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Panh gia tinh hinh gay hai va nhan dién chung nam Fusarium gay bénh
Panama trén cdy chudi luu vuc song Srépok, tinh Ratanakiri,
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Tom tat
Hién nay, chudi 1a mot trong nhitng nong san xuat khau chii Iyc cia Campuchia. Tuy
nhién, bénh héo vang Panama d va dang tré thanh méi nguy 16n anh huong dén mat
d6, nang suat ciy chudi, giy tén thit ning cho cac canh dong chubi luu vuc séng
Srépok, tinh Ratanakiri, Campuchia. Két qua diéu tra cac rudng chudi luu vuc song
Srépok cho thdy, trong vong 12 thang nim 2024, khoang 2 % ciy chudi di bj bénh
Panama va duoc huy bo trong tong sd 430 980 ciy chudi khao sat. Trong d6, bénh
dién bién phurc tap va 1ay lan nhanh hon trong giai doan muia mua tir thang 8 dén thang
10, dat ty 1¢ bénh cao nhét vao thang 10 véi téng hon 200 cay chudi bi bénh trong
thang. Tac nhan gay bénh da dugc xac dinh la Fusarium oxysporum f.sp. cubense race
4 (Foc 4) théng qua dic diém hinh thai, dinh danh phan tir v6i cac cip modi dic hiéu,
va mui thom dic trung khi nuéi cdy trong méi trudng com. Ngoai ra, sit dung moi
nhan dién dic hiéu cling cho thiy cac ching Foc 4 trong nghién ctru 1a Foc chung 4
nhiét di (Foc TR4). Nghién ctru cung cap thong tin khoa hoc vé bénh Panama trén
chudi, hd tro phong trir bénh trén chudi hiéu qua hon.
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1. Pit van dé

Chubi Cavendish hay con goi 1a chubi tiéu, c6 tén khoa
hoc 1a Musa spp., 1a cdy an qua c6 ngudn gdc tir chau
A. Chudi tiéu thudc nhom chudi tam bodi AAA, 1a két
qua ctia qua trinh lai khac loai Musa acuminata va M.
balbisiana [1]. Thanh phan qua chubi rat giau cac loai
vitamin A (carotene), B (thiamine, riboflavin, niacin),
B6 (pyridoxine), C (acid ascorbic) va B12, cling nhu
cac khoang chat K, P va Mg [2]. Vira mang dén huong
vi thom ngon, vira giau dinh dudng, mang lai nhiéu loi
ich cho sirc khoe, qua chubi tré thanh mot loai tréi cdy
rat duoc wa chudng trén khip thé gisi. Nhiéu nim qua,
chudi 14 mot trong 10 mat hang nong san hang dau thé
gi6i, dong thoi 1a mot trong nhiing cay luong thyc quan
trong & cic nuéc dang phat trién. Theo bdo céo cua
OECD/FAO niam 2023, Campuchia va Viét Nam nam
trong s6 3 qudc gia c6 san lwong xuét khau chudi 16n
ctia chau A.

Ratanakiri 1a mot trong cac tinh c6 dién tich trong chudi
dang ké cua Campuchia, tuy nhién, nhiing nim gan day,
bénh Panama hay bénh héo vang 14 chubi da va dang
tré thanh méi nguy 16n anh huong dén mat do, ning
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sudt cdy chudi, gay tén that ning cho cac canh dong
chudi luu vuce séng Srépok. Nam 2023, khoang 3,25 %
ciy chudi twong duong vé6i dién tich khoan 85 ha cua
Khu lién hop nong nghiép Snuol trong chudi gia Nam
My tai Campuchia da phai bi tiéu hity vi bénh Panama,
bénh lay lan nhanh chéng trén khip canh dong [3].
Theo nhiéu bdo céo, bénh Panama do Fusarium
oXysporum gay ra, cu thé la Fusarium oxysporum f. sp.
cubense (Foc). Trong d6, Foc gay bénh cho chudi an
quéa bao gém 3 chung chinh la Foc race 1 (Foc 1) gay
bénh chu yéu trén chubi gidng Gros Michel; Foc race 2
(Foc 2) gay bénh cho chubi nhém Bluggoe; va Foc race
4 (Foc 4) 1a ching dugc phat hién sau cung, gay bénh
cho chubi gidng Cavendish. Foc 4 chia thanh Foc
subtropical Race 4 (Foc STR4) gay hai trong diéu kién
nhiét d¢ thap, va Foc tropical race 4 (Foc TR4) dic biét
nguy hiém, gay bénh ning ca trén gidng Cavendish va
nhiéu giéng ban dia, hoang dai khac, 1a mbi de doa toan
cau [4].

