 1a vi sinh vat chu luc dé san xuat cac nystatin
thuong mai. Vé ban chat, nystatin cing véi filipin, candicidin hay natamycin déu
thugc nhoém khang sinh polyene macrolide, ching lién két truc tiép véi cac phén tir
ergosterol trén mang té bao nam, tao ra cac 18 xép lam 1o ri ndi chét va dan dén chét
té bao [37]. Bén canh polyen macrolide, xa khuan con 1a nguén géc ctia nhiéu loai
khang sinh quan trong thugc nhom aminoglycoside va macrolide khong polyene nhu:
streptomycin, kanamycin va erythromycin. Khac véi co ché tac dong 1én mang té bao
nhu nhom polyen, cac hop chéat ndy tip trung tin cong vao bd may tong hop protein
ctia vi sinh vat gay hai bang cach lién két v6i cac tiéu phan cua ribosome, trc ché qua
trinh dich ma va kéo dai chudi pepetide [38]. Mot s6 hop chat nhu cycloheximide
phan 1ap tir S. griseus thé hién kha ning @c ché manh mé qua trinh tong hop protein
& sinh vat nhan thuc. Do d6, hop chat nay duoc (mg dung phd bién trong qua trinh
kiém soét tap nhiém trong diéu kién phong thi nghiém [39]. Trong nhém cac peptide
khang nam, nikkomycin (dic biét 1a bién thé nikkomycin Z) 1a mot chat chuyén héa
thir cAp duogc san xuat bai Streptomyces tendae duge ching minh c6 kha nang khang
nam manh mé& thong qua co ché lién két canh tranh véi trung tim hoat dong cia
enzym chitinase, hon nira chung cé tinh chon loc cao va khong gay doc cho vat chu
[40].

1.2.4.2. Sén xudt enzym phén hiiy thanh té bao nim

Hau hét cac xa khuan déu c6 ban chat hoai sinh, ciing v6i kha niang san xuét
cac enzym thuy phan ngoai bao nhu chitinase, cellulase, -1,3-glucanase, lipase va
xylanase. Cac enzym nay c6 kha nang phan giai cac polymer cau tao nén thanh té bao
clia nAm va cac vi khuan gy bénh, tir 46 gop phan tic ché cdc mam bénh thuc vat.
Nhiéu nghién ctru da chirng minh ré’mg cac loai xa khuén, dic biét 1a cac chung thudc
chi Streptomyces, c6 kha niang san xuat da dang cac enzym ngoai bao tham gia vao

co ché d6i khang véi cac vi sinh vat giy bénh thuc vat. Jang va cong su (2011) da



phan 1ap dugc chung Streptomyces sp. AM50 tir nha mdy cua tai Han Qudc va tién
hanh sang loc kha ning san xuit cic enzym ngoai bao. Két qua cho thiy chung
Streptomyces sp. AM50 c6 kha ning san xudt dong thoi cic B-1,3-glucanase,
chitinase va cellulase trong diéu kién hiéu khi & 30 °C. Dich nu6i céy ngoai bao cua
ching nay cho phép wc ché hidu qua Phytophthora capsica thong qua co ché 1am
treong phong va ly giai hoan toan soi nam [41, 42].
1.2.4.3. Sén xudt cdc hgp chit hivu co dé bay hoi

Céc hop chét hiru co dé bay hoi (VOC) 14 cac hop chat c6 trong lugng phan tir
thap, d& bay hoi ¢ nhiét 4o va ap suét binh thuong, cho cho phép chiing khuéch tan
qua khi quyén va dat. Cac hop chat hiru co dé bay hoi do Actinomycetes san sinh c6
vai tro quan trong trong kiém soat nAm bénh thuc vat, kich thich sinh trudng cay
trong, gy doc tuyén trung va cam tng kha ning khang bénh toan than ¢ thuc vat
[43]. Cac VOC gay sung phong soi ndm, bién dang hodc pha huy bao tir, dong thoi
1am thay doi c4u trac thanh té bao nAm. Chung Streptomyces setonii WY228 sinh ra
2-ethyl-5-methylpyrazine va dimethyl disulfide da dugc chimg minh c6 thé {rc ché su
nay mam cta bao tir ciing nhu su phat trién cta soi ndm [43]. Ngoai ra, nhiéu VOC
khac dugc ghi nhan tir Nocardiopsis sp., bao gdm S-methyl ethanethioate, 1,2-
dimethyldisulfane, axit 2-methyl propanoic, axit axetic, axit 3-methyl-butanoic,
undecan-2-one, nonan-2-one va 2-isopropyl-5-methylcyclohexan-1-ol, déu gop phan
trc ché su phat trién ctia soi nAm [44].

icin B, macrolide, acti Z
L D, natamycin, antimycin v3 neopeptine

Hinh 1.1. Céc co ché d6i khang chinh ciia xa khuin ddi véi mam bénh hai ciy
trong [42]

1.2.5. Pic tinh kich thich sinh truwéng ciia xa khuan viing ré
Nho s6 hitu nhiéu dic tinh sinh hoc ¢6 1oi, xa khuan vung ré hién dang tr&

thanh mot trong nhiing giai phap thay thé tiém ning cho cac héa chét bao vé thuc vat



truyén thong. Nhom vi sinh vat nay c6 thé tac dong tich cuc dén su phat trién cia ciy
trong thong qua viéc cai thién kha niang hap thu dinh dudng, san xuét cac chat diéu
hoa sinh truong va tang cuong kha nang chéng chiu ciia cay ddi véi cac dicu kién bat
lgi trong moi trudng.

- Sdn xudt cdc hormon ting trwéng: Mot sb ching xa khuan ving ré c6 kha
nang tong hop cac chét diéu hoa sinh tredng thue vat nhu indole-3-acetic axit (IAA),
va gibberellin giup ting cudng sy phat trién ciia hé ré, cai thién kha ning hap thu dinh
dudng cua ciy trong. Theo Vimala Devi va cong sy (2024) cho thdy chung
Streptomyces sp. VSMKU1027 khong chi c6 kha ning tong hop IAA ma con thé hién
hoat tinh déi khang manh ddi véi cic ndm gay bénh thuc vat quan trong trong dat nhu
Rhizoctonia solani va Fusarium oxysporum. Ngoai ra, VSMKU1027 con san xuét
nhiéu enzym thity phan nhu protease va thé hién kha nang tong hop IAA cao nhit sau
6 ngay nudi cdy o 35 °C, pH 6,5 v6i méi trudng ISP2 bo sung 0,4% L-tryptophan
[45].

- Cé dinh Nito Nito 13 nguyén t6 dinh dudng thiét yéu dbi v6i cdy trong va
thuong duoc cung cip thong qua qué trinh ¢6 dinh nito sinh hoc. Theo béo céo cua
Wanruxu va cong su (2025), chung Streptomyces sp. GD-4 phan 1ap tir dat ving ré
cay Leymus secalinus c6 tac dung thiic day sinh trudng 14 va 1é& cua cic loai co thirc
an gia stc. Phéan tich bd gen cia GD-4 cho thiy nhiéu gen lién quan dén chuyén hoa
nito, photpho va luu huynh. Ngoai ra, cic gen c6 kha ning lién quan dén thic day
tang truong thuc vat nhu sinh tong hop axit IAA, san xuat trehalose, siderophore va
hoa tan photphat. Nghién ciru nay tao nén tang cho viéc cai tao dt ¢ cac ving cao
nguyén [46].

- Hoa tan photphat: Trong dat, phan 16n phospho t6n tai & dang kho tan hoic
bi cb dinh trong cac hop chat khoang, khién cay trong kho hip thu. Nhiéu nghién ctru
chtrng minh rang xa khudn c6 kha ning hoa tan phospho kho tan trong dét thong qua
viée tiét axit hiru co lam giam pH moi truong va giai phong phosphate hoa tan.
Vargas-Hoyos va cong sy (2021) da phan 1ap duoc chung Streptomyces sp. 3AS4 tir
1é cdy lta mi & vang Cerrado- Brazil v6i kha ning chuyén hoa khoang 410 pg/mL tir
phytate, 300 pg/mL tir calcium phosphate va 200 pg/mL tir d4 phosphate, chu yéu
thong qua viéc san xuét axit gluconic va axit 2-ketogluconic. Thi nghiém nha kinh
trén cay dau twong (Glycine max) cho thy viéc ciy ching Streptomyces sp. 3AS4
gitip tang chiéu cao ciy khoang 17% trong diéu kién dat tu nhién so v6i d6i ching.
Pang chu ¥, khi két hop véi da phosphate, chiéu cao cdy ting khoang 80% va ty 18
than hay ré ting khoang 30% so vé6i cy khong ciy chung [47].



1.3. CONG NGHE GIAI TRINH TU GEN THE HE MOI VA UNG DUNG
TRONG NGHIEN CUU XA KHUAN
1.3.1. Lich sir phat trién va dic diém cia cac cong nghé giai trinh tw
gen hién nay

Giai trinh tu toan bd hé gen (Whole Genome Sequencing, WGS) 1a phuong
phap xac dinh toan bd trinh tu nucleotide cia DNA trong by gen cua sinh vat. Trong
nghién ctru vi sinh vat, cac cong nghé¢ WGS dong vai tro quan trong trong viéc phan
tich dic diém di truyén, kham pha cac gen c6 chirc nang sinh hoc dac biét va xac dinh
dugc mbi quan hé tién héa gitra cac loai. Cong nghé giai trinh ty gen (Next-
Generation Sequencing, NGS) d trai qua nhiéu giai doan phat trién tir thé hé thi nhat
dén céc cong nghé hién dai ngdy nay. Phuong phap giai trinh ty hé gen thi nhat dugc
phat trién tir nhitng nim 1970, dién hinh 13 phuong phap Sanger. Phuong phap nay
¢6 do chinh xéc cao va timg duoc xem 13 “tiéu chuan vang” trong giai trinh ty DNA.
Nam 1995, hé gen cua Haemophilus influenzae voi kich thude khoang 1,8 Mb va
Mycoplasma genitalium véi kich thudc khoang 0,57 Mb da duoc cong bd. Hé gen
dau tién cta cd khuan nhu Methanocaldococcus jannaschii ciing dugc cong bd. Tuy
nhién, do han ché vé thong luong thap, toc do cham va chi phi cao, phwong phap
Sanger chi phu hop khi nghién ctru cédc doan gen c6 kich thudc nho thay vi toan bd
hé gen. Dy 4n giai mi b gen nguoi hoan thanh nam 2003 132 mot minh ching dién
hinh, né kéo dai 13 nam va tiéu ton 3 ty d6 la khi sir dung nén tang nay [48, 49].
Nhitng han ché vé thoi gian va chi phi ctia phuong phap Sanger da thic day sy phat
trién ctia cac cong nghé giai trinh ty modi hién dai va hiéu qua hon. Dya trén sy cai
tién vé cong nghé va nguyén ly, cac phuong phap NGS hién dai dugc chia lam 2
nhom chinh 14 cong nghé giai trinh tuy gen thé hé thi 2 va thir 3. Cac trinh nén tang
giai trinh ty tiéu bién hién nay bao gom:

1.3.1.1. Cong nghé gidi trinh tw Illumina

Pay 1a cong nghé gidi trinh ty thé hé thi hai dugc sit dung rong rii nhat nho
d6 chinh xac cao va chi phi thap. Phuong phap nay dua trén nguyén 1y tong hop DNA
két hop phat tin hiéu huynh quang, tao ra cic doan doc ngan (short reads) c6 do dai
khoang 150 - 300 bp, phit hop st dung dé giai trinh ty hé gen vi khuan. Qua trinh giai
trinh ty Illumina bat dau bang viéc phan manh DNA thanh cac doan ngan va gan
adapter dac hi€u ¢ hai dau. Sau d6 cac doan DNA dugc cd dinh trén flow cell va
khuéch dai béng PCR tao thanh cac cum. Tiép theo, trinh tu duoc xac dinh bﬁng cach
téong hop DNA véi cac nucleotide duge gan huynh quang; mdi chu ky chi mot
nucleotide duoc gan vao chudi dang tong hop. Tin hiéu huynh quang phat ra s& dugc
ghi nhan dé x4c dinh loai nucleotide twong tng. Sau mdi chu ky, tin hiéu huynh quang



duogc loai bo dé tiép tuc cac chu ky tiép theo. Tuy nhién, do chiéu dai doan doc ngin,
cong nghé Illumina gip han ché trong viéc lap rap cac hé gen c6 nhiéu vung lap lai
hodc cac gen c6 cdu trac phtc tap.

1.3.1.2. Cong nghé gidi trinh tw Pacific Biosciences

Cong ngh¢ giai trinh tuy phan tr don da dat dugc nhitng budce tién vuot bac ké
tor khi dugce hinh thanh ¥ twong vao nam 1989. Cong nghé gidi trinh ty phan tir don
da dat dugc nhiing budc tién vuot bac ké tir khi duoc hinh thanh y tuéng vao nim
1989. Nhitng dong gop tién phong tir PacBio dd mé ra kha nang giai trinh tu doc dai
theo thoi gian thuec ma khong can khuéch dai PCR. Cong nghé SMRT ctia PacBio d
lam thay ddi linh vuc phan tich axit nucleic nho céi thién d§ chinh xac, tinh di dong
va thong lugng, qua do6 tr¢ thanh cong cu quan trong trong viéc giai ma cac hé gen
phirc tap va phat hién cac bién thé cau trac [50]. SMRT cho phép ghi nhan theo thoi
gian thuc cac nucleotide dugc gan nhan huynh quang khi ching duoc tong hop doc
theo timg phan tir DNA khuon riéng 1¢. Phan ung giai trinh tu két thiic khi DNA
khuon va enzym polymerase tach roi nhau. Do dai doan doc trung binh tir thiét bi
PacBio khoang 2 kb, va mét s doan doc c6 thé dai hon 20 kb. Céc doan doc dai dic
biét hiru ich cho viéc lp rap de novo cac bd gen méi, vi ching ¢ thé bao pha nhiéu
vung lap lai va nhiéu base hon [51]. Khac véi cong nghé Illumina, PacBio khéng can
khuéch dai PCR ma giai truc tiép tir mot phan tor DNA duy nht.

Ban dau, DNA dich duoc gén cac adapter dé tao thanh ciu tric vong
(SMRTbell). Phan tir DNA nay sau d6 duoc dua vao cac vi giéng siéu nho goi 1a zero-
mode waveguides (ZMW), trong d6 enzym DNA polymerase dugc ¢b dinh & day.
Trong qué trinh giai trinh tu, cac nucleotide dugc gan nhin huynh quang s& duoc
thém vao hé thong. Khi mot nucleotide phi hop duoc polymerase gan vao mach DNA
dang tong hop, né s& phat ra tin hiéu huynh quang dic trung. Cac tin hiéu nay duoc
ghi nhan lién tuc theo thoi gian thuc dudi dang cac xung anh sang va duoc chuyén
ddi thanh cac dinh tin hiéu tuong trng vai tung loai base (A, T, G, C), tur d6 xac dinh
trinh ty DNA [50]. Nho céu tric vong cua thu vién SMRTbell, enzym polymerase co
thé doc 1ap lai nhiéu 1an trén cung moét phan td DNA, tao ra cac doan doc nho
(subreads). Céc subreads ndy dwgc xir Iy va cin chinh bang cac cong cu tin sinh hoc
dé tao ra trinh tu ddng thuin vong (Circular consensus sequence, CCS) v6i d6 chinh
xéac cao. Do d6, PacBio trd thanh mot giai phap toi wu cho viée viée lap rap méi hé
gen va phan tich cac cdu trac di truyén phirc tap.

Tinh dén nam 2026, udc tinh ¢6 hon 200.000 hé gen vi khuan va xa khuan da
dugc gidi trinh ty bang cac nén ting cta PacBio. M6t du an ciia Wellcome Sanger
Institute phdi hop v6i PacBio di giai trinh tr hon 3000 b gen vi khuan hoan chinh



tir B suu tap gidng qudc gia (The National Collection of Type Cultures, NCTC) bang
cong nghé PacBio [52]. Mot nghién ciru khac dd cong bd 217 bd gen hoan chinh cia
Salmonella enterica dugc giai trinh tuy bang PacBio va dua vao co s¢ dit liéu NCBI
dé phuc vu giam sat bénh truyén qua thyc pham [53]. Trong co so dit liéu NCBI
Pathogen Detection, hién c6 hon 1,7 tri¢u by gen cua cac chung vi sinh vat gay bénh,
tuy nhién phan 16n dugc tao ra bang Illumina va chi mét phan nho 1 bd gen hoan
chinh chat lugng cao duogc tao bé’mg PacBio. Pdi v6i xa khuén, hién chua c6 sb lugng
thdng ké chinh thuc.
1.3.1.3. Cong nghé gidi trinh tw Oxford Nanopore

Pay ciing 14 cong nghé giai trinh tu thé hé thir ba, hoat dong dua trén nguyén
Iy sy thay doi dién thé khi cac phan tir DNA di qua céc 16 nano protein duoc gan trén
mot mang polymer sinh hoc. Trong qua trinh gidi trinh tu, phan tir DNA s¢1 don dugc
dua qua 16 nanopore nhd mot protein van chuyén. Khi timg nucleotide di qua
nanopore, ching s& gy ra sy thay doi dic trung trong dong dién ion chay qua mang
[54]. Hé thong cam bién s& ghi nhan cac bién dbi tin hiéu dién theo thoi gian thuc,
sau d cac tin hiéu ndy duoc xir Iy bang thuit toan dé xac dinh trinh tu nucleotide
tuong tmg. Khong giébng nhu céng nghé Illumina hay PacBio, Oxford Nanopore
khong st dung tin hiéu huynh quang va khong yéu cau qua trinh khuéch dai PCR.
Nho d6, cong nghé nay c6 thé giai trinh tu truc tiép cac phan tir DNA rat dai, véi
chiéu dai doan doc c6 thé vuot qua 100 kb, tham chi lén dén hang megabase. Tuy
nhién cong nghé Oxford Nanopore van t6n tai mot sé nhuoc diém nhu ty 18 sai s6
cao, yéu cau khat khe vé chat lugng DNA dau vao va doi hoi hé thong tinh toan tin
sinh hoc c4u hinh cao, do d6 giam kha ning Gmg dung trong cac nghién ctru quy mé
lom.

