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TOM TAT

cong bé trueée ddy cia ching téi da tam thoi két
lugn mdau ndm DL00384 va B la Cordyceps
takaomontana. Nham cing ¢6 hon nita cong tdc
phan logi dinh danh cdc mdu ndm ndy, ching toi
tiép tuc bo sung phdn tich pha hé don gen timg gen
nrSSU (nuclear ribosomal small subunit) hay rpbl
(largest subunit of RNA polymerase Il), cing nhu

phan tich két hop dit liéu da gen, bao gom nrLSU
(nuclear ribosomal large subunit) cung vdi nrSSU
va rpbl. Cac két lugn phan tich pha hé trong cong
bo ndy mét lan nita iing hé quan diém cdc mau ndm
DLO038A va B c6 quan hé rdat gan hodc chinh I
Cordyceps takaomontana — thé hiu tinh va lsaria
tenuipes — thé vé tinh.

Tir khéa: Cordyceps takaomontana, nrSSU, nrLSU, phat sinh chiing loai, rpbl

MG PAU

Trong cong b6 cua Pinh Minh Hiép va cong su
(2014) [6], cac tac gia cho biét: hai mau ndm ky sinh
con trung DLO038A va DL0038B dugc thu nhan tu
chuyén di thuc dia ¢ ving nui Langbian, Lam Dong.
Céc dic diém hinh thai va giai phau hoc nham so bd
phan loai hai mau ndm dugc tom lugc trén cac hinh 1
va 2, lan luot cho hai miu DLO038A va DLO0038B.
Dua vao cac dic diém hinh théi, giai phiu hoc, ciing
nhu phan tich so bo phat sinh chung loai phan tir gen
nrLSU (largest subunit of RNA polymerase I1), ca hai
mau ndm déu d4 duoc nhan dinh 1a lodi Cordyceps
takaomontana [6]. Bén canh do, cac két qua nghién
ctu vé khao st tiém nang tng dung cua ching trong

y dugc cua cac mau nim nay d4 ghi nhan céc két qua
chinh nhu sau: x4c dinh so bd thanh phan héa thuc
vat cho thiy sinh khdi hé soi mau nam nay chta
nhém hop chét triterpenoid tu do, saponin, acid hitu
co, chat khir va hop chat polyuronic. Ca hai mau nim
dugc khao sat déu cho thy ching cé hoat tinh bit
gdc DPPH (2,2-diphenyl-1-picrylhydrazyl) tu do va
ning lyc khu, dong thoi c6 chia polyphenol va
polysaccharide. Mot s6 mau cao dugc chon thu
nghiém déu khéng giy doc té bao HepG2 (¢ day
nong do xir Iy tir 2 — 10 mg/ml) va déu thé hién kha
ning bao vé t& bao ndy (DNA bo gen cua té bao
HepG2 khong bi gdy v& do tac nhan oxy hoéa) [7].
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Qua mot s6 dan chimg trén day, c6 thé thay rang cac
mau nim nay la rat tiém nang dé khai thac tinh chat

-

dugc hoc trong viéc phong va tri cac bénh lién quan
dén sy oxy héa, suy giam tri nhé va ung thu, ...

Hinh 1. Hinh thai giai phiu mau nim DL0038A. (A) Qua thé ndm Cordyceps takaomontana (DLO038A) trong ty nhién; (B)
Ky chii bi bao boc bai 16p s¢i day tao gia hach mau trang; (C) The chén nhd cao; (D) He soi phat trién trén mdi truong agar,
mau vang khi gia; (E) Hé soi phan nhanh manh; (F) Thé binh; (G) Hinh thanh bao tir dot; (H) bao tir dot.

Hinh 2. Hinh théi giai phiu miu ndm DLO038B. (A) Qua thé Cordyceps takaomontana (DLO038B) trong tu nhién: qua thé
con non, dugc bao phi bai 16p bui bao tir mau trang, thé chén chua nl]ﬁ Ié’n khoi be mat qua the; (B) HE soi phat trien trén
moi truong PGA; (C, D) M6t s6 dang bao tir vo tinh; (E) HE soi véi nhiéu cau trac thé binh.