Nhiéu loai Fusarium ton tai dudi dang phirc hop loai,
v6i dac diém hé gene co nhiéu diém truong déng, rat
kho dé dinh danh, do do, can su dung phéi hop nhiéu
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vung trinh ty dé so sanh nham tang sy tin cdy khi dinh
danh bang phuong phéap sinh hoc phén tir. Mot sb ving
trinh tu thuong duge st dung dé dinh danh Fusarium
gém vung dém phién ma ITS, mot phﬁn trinh tuw gen
rpb1 va rpb2 ma héa cho tiéu don vi 10n thi nhat va thi
hai cia RNA polymerase II, vung trinh tu ma hoa cho
yéu t6 kéo dai dich mi lo, ving trinh ty ma héa p-
tubulin, ving LSU ma hoéa cho tiéu don vi 16n cua
ribosome. Bén canh do, cac chung Foc ciing rat da
dang, dé phan biét Foc 1, Foc 2, Foc TR4 va Foc STR4,
cac nha khoa hoc da thiét ké cac mdi chuyén biét ding
dé nhan dién nhu cap moi W1805F/W1805R [5] nhan
dién Foc 1; cip mdi Foc-1/Foc-2 [6] hoic
W2987F/W2987R [5] nhan dién Foc 4; cip moi
FocTR-F/FocTR-R [7] nhéan dién Foc TR4.
Su lan rong nhanh chong cua Foc TR4 tai luu vuc song
Srépok va nguy co xAm nhap vao cac ving trong chudi
trong diém dit ra yéu cau cip bach vé& giam sat dich
bénh va phat trién cac bién phap quan Iy bénh. Tuy
nhién, di mat véi cac tén that nghiém trong do bénh
héo vang Panama giy ra, van chua c6 cac nghién ctru
diéu tra vé bénh Panama tai cac khu vuc tréng chudi luu
vuc song Srépok, tinh Ratanakiri, Campuchia. Vi vay,
viéc diéu tra, tim hiéu tinh hinh phan b va dic diém
cua bénh Panama tai khu vuc nay la can thiét, nham xay
dung cac bién phap quan ly va phong trir hiéu qua, bao
vé viing nguyén liéu chudi quan trong ctia Campuchia.
2. Phuwong phap nghién ciru
2.1. Phwong phap khio sat ty 18 bénh va chi s6 bénh
Panama trén canh dong chudi
MB&i gidng chudi, chon 16 dai dién, diéu tra 5 diém, mdi
diém diéu tra c6 dién tich 100 m2 Diéu tra dinh ky mdi
thang mot 1an dé xac dinh ty 1& bénh va chi s6 bénh. Ty
1& bénh va chi s6 bénh duge tinh dya theo QCVN 01-
168:2014/BNNPTNT c6 diéu chinh.

A T6ng s6 ciy bi bénh
Ty lé bénh (%) = ———F—= x 100

Tong sb cay diéu tra

Biéu hién bénh trén 14 phan theo 5 cip: 1 — khong xuat
hién 14 vang; 2 — 14 dudi chuyén vang; 3 — 14 dudi va

mdt sO 14 non chuyén vang; 4 — tat ca cac 14 chuyén
vang; 5 — cay chét.
Chi s6 bénh (%)

[(N1x1) + (N2x2) + (N3x3) + (N4x4) + (N5x5)]

Nx5

Trong d6, N1, N2, N3, N4, N5 1a s6 cdy bj bénh & cp
1,2, 3,4, va5 tuong timg; N la téng $6 cay diéu tra.
2.2. Phuong phap phén Iap va 1am thuén vi nim gay
bénh

Céac mau bénh dugc rira dudi voi nuwde may, rira lai bang
nude cat vo trung, sau d6 dugc khir tring bé mit bang
cdn 70 %, dé kho trén gidy thAm vo trung. Trong tu cdy,

nhitng mau bé mach clia than gia (dai khoing 0,5 cm)
& phan ranh giéi gitta mo khoe va mé bénh dugc cit 1ay
tr mau bénh, sau d6 dit 1én moi truong thach nudce 2 %
agar (WA) va dé ¢ nhiét do phong (25 + 2) °C. Khi to
nam da xuét hién tir mau cdy, tién hanh cdy chuyén to
nam 1én moi trudng thach khoai tdy (PDA — Himedia,
An bo) nhiéu lan dé dugc mau ndm bénh thuan.