1.3.2. Pic diém di truyén hé gen xa khuan

Khi nghién ciru hé gen cua xa khuan, dic biét 1a cac loai thudc chi
Streptomyces, Streptomyces c6 kich thuéc bd gen 16n hon so véi vi khuan. Kich thudc
nho nhét dugc ghi nhan & ching Streptomyces xiamenensis (khoang 5,96 Mb) va kich
thude 16n nhat & ching Streptomyces rapamycinicus (khoang 12,7 Mb) [55]. Hon
nita, hé gen cua Streptomyces thuong ¢ ciu tric nhiém sic thé dang thang va khac
voi phﬁn 16n vi khuan c6 nhiém sic thé dang vong. Pac biét, hé gen xa khuén chira
nhiéu ving gen linh dong lién quan dén sy tién hoéa va da dang héa chirc niang sinh
hoc.

H¢ gen cua Streptomyces thuong duogc chia thanh vung 161 (core region) va
ving ngoai vi (subtelomeric region). Vung 16i nim & trung tim nhiém sic thé chta

diém khoi dau sao chép OriC cung véi cac gen thiét yéu lién quan dén cac qua trinh



sinh hoc co ban nhu sao chép DNA, phién ma, dich ma va chuyén hoa trung tam.
Ving nay c6 tinh bao thu cao va it xay ra bién dong di truyén. Ving ngoai vi ndm &
dau hai du mut cta nhidm sic thé, day 1a ving c6 tinh bién dong cao va thuong chia
nhiéu cum gen lién quan dén thich nghi méi trudng, chuyén héa thir cip va trao ddi
vat chat véi méi truong [55]. Nghién ctru cta Li LF va cong sy (2023) da danh gia
tiém nang sinh tong hop chit khang nim ciia chung Streptomyces sp. HP-A2021 duoc
phan 1ap tir dat ving 1é cta cay Ginkgo biloba thong qua giai trinh tr WGS. Két qua,
Streptomyces sp. HP-A2021 s hitu nhiém sic thé dang thang véi kich thudc
9.607.552 bp va ham lugng GC dat 71,02% (Hinh 1.2). Qua trinh chu thich bg gen
da ghi nhan sy hién dién cua 8534 vung ma hoa protein (Coding sequence, CDS),
cung v6i 76 gen tRNA va 18 gen rRNA. Khi so sanh voi chung gin nhat 1a
Streptomyces coeruleorubidus JCM 4359, gié tri tuong ddng di truyén dat 64,2% theo
dDDH va 92,41% theo ANL Ngoai ra, nghién ctru d3 xac dinh duoc tong cong 33
cum gen lién quan dén sinh tong hop cac chat chuyén hoa thr cAp véi chiéu dai trung
binh khoang 105.594 bp. Cac cum gen nay ma hoa cho nhitng hop chat dién hinh nhu

thiotetroamide, alkylresorcinol, coelichelin va geosmin [56].
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Hinh 1.2. Ban d6 hé gen chiing Streptomyces sp. HP-A2021 [56]
1.3.3. Cac cum gen tham gia sinh tdng hop hoat chat khang nAim
Mot dic diém nodi bat ciia hé gen xa khuan 1a sy hién dién cta nhiém cum gen
sinh tong hop (Biosynthetic Gene Cluster, BGC) ma hoa cho cac hop chat chuyén
hoa thir cap. Cac BGC quan trong thuong gip trong hé gen Streptomyces bao gdm
cac h¢ polyketide synthase dang I va II (PKS-I, PKS-II), non-ribosomal peptide
synthetase (NRPS) va céc peptide dugc tong hop baoi ribosome va bién ddi sau dich



ma (Ribosomally synthesized and post-translationally modified peptides- RiPP). Cac
hé PKS-I, PKS-II va NRPS déng vai trd chinh trong qué trinh lap rap va sinh tong
hop cac hop chit sinh hoc, dic biét 1a khang sinh. Cac gen nay thuong duoc t6 chic
thanh cac cum gen riéng biét, trong d6 mdi gen chira nhiéu module hoic domain, mdi
module ddm nhiém mot budc cu thé trong qué trinh tong hop phan tir. Nguoc lai,
RiPP duoc hinh thanh thong qua qua trinh tong hop peptide ban dau boi ribosome,
sau do trai qua cac bién ddi sau dich ma dé tao ra cac hop chit c6 hoat tinh sinh hoc,
bao gdm lantipeptide, lassopeptide, thiopeptide va bacteriocin [57]. Cac nghién ciru
tong hop gan day ciing cho thdy trung binh mdi hé gen Streptomyces chtra khoang 30
- 40 BGC, nhung chi mét phan nho trong sb d6 dugc biéu hién. Dic biét, nghién ctru
st dung cong nghé chinh stra gen CRISPR da nhan manh réng phﬁn 16n cac BGC van
chua duogc khai thac do khong biéu hién trong diéu kién nudi cdy thong thuong [58].

Céc phan tich tin sinh hoc chi ra rﬁng, cac hoat tinh sinh hoc cua cac BGC
duogc quy dinh chat ché bdi céu trac di truyén cua chung. N6i bat nhét 1a nhém cum
gen T1PKS chiu trach nhiém sinh téng hop cac khang sinh pho rong thudc ho polyene
macrolide. V& mat di truyén, cum TI1PKS co kich thude rat 16n, ciu tao tir nhiéu
khung doc mé (Open reading frame, ORF) chira cic module lip lai. Mdi module
mang mot hé enzym da mién nhu KS, AT, KR, DH, ER xuc tac ndi tiép nhau, tao ra
céc cAu tric vong c6 ai lyc dac hi¢u véi ergosterol trén mang té bao, 1am 1o ri ndi bao
va tiéu diét nam. Dién hinh 1 cic cum gen nys, pim, amph sinh tong hop nystatin,
pimaricin va amphotericin [59]. Bén canh PKS, cdc cum gen NRPS va cum lai PKS-
NRPS ciing dong gop quan trong vao hoat tinh khdng nam thong qua sy linh hoat cua
bo ba mién chic ning ¢t 16i: gdm adenyl hoa (A), ngung tu (C) va thiolation (T).
Khac v6i qua trinh dich ma ribosome thong thuong, hé théng nay cho phép tich hop
cac axit amin khong sinh protein dé tao ra nhitng peptide c6 kha ning trc ché tryuc tiép
qua trinh hinh thanh vach té bao nim [60]. Ngoai ra, hé gen xa khuan con chira cac
BGC dic hiéu ma hoa chit trc ché enzym dich, tiéu biéu nhu cum operon val (chia
cac gen tir vald d&én valN) c6 chiic ning sinh tong hop validamycin. Validamycin trc
ché enzym o-glucosidase, 1am gian doan qua trinh chuyén hoa duong trong té bao
nam va ngin ching phat trién. Tuong ty, cic BGC sinh tong hop polyoxin 1a chét trc
ché enzym chitin synthase dan t6i suy yéu vach té bao nim va khién nim khong thé
sinh truong binh thuong [61, 62].

Phan tich hé gen ciia chiing Streptomyces sp. 21S02-11 da xac dinh duoc tong
cong 28 BGC véi chiéu dai trung binh khoang 38,8 kb, bao gom cac nhém chinh nhur
PKS, NRPS, cac cum lai PKS-NRPS, terpen, RiPP va siderophore [63]. Trong ) nay,
sau BGC cho thdy d6 tuong dong cao (>75%) v6i cac cum gen da biét lién quan dén



sinh tong hop cac hop chit nhu melanin, coelichelin, ectoine va hopene, trong khi
phan 16n cac BGC con lai c6 do tuong dong thap, goi ¥ tiém nang tao ra cac hop chat
méi. Pang cha ¥, mot sd cum gen duoc du doan lién quan dén sinh tong hop cac hop
chit c6 hoat tinh sinh hoc quan trong, bao gém khang sinh va siderophore. Cu thé,
cum gen lai PKS-NRPS c6 kha ning tham gia sinh tong hop naphthomycin, trong khi
hé PKS type II lién quan dén san xuat gaudimycin. Ngoai ra, sy hién dién cta cum
gen desferrioxamine ciing cho thay tiém ning tong hop siderophore, gép phan vao
kha ning canh tranh va thich nghi ctia vi khuan trong mai truong [63].

Thong qua cong cu antiSMASH 7.0, Park, HS. va cong su (2024) da xac dinh
dugce 37 BGC tiém ning nidm trén nhidm sic thé cua chung Streptomyces collinus
Inha504, trong do nhiéu cum dugc du doan lién quan dén hoat tinh khang nam. Céc
BGC nay bao gdbm 15 cum thudc nhém polyketide synthase (PKS) va non-ribosomal
peptide synthetase (NRPS), cu thé 1 cac cum T1PKS, T2PKS, T3PKS, NRPS va cac
cum lai NRPS - PKS. Bén canh do6, cac cum con lai dugc phan loai vao cac nhém
chuyén hoa thir cap khac, bao gdm 5 cum terpen, 4 cum lanthipeptide, 3 cum
siderophore, 2 cum melanin, 1 cum lassopeptide va 1 cum ectoine. Pang chi y, BGC
s6 35 dugce dy doan c6 kha ning cao tham gia sinh tong hop lucencomycin 13 mot
macrolide polyene cé hoat tinh khang nam manh thong qua co ché twong tac véi mang
té bao ndm lam thay d6i tinh thim ctia mang va rdi loan chic ning cua té bao [64].

1.4. TINH HINH NGHIEN CUU XA KHUAN TAI VIET NAM

Tai Viét Nam, nghién ctru vé xa khuan d3 c6 nhirng budc tién dang Kké, chuyén
dich tir cac phwong phéap phan 1ap, sang loc truyén thong sang tmg dung sinh hoc
phan tir va hé gen hoc. Cac hudng tiép can chu yéu tip trung vao viée tim kiém céc
chung co hoat tinh sinh hoc manh tir hé sinh thai da dang nhu dat nong nghiép, moi
truong bién, dt rung va dic biét 1a vung ré cay dugc li¢u mang lai gia tri kinh té cao.
Nhiéu két qua ndi bat da tao tién dé quan trong cho viéc phat trién cac ché pham.

Bén canh céac nghién ctru vé kiém soat sinh hoc, viéc khai thac xa khuan nhu
ngudn san sinh cac hop chat khang sinh ciing 1a mot hudng nghién ciru duoc quan
tam tir som tai Viét Nam. Nhiéu ching thudc chi Streptomyces phan 1ap tir cac moi
truong khac nhau di dugc chirg minh c¢6 kha ning tong hop cac chat chuyén hoa thir
cap c6 hoat tinh khang vi sinh vat. Tiéu biéu, Cao Pirc Tuin va cong su (2019) da
phan 1ap dugc 10 hop chét tir chiing Streptomyces sp. G278, trong d6 ¢ hai hop chat
lan dau tién dugc ghi nhan tu nguén teu nhién la 2,5-Bis(5-tert-butyl-2-
benzoxazolyl)thiophene va 3-hydroxyl-2-methylpyridine. Cac hop chat thu nhan
dugc did duoc dénh gia hoat tinh trén nhidu ching vi sinh vat c6 ¥ nghia lam sang,
cho thay mét sb hop chét c6 kha ning khang khuan va khang ndm dang cha ¥ [65].
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Gan day, Huynh Thi Ngoc Ni va cong su (2024) da phan lap dugc 181 chung xa
khuéan tir cic mau thu thap tai Viét Nam va xac dinh 5 ching c6 tiém niang khang
Mycobacterium smegmatis. Tu chung Streptomyces alboniger A121 c6 hoat tinh
manh nhit, nhém nghién ctru di phan 1ap dugc hai hop chét obscurolide B2p va
chartreusin, trong d6 chartreusin thé hién hoat tinh khang lao, khang khuan déi voi
mot s6 vi khuan Gram dwong va hoat tinh gay doc té bao trén nhiéu dong té bao ung
thu. Nhitng két qua nay cho thay xa khuan ¢ Viét Nam 1a ngudn tai nguyén giau tiém
nang cho viéc phat hién cac hop chat ty nhién co gid tri trong phat trién thudc khang
sinh va thudc chong lao méi [66].

Trong linh vuc kiém soat sinh hoc nong nghiép, Lé Minh Tudng va cong su
(2014) da phan lap thanh cong hon 260 ching xa khudn tir dit trong lta tai Dong
bang song Ciru Long, trong d6 tuyén chon dugc 26 chung thé hién kha ning tc ché
manh ndm Pyricularia oryzae giy bénh dao on [67]. Ngoai mdi truong dat va hé thuc
vat trén can, xa khuan tir méi truong bién cling nhan dugc nhiéu sy quan tam nho kha
nang sinh tong hop cac chat chuyén hoa thtt cAp méi. Tran Thi Thanh Hoa va cong
su (2020) da phan 1ap va sang loc duoc 61 chung Actinomycetes tir 80 mau sinh vat
bién va tram tich tai dao Ly Son, Quang Ngii, trong d6 c6 nhiéu chiing thé hién hoat
tinh khang manh mé& vé6i cac vi khuan gay bénh nguy hiém nhu Escherichia coli,
Staphylococus aureus, Salmonella enterica,...[68].

DPéi véi nhom cay duoc li€u, viéc tim kiém cac hoat chat thu cép mang lai
nhiéu két qua kha quan. Vii Thi Hanh Nguyén va cong su (2020) di tién hanh phan
lap 111 chung xa khuan tir ré, than va 14 cta cay qué (Cinnamomum cassia Presl) tai
Hoa Binh. Nghién ctru da sang loc duoc 38 chung c6 hoat tinh khang vi sinh vét kiém
dinh phan 16n thudc 3 chi riéng biét 13 Streptomyces, Microbacterium va Nocardia.
Két qua phan tich di truyén ciing chi ra su hién dién ciia cac gen sinh téng hop quan
trong nhu PKS va NRPS ¢ phan 16n cac chiing sinh khang sinh, minh chirng cho tiém
nang khai thac hop chét ty nhién tir vi sinh vat lién két voi cay duogc lidu [69]. Ngoai
ra, ching xa khuan Streptomyces variabilis LCP18 tir cdy mang tang dugc ching
minh sinh isopcrunetin, genistein, daidzein, syringic axit, daucosterol c6 hoat tinh
sinh hoc dang chi y [70]. Piéu nay cho thay xa khuan khong chi c¢6 kha ning doi
khang v&i mam bénh ma con 1a ngudn cung cip vat liéu cho cong nghiép duge pham.
Khong chi dimg lai & viéc danh gia hoat tinh khang sinh, nhiéu nghién ctru gan day
cling da tap trung lam sang t6 co ché d6i khang nam cua xa khuan théng qua viéc
khao sat vai tro cua cac enzym ngoai bao nhu chitinase, cellulase, protease. Trinh Thi
Van Anh va cong su (2021) da chirng minh enzym thiy phén chitin/chitosan tir xa

khuan cé kha nang tao chitio-oligosaccharide trc ché su phat trién cua Fusarium
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oxysporum. O ndng d6 0,3%o, chitio-oligosaccharide ¢ thé trc ché 98% sy nay mam
ctia bao tir sau 24 gid va hoat tinh ndy van duoc duy tri sau 48 gid [71].

Sy bung nd ciia cac cong nghé giai trinh tu gen thé hé mai da dua cac nghién
ctru vé xa khuan bude vao ky nguyén hé gen hoc. Thay vi chi dya vao qua trinh sang
loc don thuan, cic nha nghién ciru di tap trung sang hudng khai thac hé gen dé dinh
hudng phét hién va khai thac cac hop cht tiém nang. Cac nén tang giai trinh ty tién
tién nhu PacBio hay Illumina di duoc tng dung thanh cong dé 1ap rap hé gen hoan
chinh cuia nhiéu ching Streptomyces tiém nang. Nam 2023, Nguyén Thi Thu va cong
su da gidi ma thanh cong h¢ gen hoan chinh cua chung Streptomyces sp. VNUA74
phan lap tir dat tréng chubi & Hung Yén bang cong nghé PacBio RS II va DNBseq.
Két qua thu dugc bd gen co kich thudc 7,25 Mb véi ham luong G+C dat 72,69 %
[72]. Cung nam, Quéach Ngoc Tung va cong su (2023) da khang dinh tiém nang dbi
khang cua chung xa khuan ndi sinh Streptomyces albus RC2 d6i véi 3 chung nam gy
bénh phd bién trén cay cong nghiép nhu Lasiodiplodia theobromae, Fusarium
fujikuroi, va Scopulariopsis gossypii. Hé gen chung RC2 duoc giai trinh tu bang cong
nghé Illumina c6 chia 15 BGC véi d6 twong dong >45% so voi cac BGC tham chiéu
trén co so dit licu. Két qua nay khong chi dinh huéng phat trién ché pham vi sinh
phong trir bénh ma con mé ra trién vong tach chiét cac hop chat khang ndm méi [73].

Nhin chung, su két hop giita cac phuong phap vi sinh vat hoc truyén thong vai
cong ngh¢ giai trinh ty gen va cac cong cu phan tich tin sinh hoc da tao ra nhirng budc
tién quan trong trong nghién ctru xa khuan tai Viét Nam. Cac két qua dat duoc khong
chi 1am phong phti ngudn dir liéu vé da dang xa khuan ma con khang dinh tiém ning
to 16n ctia ngudn tai nguyén nay trong viéc phat hién cac hop chit ty nhién méi tur
cac hé sinh thai dac thu. Déng thot, xu hudng khai thac dir liéu hé gen va cac cum
gen sinh tong hop hop chat thir cp dang mo ra nhiing co hdi méi trong nghién ciru

va tng dung xa khuan phuc vu néng nghiép, y dugc va céng nghé sinh hoc.
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Chuong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU
2.1.1. Vit ligu va chiing gidng

Vit liéu: 05 mau dat ving ré cay sim Ngoc Linh 3-4 nim tudi dugc thu thap
tai xa Mu Cang Chai, tinh Yén Bai, Viét Nam vao thang 9 nam 2025.