Nhimg nam gan day, mot sb cong trinh d4 cong
bd viéc st dung nhiéu gen trong hd trg cong tac dinh
danh cac mau ndm thudéc nhém ky sinh con tring
nhu: Chan va cong su (2011) [3, 10] phén tich trinh
tu ving DNAITS, nrLSU, EF-/a, rbpl, ... trong dinh
danh loai Cordyceps gunnii tai Trung Quéc. Viéc
phan tich da gen, bao gom nrSSU, nrLSU, tef, rpb1 va
rpb2 duoc ung dung trong dinh danh cac mau nam
thudc chi Torrubiella bgi Johnson va céng s (2009)

[8]. Trong s& do, chung t6i dac biét quan tim dén
cbng trinh caa Sung va cong su (2007) [12] bai trong
cong trinh nay, cac tac gia da hé thong lai cac nhom
nim, dac biét thuoc ho Clavicipitaceae mot céch rat
tong thé. Cong trinh cua Sung va cong su (2007) da
sir dung cac dit liéu tir 5 — 7 cac gen thudc nhom gen
thuong truc (house-keeping genes) bao gém: nrSSU
(nuclear ribosomal small subunit - tiéu don vi nho
ribosome), nrLSU (nuclear ribosomal large subunit -
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tiéu don vi 16n ribosome), tefl (elongation factor 1o -
nhan té kéo dai 1a), rpbl (largest subunit of RNA

polymerase Il - tiéu don vi Ién nhat cuia RNA
polymerase 1), rpb2 (second largest subunit of RNA
polymerase Il - tiéu don vi Ién thir hai cua RNA

polymerase 1), tub (B tubulin) va atp6 (mitochondrial
ATP6) cua 162 taxon. Qua cong trinh nay, cac tac
gia da khang dinh cac loai thuoc nhém nam nay nén
dugc chia thanh ba ho la ho Clavicipitaceae véi cac
chi Metacordyceps, Hypocrella, Regiocrella va
Torrubiella; ho Cordycipitaceae vai chi Cordyceps;
ho Ophiocordycipitaceae vai hai chi Ophiocordyceps
va Elaphocordyceps. Dit liéu phan tir cia 5 — 7 gen
cua 162 taxon tir cong trinh nay, dac biét la nhém ba
gen nrLSU, nrSSU va rbpl ciing chinh 1a dit liéu phan
tr 16n nhat vé ndm ky sinh con tring cho dén thoi
diém nay ma chlng t6i ghi nhan duoc tir GenBank.

Chinh vi vay, trong nghién ctu nay, ké thira phan
I6n khéi dir liéu phan tir tir 162 trinh ty trong cong b
cua Sung va cong su (2007) [12], cac cay phét sinh
chung loai khac nhau duoc xay dung tir cac phuong
phép neighbor joing (NJ), maximum parsimony (MP)
va maximum likelyhood (ML) duwa trén cac gen
nrSSU va rpbl ciing nhu két hop phan tich da gen
bao gom nrLSU, nrSSU va rpb1 duoc thuc hién nham
tiép tuc muc dich hd trg dinh danh cac mau nim ky
sinh c6n trung DLO038A va DL0038B.

Mot dic diém cia cac loai nam thugc chi nam ky
sinh con trung va chinh dic diém nay gay khong it
kho khin cho cong tac phan loai ciing cin duoc nhic
dén ¢ day, d6 chinh la dic diém ludng danh: tuc la
ching c6 thé ton tai ¢ thé hitu tinh (teleomorph) va
thé vo tinh (anamorph). Dbi véi  Cordyceps
takaomontana, Kobayashi (1941) d4 céng bé thém
thé vo tinh cua lodi nim nay c6 thé 1a Isaria japonica
Yasuda. Rat 1au sau d6, Samson (1974) da cong bd

thém ring lsaria japonica ciing chinh 14
Paecilomyces tenuipes hay con goi la Isaria tenuipes
Peck. Tong hop dir liéu cho dén nay, riéng ddi voi
loai ndm nay, chung toi ghi nhan céc tén chinh thuc
nhu sau: Cordyceps takaomontana (telemorph),
Isaria tenuipes (anamorph), Isaria japonica
(anamorph) va Paecilomyces tenuipes (anamorph).
VAT LIEU - PHUONG PHAP
Vit liéu