2.3. Phuong phép ldy nhiém nhin tao xac dinh tac
nhan gay bénh

Thi nghiém lay nhiém nhan tao dugc thuc hién dam bao
dinh dé Koch. Ngudn bénh dugc chuan bi trong gia thé
hat thoc. Hat thdc dugce rira sach, ngdm nudc qua dém,
ludc trong nude sach trong vong 1 tiéng dén khi hat thoc
né déu, dé rao nude. Mdi binh tam giac dung tich 250
mL chira khoang 150 mL gi4 thé hat thoc, day bang nut
bong gon, boc miéng binh bang gidy bac. Tat ca cac
binh hat théc duoc hip khir trung ¢ 121 °C trong 20
phut. Sau d6, miéng thach (0,5 x 0,5 cm) c6 chira soi
nam dugc cdy vao binh gia thé, dit ¢ nhiét d6 phong
trong 2 tuan. Sau 2-3 ngiy cdy, lic nhe binh tam giac
dé dam bao ngudn bénh duoc phan bd déu trong gia thé.
Thi nghiém lay nhiém nhan tao dugc thuc hién trén cay
chudi gia nudi cdy mo ex vitro ¢ 4-5 14, c6 ngudn goc
tr Vién Sinh hoc Nhiét d6i, chi chon cac bau cay phat
trién khoe manh, twong dong nhau dé st dung 1ay nhiém
ngudn bénh. Gia thé trong cay c6 thanh phan xo dira +
dat sach Tribat véi ty 18 3:1, dugc hap khir tring ¢ 121
°C trong 20 phut. 30 g hat théc chira nguon bénh dugc
tron voi gia thé xung quanh gbc cdy chubi trong bau, &
nghiém thtrc d6i chtng sir dung gia thé hat thoc khong
¢6 ngudn bénh. Mdi nghiém thirc 1ay nhiém 5 bau cay,
cac bau cay dugc dit & khu cach ly, theo ddi trong 40
ngay, danh gia biéu hién bénh twong tw ndi dung diéu
tra bénh. Cac mAu xuét hién triéu ching bénh duoc tai
phan 1ap trén moéi truong WA nhim khing dinh téc
nhan gay bénh.

2.4 Phwong phap nhan dién vi nAm dua trén dic
diém hinh thai

Dic diém hinh thai va mau sic cta khun lac thuan trén
moi truong thach PDA dugc ghi nhan. Soi khuan ty, tui
bao tir va bao tir dugc nhuom bang thudc nhudm
Lactophenol cotton blue, sau d6 quan sat dudi kinh hién

« 1001 d¢ ghi nhan dic diém hinh thai cua soi khuan ty va

bao tir. Fusarium duoc nhan dién théng qua dac diém
hinh théi.

2.5 Phuwong phap nhin dién Foc 4 dwa trén méi
trwong dac trung

Maéi trudng com nudi cay Fusarium dugc chuan bi bang
cach can 30 g gao cho vao binh tam giac 250 mL + 90
mL H.0, hép khir tring ¢ 121 °C trong 18 phiit. Mau
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thach chtra sinh khéi soi ndm (0,5 x 0,5 cm) dugc ciy
vao binh moéi truong com, u ¢ nhiét dd phong trong 10
ngay. Chung Foc 4 s€ tao ra mui aldehyde dac trung,
con cac chung Foc 1 va Foc 2 khong tao mui trén moi
trudng com.

2.6 Phuwong phap xic dinh dic diém phéan tir mét s6
vung trinh tw ctia Fusarium

DNA tong s6 cua ting tac nhan giy bénh duoc tach
chiét va tinh sach bang TopPURE® Genomic DNA
extraction kit cia Cong ty TNHH Giai phap Y sinh
ABT Viét Nam. Vi nim duoc dinh danh dua trén 5 ving
trinh ty (Bang 1) bao gém, ving ITS sir dung cip mdi
ITS1/ITS4; mdt phan trinh ty gen rpb2 ma hoa cho tiéu
don vi 16n thir hai cia RNA polymerase 11, st dung cép
mdi RPB2-5f2/RPB2-7cr; ving trinh tu tefl md hoa
cho yéu t6 kéo dai dich mi la, sir dung cap moi EF1-
728F/ EF1-986R; vung trinh ty ma hoa B-tubulin, st
dung cép mdi Bt2a/Bt2b; vung large subunit of rTDNA
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(LSU) ma hoa tiéu don vi 16n cua ribosome, sir dung
cap mdi LROR/LROS.

Phan ing PCR dugc thyc hién theo chu trinh: bién tinh
¢ 95 °C trong 3 phut, 30 chu ky (bién tinh & 95 °C trong
1 phut, gin mdi ¢ 58 °C trong 35 gidy, kéo dai & 72 °C
trong 1 phut), tong hop soi & 72 °C trong 10 phut, trit &
4 °C. San phém PCR sau do6 dugc dién di trén gel
agarose 1 % dé xac dinh kich thudc ving trinh tu
khuéch dai dugc. San pham PCR sau d6 duoc giri giai
trinh ty bang phuong phap Sanger sequencing tai cong
ty 1st Base, Malaysia. Két qua giai trinh ty duoc so sanh
tuong dong voi cac trinh ty da cong bd nho phan mém
tim kiém BLAST ctia NCBI d¢ xéc dinh tén tac nhan
gdy bénh. Céy phat sinh loai dwoc x4y dung bang phan
mém MEGA X st dung thuat toan Maximum
Likelihood vo6i thong s6 dugc mac dinh va Bootstrap
resampling 1000 lan.