Chung giéng: Cac chung nim gy bénh Fusarium solani PAV1, Rhizoctonia
solani PAV2 va Colletotrichum gloeosporioides PAV3 duoc cung cap boi cong ty
Panax va luu gitr tai Phong Thi nghiém Trong diém Cong nghé 1én men va K§ thuat
cai bién sinh téng hop hoat chat sinh hoc, Vién Sinh hoc.

2.1.2. Héa chit va thiét bi

- Hoa chat: Tryptone, peptone (Sigma-Aldrich, M¥); cao ndm men, cao thit
(An bJ); glycerol (Merck, buc); MgCl., KCI, NaCl, MgS04, K2HPO4, Na:HPO4
(Trung Qudc); KH2POs, (NH4):SOs, NH4Cl, FeSOs (Sigma-Aldrich, M§y); Cas(PO4):
(Trung Quéc); tinh bt tan, thach (Viét Nam); D-mannitol, myo-inositol, sucrose, D-
fructose, D-galactose, D-glucose (Sigma-Aldrich, M¥); dextrose (Trung Qudc);
casamino axits, cao malt (Sigma-Aldrich, M¥); bot kiéu mach (Sigma-Aldrich, M¥);
L-arginine, L-lysine, L-tryptophan, L-asparagine, L-cysteine, L-threonine (Sigma-
Aldrich, My),...

- Thiét bi: May ly tam (Biofuge Fresco, Kendro, Pirc); may vortex (Ptc); may
lac 6n nhiét (BSI-25R CPT, M¥); noi khir tring (ALP MC-40DP, Nhat Ban); 10 vi
song (Sharp, Nhat Ban); kinh hién vi (Carson, M¥); ti nudi cdy (Esco, Singapore); ti
an toan sinh hoc (Esco, Australia); may do pH (Trung Qudc); may dién di DNA (Nhat
Bén); may PCR (Bio-Rad, M¥); may do mat d§ quang (OD) (Hitachi, Nhat Ban); tu
lanh sau -80°C (Trung Qudc); can phan tich (Precisa, Thuy Si)....

2.1.3. Moi truong

Moi truong YIM38 (g/L): Cao Matl 4,0; cao nidm men 4,0; glucose 4,0; vi
lugng 0,1; nude 1000 mL; pH 7,2.

Moi truong PDA (g/L): Khoai tay 200; glucose 15; agar 20; nuéc 1000 mL;
pH 7,0.

Moi truomg Tap Water Yeast Extract (TWYE) (g/L): Cao nim men 0,25;
K>oHPO4 0,5, agar 18,0; nwdc may 1000 mL

Moi truong ISP2 (g/L): cao nam men 3,0; cao malt 10,0; dextrose 4,0; agar
20,0; nuée1000 mL; pH 7-7,2.
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2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Phan lap cac chiing xa khuén tir dit ving ré ciy sim Ngoc Linh

Mau dat ving ré (5 mau) thu thap tai ving ré cay sim di thyc tai Mu Cing
Chai, Yén Bai duoc bao quéan trong tii zip va van chuyén vé Phong Thi nghiém Trong
diém Cong ngh¢ 1én men va Ky thuat cai bién sinh téng hop hoat chét sinh hoc, Vién
Sinh hoc. Céc chung xa khuan dugc phan 1ap bang phwong phap pha lodng thap phan
[74]. Pau tién, cic mau dat dugc xur 1y nhiét & 65 °C trong 2 gio dé chon loc céac vi
sinh vat sinh bao tir va @c ché su phat trién cua cac vi sinh vat khong mong mudn.
Can 25 g miu dat tron voi 225 mL nude cat vo trung va khudy trong 15 - 20 phit &
tbc d6 200 vong/phut trén may lac. Hon hop dich dat duoc dé yén 10 phit ¢ nhiét o
phong dé cho cac hat 16n lang xubng va sau d6 pha lodng tir 103 dén 10”7 trong diéu
kién v trung. Khoang 100 pL tir cic dung dich pha lodng dugc trai déu 1én cac dia
moi truong TWYE c6 bd sung 50 mg/mL nystatin, 25 mg/mL K>Cr207 va 25 mg/mL
axit nalidixic nham trc ché sy phat trién ctia ndm va vi khuan.

Céc dia sau khi cay duoc 0 ¢ nhiét d6 28 °C trong 6 ngay trong diéu kién hiéu
khi. Sau 6 - 10 ngay, luya chon cac khuan lac ¢6 dic diém hinh thai nhu khuan lac phat
trién cham, kho, xu xi va sac t6 dic trung. Nhirng khuan lac nay duoc céy chuyén
nhiéu 1an trén moi truong YIM38 thach dé tinh sach, dam bao thu dugc chung thuan
khiét. Cudi cung, cac chung xa khudn sau khi tinh sach duoc bao quan trong glycerol
30 % & -80 °C dé phuc vu cho cac nghién ciru tiép theo.

2.2.2. Sang loc cac chiing ¢6 kha ning khang nim bing phwong phap ddi
khang trén dia thach

Kha ning d6i khang cta cac chung xa khuan ddi voi cac nAm gay bénh duogc
danh gia bang phuong phap d6i khang truc tiép trén moéi truong PDA theo Wei va
cong su (2020) [75]. Céc chung xa khuan duoc céy chidm diém tai bon vj tri ddi xung
trén dia thach PDA, cach tam dia khoang 2,5 cm. Sau d6, mot khéi thach chura hé soi
nam gay bénh dugc dat tai vi tri trung tam cua dia. Pia PDA chi céy nam duoc su
dung 1am ddi chung.

Sau khi 1 & 28 °C trong 5 ngay, mic d6 dbi khang duoc xac dinh théng qua
phan trim tc ché sinh truong nam (GI) theo cong thirc cia Wei va cong su (2020)
[75]. Thi nghiém duogc lap lai 3 1an.

GI=[(R - R1)/R] x 100%
Trong d6: GI (%): (%) biéu thi mirc do trc ché cta dong xa khuédn so voi su

phat trién ty nhién ciia nam; R: Béan kinh hodc chiéu dai s¢gi nam phét trién trong dia
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d6i chtng (khong c6 xa khuan); R1: Ban kinh hodc chiéu dai soi ndm phét trién trong
dia c6 xa khuan.

Déi véi bude sang loc ban dau, cac ching xa khuan phéan 14p dugc danh gia
kha ning d6i khang ddi véi hai loai nAm gy bénh 1a F. solani PAV1 va R. solani
PAV2 nhim tuyén chon ching c6 hoat tinh khang nim tét nhit. Chung duogc tuyén
chon tiép tuc dugc danh gia kha ning d6i khang d6i v6i ba loai ndm gy bénh gdm
F. solani PAV1, R. solani PAV2 va C. gloeosporioides PAV3.

2.2.3. Panh gia hoat tinh khang nim ciia dich nudi ciy xa khuén

Hoat tinh khang ndm cua dich nudi cdy khong bao duwgce danh gia thong qua
kha ning trc ché sinh truéng ciia nAm khi bd sung truc tiép vao dia thach méi trudng
PDA [33]. Bao tir cia ching xa khuan tiém ning dugc cay vao 100 mL moéi trudng
PDB trong binh tam giac dung tich 500 mL véi téc do lac 200 vong/phit trong 6 ngay
& 30 °C. Dich nudi cay khong té bao cua ching xa khuan duoc thu nhan bang cach ly
tam & téc do 10.000 vong/phit trong 10 phut ¢ 4 °C, sau d6 loc qua mang loc 0,22
um dé dam bao loai bo hoan toan té bao xa khuan.

Pong thoi, cac chung ndm F. solani PAV1, R. solani PAV2 va C.
gloeosporioides PAV3 dugc cdy trén moi truong PDA va u ¢ nhiét do 28 °C cho dén
khi hé s¢1 phat trién déng déu. Cac khdi thach chira hé soi nAm duong kinh 9 mm, cat
tir ria khuan lac dang sinh truong duoc sir dung lam ngudn giong trong thi nghiém
doi khéng.

Tiép theo, dich nudi cdy sau khi loai bo té bao duoc bd sung vao mdi truong
PDA theo ti 1€ 10%, 20% va 30% (v/v). Sau khi méi1 truong da duoc chuan bi, mot
khéi thach chtra soi nAm dang phat trién t6t dugc dit vao trung tim dia va tiép tuc o
& 28 °C trong thoi gian 5 ngay. Sau 5 ngdy, hoat tinh khang nim duoc xac dinh théng
qua phan trim trc ché sinh trudng cta sgi nam so voi ddi ching khong bo sung dich
nuoi céy khong té bao. Thi nghi¢m dugc lap lai 3 lan.

2.2.4. Panh gia kha niing sinh cac hop chat bay hoi trc ché nAm bénh

Phuong phap nay dua trén viée st dung dia petri hai ngan, nham ngin cach
hoan toan su tiép xuc tryuc tiép va su khuéch tan ctia cac hop chét khang sinh hoa tan
trong moi trudng thach tir xa khuan sang nim kiém dinh. Hiéu qua wrc ché nim phu
thudc vao kha ning sinh tong hop va khuéch tan cta cac hop chat hitu co d& bay hoi
(Volatile Organic Compounds - VOCs) tir ngin nudi ciy xa khuan sang ngin nudi
cdy nam thong qua khong gian khong khi bén trong dia [76].

Dau tién, ching xa khuan PV1 duoc céy trai déu trén ngan chtra moi trudng
ISP2 va u & nhiét 6 28 °C trong 48 gid. Sau d6, mot khdi thach chira hé sgi nAm
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dang phat trién dugc dit vao tAm ciia ngin chira moi trudng PDA. Toan bo dia Petri
dugc boc kin bang 3 16p parafilm va tiép tuc nudi u trong toi & nhiét 4o 28 °C trong
4-5 ngay. Hoat tinh khang ndm duoc xac dinh dua trén hiéu qua e ché duong kinh
soi ndm cla cac hop chat hitu co dé bay hoi khuéch tan qua khong gian khong khi
bén trong dia.
2.2.5. Panh gia hoat tinh khang nim ciia cao chiét thé biang phwong
phap khuéch tan trén giéng thach

Phuong phap thu nhan cao chiét tho tir dich nudi cdy ngoai bao cta xa khuan
duogc tién hanh theo mé ta ctia Janardhan va cong sy (2014) [77]. Bao tir cta chung
xa khuan tiém ning duoc ciy vao 20 mL mdi truong PDB trong binh tam gidc dung
tich 50 mL véi toc do lic 200 vong/phut trong 4 ngay & 28 °C. Sau giai doan hoat
hoa, 10% (v/v) dich nudi cay duoc chuyén vao 200 mL méi trudng PDB méi véi toc
d6 lac 200 vong/phit trong 6 ngay ¢ 28 °C.

Sau qua trinh 1én men, dich nudi cay té bao dugc tach riéng bang phuong phap
loc va ly tdm & toc d6 10.000 vong/phut trong 30 phut & 4 °C. Céac hop chat ngoai
bao tir dich nuéi ciy duoc chiét xuat bang phuong phap chiét 1ong-1ong, str dung dung
moi ethyl acetate theo ty 18 1:3 (v/v) va dugc c6 dic bang may cd quay chan khong &
diéu kién 50 °C [77]. Cao chiét thé sau d6 duoc séy, can va bao quan ¢ 4 °C cho cac
thi nghiém tiép theo.

Hoat tinh khang ndm dugc danh gia bang phuong phap khuéch tan giéng thach.
Cao chiét tho duoc hoa tan trong dung dich dimethylsulfoxide (DMSO) 0,5% (v/v)
va diéu chinh dén néng d6 100 pg/mL, sau d6 bo sung vao cac giéng thach da chuan
bi sin. Dung mdéi DMSO khong chira cao chiét dugc sir dung 1am ddi chirng 4m. Cac
chung nam kiém dinh F. solani PAV1, R. solani PAV2 va C. gloeosporioides PAV3
dugc nudi cay trén moi trudng thach PDA & 28 °C cho dén khi hé soi phat trién dong
déu. Sau d6, mot khéi thach chia hé soi ndm dang sinh truéng duoc dat vao cac dia
moi truong PDA. Pong thoi, trén bé mit moi truong thach tién hanh tao cac giéng co
duong kinh khoang 6 mm va bo sung cao chiét tho. Tét ca cac dia dugc dem 0 & 28
°C va thi nghiém dugc ding khi ndm bénh moc bao phii toan dia ddi ching. Phan
tram e ché sinh trudng (GI) duoc tinh theo cong thirc ctia Wei va cong su (2020)
[75].
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2.2.6. Panh gia tic dong ciia cao chiét tho dén sy niy mam va hinh thai
ciia bao tir nAm

Hai ching nim gdy bénh sinh bao t nhu F. solani PAV1 va C.
gloeosporioides PAV3 duoc nudi cdy trén moi trudng thach PDA ¢ 28 °C. Sau
khoang 7 ngay, bao tir nAm dugc thu nhan bang cach rira bé mit khuan lac bang nude
ct vo trung va loc qua gac vo trung dé loai bo hoan toan soi nAm. M4t dd bao ttir duge
xac dinh bang phuong phap pha lodng va diéu chinh mat do vé muc khoang 10°
CFU/mL.

Tiép theo, cao chiét tho dugc bo sung vao méi trudng 1ong PDB chira huyén
phtl bao tir ndm sao cho dat ndng do cudi cing 13 20 pg/mL. Hon hop mai truong va
dich bao tir khong c6 cao chiét duge sir dung 1am mau ddi ching. Cubi cung, tit ca
cac mau dugce dem U ¢ 28 °C va kha ning nay mam ctia bao tir s& duoc kiém tra dudi
kinh hién vi quang hoc sau 16 - 24 gio nudi cay.

2.2.7. Phwong phap danh gia kha nang sinh enzym ngoai bao va IAA

Kha ning sinh enzym ngoai bao ciia ching xa khuan duoc xac dinh bang
phuong phép cdy trén méi trudng thach dia co bo sung co chat dic hiéu. Chung xa
khuan dugc cdy chim diém 1én bé mit cic moi trudng cé chira ngudn co chit twong
ung: 1% tinh bot (w/v), 1% carboxymethyl cellulose (CMC) (w/v) va 1% chitin (w/v).
Sau do, cac dia dugc 1 ¢ 28 °C trong 5 ngay. Sau thoi gian U, hoat tinh enzym dugc
xac dinh thong qua vong phan giai co chat xung quanh khuan lac.

Kha ning sinh IAA ctia chung xa khuan tiém ning dugc xac dinh bang phuong
phap so mau, sir dung thube thir Salkowski, co diéu chinh tir phwong phép cta Bano
va Musarrat (2003) va Abd-alla va cs. (2013). Ching xa khuan dugc nudi ciy trén
moi trudng ISP2 & 28 °C trong 5 ngdy dé thu sinh khéi hoat hoa. Sau d6, mot vong
ciy duoc chuyén vao moi truong long YIM38 c6 bd sung tryptophan nong do 10
mg/L nham cung cap tién chat cho qua trinh sinh tong hop IAA. Mau duoc nudi lac
¢ 28 °C voi tde do 120 - 150 vong/phit trong khoang 5 ngdy. Sau thoi gian nudi cdy,
dich nuéi duogc ly tim ¢ 10.000 vong/phit trong 10 phut dé thu dich ndi. Liy 1 mL
dich ndi phan tng véi 2 mL thude thir Salkowski va 0 trong tdi ¢ nhiét do phong
trong 30 phut. Sy xudt hién mau héng dac trung ching to su c6 mat cia [AA va dugc
xéac dinh bang cach do mat do quang tai budc song 530 nm bing may quang phd UV
- Vis [78, 79]. Ham lugong IAA dugc xac dinh dya trén duong chuan duoc xay dung

tir cac dung dich chun IAA véi ndng d6 khac nhau da biét.
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2.2.8. Panh gia kha ning kich thich niy mam cia hat giong

Kha ning kich thich sinh truéng thuc vét ciia chung PV1 ¢ giai doan ndy mam
dugc danh gia thong qua thir nghiém trén hat lta va hat nguu tit phuong phap dia
gidy loc, bao gom:

- Xur Iy bé mat hat giong: Cac hat gidng khoe manh dugc chon loc va tién hanh
khir tring bé mit bang cach ngam trong ethanol 70% trong khoang 1 phut, sau do
duogc rira lai bang nudc cit vo tring, tiép tuc ngadm trong dung dich 2% NaClO trong
3 phut, rira lai bang 70% ethanol trong 30 gidy. Cudi cung, hat dugc rira sach hoan
toan bang nudc cat vo trung 3 1an dé loai b du lwong héa chat [80].

- B6 tri thi nghiém: 60 hat gidng sau khi khtr tring bé mit dugc chia 1am 2 16:
L6 thi nghiém ngam véi té bao cua chung PV1 néng d6 108 CFU/mL trong nudc mudi
sinh 1y 0,85% (w/v). L6 d6i chtiing ngam trong nuwdc mubi sinh 1y vo tring, khong
chtra té bao trong 2 gid & nhiét d6 phong. Sau khi ngam, vét hat ra va dit 1én cac dia
petri vo trung da 16t sin gidy am. Cac dia dugc day kin, U trong toi ¢ nhiét do phong
va theo doi ty I¢ ndy mam cua hat. Thi nghiém duoc lap lai 3 lan.

2.2.9. Phuwong phap dinh danh xa khuin
2.2.9.1. Phan logi duwa trén dic diém hinh thdi

Pic diém hinh thai ciia cac chung xa khuan duoc khao sat bang cach nudi cay
trén moi trudong tiéu chuan ISP2 & nhiét do 28 °C. Qua trinh theo ddi dugc thuc hién
dinh ky sau cac khoang thoi gian 7, 14 va 21 ngay nham danh gia mau sac ciia khuan
ty khi sinh (KTKS), khuén ty co chat (KTCC) va kha ning sinh cac sic to tan. Viéc
phan loai mau sic dugc thuc hién theo phuong phap moé ta cta Shirling va Gottlieb
(1966) [81, 82].