Mau hé soi ndm thuan duoc phan I4p tir mau nim
ky sinh con trung Cordyceps takaomontana (ky hiéu
DLO038A va DL0038B) do Khoa Sinh hoc, Truong
Dai hoc Pa Lat cung cap.
Téch chiét DNA, phan wng PCR khuéch dai cac
gen muc tiéu

Quy trinh tach chiét DNA tir hé sgi ndm duogc
thuc hién bing phuong phap Phenol/Chloroform,
phong theo Chomczynski & Sacchi (1987) c6 bién
ddi cho phu hop véi muc tiéu thu nhan DNA (thay
dbi chi s6 pH cua phenol tir 4 thanh 8) [4]. Dung que
cay vo trung tién hanh thu nhan mét phan hé nam soi
(khoang 1,5 g) hoa tan trong 6ng eppendorf chira sin
700 pL dung dich ly giai té bao, i qua dém & nhiét 46
65 °C. Mau sau khi u dugc tién hanh ly tam thu nhan
phan can, bdé sung 700 pL dung dich PCI
(Phenol/Chloroform/Isoamylalcohol). Sau d6, mau
dugc tién hanh ly tam thu nhan phan ndi va tién hanh
taa bang ethanol tuyét ddi. San pham DNA duoc X4c
dinh ndng d6 bang phwong phap do mat dé quang &
bude séng 260 nm va do tinh sach théng qua ty sé
OD260/ODzg0. Mau DNA sau khi tach chiét dugc luu
giit trong dung dich TE va bao quan ¢ - 20 °C cho dén
khi duoc st dung cho nhitng thi nghiém sau. Phan
tmg PCR dugc thuc hién véi hé moi (Bang 1).
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Bang 1. Trinh ty cac mdi st dung khuéch dai cac gen muc tiéu

Gen muc N . s o San Tai liéu
tiéu Tén moi Trinh ty (5 - 3) phim | tham khao
Mai NS1 GTAGTCATATGCTTGTCTC
nrssu XUoi 1102 [15]

Mo NS4 CTTCCGTCAATTCCTTTAAG bp

nguoc

Mo CRPB1 CCWGGYTTYATCAAGAARGT

Xuoi [2]

ropl Mdi RPBICT | CCNGCDATNTCRTTRTCCATRTA | 203 bp
nguoc

Phan tmg PCR duoc thuc hién trén may Mxpro-
Mx3005P (Stratagene) véi chuong trinh nhiét bao
gdm 95 °C trong 5 phut (1 chu ky), 40 chu ky lap lai
v6i 95 °C - 30 giay, 55 °C - 30 giay, 72 °C - 2 phat va
72 °C - 5 phdt (1 chu ky). Thé tich hdn hop phan ting
1a 25 pl bao gom: 1 x dung dich dém PCR, 0,5 pM
mdi mdi, 200 uM dNTP, 2,5 don vi enzyme Taq
DNA polymerase (Fermentas), 3 mM MgCl,. San
phiam PCR dugc tién hanh dién di trén gel agarose 1
% va duoc tién hanh giai trinh ty tai cong ty Nam
Khoa. Mbi str dung cho phan ung giai trinh ty ciing
chinh 1a cac mdi duoc st dung cho phan tng PCR
(Bang 1), dugc cung cap boi IDT (Intergrated DNA
Technologies, M¥).