Béng 1. Danh sach moi dinh danh tic nhan gy bénh Panama trén chubi

s Trinh tw San pham PCR
STT | Tén moi o Tham khio
(5'-3") (bp)

ITS1-F TCCGTAGGTGAACCTGCGG White va cong su
1 500-800

ITS4-R TCCTCCGCTTATTGATATGC (1990) [8]

RPB2-5f2 | GGGGWGAYCAGAAGAAGGC oDonnell A
2 1700-1 742 con sue(2010) [9]

RPB2-7cr | CCCATRGCTTGYTTRCCCAT ong st

EF1-728F | CATCGAGAAGTTCGAGAAGG Glass va
3 639-683 Donaldson,

EF1-986R | TACTTGAAGGAACCCTTACC (1995) [10]

Bt2a GGTAACCAAATCGGTGCTGCTTTC Carbone va Kohn
4 400-600

Bt2b CTCAGTGTAGTGACCCTTGGC (1999) [11]

LROR GTACCCGCTGAACTTAAGC Vilgalys &
> LR5 TCCTGAGGGAAACTTCG 920-980 [T;s]ter' (1990)

Ghichu: D=4, GhodcT; R =

2.7 Phuong phip xac dinh dic diém phén tir mot s6
vung trinh ty ctiia Fusarium

Ba cip modi nhan dién dic hiéu dugc sir dung dé nhan
dién cac ching Foc (Bang 2). Phan tmg PCR dugc thuc
hién theo chu trinh nhiét bit ddu 1a giai doan bién tinh
DNA ¢ 95 °C trong 3 phiit, tiép theo 14 30 chu ky (bién

A hodc G; S = Chodac G; W=A hoac T; Y =C hoac T
tinh & 95 °C trong 30 gidy, gan moi & 62 °C trong 35
gidy, kéo dai ¢ 72 °C trong 1 phut, téng hop soi & 72 °C
trong 10 phiit, bao quan & 4 °C. San pham PCR sau do
duoc dién di trén gel agarose 1 %. Sy xuit hién band
trén gel dién di thé hién két qua duong tinh, nghia 1a
DNA cua Foc d3 bét cap dugc véi cdp moi nhan dién.

Bang 2. Danh sach moi nhan dién cac chung Foc gay bénh Panama trén chudi

STT | Cip mdi |Trinh tw (5'-3" IS,Z“R"(':;‘;‘ Chiing | Tham khio
WI1805F |GTTGAGTCTCGATAAACAGCAAT o
Li va cong su
1 354 Foc 1 2012) 15
WI805R | GACGAGGGGAGATATGGTC (2012) [5]
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Foc-1 CAGGGGATGTATGAGGAGGCT
D 242 Foc 4 Lin va cs. (2009) [6]
Foc-2 GTGACAGCGTCGTCTAGTTCC
FocTRF CACGTTTAAGGTGCCATGAGAG Dita Vi cond su
3 463 FocTR4 | 0? o] ong st
FocTRR |CGCACGCCAGGACTGCCTCGTGA

3 Két qua va thao luin

3.1 Két qua diéu tra dién bién bé¢nh Panama trong
nam 2024

Trong ndm 2024, cac canh dong chudi luu vuc song
Srépok, tinh Ratanakiri, Campuchia lién tuc bi bénh
Panama anh huéng dén ning suét, chat luong cay chudi
gia Nam M§. Cudc diéu tra duoc thyuc hién trong vong
12 thang cua nam 2024 trén dién tich gﬁn 200 ha dién
tich chubi gia Nam My, khao sat trén 4 loai giéng chudi
gid Nam My bao gdm gidng VIP 26 (73 ha), gidng
William (51 ha), gidong Pai Loan (50 ha) va gidng
khang (22 ha), trong d6, gidng dugc trong nhidu nhit 1a
gidng VIP 26 (159 720 cdy) va it nhét 1a gidng khang
(47 960 cay).