2.2.9.2. Phén logi xa khudn dwa trén gidi trinh tw gen 16Sr RNA

DNA tong s6 cta cac chung xa khuan phan 1ap duoc tach chiét bang b kit
TracePure™ Nucleic axit (LabNova, Viét Nam), theo diing huéng dan ctia nha san
xudt. Ving gene 16S rRNA duoc khuéch dai bang phan tmg PCR sir dung cip moi
phd bién danh cho vi khuan bao gom 27F (5’-TAACACATGCAAGTCGAACG-3")
va 1429R (5’-GGTGTGACGGGCGGTGTGTA-3’). Phan ung PCR duogc thuc hi¢n
voi téng thé tich 25 uL chira hdn hop PCR Master Mix, cip mdi dic hiéu va DNA
khuén. Chu trinh nhiét dugc thiét 18p trén may luan nhiét bao g@)m: bién tinh & 95°C
trong vong 5 pht; tiép theo 1a 30 chu ky lap lai gom bién tinh ¢ 95 °C trong 1 phut,
gan moi & 55 °C. trong 1 phut, kéo dai chudi & 72 °C trong 5 phut; két thiic bang budc
kéo dai cubi cing & 72 °C trong 10 phit va giit mau & nhiét d6 4 °C.
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San pham PCR duoc kiém tra bang dién di trén gel agarose 1%, ddi chiéu voi
thang DNA chuan (Thermo Scientific, Hoa Ky) dé xac dinh kich thudc va do dic
hiéu. Céc san pham PCR dat chat lwong duoc gui dén First BASE Laboratories Sdn.
Bhd. (Malaysia) dé tién hanh giai trinh tu. Trinh tu gen 16S rRNA cua ching PV1
dugc so sanh véi cac trinh ty tuong dong trén ngan hang dir liéu GenBank bang cong
cu BLASTN. Céc trinh ty ctia cac chung chuin tham chiéu c6 d6 twong dong cao
duogc lua chon dé xay dung cay phat sinh loai. Trinh ty gen 16S rRNA duoc cin chinh
v6i cac chung chuan bang phan mém MEGA v.11 va cdy phat sinh loai dugc dung
theo phuong phap Neighbor-Joining véi mé hinh Kimura 2-parameter va kiém dinh
Bootstrap 1000 1an lap.

2.2.10. Giai trinh tw hé gen ciia chiing xa khuin tiém ning

DNA téng s6 cua chung xa khuan duoc tach chiét béng Kit theo nhu muc
2.2.9.2. DNA can c6 d6 tinh sach tot nhu ty 1€ OD2s0/280 khoang 1,8 dugc dinh lugng
bang cac phuong phap huynh quang nhu Qubit va kiém tra kich thudc bang hé thong
dién di mao quan dé dam bao phu hop cho budc xir 1y tiép theo. Sau khi chuén bi,
DNA dugc tién hanh phan manh khoang 150 - 300 bp bang Kit nham tao ra cac doan
¢6 kich thudec mong mudn. Qua trinh nay thudng dugc thyuc hién bang enzym trong
diéu kién @1 & 37 °C trong 20 phit dé cat DNA va sau d6 tang nhiét 1én khoang 65 °C
dé bat hoat enzym. Tiép theo 1a budc xir 1y dau va gan dudi A. Trong budc ndy, cic
enzym dic hiéu s& chuyén d6i cac dau DNA vé dang dau bang va bo sung mot
nucleotide adenine & dau 3°. Diéu nay tao diéu kién thuan loi cho viéc gan adapter ¢
budc tiép theo. Phan tng thuong duoc thuc hién theo hai giai doan nhiét do, vi du 20
°C trong khoang 30 phiit dé stra dau mut va 65 °C trong 30 phut dé hoan tat qua trinh
gén dubi. Sau khi DNA d3 duoc chuan bi dau mut, cac adapter dac hiéu cua h¢ th6ng
Onso s& duoc gan vao hai dau phan tir DNA thong qua phan tng ligation. Hon hop
phan g bao gdbm DNA da xur 1y, adapter, buffer va ligase, duoc i & khoang 20 °C
trong 20 phiit. Cac adapter ndy chira cac trinh ty can thiét & DNA c6 thé gin 1én flow
cell va dugc nhan di¢n trong qué trinh giai trinh ty. Sau budc ligation, thu vién DNA
duoc lam sach bﬁng hat tir. Qua trinh lam sach bao gém viéc thém hat tir vao mau, 0
dé DNA gén vao hat, sau d6 st dung nam cham dé tach hat ra khoi dung dich, rira
bang ethanol 80% va cudi cung 1a giai hap DNA trong dung dich dém phu hop. Thu
vién sau d6 duoc khuéch dai bang PCR nham ting s6 lwong phan tir DNA di cho qua
trinh giai trinh tuy. Cudi cung, thu vién DNA duoc kiém tra chat lugng va dinh lugng
trudc khi dua vao giai trinh tu. Néng do DNA duoc xac dinh bﬁng Qubit hodc qPCR,
trong khi phan bé kich thudc duge danh gia bang Bioanalyzer Thu vién dat tiéu chuan
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sau d6 duoc pha lodng dén ndng do yéu cau, xir Iy theo huéng dan cua hé théng va
nap lén flow cell ciia nén tang Onso d¢é tién hanh giai trinh ty.
2.2.11. Chii gidi va phan tich di truyén h¢ gen

Dir liéu giai trinh ty tho tir nén tang Onso PacBio dugc danh gia chat lugng
ban dau b@ing cong cu FastQC v0.12.1 dé xéc dinh cac chi sé vé doan doc, chat luong
base, ham lugng GC va sy hién dién cua cac trinh tu adapter. Dua trén bao cao chat
lugng, cac doan trinh tu dugce xtr Iy thong qua phﬁn mém Trimmomatic v0.39 & ché
d6 giai trinh ty cip. Quy trinh cét tia bao gdm viée loai bo céc trinh ty adapter quy
chuan va loai bo cac nucleotide c6 chat lwgng thdp ¢ ca hai dau ctia mdi read
(LEADING:3 va TRAILING:3). Cac tép dir liéu sau khi 1am sach duogc tai kiém tra
bang FastQC dé dam bao tinh toan ven va chat luong trudce khi tién hanh 1ap rap.

Qua trinh lap rap hé gen de novo dugc thyc hién phan mém Unicycler v0.4.8.
Do hoan thién cua lip ghép de novo duoc phan tich thong qua sir dung BUSCO v3.
Hé gen ciia chung tuyén chon duoc chu giai bang nén tang RAStk trén nén co so dit
liéu SEED két hop véi hé théng chu giai bd gen vi khuan Prokaryotic Genomes
Annotation Pipeline (PGAP) cua NCBI. Cac gen dugc phan loai theo chirc nang dya
theo co s¢ dir liéu GO (Gene Ontology) va COG (Cluster of Orthologous Groups)
thong qua cong cu EggNOG-mapper v1.0.3 [83]. Ngoai ra, cac gen chirc nang dugc
tham chiéu trén co s& dit liéu KEGG (Kyoto Encyclopedia of Genes and Genomes)
va ban d0 bo gen tao bang phan mém PATRIC [84, 85].

Céc gen ma héa cho céc protein lién quan dén sinh tong hop cac hop chat
chuyén hoa thr cap duoc du doan bang cong cu AntiSMASH [86]. Cac khung doc
mo (ORFs) sau d6 dwgc phén tich trinh ty bang cong cu tim kiém BLASTp véi
ngudng gié tri E-value < le-5, st dung céc trinh tu protein tham chiéu trong co s¢ dir
lidu. Cac trinh ty amino axit dugc giong hang véi cac thong sé mic dinh va két qua
c6 do twong dong cao nhat (dya trén ty 16 phan tram chiéu dai giéng hang va muc do
twong dong) dugc lya chon dé chi giai chirc ning cho cac gen dy doan. Toan bd cac
loai COG. Trinh tu hé gen chung tuyén chon dugc ding ky trén co s dit liéu Gen
Bank (NCBI) dua theo huéng dan ctia NCBI (https://www.ncbi.nlm.nih.gov).



2.2.12. Xir ly thong ké

MGi thi nghiém dwogc lap lai 3 1an. Dit liéu thuc nghiém duoc xt 1y bang
phuong phap théng ké sinh hoc trén nén tang phan mém Microsoft Excel 2016. Két
qua duoc trinh bay dudi dang gié tri trung binh + do 1éch chuan (Mean + SD). Xir Iy
thong ké bang tric nghiém Student sir dung phan mém Prism phién ban 9.0 (Graph
Pad Software). Gia tri p<0,05 duoc coi 1a c6 ¥ nghia théng ké.



Chwong 3. KET QUA VA THAO LUAN
3.1. Phén lap va tuyén chon cac chiing xa khuén ¢é dic tinh khang nim
Tir 5 mau dat ving ré cay sdm Ngoc Linh di thuc tai M Cang Chai, Yén Bai,
da phan 1ap duoc 8 chung xa khuan véi hinh thai khac nhau trén méi truong TWYE
(Hinh 3.1). Véi ham luong chét hiru co thip, TWYE han ché su phét trién nhanh cia
vi khuan va nim thong thuong va tao diéu kién thuan loi cho xa khuan phat trién. Sau
do6, cac chung dugc cay thuan va 1am sach trén moi trudng YIM38. Céc chung nay
thé hién sy da dang v¢é hinh thai mau sic khuén lac, kha nang sinh bao tr va kha nang

thich nghi tét trén cac moi truong nudi cay chuyén biét.

Hinh 3.1. Hinh anh minh hoa két qua phan lap xa khuin trén méi truong
TWYE

Kha niang dbi khang ctia 8 chung xa khuan phan 1ap duoc danh gia thong qua
phﬁn tram tc ché sy phat trién ciia hé soi nam R. solani PAV2 va F. solani PAV1
thong qua phuong phap noi cay dbi khang trén méi trudng thach. Két qua cho thay
cac chung xa khuén thé hién muc d6 dbi khang khac nhau ddi vai tung loai nam kiém
dinh, phan anh su khéac biét vé kha ning sinh tong hop cac hop chit khang nim gitra
céc chung. Chi tiét vé phan tram e ché sinh trudng cua timg ching d6i véi timg ddi

tugng nAm dugc trinh bay tai Bang 3.1.



Bing 3.1. Sang loc cac chiing xa khuin c¢6 kha ning trc ché nAim bénh

i Phin trim ic ché soi nim (%)
Ching xa khuan
R. solani PAV2 F. solani PAV1

PV1 28,5+ 3,9% 48,3 +5,8%
PV2 - -
PV3 - -
PVv4 18,1 +£2,2% -
PV5 - 58,7+ 7,2%
PV6 - -
PV7 - -
PV8 - 22,4 +5,9%

Ghi chu: (-) khong co hoat tinh khdang

Két qua Bang 3.1 cho thay c6 sy phan hoa 1 rét vé phd khang nim va hoat
tinh trc ché nam gitta cac chiing xa khuan viing ré cay saim Ngoc Linh. Trong 8 ching
phan 1ap, 4 chung thé hién kha ning khang it nhit mot tic nhan nim gay bénh (chiém
50%). Trong d6, ching PV1 cho kha niang khang dong thoi ca 2 ching nim gay bénh
14 R. solani PAV2 va F. solani PAV1 v&i phan trim tc ché hé soi trong tmg 1an luot
13 28,5% va 48,3%. Cac ching con lai chi tac dong 1én mot d6i twong ndm duy nhat.
Cu thé, chang PV4 cho kha ning tc ché R. solani PAV2 yéu, trong khi d6 PV5 va
PV8 khang F. solani PAV1 vé1 voi phén tram trc ché hé soi tuong trng dat lan luot 1a
58,7% va 22,4%. Do do, chung PV1 dugc lya chon lam doi tuong cho cac nghién cuiu
tiép theo nham lam 6 co ché khang nam.

Xa khuan cu tri trong dat ving ré cac loai sim thudc chi Panax 12 ngudn cung
cap cac hoat chat khang nAm tu nhién v6 cing tiém ning. Nam 2020 Peng va cong
su d4 phan 1ap duoc 42 chung xa khuan tir 12 mAu dat ving 1é cay sim P. notoginseng.
Trong d6 40/42 chung (chiém 95,2%) c6 kha niang khang nam va khang khuéan & cac
diéu kién nudi céy khéac nhau. Pac bi¢t, nghién ctru cua Peng cling ghi nhan nhiéu
chung c6 hoat tinh khang manh d6i véi F. solani, dién hinh 1a chung Streptomyces
viridosporus SYP-A7053 v&i duong kinh vong khang nam dat 11,8 mm [87]. Trong
mot nghién clru tuong ty vao ndm 2020, Tran Thi Hoa va cong su da phan 1ap thanh
cong 2 ching xa khuan Streptomyces sp. X12 va Streptomyces sp. NL2 ¢6 kha ning
d6i khang v&i Fusarium oxysporum gy bénh héo vang va R. solani giy bénh 1& cd
re [88].



Khéng chi gidi han trén d6i tugng sam, cac ching xa khuan c6 hoat tinh khang
nam manh con duoc tim thdy phd bién trong dat viing ré ctia nhiéu loai ciy duoc lidu
khac. Djemouai, N. va cong su (2022) da phan 1ap dugc 11 chung xa khuan tir dét
ving ré cdy thanh hao hoa vang (Artemisia herba-alba). Pic biét, ching
Streptomyces sp. BKS30 d6i khang manh véi hau hét cac loai vi nAm thir nghiém nhu
Aspergillus carbonarius, Penicillium expansum va F. oxysporum f. sp. albedinis [89].

3.2. Panh gia dic tinh khiang nim cia chiing xa khuin PV1
3.2.1. Panh gia kha niing d6i khang truc tiép nam bénh cia chiing xa
khuén PV1

Trong céac thir nghiém sang loc ban dau, ching PV1 thé hién hoat tinh déi
khang 1o rét v6i F. solani PAV1 va R. solani PAV2. Dya trén két qua nay, ching
PV1 duoc lua chon dé tiép tuc danh gia chi tiét kha nang khang 3 loai nAm giy bénh
thuc vat gdm F. solani PAV1, R. solani PAV2 va C. gloeosporioides PAV3 bang
phuong phap cay cham diém. Pay 1 nhiing tic nhan gay bénh quan trong trén nhiéu
loai cay trong, c6 kha ning gy anh huong dang ké dén ning suat va chéat luong nong
san. Viéc mé rong thir nghiém trén nhiéu ddi tugng ndm bénh khac nhau cho phép
danh gia toan dién hon pho hoat tinh khang nam ctia chung PV 1, dong thoi xac dinh
kha nang ing dung tiém ning ciia ching nay trong phat trién cac tac nhan kiém soat
sinh hoc. Két qua chi tiét duoc thé hién ¢ Hinh 3.2 va Bang 3.2.

Bang 3.2. Hoat tinh khang nam ciia chiing PV1

STT Chiing nam kiém dinh Phan trim e ché (GI, %)
1 F. solani PAV1 53,9 +£5,6%
2 R. solani PAV?2 22,4 +4,5%

3 C. gloeosporioides PAV3 81,9+ 0,6%




E solani PAV1

R. solani PAV2 C. gloeosporioides PAV3

Péi chirng

B e '. 4

—

GI (%)  539+5.6 224+45 81,9 + 0,6

Hinh 3.2. Hoat tinh ddi khang nim gay bénh ciia chiing PV1

Tuong tu nhu két qua sang loc trén, chung PV1 sé hitu phd khang twong doi
rong voi kha nang e ché déng thoi cd 3 chung nam kiém dinh. Pic biét, hoat tinh
dbi khang voi chung C. gloeosporioides PAV3 dat mirc cao nhat véi ty 1é phan trim
trc ché 13 81,9+ 0,6%. C. gloeosporioides 14 tac nhan chinh giy bénh than thu, thuong
tan cong va gy thiét hai nang né trén nhiéu loai cdy duogc liéu c6 gia tri cao nhu sim
Ngoc Linh. Chung ¢ kha ning thich nghi manh va thuong rat kho kiém soat, do do
két qua dat dugc cho thay tiém ning danh chu y cta chung PV1 trong viée kiém soét
bénh than thu.

Dbi voi cac tac nhan gy bénh & 1é, ching PV1 thé hién hoat tinh khdng ndm
& mirc trung binh v&i phan tram Ge ché dat 53,9 + 5,6% ddi voi ching F. solani PAV1
va 22,4 + 4,5% dbi v6i chung R. solani PAV2. Su chénh 1éch dang ké vé mic do dbi
khang giita cac chung nim giy bénh khac nhau cho thay tic dong ctia PV1 Ién céc
mam bénh c6 tinh chon loc. Su khac biét nay Xuat phat tur sy da dang cAu trac va
thanh phan vach té bao ciia cac loai nAm dan dén kha ning chdng chiu khac nhau
trudc cac chat chuyén hoa tha cip tir xa khuén.

Cac két qua nay ciing tuong dong voi nhitng cong bd gan day. Cu thé, phan
tram Grc ché F. solani PAV1 cua PV1 gan nhu twong duong v&i ching Streptococus
albus VCCM 2275 (52,8 + 5,3%) trong nghién ctru cia Quach Ngoc Tung va cong
su nam 2025 [90]. Pong thoi, kha ning e ché C. gloeosporioides PAV3 ctia PV1
(81,9 = 0,6%) ciing hoan toan phu hgp véi nghién ctru ciia Tianyan Yun va cOng su

(2025) khi danh gia hoat tinh khang nam cua chung xa khuan Streptomyces lydicus



6G-OA-10. Trong nghién ctru nay, nhom tac gia ciing ghi nhan 78,3% e ché nim C.
gloeosporioides [91].
3.2.2. Panh gia hoat tinh khang nim ciia dich nudi cdy chiing PV1

Két qua ddi khang truc tiép da ching minh chung PV1 c6 kha ning tc ché
manh mé& céc chung vi ndm gay bénh. Dé lam rd co ché dbi khang cua ching PV1 1a
két qua ctia qua trinh canh tranh vé dinh dudng, sinh cac chat khang nam hay enzym,
dich nuo6i céy di loai b6 té bao cua chung PV1 da dugc thu nhan va thir nghiém hoat
tinh khang 3 chiing nim va két qua duoc trinh bay ¢ Hinh 3.3.