Hiéu chinh trinh tw, xay dwng cay phat sinh loai

C4c trinh tu san pham PCR duoc tién hanh hiéu
chinh nhiam loai bo céc tin hiéu khéng rd rang o hai
dau, kiém tra su sai léch gitra két qua giai trinh tu
bang mdi xubi va mdi ngugc, so sanh véi co so dir
lieu GenBank (NCBI). Cac phan mém sir dung cho
budc hiéu chinh bao gdm: Seaview phién ban 4.2.12
[5], Chromas Lite phién ban 2.1.1 [13], cdng cu
BLAST (Basic Local Alignment Search Tool) [1]. B
mau duoc tién hanh ddng nhat trudc khi dugc tién
hanh do tim md hinh tién héa pha hop nhét theo
chuan Bayesian Information Criterion (BIC) bang
phan mém MEGA 6.0 [14].

Cay phat sinh loai dwgc xay dung bang phan
mém MEGA phién ban 6.0 [14]. Cac phuong phép
dugc sir dung dé xay dung cdy phat sinh loai bao
gom: Neighbor joining (NJ), Maximum parsimony
(MP) va Maximum likelyhood (ML) véi cac thong sé
nhu sau: cdy NJ duoc dung véi mo hinh Tamura ba
théng sd (Tamura’s three-parameter), phan phdi
chuian gamma, cdy MP dugc dung véi thuat toén
TBR (Tree bisection and reconnection branch
swapping), cdy ML dwoc dung véi thuat toan NNI
(Neareast Neighbor interchange) va md hinh tién héa
phu hop nhét tir két qua do tim bang phian mém Mega
6.0; gia tri ung ho (bootstrap) lap lai 1000 lan voi
muc dat y nghia khi gia tri ung hd 16n hon 50.

KET QUA - THAO LUAN

Két qua phan tach cac san pham PCR khuéch dai
c4c gen muc tiéu trén gel agarose 1 % cho thay xuat
hién cac bang sang r6 ting véi kich thude nhu mong
doi: 1102 va 803 nucleotide, twong tng lan luot Voi
cac gen nrSSU va rpbl (dix liéu khong trinh bay). T
do, viéc sir dung cac san pham nay dé giai trinh tu da
cho céc két qua giai tot, hai mach DNA dwoc giai déu
cho céc dinh rd rang va cé su trung khop gitta hai
mach DNA khi mét trong hai mach duoc chuyén ddi
bang Seaview, chi trir nhitng doan 1an can dau 3’ cua
moi bat cap véi mach khudn (dix lidu khong trinh
bay). D6 dai trinh tu tirng gen sau hiéu chinh dugc
trinh bay trong Bang 2.
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Bang 2. Két qua hidu chinh va so sanh trinh tu cac gen thudc hai miu nim trén Genbank

Kich thuéc san Kich thudc san Max Ident
Gen/mau pham PCR (bp) | phadm sau hiéu chinh | Loai twong tu cao nhét (%)
(bp)
38A 833 Isaria tenuipes 99
nrLSU* 950 (AB027380)
38B 882 Isaria tenuipes 99
(AB027380)
38A 881 Isaria tenuipes 99
nrSSU 1102 (KC242706)
38B 1017 Isaria tenuipes 100
(KC242706)
38A 689 Isaria tenuipes 99
rbpl 803 (HQ880899)
38B 712 Isaria tenuipes 99
(HQ880899)

Chd thich : *Trinh tu gen nrLSU duoc tham khao tir két qua giai trude day [6].

Céac trinh ty da hiéu chinh dwgc kiém tra do
twong ty bang cong cu BLAST tich hop trén co so di
liéu GenBank. Chung t6i trich so lwoc mét sé két qua
kiém tra do tuong ty cua cac trinh tu gen nrLSU,
nrSSU va rpbl coa hai mau nam DLO038A va
DL0038B bing két qua ddng nhat téi da (Max ident)
tim duoc trén GenBank trong Bang 2.