Bang 3. Két qua diéu tra bénh Panama trén 4 gidng
chudi trong ca nam 2024

Téngsé Ty 1& Cap dd

Gibng  ciy bi bénh  bénh l(: :I:h >0
bénh (%) trén la :
VIP26 3228 202  Cip3  0,01212
William 1795 1,59  Cép2  0,00636
fﬁgﬁ: 686 143 Cép2  0,00572
PaiLoan 1614 146  Cép4  0,01169
Tong 7323 1,7 0,00979

Du tat ca cac cdy chudi bi bénh Panama déu duoc chit
bo va xir 1y, két qua khao sat cho thiy, tir thang 1 dén
thang 5, trung binh mdi thang déu c6 trén 150 ciy chudi
méi bi bénh cho tat ca cac gidng chudi. Ty 1¢ bénh bat
dau tang 1én tir thang 6 va ting nhanh lién tyuc, dat dinh
diém ¢ thang 10 voi tong cong khoang 2100 cay chudi
bi bénh trong thang. Sau do, ty 1¢ bénh giam nhanh va
6n dinh lai & thang 11 va thang 12 (Hinh 1)

Hinh 1. Dién bién bénh Panama trén cay chudi trong tai
canh dong chubi luu vuc séng Srépok, tinh Ratanakiri,
Campuchia nam 2024

Gidng VIP 26 1a gidng bi bénh ning nhat toan bd nim
v6i ty 16 bénh va chi s6 bénh, 1an luot 13 2,02 % va
0,012, cao nhat trong 4 gidng (Bang 3). Giai doan thang
6-10 1 giai doan bung phat bénh manh cta giéng chudi
nay, mdi thang déu phai hay trén 200 ciy. Gidng
William cling bi anh hudéng nghi€m trong bdi bénh
Panama, dac biét tur thang 8-10, voi ty 1€ bénh cao thi
2, tuy nhién bénh dién bién cham, da sd cac cay chudi
bi bénh chi ¢ cap 2. Bdi voi gidng Pai Loan, bénh xuét
hién hau nhu quanh nim, nhung bung phat manh tir
thang 7-11, mic du ty 1& cdy bi bénh thip hon so véi 2
gidng VIP 26 va William, nhung céac cdy chudi bi bénh
phan 16n c6 cap do bénh trén 14 & cap 4, hau nhu tat ca
14 chudi déu nhanh chong héo vang dén nau, anh hudng
nghiém trong dén stc sdng cua ciy (Hinh 2). Gidng
khang bi bénh nhe nhat, dinh diém chi 200 cay vao
thang 10, biéu hién sy 6n dinh va kha niang chdng chiu
bénh cao hon hén so v6i 3 gidng con lai.

Thoi diém bung phat bénh Panama manh nhat 1a tir
thang 6 dén thang 10, twong ing v6i giai doan mua mua
tai khu vyc tinh Ratanakiri, d6 4m va nu6c dong trong
dét cao, nhiét do thoi gian nay ciling mat mé, tao diéu
kién 1y tudng cho nAm bénh phat trién manh trong dét
va dé xAm nhap vao ré non.
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Gibng Khéng

Gibng Dai Loan

Hinh 2. Triéu chiing bénh Panama trén 4 giéng chudi
gia Nam My

Nhin chung, gidng VIP 26 va William c6 mirc d6 nhiém
bénh cao, trong khi giéng khang 1 ing vién tiém ning
dé nhan rong do ty 1€ bénh thép hon nhiéu. Ngoai ra,
can chuan bj t6t cac bién phap quan 1y bénh Panama vao
giai doan mua mua thang 6-10.

3.2 Két qua phan 1ap, lam thuén vi nim gy bénh tir
miu chuéi bi bénh Panama

Céc mau than va ct chubi bi bénh Panama duoc chuyén
vé phong thi nghiém dé phan lap tac nhan giy bénh.
Bén trong phan than ca va than gia, vi ndm phat trién
tao ra cac vét bénh mau nau vang, nau dé dén nau den.
Phén 1ap vi ndm tir 3 dot thu mau thu duoc téng cong
21 dong phan lap thuan c6 dic diém hinh thai gidng
nhau hoan toan, va phtt hop véi cac dic diém cta vi
nam thudc chi Fusarium.

Khuén lac vi nAm phan 1ap duoc cod tbe do phat trién
cham, dat duong kinh khoang 4,5 cm sau 3 ngay va
duodng kinh 7 cm sau 7 ngay. Khuan lac ban dau mau
trang, mt sau hoi nga vang nhat, sau 5-7 ngay, khuan
lac xuét hién sic t6 mau tim nhat hodc tim dim, mau
sdc d4m hon ¢ tam khuan lac (Hinh 3A va 3B).