Nong do dich nudi cay khong té bao (v/v)

Doi chitng 10% 20% 30%

A
F. solani PAV1 * \

58,1+ 3.1 58,5+ 4,2 50.8 + 6,1
R. solani PAV2 O O o
C. gloeosporioides

59.8+338 63,4 +7,1
PAV3

GI (%) 70,4 + 3,3 74,1 + 4,2 71,7+ 51

Hinh 3.3. Hoat tinh trc ché nAm ciia dich nudi ciy chiing PV1 ¢ cac nong do
khac nhau

Dich nudi cdy loai bo té bao ciia chung PV1 ¢6 kha ning kim ham su phat trién
hé soi cua cac chung vi nam thir nghi¢m. Hoat tinh doi khang nay phu thudc rd rét
vao ndng d6 dich nudi cdy str dung. O tat ca cac nong do khao sat, ching PV1 déu
thé hién hoat tinh khang manh mé& nhét dbi véi C. gloeosporioides PAV3 véi phan
tram trc ché dao dong tir 70,4 - 77,7% (Hinh 3.3). Dbi v6i hai chiing ndm gy bénh
vung ré, mirc do khang co6 thip hon nhung van dat phan trim tuong ddi cao. Cu thé,
& ndng do 30% phan tram khang F. solani PAV1 va R. solani PAV?2 dat 1an luot 59,8

+6,1% va 63,4 + 7,1%, tuong ng. Su khac biét vé mirc do rc ché su phat trién cua



soi ndm cho théy phé tac dong cia PV1 mang tinh chon loc, c6 thé lién quan dén su
khac nhau vé cau tric thanh té bao, thanh phan glucan - chitin va kha ning tac dong
ctia cac hop chét thir cap trong dich nudi ciy. Sy gia ting hoat tinh dbi khang theo
néng do dich nuoi céy khong chi khéng dinh sy hién dién cta cac hop chét ¢6 hoat
tinh khang nim do PV1 tiét ra ma con cing cb thém gia thuyét hoat tinh sinh hoc
thuong ty 18 thuan véi ndng do ché pham, phan anh hiéu tng cong gop hoic lidu dap
g clia cac metabolite thir cap.

Trén thé gidi, cac nghién ctru vé hé vi sinh vét ving ré cdy sdm thudc chi
Panax d ghi nhan nhiéu két qua kha quan trong viéc tim kiém cac chung dbi khang
tiém ning. So sanh v4i cac nghién ciru gan ddy trén hé vi sinh vat ving ré chi Panax,
két qua ctia ching PV1 ndm trong khoang gié tri twong duong hoic cao hon & mot sd
chung di cong bé. Cu thé, Qiu YuHao va cong su (2026) da phan lap duoc 43 chung
xa khuan tir dat ving ré cdy sam My (Panax quinquefolius L.), trong d6 c6 9 chung
thé hién kha nang khang dong thoi ca hai tic nhan gay bénh théi 1é 13 F. solani va F.
oxysporum. Dang chua y, chung Streptomyces murinus XF-3 dugc ghi nhan c6 hoat
tinh d6i khdang manh mé& nhét v6i F. solani va F. oxysporum lan luot 1a 76,67 + 1
,99% va 81,67 + 0,64% khi bo sung 10% (v/v) dich nudi cay [92]. Khong chi tac dong
dén cac nhoém vi nam gy bénh théi r&, dich nudi ciy cua cac chung Streptomyces
spp. ciing c6 tic dung trc ché manh mé sy phat trién cta cac ddi tuong vi nAm gay
bénh than thu trén 14. Trong nghién ctru cia Nguyén Thi Thiy Tién va cong su (2022),
dich nudi cdy ctia chung xa khuan Streptomyces murinus NARZ c6 kha nang tc ché
50% su phaét trién ctia nam Collectotrichum acutatum C1 sau 120 gid nudi cdy ¢ ndng
do 30% [93].

3.2.3. DPanh gia kha niing tong hgp cac chét bay hoi trc ché nAm bénh
Bén canh co ché tong hop hoat chét thir cip, cac hop chét hitu co bay hoi
(volatile organic compounds - VOCs) cling dong vai trd quan trong trong hoat tinh
trc ché ndm bénh ctia xa khuan. D¢ lam rd vai tro riéng biét ciia nhom hop chét nay,
thi nghiém nudi cdy dia thach 2 ngan da dugc tién hanh nham danh gia tac dong cua
VOCs trong diéu kién tach biét vat 1y gitta vi khuan va vi nAm thir nghiém. Két qua
duoc trinh bay tai Hinh 3.4.



E solani PAV1 R. solani PAV2 C. gloeosporioides PAV3

Poi chirng

PV1

Hinh 3.4. Kha niing trc ché nim bénh ciia cac hop chét hiru co bay hoi VOC

Két qua Hinh 3.4 cho thay hé soi 3 chung ndm thtr nghiém khong bi trc ché
bai cac hop chat hitu co bay hoi VOCs tir ching PV 1. Diéu nay cho thdy VOCs khong
dong vai tro chinh trong hoat tinh khang ndm cua ching PV1 trong diéu kién khao
sat. Két qua nay goi ¥ rang, ching PV1 nhiéu kha ning e ché ndm bénh nho kha
nang sinh cac hoat chét tha cép hodc cac enzym ngoai bao nhu chitinase. Do do, viéc
1am 1 cac cum gen lién quan dén sinh tong hop cac hop chat thir cap va cac gen ma
héa enzym thuy phén trong hé gen cua PV1 dong vai tro quan trong trong viéc gii

thich co ché di truyén cua hoat tinh khang nim quan sat duoc.

3.2.4. Danh gia hoat tinh khang nim caa cao chiét thd

Mac du dich nudi céy ctia ching PV1 thé hién rd hoat tinh khang nam, tuy
nhién dich nuéi ciy 1a hdn hop ctia nhidu thanh phan chuyén héa phire tap khac nhau.
Vi vy, dich 1én men dugc tach chiét bﬁng ethyl acetate va thu nhéan cao chiét tho
nham danh gia hoat tinh khang ndm ctia nhoém hop chit c6 hoat tinh sinh hoc, dic
biét 14 cac hop chét c6 kha ning hoa tan trong dung méi hitu co. Hoat tinh khang nim
cta cao chiét thé duoc xac dinh bang phuong phap khuéch tan trén giéng thach. Két
qua dugc trinh bay ¢ Hinh 3.5.



E solani PAV1 R. solani PAV2  C. gloeosporioides PAV3

—
= \

PV1

GI (%) 22,65, 72,535 76,2 +1,7

Hinh 3.5. Khi niing khang nim ciia dich chiét thé ching PV1 néng d¢ 100
pg/mL

Két qua Hinh 3.5 cho thiy ¢ cac dia d6i chimg hé soi cua cac ching ndm déu
phat trién tét. Khuan lac lan rong theo hinh tron dong tim tir diém cdy ban dau va hé
so1 bao phu toan bo bé mat dia céy. Nguoc lai, ddi véi cac dia thi nghiém duogc xur 1y
v6i cao chiét tho PV1, hé sgi ndm bi kim ham phat trién. Thay vi lan rong, hé soi ndm
bi ép thanh mot khdi nho, dic va co cum & chinh gitra dia thach. Nhiing bién d6i vé
mit hinh thai hé soi nAm quan sat dugc trén cac dia thach hoan toan déng nhét véi
cac két qua vé phan tram trc ché.

Cu thé, cao chiét thd chimg PV1 ¢ ndng d6 100 pg/mL c6 kha nang kim ham
manh mé& nhat d6i v6i ndm gay bénh than thu C. gloeosporioides PAV3 va bénh 1&
cO & R. solani PAV2 véi phﬁn tram e ché tuong tng lan luot 14 76,2 £ 1,7% va 72,5
+ 3,5% (Hinh 3.5). Trong khi d6, hoat tinh ddi khang ddi voi F. solani PAV1 chi dat
22,6 + 5,1%. Diéu nay cho that su khac biét 1o rét vé murc do nhay cam giira cac loai
nim kiém dinh.

Su chénh léch nay co thé lién quan dén su khéac biét vé cdu trac thanh té bao
va thanh phan héa sinh cua vach té bao giita cac loai ndm, dic biét 1a ty 1¢ chitin,
glucan va cac protein ciu tric, tir d6 anh hudng dén kha nang tiép can ciing nhu phod
tac dong cua cac hop chat khang nam trong cao chiét. Ngoai ra, kha ning dap tng
thap ctia F. solani PAV1 ciing c6 thé lién quan dén co ché khang tu nhién tét hon cua
loai nAm nay d6i véi mot s6 nhom hop chit thir cap trong cao chiét.

So sanh voi két qua tir dich nuéi cay tho ban dau, c6 thé nhan thiy hoat tinh

dbi khang dbi v6i F. solani PAV1 giam dang ké sau qua trinh chiét xuit bang ethyl



acetate. Su suy giam ndy goi y rang cac thanh phan tham gia tc ché F. solani PAV1
c6 thé khong hoan toan nam trong phan doan tan trong ethyl acetate, ching bi mat
hodc giam hoat tinh trong qua trinh ¢6 quay va thu hdi dung méi. Bén canh d6, hoat
tinh khang ndm ban dau cua dich nudi cdy c6 thé khong chi do cac hop chét chuyén
hoa thtr cdp, ma con lién quan dén cac thanh phan c6 ban chat protein hoic peptide,
bao gdm enzyme ngoai bao (nhu chitinase) va cic peptide khang khuan. Cac thanh
phan nay thuong c6 tinh nhay cam cao véi diéu kién xir Iy nhu nhiét d6 cao va ap
suat giam trong qua trinh c6 quay. Do dé c6 thé bi bién tinh hodc mét hoat tinh sinh
hoc, dan dén su suy giam ro rét hi¢u qua Uc ché khi so sanh véi dich nuéi céy ban
dau.

Két qua nay c6 nhiéu diém tuong ddng véi cong bd ciia Qiu YuHao va cong
su (2026) vé ching Streptomyces murinus XF-3 phan lap tir cdy sam My. Trong
nghién ciru ndy, cao chiét tho tir dung mai ethyl acetate dat nong d6 98 mg/mL di tao
ra cac vong khang nam rd rét voi F. solani va F. oxysporum 1an lugt 12 37,28 + 1,32
mm va 36,64 + 0,14 mm, twong (mg. Bang phuong phéap sic ky cot va quang phd
NMR di xac dinh dugc chat chuyén hoa khang nam cot 16i ciia XF-3 13 actinomycin
D véi gia tri ECso 1 2,08 pug/mL va 11,48 ug/mL d6i v6i hai tac nhan gy bénh F.
solani va F. oxysporum, tuong tng [92].

Céc két qua thu dugc cho thay, hoat tinh khang ndm cua chung PV1 khong
d6ng nhat giita cac loai nAm kiém dinh, phan anh tinh phirc tap trong co ché tac dong
cua ching nay. Su khac biét 10 rét gitta F. solani PAV1 so v6i C. gloeosporioides
PAV3 va R. solani PAV2 cho thay ching PV1 c6 thé dong thoi sinh tong hop nhiéu
nhém hop chéat hodc yéu td sinh hoc véi pho tac dong va muic d6 6n dinh khac nhau.

3.2.5. Panh gia kha niing e ché niy mam bao tir nim ciia cao chiét thd
ching PV1

Trong chu ky gdy bénh ctia ndm, su ndy mam cta bao tir 1a giai doan khoi
ngudn quan trong nhét cho qua trinh xAm nhiém vao mé thyuc vat. Trén thé gidi da co
nhiéu nghién ctru chting minh cac hop chét chiét xuat tir xa khuan c6 kha nang wrc ché
su ndy mam bao tir nAm bénh. Trén co s d6, hai ching ndm gay bénh 1a F. solani
PAV1 va C. gloeosporioides PAV3 duoc st dung dé danh gia tac dong cua 20 pg/mL

cao chiét tho dén kha ning nay mam ciia bao tir. Két qua dugc trinh bay ¢ Hinh 3.6.



FE solani PAV1 C. gloeosporioides PAV3

Hinh 3.6. Tac dong ciia 20 pg/mL cao chiét thd t6i sy ndy mam bao tir chiing F.
solani PAV1 va C. gloeosporioides PAV3 dwoc quan sat duéi kinh hién vi
quang hoc do phong dai 100X

O cac miu d6i chimg, ca hai chung ndim PAV1 va PAV3 ndy mam ciing nhu
c6 sy phat trién tdt trén moi trudng PDB. Hau hét cac soi nam phat trién kéo dai, tao
thanh mang ludi hé sgi day dic, dan xen 1an nhau. Nguoc lai, sy hién dién cta cao
chiét PV1 v6i nong d6 20 pg/mL di gy ra nhitng tac dong trc ché rd rét 1én chu ky
sinh trudng ctia bao tir nAm (Hinh 3.6). Cu thé, dbi v6i F. solani PAV1 ty 1& ndy mam
ctia bao tir suy giam nghiém trong. Mot s it bao tir ndy mam nhung soi ndm chi phat
trién duoc mot doan ngén, diéu ny chimg t6 cac hoat chét trong cao chiét ciia chiing
PV1 da tc ché qua trinh kéo dai soi nim. Tac dong tc ché ciing thé hién 16 rét d6i
v6i bao tir cua C. gloeosporioides PAV3, qua trinh ndy mam cua bao tir duong nhu
bi trc ché hoan toan. Phan 16n cac bao tir déu o trang thai ngii va khong nay mam,
chimg t6 PV1 di tiét ra cac hop chit @rc ché qua trinh niay mam ciia bao tir.

D3 c6 nhiéu cong bd trén thé gidi ghi nhan kha ning khang nim manh mé cua
cao chiét cac loai xa khuan. Dién hinh, nghién ctru ctia Dengfeng va cong su (2021)
da ghi nhan anh huong cao chiét tir chung Streptomyces huiliensis SCA2-4T dén su
nay mam cua bao tir ndm F. oxysporum f. sp. cubense Tropical Race 4. Trong diéu
kién ddi chung, ty 18 ndy mam dat 94,33 + 2,08%, tuy nhién ty 1& ndy giam xubng
con 8,09% khi xir 1y v6i cao chiét SCA2 - 4T. Bén canh d6, nghién ciru cling chi ra
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rang cao chiét tir xa khuan ciing lam thay d6i cau tric té bao nam véi cac dic trung
nhu thanh té bao va mang té bao trd nén khong déu va day 1én; nhiéu bao quan nhu
nhan va khong bao bi phd v&; cau trac ty thé bi ton thuong nghiém trong [94]. Ngoai
ra, Evangelista-Martinez va cdng su (2020) cling da minh chuing chung Streptomyces
CACIS-1.5CA ¢6 kha niang tc ché manh sy ndy mam cta nhiéu bao tir nAm nhu
Colletotrichum sp., Alternaria sp., Aspergillus sp., Botrytis sp., v6i hiéu suat trc ché
1én téi 92 - 100% sau 22 gio nudi cy [95].

3.2.6. Kha niing sinh tong hop enzym ngoai bao ciia chiing PV1

Kha ning tiét enzym ngoai bao 13 mot trong nhitng dic diém quan trong giup
xa khuan thich nghi va canh tranh véi nam bénh trong moi truong dat, dic biét 1a
ving 1& cay trong. Két qua danh gia hoat tinh enzym ngoai bao dugc trinh bay ¢ Bang
3.3 va Hinh 3.7

Bang 3.3. Kha nang sinh enzym cua chung PV1

Lo Pwong kinh vong phan giai (D-d,
Enzym ngoai bao
mim)
Amylase 17,67 £ 1,53
Cellulase 21,33 £ 3,06
Chitinase 36,67 £ 2,08

Két qua Bang 3.3 cho thdy chiing PV 1 ¢6 kha ning sinh chitinase, cellulase va
amylase, thé hién bang cic vong phan giai xung quanh khuan lac. Trong s cic enzym
duoc khao sat, chitinase thé hién hoat tinh manh nhét véi duong kinh vong phan gia
la 36,67 + 2,08 mm, cao gép 1,7 14n so véi hoat tinh cellulase (21,33 £3,06) va gép
hon 2 1an so vé6i hoat tinh ciia amylase (17,67 + 1,53). Két qua nay phu hop vdi cac
nghién ctru dd cong b vé cac chung xa khuan ving ré c¢6 kha ning tiét da dang enzym
ngoai bao nhu chitinase, cellulase va protease. Cac enzyme nay khong chi dong vai
trd quan trong trong qué trinh phan giai chat hiru co trong dat, ma con gép phan tc
ché su phat trién cua cac vi sinh vat gay bénh thuc vat. Dac biét, hoat tinh enzym
chitinase cao ctia PV1 con cho thay tiém niang tng dung trong kiém soat sinh hoc

nam bénh gay hai, thong qua viéc phé v& cau tric chitin ctia vach té bao nam.



Hinh 3.7. Hoat tinh phén giii co' chit trén dia thach ciia chiing PV1
A: Chitin; B: CMC; C: Tinh bot

Chitin 14 thanh phan chinh c4u tao nén vach té bao ciia hau hét cac loai ndm
gdy bénh. Vi vay, cac vi sinh vat ¢6 kha nang sinh chitinase thuong dugc xem la tac
nhan d6i khang sinh hoc tiém ning, cho phép chung phan hiy thanh té bao cia cac
chung ndm giy bénh va phd v& cau trac sgi nim.

Trén thé gi6i, nhiéu nghién ctru da cong bd vé cac chung xa khuan ving ré c6
kha ning sinh sinh enzym chitinase va thé hién hoat tinh khang nim manh. Theo
nghién ctru cia Meriem Gasmi va cong sy (2019), khi phéan lap cac ching xa khuan
sinh chitinase tir dat cat ban kho han tai Algeria da ghi nhan rang 100% cac chung
phan 1ap c6 kha nang phan giai chitin dang keo & diéu kién pH trung tinh va nhiét do
dao dong tir 30 - 40 °C. Cac chung nay chu yéu thudc cac chi Streptomyces va
Micromonospora, trong dé mot $6 ching thé hién hoat tinh chitinase manh ngay ca o
nhiét d¢ cao. Hoat tinh khang nam dugc chirng minh c6 lién quan chat ché dén su
hién dién cua céc gen chitinase thudc ho glycosyl hydrolase 18 (GH18) [96]. Tuong
tu, mot nghién ctru gan day ciing da ghi nhan cac chung thudc loai Streptomyces albus
c¢6 kha ning sinh chitinase manh va thé hién hoat tinh trc ché dang ké ddi véi cac loai
nam gay bénh thuc vat nhu Fusarium graminearum, Rhizoctonia solani [97]. Nhiing
két qua nay cang cung cd vai trd cua chitinase nhu mot yéu td then chét trong co ché
d6i khang nam cua xa khuan.