Dudi kinh hién vi vat kinh 40x, hé soi ndm trong sudt,
bt mau xanh dic trung ciia thudc nhudém Lactophenol
cotton blue. Sgi ndm c6 vach ngan va phan nhanh (Hinh
3C). Bao tir ¢6 3 loai, déu trong sudt khong mau. Bao
tir dinh 16n ¢6 hinh thoi dep dai, hoi cong, cd 3-4 vach
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ngan ngang (Hinh 3D). Bao tu dinh nho thuong khong
¢6 vach ngan, hinh thoi ngin hodc hinh tring (Hinh
3D). Hau bao tir hay bao tir vach day hinh tron, 13 cdu
trac phinh to giira soi ndm (Hinh 3E).
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Hinh 3. Pic diém hinh thai vi ndim gay bénh Panama
trén chudi gia Nam My
A, B — mat trudc va mdt sau khudn lac vi nam 7 ngay
tuéi; C — hé soi nam dudi kinh hién vi vat kinh 40x; D
— bao twr dinh lon va bao twr dinh nho,; E — bao tir vach
day
3.3 Két qua lay nhiém nhén tao xic dinh tic nhin
giy bénh
Céc dong vi nAm phan lap tir mau bénh duoc lay nhidm
nguoc lai cac bau cdy chudi gia Nam My ex vitro nham
khing dinh kha ning giy bénh. Cac dong phan lap ciia
ca 3 dot thu mau bénh déu duogc thyc hién lay nhiém
nhan tao trén cay chudi con khoe manh. Két qua lay
nhidm nhan tao cho thiy tit ca cac dong phan 1ap déu
c6 kha nang giy ra triéu chung ctia bénh Panama trén
cdy chubi con. Ty 1¢ bénh chung & mdi dot 1y nhiém
déu trén 80 % (Bang 4).
Bang 4. Két qua 1ay nhidém nhan tao 3 dot phan 1ap miu
bénh

S6 cay Ty Ié bénh Chi  sb
¢

bénh (%) bénh
bol 0 0 0
ching
Pot1  31/35 88,57 0,46
Pot2  33/35 94,29 0,43
Pot3  30/35 85,71 0,4

Trong vong 40 ngay theo doi, khong co6 nghiém thiic
nao xuét hién cay bi bénh cép 5—caybi chét hoan toan.
Cay bi bénh & cip 2 — 1a dudi chuyén vang, nim bénh
xam nhiém khoang 30-50 % phan than cii chiém phan
16n cay bi bénh (khoang 55-56 % cay bénh). Ngoai ra,
cdy chudi con bi bénh cap 1 — khong xuét hién 1a vang,
ndm bénh bat ddu xaAm nhiém vao r&, chiém khoang 16-
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27 %; cay chudi bi bénh cép 3 — 14 dudi va mot sb 14 TAt ca cac mau bénh do lay nhiém nhan tao, khi tai phan
non chuyén vang, ndm bénh tir than ci bit dau xam lap trén moi truong WA, 1am thuin trén méi truong
nhidm 1én phan than gia, chiém khoang 7-19 %; cubi PDA déu thu dugc cac dong vi ndm cé dic diém hinh
cung cay bi bénh cap 4 — tit ca cac 1a chuyén vang, ndm thai giéng véi cac dong phén lap ban dau. Do do, cac
bénh x4m nhap séu phan than ci va hé théng mach dan dong phéan 14p 1a tac nhan gay ra bénh Panama trén cay
ctia phan than gia, chiém khoang 3-10 % (Hinh 4). chudi gia Nam My trdng tai luru vuc song Srépok.

Bénh biéu higntrénla  Bénh biéu hién trén ci

Ddi
chiing

Mau
bénh
cap 3

Mau
bénh
cap 4

Hinh 4. Triéu ching bénh Panama trén cdy chudi con trong thi nghiém lay nhiém nhan tao sau 40 ngay liy nhiém

3.4 Két qua dinh danh nim bénh bing phwong phap  Nam Fusarium thuong ton tai dudi dang phirc hop loai,

sinh hoc phan ti do do, dé phan biét chinh xac dén loai can st dung nhiéu
chi thi phan tir khac nhau. Trong nghién ciru nay, cac

o
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ving trinh ty duoc sir dung dé nhan dién Fusarium bao
gdm vung ITS, ving RPB2, ving TEF1, ving f-TUB
va ving LSU. Do tat ca cac dong phén lap c6 dic diém
tuong dong nhau, nén mdi dot thu mau, 1 dong phan lap
dai dién duoc chon dé st dung cho nghién ctru dinh danh
va nhan dién, dugc ky hiéu la D1, D2 va D3 tuong tng
v6i mau cua 3 dot phan lap.

R2 R3 L1 L2

Ladder 11 12 13 R1

1500 bp
1000 bp
600 bp

1000 bp
400 bp
300 bp
® D2
88
®D3
|'® D1

7" NRCB_FocR1_VCG01220 Fusarium oxysporum f. sp. cubense race 1
61" NRCB_FocSTR4_VCG0120 Fusarium oxysporumf. sp. cubense

53A8M2792044v1 Fusarium oxysporumf. sp. Cubense race 4

46

Foc1_1.0 Fusarium oxysporumf. sp. cubense race 1
B | ASM331572v1 Fusarium oxysporumf. sp. lycopersici 4287
66| USDA BRIP62122a v2 Fusarium oxysporumf. sp. fragariae
ASM1334753v2 Fusarium oxysporum f. sp. spinaciae strain Fus167
ASM1342324v1 Fusarium oxysporumf. sp. lini strain 39
68 1ASM3071909V1 Fusarium oxysporumf. sp. vasinfectum

SMRT HiC Fo5176 Fusarium oxysporum f. sp. conglutinans strain Fo5176
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Hinh 5. Két qua dién di trén gel agarose 1 % san phim
PCR khuéch dai cac vung trinh ty
11,12, I3 —-vung ITS; R1,R2, R3 —vung RPB2; L1, L2.
L3 —vung LSU; E1, E2, E3 —vung TEF1; B1, B2, B3 -
ving B-TUB; sé thir tw 1,2, 3 twong ung voi vi nam DI,
D2, D3
San pham PCR dugc phat hién trén gel agarose 1 %
(Hinh 5) cho thay ¢ ca 3 mau, ving trinh tu ITS c6 kich
thuée khoang 600 bp, ving RPB2 khoang 1200-1500
bp, vung LSU khoang 1000-1200 bp, vung TEF1
khoang 400 bp, va vung B-TUB khoang 450-500 bp.
Két qua giai trinh ty sau khi higu chinh cho thay, khi so
sanh riéng timg ving trinh ty bang phdn mém Seaview
va Mega X giita 3 mau D1, D2 va D3 thu duoc két qua
tuong dong 100 %, chimg to cic dong phan 1ap tir ca 3
dot thu mau déu thudc vé cung 1 chung. Két qua giai
trinh tu cta tat ca cac vung trinh tu ctia 3 dong phan lap
khi BLAST véi dif liéu ngén hang NCBI déu cho két qua
la F. oxysporum.

Foc

F. oxysporum

NDSU Fsol 1.0 Fusarium solani strain SB1

0.01

Hinh 6. Cay phat sinh loai ctia 3 dong phan 1ap dua trén két hop 5 ving trinh tu ITS, TEF1, p-TUB, RPB2, LSU
bang phuong phap Maximum Likelihood (Boostrap re — sampling 1000 lan)

Cay phét sinh loai duoc xdy dung dua trén t6 hop nim
ving trinh ty ITS, TEF1, B-TUB, RPB2, LSU cho thay
mdi quan hé tién hoa cua 3 dong Fusarium trong nghién
ctru ndy. Cac dong D1, D2 va D3 déu nim chung mot
nhanh riéng biét va nam trong nhom F. oxysporum f. sp.
cubense (Foc) (Hinh 6). Nhanh nay tach biét hoan toan
v6i cac chung F. oxysporum khac, cho thiy mirc d¢ phan
hoa di truyén rd rét trong ndi bd loai F. oxysporum. F.
solani duoc sir dung lam nhém out group cho cdy phat

@ Dai hoc Nguyén Tat Thanh
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sinh, nim & 1 nhanh tach biét hoan toan. Hai loai nay
v6n duge xem 14 hai loai vi nAm pho bién trong dat, va
c¢6 dic diém hinh thai dé gay nham 14n [13]. Viéc két
hop nhiéu chi thi phén tir 1a can thiét dé xac dinh mbi
quan h¢ phat sinh trong nhém loai c6 tinh da hinh cao
nhu F. oxysporum.

Ving ITS 1a mot marker duoc sir dung phd bién trong
phan loai ndm do ¢6 sy da dang cao giita cac loai, tuy
nhién, khong du tin cdy dé phan biét cac loai nim co
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quan hé gan. Cac chi thi phan tir nhu TEF 1o va p-tubulin
c6 tde do tién hoa cao, cho phép phan biét giita cac loai
¢6 quan hé gﬁn, da duoc su dung hi€u qua trong phan
loai cac loai cung nhém. Bén canh d6, ving RPB2 ma
hoéa tiéu don vi 16n tha hai cia RNA polymerase II, 1a
mot chi thi phan tir c6 d6 nhan dién cao. Do do, viéc Kkét
hop nhiéu chi thi phan tir voi mirc d6 bao ton va toc do
tién hoa khac nhau 1a can thiét dé ting do tin cdy trong
viéc nhan dién va phan dinh chinh xac cac ching
Fusarium cap do duéi loai.

3.5 Két qua nhén dién Foc 4 bang nudi ciy trén moi
treong com

Khi nudi ciy trén méi truong com, cac chung Foc 4 s&
tao ra mui aldehyde ddc trung, con cac chung Foc 1 va
Foc 2 khong tao mui. Trong ca 3 nghiém thirc tuong ing
v6i 3 dong phén 1ap ciia 3 dot thu mau, vi nAm phat trién
soi nAm mau trang bong xdp trén bé mit com, soi ndm
phat trién xudng cac khe ho tao thanh céc ranh ndm, ban
dau mau vang nhat, sau d6 chuyén dan thanh mau hong
cam.