Bén canh chitinase, cac enzym ngoai bao khac nhu cellulase va amylase cling
dong vai tro quan trong trong hé sinh thai dit. Ching phéan giai cellulose va thanh
ngudn carbon cung cp cho sinh trudng ddng thoi gitp vi khuan tan dung ngudn tinh
bot tir ré va xac ba thuc vat gop phan nang cao kha ning sinh truong. Theo béo céo
ctia Chu Thanh Binh (2024), chung xa khuan S. thermocarboxydus MIP_GN36 phan
1ap tir dat vung ré cdy gung c6 kha ning sinh tong hop cellulase ngoai bao manh mé.
Trong diéu kién nudi cay tdi uu c6 bd sung 1,5% CMC, hoat tinh enzym cua ching
dat 22,5 U/mL sau 120 gio nudi cdy [98].


https://link.springer.com/article/10.1007/s13213-018-1426-z?utm_source=chatgpt.com#auth-Meriem-Gasmi-Aff1-Aff2
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3.3. Nghién ctru tiém ning Kich thich sinh truéng thuwe vt ciia chiing PV1

3.3.1. Danh gia kha nang sinh indole - 3 - acetic axit

IAA 13 mét phytohormone quan trong thuéc nhém auxin, déng vai tro chii chbt
trong viéc kich thich sy phan chia té bao va phat trién hé ré cia thyuc vat. Kha ning
sinh tong hop IAA cua ching PV1 dugc danh gia dinh luong qua cac moc thoi gian
24, 48 va 72 gio, trong diéu kién c6 va khong c6 bd sung tién chét L-tryptophan. Két
qua cho thiy ching PV1 c6 kha ning sinh tong hop IAA ngay ca khi khong bo sung
tién chat, véi ham luong dao dong tir 1,4 - 1,9 pg/mL (Hinh 3.8). Tuy nhién, khi méi
truong duoc bd sung L-tryptophan lugng IAA gia ting mot cach manh mé. Cu thé,
ham luong TAA dat 5,45+ 0,32 pg/mL & 24 gio va dat dinh cyc dai ¢ mdc 48 gio voi
gia tri 6,9 + 0,17 pg/mL. Sau 72 gid, ham lugng IAA c6 xu huéng giam nhe xudng
con 6,48 + 0,02 pg/mL, c6 thé do su can kiét dinh dudng hodc tién chét trong qua
trinh 1én men. Két qua nay khang dinh qua trinh tong hop IAA ciia ching PV1 phu
thudc 16n vao con duong IpyA. Bén canh d6, con dudng IAM va TAM ciing c6 thé

dién ra nhung chi c6 mot so loai xa khuan dugc ghi nhan 1a c6 cadc gen ma hoa 2 con

duong nay.
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Hinh 3.8. Kha ning sinh tong hop IAA ciia chiing PV1
Ghi chii: - Tryptophan: Khéng bé sung Tryptophan
+ Tryptophan: C6 bé sung Tryptophan

Theo nhiéu nghién ctru, cac chiing Streptomyces séng trong dat vang ré c6 kha
nang san sinh IAA va thuc day su phat trién cia ciy trong. Trong mdi trudng ty nhién,
vung ré lién tyc bai tiét ra cac chét hitu co, trong d6 c6 tryptophan.  Tryptophan
dong vai tro 13 tién chit tham gia vao qué trinh sinh tong hop IAA & vi sinh vat. Kha
nang sinh tong hop IAA ciia ching PV1 tuong ddng v6i nhiéu nghién ciru trude day

vé cac dong xa khuan vung ré. Cu thé, nghién ctru cua Khamna va cs. (2009) cac



4

chung Streptomyces phan 1ap tir ciy duogc liéu ¢ Thai Lan c6 kha ning sinh tong hop
IAA v6i ham luong dao dong tir 5,5 dén 144 pg/mL. Pang chu y, chang Streptomyces
CMU-H009 phan 1ap tir dat ving ré cay sa cho kha ning sinh tong hop IAA 18n toi
144 pg/mL [99]. Mic du, kha nang sinh tong hop IAA cta chung PV1 thap hon so
v6i mot sé chung dd cong bd, nhung sy gia ting ham luong rd rét khi bd sung
tryptophan mé ra tiém ning 16n trong viée toi wu hoa diéu kién nudi cdy hodc phdi
hop véi cac tién chat khac dé nang cao hiéu qua sinh téng hop IAA.

3.3.2. Panh gia kha niing kich thich niy mam cia hat giong

Bén canh kha ning sinh téng hop IAA, tiém ning kich thich sinh truéng thuc
vat ciia ching PV1 con duoc danh gia théng qua ty 16 ndy mam cua hat gidng cdy lua

va nguu tat. Két qua duoc ghi nhan ¢ Hinh 3.9 va Hinh 3.10.

Doi chirng Thi nghiém
90
80

B } —

B Déi chirng
mPV1

Ty 18 nay mam (%)

3 ngay 5 ngay 7 ngay

Hinh 3.9. Hinh minh hoa (A) va kha nang kich thich nay mam cia chung PV1
trén hat Iia (B)

Két qua Hinh 3.9 cho théy chung xa khuan PV1 ¢6 anh huong tich cuc dén su
nay mam cia hat lua. Ngay tir ngay thtr 3 sau khi gieo hat, 16 thi nghiém khi duoc xir
Iy v6i chimg PV 1 di ghi nhan ty 1& nay mam dat 35,6 + 2,2%, cao gap khoang 1,6 lan
so v6i 16 ddi chimg (21,7 + 11,7%). Diéu nay ching t6 ching PV1 giup hat pha v&
trang thai ngti dong nhanh hon. Xu huéng nay tiép tuc duoc duy tri véi cac mébc thoi
gian tiép theo. Cu thé, vao ngdy tht 5 ty 16 nay mam ting nhanh chéng, dat 72,2 +
1,1%, trong khi 16 dbi chimg chi dat 55,0 + 5,0%. Dén ngay tht 7, ty 1é ndy mam cia
hat ¢ 16 thi nghiém dat t61 84,4 = 1,1% nhung 16 ddi ching chi durng lai & muc 66, 7

+ 6,7% (Hinh 3.9). Bén canh viéc gia ting ty 1 nay mam, chét luong mam & 16 xtr Iy
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v6i PV1 ciing dugc cai thién. Quan sat thyc nghiém cho thay ré mam va ch6i mam
phat trién tot hon véi xu huéng dai va dong déu hon so véi 16 ddi chimg.

Dé danh gia phd tac dong kich thich sinh truéng cia chung PV1, thir nghiém
tiép tuc dugce danh gia trén dbi tuong cay duogc lidu 1a nguu tat. Két qua Hinh 3.10
cho thiy ching PV1 ciing thé hién kha ning kich thich ndy mam trén ddi teong nay.
O méc thoi gian sau 3 ngdy, ty 16 ndy mam déu twong duwong nhau khoang 13,3% &
ca 2 16 dbi chtng va thi nghiém. Nguyén nhan do céu trac 16p vo cua ching kha day,
do d6 can thoi gian ngdm nude dai hon dé bt ddu qua trinh trao d6i chat bén trong
phéi. Tuy nhién, bit dau tir ngay tht 4, khi 16 xr Iy véi PV1 dat ty 16 nay mam 33,3
+ 3,3% thi 16 d6i chung chi dat 24,4 + 1,9%. Vao ngay tht 5, dudi tac dong cua cac
chét chuyén héa tir PV1 di gitip ty 16 nay mam & 16 thi nghiém dat 51,1 + 6,9%, cao
gap 1,5 1an so vai 16 ddi ching (33,3 + 6,6%). Ngoai ra, chat luong mam cia hat nguu
tat cling duoc cai thién dang ké so véi 16 dbi chirng. Quan sat trén cac dia thyc nghiém
cho thiy & 16 ¢6 bd sung PV1 ré mam bung ra khoi vo to, khoe va chiéu dai vuot troi

so voi cac dia doi ching.

Doi chirng Thi nghiém
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Hinh 3.10. Hinh dnh minh hoa (A) va két qua kich thich niy mam ciia chiing
PV1 trén hat nguu tit (B)
Céc két qua nay cho thay chiing PV 1 c¢6 kha nang thic day qué trinh ndy mam
va sinh truéng ban dau cua cay trong, dic biét trong giai doan cay con. Co ché tac

dong c6 thé lién quan dén qua trinh san sinh ra cac chat diéu hoa sinh truong nhu IAA
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va cac enzym ngoai bao. Su két hop giita san sinh IAA va hoat tinh enzym ngoai bao
tao nén mot co ché tac dong kép: vira kich thich tryc tiép sinh truéng thyc vat thong
qua diéu hoa hormone, vira cai thién méi truong dinh dudng xung quanh ré théng qua
phan giai cac hop chat hitu co phirc tap. Piéu nay dic biét quan trong trong diéu kién
dat ngheo dinh dudng hodc chiu stress sinh hoc va phi sinh hoc, khi cay tréng can sy
hd tro tir hé vi sinh vat ving ré dé duy tri ting trudng 6n dinh.

Két qua nghién ctru nay phu hop véi nhiéu cong bd trude diy vé vai tro cua
xa khuén trong kich thich sinh truéng thuc vat thong qua co ché sinh IAA. Cuy thé,
trong nghién ctru cua Krisana Lasudee va cong sy (2018) da ching minh ching S.
thermocarboxydus S3 c6 kha nang kich thich sinh trudng trén cay Vigna radiata va
Oryza sativa thong qua viéc san sinh IAA. Viéc ting sinh truéong dugc thé hién qua
su gia ting chiéu dai ré, sinh khdi tuoi va kha ning thich nghi véi cac diéu kién bat
loi ciia moi trudng nhu thiéu dinh dudng hodc han han [100]. Mot nghién ciru khac
cua Khamna va cong sy (2009) cling da ghi chung Streptomyces sp. CMU-H009 phan
1ap tir ving 1& cdy nhan kha nang tong hop IAA cua cay duoc liéu c6 kha nang sinh
ra 300 mg/L IAA trong diéu kién bo sung 2 mg/mL L-tryptophan. Dich tiét ctia chiing
nay truc tiép 1am tang ty 16 ndy mam va chiéu dai ré ciia cac d6i tuong thir nghiém
nhu ng6 va dau dia [101].

3.4. Pinh danh chiing xa khuin PV1
3.4.1. Phan loai dua trén dic diém hinh thai

Str dung phuong phap phan loai truyén théng cua ching xa khuan PV1 dya
trén ddc diém hinh thai cua chung. Ching PV1 duoc nudi cdy phat trién trén moi
truong thach so ban ISP2 trong 96 gior & 30 °C dé quan sat dac diém hinh thai va mau
sac khuan lac. Sau 4 ngay nudi ciy, khuan lac ctia chung PV1 ¢6 mau vang nhat khi
chua hinh thanh bao tir, bé mat 16i, kho va khuan lac mau trang hong khi hinh thanh
bao tr (Hinh 3.12A). Mic du hinh thai hoc van 13 mot dic diém quan trong can xem
xét khi dinh danh chung nhung né khong di dé phan biét giita nhiéu loai.

3.4.2. Phan loai bang phén tich trinh tw gen 16S rRNA

Pé phan loai chung PV1, nghién ctru giai trinh ty va phan tich trinh tu 16S
rRNA da duoc thuc hién. DNA téng s6 ciia PV1 dugc tach chiét béng Kit va cho mot
bing DNA 13 nét trén gel agarose 1%. Mau DNA nay duogc st dung lam vat liéu di
truyén nham khuéch dai gen 16S rRNA va san pham PCR khuéch dai gen 16S rRNA
cho bang ro nét vai kich thude khoang 1500 bp twong tng véi kich thudc mong doi.
San pham PCR thu duoc trong thi nghiém 1a déc hiéu va dap tng tiéu chuan dé tinh
sach DNA. San phém PCR tinh sach dugc gui téi First BASE Laboratories Sdn. Bhd.
(Malaysia) dé giai trinh tu.
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Hinh 3.11. Pién di d6 sian pham PCR khuéch dai gen 16S rRNA ciia chiing
PV1 trén gel agarose 1%. M: thang DNA chuan 1 kb

Trinh ty gen 16S rRNA cua ching xa khuan PV1 ¢é kich thudc 1536 bp va
duoc so sanh véi céc trinh tu tham chiéu trén co s& dit liéu GenBank béng cong cu
BLASTN. Poan gen ndy c6 mic tuong dong vai cac trinh tu trén NCBI > 99% va ¢6
do dai doan so sanh dat 97% so vai cac chung thude chi Streptomyces dugc ddi chiéu
trén Ngan hang dit liéu gen NCBI nhu Streptomyces globosus LMG 19896 (99,6%),
Streptomyces toxytricini NBRC 128237 (99,53%) va Streptomyces toxytricini NRRL
B-5426" (99,53%).

Phan tich cdy phat sinh ching loai ciing cho thay ching PV1 nam trong ciing
mot nhanh véi cac lodi trén véi gia tri bootstrap 64%, ching to mdi quan hé di truyén
gan giii va dang tin cay. Ngoai ra, PV1 ciing c6 quan hé phat sinh voi cac loai khac
nhu Streptomyces katrae va Streptomyces flavotricini, tuy nhién khoang cach di
truyén xa hon. Nhom cac loai Streptomyces tao thanh mot nhanh riéng biét va tach
biét rd rang véi chi Kitasatospora, khang dinh vi tri phan loai ctia chiing nghién ctru.

Két hop két qua phan loai hinh thai va phuong phap phan tich trinh ty 16S
rRNA, chung PV1 nhiéu kha ning thudc loai Streptomyces globosus. Trinh ty gen
16S rRNA dugc dang ky trén GenBank v6i ma s6 PZ146952. Bé khang dinh chinh

xac két quia phan loai trén, cong nghé giai trinh ty hé gen can duoc tién hanh.
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Hinh 3.12. Dic diém hinh thai khuan lac (A) va ciy phat sinh loai thé hi¢n mdi
quan hé di truyén giira chiing PV1 va céc chiing xa khuin tham chiéu dya trén
trinh tw gen 16S rRNA (B)

3.5. Giai trinh tw va phan tich diic diém di truyén hé gen lién quan dén cac
hop chiat khang nam ciia chiing PV1
3.5.1. Giai trinh tu, 1ip rap va cha gidi h¢ gen chiing PV1

Pé dam bao hiéu qua clia qud trinh giai trinh ty hé gen, miu DNA tong s6 tir
chung PV1 dugc tach chiét bang bo kit chuyén dung. Sau khi tach chiét, chat luong
DNA duoc dénh gid nghiém ngit qua hai budc kiém tra. Pau tién, két qua dién di
trén gel agarose 0,8% cho théy DNA c6 dg nguyén ven cao, bang dam, sdc nét, khong
bi dut gy va hoan toan sach RNA. Nong d6 DNA dugc xac dinh bang may Qubit
fluorometer theo huéng dan ctia nha san xuét, dat 33 ng/uL. Do tinh sach cuia DNA
duoc danh gia bd sung bang may NanoDrop thong qua ty 16 hap thu Aaso/Asso, dat gia
tri 2,0. Cac thong s6 vé ndng d6 va chat luong cho thdy miu DNA thu duoc hoan
toan dap tng tidu dé tién hanh giai trinh ty. Thu vién DNA chuan bi cho h¢ thong
Onso (PacBio) sau buéc QC dat ndng d6 23 ng/uL.

Du liéu thd thu nhan tir hé théng Onso PacBio dugc phan tich va chtra
3.447.515 doan doc, 517.127.2250 bp véi chiéu dai cac doan doc dao dong tir 35 —
151 bp va ty 1& GC dat 71,5%. Str dung phan mém tinh sach dé loai bo cac doan doc
16i, cac trinh tu trung 13p va cac trinh tu gan d tao ra tép dit liéu c6 3.255.939 doan
doc véi 485.237.570 bp, ty 1¢ GC dat 71,7%. Biéu d6 chat luong base tao bai phan
mém FastQC duoc str dung dé kiém tra chat lugng tong thé cua dit liéu duoc tao ra.
Biéu d6 nay cho théy pham vi gia tri chét lugng & mdi chu ky. Céc truc X va Y lan
luot 14 s6 chu ky va diém chat luong phred. Diém chét lugng phred 20 c6 nghia 1a d6



chinh x4c 99% va cac doan doc c6 diém chat lugng trén 20 thuong duoc coi la chét
luong tot (Hinh 3.13). Két qua cho thiy chét luong base ctia mau PV1 kha t6t va du
dé tién hanh buéc 1ap ghép de novo.
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Hinh 3.13. Biéu @6 chit lwong co sé dwoe tao béi FastQC thong qua dir
liéu tho cua doan doc 1 (A) va 2 (B)

Lép rap de novo 1a mot 1a mot phuwong phap xay dung trinh ty hé gen sinh vat
tur céc trinh ty tho da duogc giai ma khong can dya vao trinh tu hé gen tham chiéu. Do
vay, phan mém Unicycler v0.4.8 d3 duogc sir dung voi cac thong sb t6i uu dé 1ap rap
de novo. Hé gen ching PV1 duoc lip rap de novo bang Unicycler véi két qua gdm
307 contig va hé gen thiang. Két qua danh gia BUSCO cho thay mtc d6 hoan chinh
ctia hé gen kha cao. Cu thé, trong tong sé 148 nhém BUSCO duoc khao sat, c6 146
BUSCO hoan chinh va ton tai dudi dang ban sao don chiém 98,1%. Diéu nay cho
thiy phan 16n cac gen bao thu da dugc 1ap rap ddy du trong hé gen. Pang chu ¥, khong
phat hién BUSCO tring lip (0%) cho thiy qua trinh ldp rap hé gen it xay ra hién
tugng 1ap doan. Nhin chung, véi ty 16 BUSCO hoan chinh dat gin 98,1%, chat luong
bod gen lép rap la tdt va c6 d6 hoan chinh cao, du tin cay dé sir dung cho cac phan tich
tiép theo. Hé gen PVI dugc diang ki trén DDBJ/ENA/GenBank voi mi sb
JBVQCE000000000 (Phu luc 2).