Pbi ching

D2

D3

Hinh 7. Ba dong phan lap dugc nudi cdy trong moi
truong com

Sau 15 ngay nudi cdy, & nghiém thirc dbi ching chi nguri
thiy mui thom nhe cta com, con & tt ca cac nghiém
thirc ¢6 nudi ciy cac dong phan 1ap déu c6 mui thom
aldehyde rat nong, ching té cac dong Foc phan lap duoc
la Foc 4. Bay la tac nhan gdy bénh Panama nghiém trong
nhit hién nay, dic biét tin cong gidng chubi gia Nam
My Cavendish.

3.6 Két qua PCR xac dinh su hién dién ciia céc trinh
tw dic hiéu véi Foc 1, Foc 4 va Foc TR4

Két qua dién di san pham PCR trén gel agarose 1 % cho
théy hiéu qua khuéch dai cua ba cap moi dic hiéu nham
nhén di¢n cac ching khac nhau cua Foc. Trong do, cép

mdi W1805F/W1805R dugc st dung dé nhan dién Foc
1, Foc-1/Foc-2 nhan dién Foc 4 va FocTR-F/FocTR-R
nhan dién Foc TR4. Ca 3 mau D1, D2 va D3 khuéch dai
v6i méi W1805F/W1805R déu khong xuat hién bing
dién di (W1, W2, W3). Véi nhom F1, F2 va F3 1a két
qua khuéch dai véi modi Focl/Foc2 xuat hién bing
khuéch dai rd ¢ vi tri khoang 250 bp. Tuong tw, nhém
TR1, TR2 va TR3 khuéch dai v6i cip mdi FocTR-
F/FocTR-R ciing c6 sy xuét hién bing c6 kich thudc
khoang 450 bp. Do d6, cac ching D1, D2 va D3 déu la
Foc TR4.

ladder w1 w2 W3 F R F3 TRl TR TR3

2000 bp

1000 bp

500 bp
400 bp

300 bp
200 bp

Hinh 8. Két qua dién di san phdm PCR nhan dién céac
trinh tu déc hiéu véi Foc 1, Foc 4 va Foc TR4

Cap mdi W1805F/W1805R duogc phat trién dua trén
trinh ty dac trung cua Foc 1. Foc 1 hoac Foc 2 da tirng
dugc phat hién giy bénh Panama cho chudi tiy & Lai
Chau vao nam 2021 [14]. Cap mdi Foc-1/Foc-2 duge
béo cdo c6 do dic hiéu cao khi nhan dién Foc 4 [1]. Cubi
cung, cap moi FocTR-F/FOcTR-R 1a cong cu quan trong
trong nhan dién Foc TR4 — chung c6 khé nang lay lan,
pha hity ruéng chudi Cavendish trong thdi gian ngin,
dang bung phat manh tai Dong Nam A va Nam A [15].
4 Két ludn

Trong nam 2024, khoang 2 % ciy chudi gia Nam My
canh tac trén cac canh dong chudi luu vuc song Srépok,
tinh Ratanakiri, Campuchia bi bénh Panama v&i nhiéu
murc d6 khac nhau. Tac nhan giy bénh duoc xac dinh la
Fusarium oxysporum f. sp. cubense tropical race 4. Foc
TR4 mang céac dic diém dic trung ctia cac ving trinh tu
ITS, TEFla, B-TUB, RPB2 va LSU, dong thoi 1én men
tao mui aldehyde ndng khi nudi cdy trén méi trudng
com.

Lo&i cdm on

Nghién ciru duoc tai trg boi Truong Pai hoc Nguyén Tét
Thanh, Thanh phé H6 Chi Minh trong khuén kho dé tai
ma s6 2024.01.162/HD-NCKH.
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Abstract Bananas are one of Cambodia's main agricultural exports. However, Panama disease has become a major
threat affecting the density and productivity of banana plants, causing heavy losses to banana fields in the Srepok
River basin, Ratanakiri province, Cambodia. A field survey conducted in the Srepok river basin revealed that, during
the 12 months of 2024, approximately 2 % of banana plants were infected with Panama disease and were destroyed
out of a total of 430,980 surveyed banana plants. The disease showed more complex progression and faster spread
during the rainy season from August to October, with the highest incidence in October, when a total of more than
2,000 banana plants were affected. The causal agent was identified as Fusarium oxysporum f. sp. cubense race 4 (Foc
4) based on morphological characteristics, molecular identification using specific primers, and its distinctive odor
when cultured on rice medium. Furthermore, diagnostic primers confirmed that the strains isolated in this study
belong to the tropical race 4 (Foc TR4). This research provides scientific insights into Panama disease in banana,
contributing to more effective disease management strategies.

Keywords banana, Foc 4, Fusarium oxysporum, Fusarium wilt, Musa spp., Panama disease
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