Két qua cha giai hé gen bang PGAP (NCBI) cho thay hé gen PV1 c6 kich
thudc 7,64 Mb bao gém 307 contig va c6 ham lugng GC dat 73,5% (Bang 3.4). H¢
gen chira 6904 gen ma hoa cho 6691 trinh ty CDS, 722 tRNA, 3 rRNA, 3 ncRNA va
khong chira plasmid. Ban d hé gen ching PV1 dugc thé hién ¢ Hinh 3.14.



Bang 3.4. Cac dic diém hé gen ciia chiing PV1

Pic diém hé gen Théng sb
Kich thudc hé gen (Mb) 7,64
Ham lugng GC (%) 73,5
Tong s6 gen 6904
Téng s6 trinh tw ma hoa protein (CDS) 6691
Sb gen rRNA 3
Sb gen tRNA 72
Sb gen ncRNA 3

M CDS (Forward/Reverse)

Il GC Content
B GC Skew+
M GC Skew-

Ll '. iillifui'!"\

Hinh 3.14. Ban dd hé gen dv thao ciia chiing PV1

Ghi chii: Tir ngoai vao trong: Vong 1 thé hién kich thuée hé gen; Vong 2 va 3 thé
hién cac vung ma hoa protein (CDS) trén mach thugn va mach nghich; Vong 4 thé
hién ham leong GC; Vong 5 thé hién chi s6 GC skew

Két qua phan tich cac nhom chirc ning hé gen bing céng cu RAST cho thay
cac gen cta PV1 duogc phin bd vao nhidu nhém chirc ning khac nhau, phan anh kha
nang trao doi chat da dang cua chung (Hinh 3.15). Hé gen PV s hitu sé luong 16n
cac trinh ty ma hoéa protein (CDS) tdp trung vao cidc nhém: Amin Acids and
Derivatives (344 CDSs), carbohydrates (241 CDSs), Protein Metabolism (220
CDSs). Khi déi chiéu v6i hai chung chuén 13 S. globosus JCM 138597 va S. globosus
LZH-48T, mic du s6 lugng CDS trong cac nhom nay ciia PV1 ¢6 thap hon d6i chut



nhung cau triac phan bd cac nhom chirc ning chinh van thé hién su thng nhét dic
trung cua loai S. globosus.

Bén canh cac nhom chirc nang chinh, h¢ gen cua ching PV1 con ghi nhan ty
1¢ dang ké cac gen lién quan dén chuyén hoéa lipid, tong hop cofactor va vitamin, cing
cac qué trinh ho hap va van chuyén qua mang. Su hién dién cua cac nhom gen nay
cho thiy ching c6 kha ning duy tri cac hoat dong chuyén hoa phirc tap, dong thoi
tang cuong kha ning thich nghi véi cac diéu kién méi truong khac nhau thong qua
viéc diéu hoa trao ddi chét va st dung linh hoat cac ngudn ning luong.

Dang chu y, két qua phan tich tir hé théng Subsystem ciing xac dinh duoc cac
cum gen lién quan dén dap tng stress (nhu chdng chiu sdc nhiét, stress oxy hoa),
chuyén hoa thir cap va co ché bao vé (hé thdng khang sinh, bom day nguoc). Cac dic
diém nay cho thay kha ning thich nghi tot cia chung PV1 trong méi truong dat ving
1é - noi thuéng xuyén xuat hién cac bién dong vé dinh dudng, oxy hoa, pH va ap luc
canh tranh vi sinh vat. Béng thot, sy hién dién cua cdc nhom gen lién quan dén chuyén
hoa thir cAp va co ché bao vé ciing cung cb gia thuyét rang ching PV1 s¢ hitu tiém
nang sinh téng hop cac hop chit c¢6 hoat tinh sinh hoc, gép phan véao kha ning canh
tranh sinh thai va hoat tinh d6i khang da duoc quan sat trong cac thi nghiém trude do.

= Amino Acids and Derivatives

» Carbohydrates

= Protein Metabolism

= Cofactors, Vitamins, Prosthetic Groups, Pigments

= Fatty Acids, Lipids, and Isoprenoids

= Respiration

8 Nucleosides and Mucleotides

5 DNA Metabolism

= RNA Metabolism

" Stress Response

® Cell Wall and Capsule

1 Virulence, Disease and Defense

= Membrane Transport
Miscellaneous

= Iron acquisition and metabolism

= Phosphorus Metabolism

= Regulation and Cell signaling

From outer to inner circle: Secondary Metabolism

Streptomyces globosus JCM 138597
Streptomyces globosus L ZH-48T
Streptomyces sp. PV1 = Metabolism of Aromatic Compounds

" Potassium metabolism

1 Nitrogen Metabolism

8 Sulfur Metabolism

Hinh 3.15. Phan loai cac nhom gen chirc nang cia PV1 va cac chiing tham
chiéu bang co s& dir li€u RAST



3.5.2. Pinh danh chiing PV1 dua trén dir li€éu toan bg hé gen

TYGS 1a mdt cong cu tin sinh hoc dugc sir dung dé phan loai vi khuén hién dai
vi cho phép so sanh hé gen cuia chung nghién ctru véi cac ching chuan di duoc cong
bd. Khoang cach hé gen va gia tri dDDH tir TYGS 14 tiéu chi quan trong dé xac dinh
loai vi khuan. Thong thudng, gia tri dDDH > 70% cho thay hai chiing thudc ciing mot
loai. Trong phan tich nay, hé gen ctia ching PV 1 va cac hé gen thudce chi Streptomyces
c6 gia tri dDDH dao dong tir 18,5 - 69,2%, trong do gia tri cao nhat duoc ghi nhan
vo1S. globosus JCM 138597 (69,2%). Cay phat sinh loai dya trén toan bg hé gen dugc
xay dung trén hé théng TYGS (Hinh 3.16). Két qua cho thiy ching PV1 nidm cing
mot nhanh tién hoa voi chung chuan S. globosus JCM 138597 véi gia tri bootstrap &
mirc tin cy rat cao (98%). Bén canh do, cic gia tri di kém nhu cum loai, ham lugng
GC va kich thudc hé gen ctia PV1 hoan toan twong dong vai cac dai dién tiéu biéu

cua loai S. globosus va tach bi¢t rd rang vdi cac loai 1an cin nhu S. toxytricini hay S.

racemochromogenes.
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Hinh 3.16. Cay phat sinh chiing loai duwa trén b gen ctia chiing PV1

Phén tich ANI duoc str dung rong rii trong phén loai vi khuan dya trén hé gen
vi phuwong phap nay cho phép danh gia muc do twong dong trinh ty nucleotide trung
binh giira hai hé gen v&i do chinh xac cao. So vdi cac phuong phap truyén thong nhu
so sanh trinh tu gen 16S rRNA, ANI c6 d6 phan giai cao hon va phan 4nh t6t hon

mbi quan hé di truyén giira cac ching vi khuan. Thong thuong, gia tri ANI khoang >



95 - 96% dugc xem la ngudng xac dinh hai chung thugc cung mdt loai. Do do, viéc
phan tich ANI gitp xac dinh chinh x4c vi tri phan loai ctia chung vi khuan hd tro phan
biét cac loai gan nhau va cung cap bang ching dang tin cdy cho cac nghién ciru phan
loai hoc va tién hoa. Két qua biéu db heatmap & Hinh 3.17 cho thy ching PV1 ¢6 do
tuong ddng ANI vé6i chung S. globosus JCM 138597 dat 95,2% va dat trén 95,3% so
v6i cac chung S. globosus khac (NPDC101113, NPDC101140). Trong khi do, do
tuong dong véi loai co quan hé gan giii nhat 1a S. foxytricini chi dao dong quanh muc
95%. Két qua nay hoan toan phu hop véi ngudng phan dinh loai vi khuan méi (95 -
96%), qua d6 khang dinh chic chan vi tri phan loai ctia chung PV1 13 S. globosus.

Streptomyces sp. PV1
S. globosus JCM 138597

S. globosus NPDC101113

S. globosus NPDC101140 D twong dong (%)
100,0
99,0
S. toxytricini JCM 442171 949 | 950 | 952 | 95,1 zjg
96:0
95,0
-94,0
-93,0
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Hinh 3.17. Biéu d6 nhi¢t d¢ so sanh d¢ twong dong ANI giita chiing PV1 va cdc
ching tham chiéu

3.5.3. Phén tich dic diém di truyén hé gen lién quan dén cac hop chit

khang nim ciia chiing S. globosus PV1

Gan déy, viéc giai mi cac cum gen sinh tong hop chit chuyén hoa thir cip
BGCs lién quan dén qué trinh tao ra cic hop chét khang vi sinh vat da tré nén hiéu
qua hon nho sy hd tro cua giai trinh ty toan bd hé gen va khai thac dir liéu hé gen.
Dua trén cong cu antiSMASH da xé4c dinh dugc 45 cum BGC, trong d6 12 BGC c6
d6 twong dong cao hodc trung binh véi cac BGC di biét. Cac cum nay bao gém céc
enzym tong hop peptide khong ribosome (NRPS), cic enzym tong hop polyketide
loai I va loai III (PKS), terpene, siderophore, ectoine va lanthipeptide loai I, IV (Bang
3.5).



Bang 3.5. Cac cum BGC dwoc dy doin bang cong cu AntiSMASH

Kich Mirc do )
. . ) Cum gen tham Hoat tinh
Vung | Loai cum gen thwoc Wy twong .
chieu N sinh hoc
(bp) dong
T1PKS, ectoine,
transAT-PKS, . . Khang
4.1 110,009 Kirromycin Cao X
butyrolactone, khuan
NRPS, linaridin
Desterrioxamine Tao phtrc
6.1 Nl-siderophore | 29,788 | B/desferrioxamine Cao sit, khang
E khuén
NRP- Tao phuc
. Trang | .
17.1 metallophore, 60,301 Peucechelin binh sat, khang
in .
NRPS, ectoine khuan
NRP- ,
) ) Khang
18.1 metallophore, 60,193 Mirubactin Cao ,
khuan
NRPS, terpene
lanthipeptide- . Khéang vi
19.1 ) 14,162 Venezuelin Cao ] )
class-1v sinh vat
) Sic td bao
melanin, . N
26.1 40,479 Melanin Cao v¢, ho trg
terpene ) .
khang khuan
lanthipeptide- )
. . Trung Khang
28.1 class-1, NRPS, 55,689 Streptothricin ,
) binh khuan
NRPS-like
' Trung Uc ché
290.1 NRPS 61,343 Leupeptin .
binh protease
_ Chéng oxy
34.1 terpene 28,258 Isorenieratene Cao .
hoa
36.1 T3PKS 35,303 Flaviolin Cao | Khangniam
T3PKS, _ Trung Khéang
52.1 R 27,158 Pheganomycin . X
guanidinotides binh khuan
NRPS-like, o Trung | Khang nam
80.1 33,222 Candicidin
T1PKS binh

Két qua phan tich hé gen bang antiSMASH cho thdy ching PV1 s& hitu hai
cum gen sinh tong hop (BGCs) ¢6 lién quan truc tiép dén hoat tinh khdng nam, bao



goém cum 36.1 va 80.1. Pay duoc xem 1a cic cum gen trong tim, gop phan dinh hinh
tiém ning ddi khang nim cua ching.

Cum 36.1 thuoc nhom T3PKS (type III polyketide synthase), c6 kich thudc
khoang 35.303 bp va dugc du doan tham gia sinh tong hop flaviolin véi mirc dd twong
dong cao. Flaviolin 1a mot hop chét thudc nhom naphthoquinone, ¢6 hoat tinh khang
nam & mirc trung binh, ddng thoi dong vai trd quan trong trong cac qua trinh sinh 1y
ctia vi sinh vat nhu diéu hoa can bang oxy hoa - khir va bao vé té bao trude stress oxy
hoéa. Trong bdi canh sinh thai ving 1&, flaviolin khong chi dong vai trd nhu mot chat
khang ndm tryc tiép ma con gitp vi sinh vat ting kha nang thich nghi trong méi
truong canh tranh cao, noi &p luc tur vi sinh vat ddi khang va diéu kién bat loi ludn
hién dién. Piéu nay cho thdy cum 36.1 mang ¥ nghia kép: vira tham gia d6i khang
sinh hoc, vira hd trg ton tai va thich nghi sinh thai.

Cum 80.1 thudc nhém NRPS-like két hop T1PKS, cé kich thudc khoang
33.222 bp va thé hién muc d6 tuong doéng trung binh v&i cum sinh tong hop
candicidin & Streptomyces sp. FR-008. Candicidin 1a mgt khéng sinh thudc nhom
polyene macrolide, c6 co ché tac dong dic trung bang cach gin vao ergosterol ciia
mang té bao nam, 1am thay d6i tinh thAm mang, ro ri ndi chat va dan dén tiéu diét té
bao ndm. Tuy nhién, mirc do twong ddng trung binh cho thdy cum 80.1 & PV1 c6 thé
khong hoan toan gidng hé candicidin dién hinh, ma c6 kha ning 13 mot bién thé tién
héa hodc cum lai, tir d6 ¢6 thé tao ra cac dan xuit méi véi phé hoat tinh hoac murc do
ddc tinh sinh hoc khac biét. Bay 1a mot diém quan trong vi né mé ra kha nang khai

thac cac hop chit khang nAm méi c6 ngudn gdc ti nhién (Hinh 3.18).

Cum gen 80.1
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Hinh 3.18. Cic cum BGC tong hop chit khang nim dwoc dw dosn trén hé gen
chung PV1
Bén canh kha nang khang nam, hé gen cua chung PV1 con s hitu cac cum

BGC mi hoa cho cac hop chat khang khuan tao nén kha niang d6i khang toan dién



trong moi trudng ving ré. Két qua phén tich bang antiSMASH cho thiy su hién dién
ctia 6 cum BGC c6 do twong ddng cao véi cac hop chat di biét, bao gdm: kirromyecin,
desferrioxamine, peucechelin, mirubactin, venezuelin, streptothricin = va

pheganomycin (Hinh 3.19).
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Hinh 3.19. Cac cum BGC tong hop chit khang khuin dwoc dw don trén hé
gen ching PV1

Pau tién, streptothricin 1a mot nhom khang sinh ty nhién do cac loai thudc chi
Streptomyces san xuat nhu Streptomyces lavendulae. Chat nay ¢ ciu trac dic trung
gdm nhan streptolidin lién két v6i chudi p-lysine co do dai bién thién. V& hoat tinh
sinh hoc, streptothricin thé hién phd khang khuan rong nhu Escherichia coli,
Salmonella va Acinetobacter baumannii. Co ché tac dung cha yéu lién quan dén viéc
trc ché qué trinh dich ma protein tai ribosome gay sai 1éch tong hop protein va dan
dén chét t& bao. Ngoai ra, streptothricin con biéu hién hoat tinh khang nim
Alternaria, Fusarium oxysporum va Colletotrichum [102]. Phan tich hé gen cho thay

BGC ¢ viung 28.1 c¢6 do twong dong trung binh véi BGC tong hop streptothricin



(BGC0000432) ¢ Streptomyces rochei NBRC 12908 [103]. Cac gen NRPS & cum
BGC 28.1 ¢6 d6 twong dong tir 51-75% so v6i 4 NRPS tir cum BGC tham chiéu. Hon
nira, sy sap xép cac gen ciing khac biét, diéu nay khang dinh cum BGC 28.1 c6 thé
sinh tong hop streptothricin va cac dang dan xuat tir streptothricin.

Tiép theo, cum BGC & ving 4.1 c6 do twong ddng cao v6i BGC tham chiéu
sinh tong hop kirromycin (BGC0001070.5) tir Streptomyces collinus Tu 365. Cum
gen 4.1 ¢6 kich thuéc khoang 120.339, gan tvong ddng voi BGC ma hoa kirromycin
tham chiéu (115.024 bp). Dic biét, BGC 4.1 nay con chtra 5 gen PKS va 2 gen NRPS
va twong dong cao v&i cac gen twong g v4i do tuong dong dat 65 - 73%. Kirromycin
12 mét loai khang sinh phé hep nhung c6 tinh dic hiéu cao. V& co ché, chat nay tc
dong 1én yéu t6 kéo dai chudi EF-Tu cua vi khuan E. coli, Staphylococcus aureus 1am
gian doan qua trinh van chuyén aminoacyl-tRNA dén ribosome va ngin can su kéo
dai chudi polypeptide.

Cum BGC 52.1 dugc du doan lién quan dén sinh tong hop pheganomycin va
thé hién mirc do twong ddng trung binh voi BGC tham chiéu BGC0001148. Cac gen
trong cum nay c6 do trong dong trén 50% so voi cum chuin. Pheganomycin 1a mot
hop chit khang khuan c6 kha ning trc ché sinh trudng vi khuan théng qua tac dong
1én cac qua trinh chuyén héa thiét yéu hoic tong hop protein, dong thoi thé hién hoat
tinh trén mot sé vi khuan gdy bénh quan trong nhu Mycobacterium smegmatis,
Staphylococcus aureus va Bacillus subtilis.

Bén canh do, hé gen PV1 con chura nhiéu cum BGC lién quan dén sinh téng
hop siderophore, bao gdm desferrioxamine B/E (cum 6.1), peucechelin (cum 17.1)
va mirubactin (cum 18.1). Trong do, cum 17.1 ¢6 muc do tuong déng cao vo1 cum
sinh tong hop peucechelin (BGC0002466) tir Streptomyces peucetius subsp. caesius
ATCC 27952, v6i mirc do bao ton cao vé ca to chic gen va trinh tu (trén 60%).
Siderophore 1a nhém hop chit co vai trd tao phitc manh véi ion sat (Fe*), gitp vi
sinh vat hp thu sat hiéu qua trong méi truong han ché dinh dudng. Nghién ctru cia
Barona-GomezF va cong su (2006) da bao cao rang cac cum gen des va cch duge xac
dinh chiu trach nhiém sinh tong hop cac siderophore nhu desferrioxamine va
coelichelin & Streptomyces coelicolor A3(2) va Streptomyces ambofaciens ATCC
23877 [104]. Piéu nay cho thay hé thong siderophore 1a mot dic diém phd bién va c6
tinh bao ton cao trong chi Streptomyces, déng vai trd thiét yéu trong chién lugc canh
tranh sinh thai cua ching.

Su hién dién déng thot cua ba hé siderophore khac nhau trong PV1, bao gém
hé desferrioxamine B/E, hé peucechelin va hé mirubactin, cho thiy ching nay s& hitu

nang lyc canh tranh dinh dudng rat manh théng qua co ché thu nhan sat hi¢u qua.



Viéc 1am giam ham luong sit tu do trong mdi trudng ving 1& khong chi giup PV1
chiém uu thé sinh thai ma con gian tiép tc ché su phat trién cta cac vi sinh vat giy
bénh, von phu thudc vao nguén sét ngoai sinh cho qua trinh sinh truéng. Bén canh
d6, kha nang huy dong va chuyén hoa sit ctia PV1 ciing c6 thé gop phan cai thién
trang thai dinh dudng trong ving r&, tir d6 hd trg sinh trudng va phat trién cia thuc
vat trong hé sinh thai dat.

3.5.4. Phan tich cic cum gen ma héa enzym phin giai vach té bao nim

Bén canh cic cum gen sinh téng hop hop chét thi cip, Streptomyces ciing tiét
chitinase dé phan giai vach té bao nam, giam tinh toan ven cua té bao niAm, han ché
su sinh truong va lam giam kha ning xam nhiém trén cay trong [105]. Phan tich hé
gen cho thay chung S. globosus PV1 chita 5 gen ma hoa enzym thity phan chitin, bao
gdm chid, chiB, chiC, chiD, va chiG (Bang 3.6). Su hién dién dong thoi cta nhiéu
gen chitinase c6 thé gop phan nang cao hiéu qua phan giai chitin théng qua co ché
phéi hop giita cac enzyme, tir d6 ting cuong kha ning tc ché ndm bénh va mé rong
phé tac dong dbi vai cac dbi twong gy bénh khac nhau. Piéu nay cho thay ching S.
globosus PV1 khong chi c6 tiém ning khang nim théng qua sinh tong hop cac chat
chuyén hoa thir cAp ma con c6 thé sir dung co ché phan huy truc tiép cdu trac vach té
bao ndm dé ting cudng hiéu qua d6i khang.

Bang 3.6. Cac gen ma hoa chitinase trong h¢ gen chung S. globosus PV1

R Churc nang du L . X D¢ tuwong
Tén gen . Vi tri Ma gen tham chiéu N
doan dong (%)
chiA Chitinase orf 4233 BAA75642.1 68%
Endochitinase/
chiB _ _ orf 1658 WP 010987038.1 83%
Chitodextrinase
chiC Chitinase orf 4364 P36909.1 78%
chiD Chitinase orf 5929 WP 011027783.1 32%
chiG Chitinase orf 4287 WP 011027151.1 75%

Két qua Bang 3.6 cho thdy 5 chitinase c6 d6 twong dong trinh tu axit amin &
murc thap tdi trung binh so voi cac trinh ty chitinase chuin tham chiéu trén GenBank,
dao dong tir 32-75%. Hon nira, cac gia tri E-value thap, diéu nay chimg t6 cac trinh
tu nay ma hoa cho chitinase v&i d¢ chinh xac cao va khong trung 1ap doan trong hé
gen. Hoat tinh endochitinase ciia chiB dong vai trd cat dut cac lién két bén trong chudi

polymer chitin dai cua véach t€ bao nam thanh cac doan ngan. Sau d6, céc chitinase



khac sé& tiép tuc thuy phan cic doan nay thanh cac don phan N-acetylglucosamine.
Co ché nay di duoc ghi nhan 13 con dudng chinh trong qua trinh phan hay chitin &
xa khudn va vi sinh vat dat [105]. Pang chu ¥, gen chiD tuy c6 do twong ddng thip
(32%) nhung chi sé E-value lai rit c6 y nghia, diéu nay goi md vé su hién dién ca
mot bién thé chitinase dic thu, hodc da trai qua qua trinh bién doi dé thich nghi véi

cac cau tric chitin phtrc tap cua céac loai nam gay bénh.

dbCAN 1a mot cong cu tin sinh hoc va may cha web, duoc thiét ké va sir dung
rong rai nham tu dong hoa viéc chu giai cic enzym hoat dong trén carbohydrate trong
dir liéu hé gen. Co s6 dir liéu Carbohydrate-Active Enzymes (CAZy) 1 hé thong phan
loai dua trén trinh tu 16n nhat thé giéi danh riéng cho cac enzyme tham gia vao qué
trinh t6ng hop va phan hiy carbohydrate. Phan tich bang dbCAN va chi giai cac
enzym trén CAZy, két qua cho thay c6 5 chitinase dugc chia thanh 2 ho enzym thiy
phan glycoside (Glycoside hydrolase GH), gom ho GH18 (ChiA, ChiB, ChiC, ChiD)
va GH19 (ChiG) (Hinh 3.20). Trong GHI18, c6 2 chitinase (Orf 1658, Orf 5929)
chtra peptide tin hiéu va ving xuc tac. Ngoai ra, c6 thém 2 enzym khac dong thoi
mang mod-dun lién két carbohydrate va ving GH18, bao gdom CBM16 + GHI8
(Orf 4233) va CBM2 + GH18 (Orf_4364). Sy c¢6 mit cia CBM c6 thé lam tang kha

nang lién két ciia enzym véi co chat chitin.

Két qua dang cha y 1a su 6 mit ctia ¢hiG ma hoa chitinase thuoc nhém GH19
(Hinh 3.17). Chitinase thuéc GH19 1a nhom thity phéan chitin bang cach cét lién két
B-1,4-glycosidic trong phan tir chitin. Ban ddu, GH19 dugc phat hién chu yéu ¢ thuc
vét va lién quan dén co ché phong vé chong nim bénh [106]. Tuy nhién, nhiéu nghién
ctru gan day cho thdy mot sb vi sinh vat nhu vi khuan va xa khuan ciing c¢6 kha ning
san sinh chitinase thudéc ho GH19. So v6i chitinase thuoc ho GH18, enzyme GH19
6 cAu tric va co ché xitic tic khac biét va thé hién hoat tinh khang nam manh do kha
nang phan giai hiéu qua vach té bao chua chitin ciia ndm giy bénh. Vi du, SaChiB
thudc nhom GH19 tir Streptomyces alfalfae c¢6 kha nang phan giai chitin tinh thé va
thé hién hoat tinh kiém soat sinh hoc d6i v6i cac nAm gay bénh thuc vat [106]. Enzym
nay hoat dong tét trong khoang pH rong va c6 kha ning thuy phan ca
chitooligosaccharide. Nghién ctru tach dong, biéu hién, va xac dinh hoat tinh gen
chiG sé& khang dinh két qua dy doan va chirg minh liu c4iG c6 phai 1 chitinase méi
khong. Nhu vay, hé thong chitinase ndi va ngoai bao phong phii cling véi kha nang
sinh tong hop cac hop chat khang ndm pho rong 1a nén tang viing chic cho kha nang

kiém so4t sinh hoc manh mé cua ching S. globosus PV1.



Nhu vay, hé théng enzym ngoai bao phong pht cing véi kha ning sinh tong
hop céac hop chéat khang ndm pho rong 14 nén tang vimg chic cho kha ning kiém soat
sinh hoc manh m¢ cua chung S. globosus PV1.

ChiA

281-559
ChiB
ChiC
ChiD

ChiG

43-244

Hinh 3.20. Dy doan mién cAu triic ciia 5 chitinase dwa theo phén tich
trinh tu axit amin.
Ghi chu: SP: peptide tin hiéu; GH: glycoside hydrolase (enzyme thiy phan
glycoside); CBM: carbohydrate-binding module (mé-dun lién két carbohydrate)



KET LUAN VA KIEN NGHI

KET LUAN

D3 phén 14p duoc 8 chung xa khuin ving ré cdy sim ngoc linh di thuc tai tinh
Yén Bai va sang loc duoc chung PV1 khang 2 loai nam bénh thir nghiém.

D3 danh gia cac dic tinh khang nim cta chung xa khuén tiém ning PV1:
Chung xa khuan dbi khang manh vé&i Fusarium solani PAV1 (53,9 + 5,6%),
Rhizoctonia solani PAV2 (22,4 + 4,5%) va Colletotrichum gloeosporioides
PAV3 (81,9 + 0,6%). Dich nudi ciy ching PV1 ciing rc ché 3 chung ndm véi
phén tram (rc ché hé soi dao dong tu 59,8 - 77,7%, trong khi d6 cac chat bay
hoi VOCs khong e ché cac nam thir nghiém.

Chung PV1 c6 kha nang sinh cac enzyme ngoai bao, dac biét la chitinase.

Da danh gia cac ddc tinh kich thich sinh trudng cua chiung PV1. Chung sinh
6,9 + 0,17 pg/mL TAA sau 48 gio va kich thich ddng ké phan trim nay mam
hat laa va nguu tat trong diéu kién phong thi nghiém.

D3 dinh danh ching PV1 thudc loai Streptomyces globosus bang phan tich
hinh thai va trinh ty gen 16S rRNA.

D3 giai trinh ty hé gen va phan tich cac dic diém di truyén lién quan dén kha
nang khang nim cia chung PV1 bang cong nghé Onso PacBio. Hé gen PV1
co kich thude 7,64 Mb chtra 307 contig, ham lugng GC dat 73,5% va 6691
trinh ty CDS. Phan tich ANI va dDDH d4 khang dinh chiing nghién ctru thudc
Streptomyces globosus.

Phan tich tin sinh hoc béng cong cu antiSMASH da du doan dugc 12 BGCs
sinh tong hop cac hop chat tht cap, trong d6 2 BGC ma hoa chit khang ndm
va 6 BGCs tiém ning m3 hoa chit khang khuan dugc phat hién. Ngoai ra, 5
gen chitinase thudc 2 ho GH18 va GH19 dugc xac dinh nam rai rac trén hé
gen PV1.

KIEN NGHI

Thir nghiém kha niang bao vé cay sam Ngoc Linh khéi cac chung ndm bénh va

cac stress trong di€u kién nha ludi.
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PHU LUC
Phu luc 1: Trinh tuw 16s rRNA ciia chiing xa khuan PV1
>PZ7146952.1 Streptomyces globosus strain PV1 16S ribosomal RNA gene, partial

sequence

CATGGAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGC
AAGTCGAACGATGAACCTCCTTCGGGAGGGGATTAGTGGCGAACGGGTGAGTAACA
CGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCG
GATACGACTGCGGAAGGCATCTTCCGCGGTGGAAAGCTCCGGCGGTGAAGGATGAG
CCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTA
GCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTA
CGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGC
CGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGA
AAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGG
CCAGTCACGTCGGATGTGAAAGCCCGAGGCTTAACCTCGGGTCTGCATTCGATACG
GGCTGGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGC
TGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCG
TAAACGTTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAAC
GCATTAAGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTG
ACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAA
CCTTACCAAGGCTTGACATATACCGGAAACATCCAGAGATGGGTGCCCCCTTGTGG
TCGGTATACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTA
AGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCATGCCCTTCGGGGTGA
TGGGGACTCACAGGAGACCGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCA
AGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACAAT
GAGCTGCGATACCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATT
GGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAT
TGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAG
TCGGTAACACCCGAAGCCGGTGGCCCAACCCTTGTGGAGGGAGCCGTCGAAGGTGG
GACTGGCGATTGGGACGAAGTCGTAACAAGGTAGCCGTACCGGAAGGTGCGGCTGG
ATCACCTCCTTT



Phu luc 2: Thong tin dang ky trinh tu toan bo hé gen chiing Streptomyces
globosus PV1 trén NCBI

m National Library of Medicine

National Center for Biotechnology Information

Nucleotide  Nucleotide VJ ‘

Advanced

GenBank « Send to:

Streptomyces globosus strain PV1, whole genome shotgun sequencing
project
GenBank: JBVQCE000000000.1

0 This entry is the master record for a whole genome shotgun sequencing project and contains no sequence data.

Go to: [v)
LOCUS JBVQCE@10000000 307 rc DNA linear BCT @7-MAR-2026
DEFINITION Streptomyces globosus strain PV1, whole genome shotgun sequencing

project.
ACCESSION  JBVQCE@0@000000
VERSION JBVQCE000000000. 1
DBLINK BioProject: PRINA1429808
BioSample: SAMN56218128
KEYWORDS WGS.
SOURCE Streptomyces globosus
ORGANISM Streptomyces globosus
Bacteria; Bacillati; Actinomycetota; Actinomycetes;
Kitasatosporales; Streptomycetaceae; Streptomyces.
REFERENCE 1 (bases 1 to 307)
AUTHORS  Tran,K.T.
TITLE Direct Submission
JOURNAL  Submitted (@1-MAR-2026) Institute of Biology, Vietnam Academy of
Science and Technology, 18 Hoang Quoc Viet Road, Hanoi 100000, Viet
Nam
COMMENT The Streptomyces globosus whole genome shotgun (WGS) project has
the project accession JBVQCE@00@00@@A. This version of the project
(@1) has the accession number JBVQCE@10000000, and consists of
sequences JBVQCE010000001-IBVQCE010000307.
The annotation was added by the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP). Information about PGAP can be found here:



Phu luc 3: So sanh cac nhém chirc ning h¢ thong con va s6 hrong gen ciia

chiing PV1 véi cac chiing tham chiéu

Streptomyces | Streptomyces
Nhom chire nang PV1 globosus globosus JCM
LZH-48 13859

Amino Acids and Derivatives 344 351 379
Carbohydrates 241 252 265
Protein Metabolism 220 240 247
Cofactors, Vitamins, Prosthetic Groups,

Pigments 176 170 196
Fatty Acids, Lipids, and Isoprenoids 139 137 151
Respiration 111 114 116
Nucleosides and Nucleotides 95 102 106
DNA Metabolism 87 87 106
RNA Metabolism 48 47 49
Stress Response 42 45 41
Cell Wall and Capsule 39 37 42
Virulence, Disease and Defense 36 39 45
Membrane Transport 26 41 33
Miscellaneous 26 25 32
Iron acquisition and metabolism 32 36 32
Phosphorus Metabolism 23 24 24
Regulation and Cell signaling 23 22 23
Secondary Metabolism 18 13 11
Nitrogen Metabolism 17 16 27
Metabolism of Aromatic Compounds 14 13 15
Potassium metabolism 10
Sulfur Metabolism 6
Phages, Prophages, Transposable 0 0 5
elements, Plasmids
Dormancy and Sporulation 1 1 1




Phu luc 4: Cac cum BGC dwoc di doan bing antiSMASH ciia chiing PV1

Mirc
Ving Loai BGC tI}ierghC Cum gen du doan tu(zf;lg Iji(;it ng
dong
2.1 | Terpene 21,038 - - -
7.1 ;Zt:_lilpeptlde' 26,454 i i _
10.1 | terpene 21,092 - - -
12.1 | T1PKS, hglE-KS 51,792 . - -
16.1 | terpene-precursor 21,065 - - -
20.1 | triceptide 21,380 - - .
32.1 | CDPS 20,741 - - .
61.1 | RiPP-like 11,308 - - .
65.1 | butyrolactone 7,772 - - -
65.2 | RiPP-like 12,349 - - .
65.3 | NlI-siderophore 15,925 - - -
75.1 | terpene 17,051 - - -
NRPS,
76.1 | lanthipeptide- 34,018 - - .
class-ii
78.1 | terpene 22,220 - - -
91.1 | Amglyccycl 19,915 - - ;
g7, |NRPSike, 28,139 i i ]
T1PKS
105.1 | HglE-KS 24,254 - - .
1081 Lanth'ipeptide- 16,795 ) ) )
class-i
147.1 | Fanthipeptide- 14,943 i i _
class-i
159.1 | NlI-siderophore 14,675 - - -
161.1 | RiPP-like 9,559 - - .
162.1 | Terpene 14,19 - - -




197.1 | HElE-KS 9,446 - - -
219.1 | Terpene 7,657 - - -
222.1 | NRPS-like 7,419 - - -
NRPS-like, : 2
27.1 62,472 Maduropeptin Thap -
T1PKS
43.1 | TIPKS 27,493 | Neocarzinostatin | Thap -
T2PKS, . ;
47.1 47,490 | Aureonuclemycin | Thap -
butyrolactone
56.1 | TIPKS 44211 Oligomycin Thap -
Azole-containing- P
62.1 _ 16,579 Lactazole Thap -
RiPP
63.1 | Hydrogen-cyanide | 12,937 Aborycin Thap -
77.1 | TIPKS 33,959 | Concanamycin A | Thap -
109.1 | NRPS-like 23,904 Lipstatin Thap -
NRP-
. Trung | Thu nhan
17.1 | metallophore, 60,111 Peucechelin . .
) binh sat
NRPS, ectoine
Lanthipeptide- )
: . Trung Khang
28.1 | class-i, NRPS, | 55,689 Streptothricin ,
. binh khuan
NRPS-like
. Trung | Ucché
29.1 | NRPS 61,343 Leupeptin .
binh Protease
T3PKS, . Trung Khang
52.1 . 27,158 Pheganomycin . X
guanidinotides binh khuan
NRPS-like, o Trung Khang
80.1 33,222 Candicidin .
TIPKS binh nam
TI1PKS, ectoine,
transAT-PKS, ) ) Khang
4.1 120,399 Kirromycin Cao h
butyrolactone, khuan
NRPS, linaridin
. Desferrioxamine Thu nhan
6.1 | NI-siderophore 29,785 Cao .
B/E sat




NRP-

) ) Thu nhan
18.1 | metallophore, 60,149 Mirubactin Cao i
NRPS, terpene
Lanthipeptide- , Khang vi
19.1 ] 14,162 Venezuelin Cao )
class-iv sinh vat
Séc to bao
26.1 | Melanin, terpene 40,497 Melanin Cao vé/khang
khuan
Séc
34.1 | Terpene 28,258 Isorenieratene Cao t6/chdng
oxy hoa
Sac to/
36.1 | T3PKS 35,303 Flaviolin Cao | chbng oxy

hoa