Trinh tu cac gen sau hiéu chinh cua hai mau
DLO0038A va DL0038B ciing duoc so sanh véGi nhau
va cho két qua vé mirc d6 giéng nhau (identity) dat 99
% cho ca ba gen (tinh trén d6 bao phu - coverage gita
ting cap trinh tu); su khac biét 1 % trong trinh tu ba
gen giira hai mau nim nhu sau: 1 khoang tréng (gap)
va 3 mismatch (nrLSU), 1 khoang tréng (nrSSU) va 2
mismatch (rbpl).

Khéi dit liéu nay duoc dong nhat héa va can nhic
két qua can than bang mét cho thay: chiéu dai trung
binh cua cac nhém trinh ty dat 695, 851 va 477 bp,
twong ung lan luot cho cac gen nrLSU, nrSSU va
rpbl. Ciing qua viéc ddng nhét héa nay, dit liéu trinh
ty tham chiéu tham khao tir cong trinh cia Sung va
cong su (2007) [12] dugc ching t6i loc va loai bo cac
trinh tw ¢6 d6 dai khéng phu hop (chta cac khoang
tréng lién tuc duoc chén vao ngay giira hoidc hai dau
trinh ty), vi vay sé trinh ty tham chiéu 12 68, 56 va 80

trinh te (thuoc ba nhém - clade A, B, C, ho
Clavicipitaceae) twong tng lan lugt cho cac gen
nrLSU, nrSSU va rpbl, cung véi Glomerella
cingulata (Stoneman) Spauld. & H. Schrenk
(Glomerellaceae) va Verticillium dahliae Kleb.
(Plectosphaerellaceae) duoc st dung lam nhém
ngoai [5]. Khdi dir liéu hoan chinh va dong b cho ca
ba gen dugc tién hanh do tim mé hinh tién héa tdi
thich ghi nhan céc két qua nhu sau: theo chuan thong
tin BIC, md hinh tién héa phu hop nhit cho khéi dir
liéu gen rbpl la T92 (Tamura-3-parameter)+G+l (véi
céc thong sé dugc MEGA 6.0 thong bao cho md hinh
T92+G+I nhu sau: parameters = 165, BIC (lowest
score) = 23521,693, InL = -10888,472, (+1) = 0,34,
(+G) = 0,86, R = 2,69, f(A) = 0,226, f(T) = 0,226,
f(G) = 0,274, f(C) = 0,274, r(AT) = 0,030, r(AC) =
0,037, r(AG) = 0,200, r(TA) = 0,030, r(TC) = 0,200,
r(TG) = 0,037, r(CA) = 0,030, r(CT) = 0,165, r(CG)
= 0,037, r(GA) = 0,165, r(GT) = 0,030, r(GC) =
0,037.

Cay phat sinh ching loai ML dwoc xuét ra tir md
hinh cho két qua nhu sau: xét vé dia hinh hoc
(topology), cdy ML nay rat tuong ty va twong thich
v6i dia hinh hoc cua cac cay neighbor joining (NJ),
maximum parsimony (MP) va cay phat sinh loai tham
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khao tir cong b cua Sung va cong sy (2007) [12] (dix
liéu trinh bay Ia cdy ML cua gen rpbl- Hinh 3).

Diéu nay 1a pht hop Vi céc trinh tu trong cong
trinh cta Sung va cong su (2007) [12] duoc dua vao
lam tham chiéu dé so sanh véi cac trinh tu trong dé
tai nay. Trén cay ML nay (Hinh 3), 80 trinh ty tham
chiéu thuoc ho Clavicipitaceae, trong d6 27 trinh tu
dai dién cho nhém A, 30 trinh tu dai dién cho nhém B
va 20 trinh tu dai dién cho nhém C phan nhém hoan
toan hop Iy, so véi cong bd cua Sung va cong su
(2007) [12] va so voi cac trinh tu nhém ngoai (hai
trinh tu thuoc loai Glomerella cingulata va moét trinh
tu thudc loai Verticillium dahliae, 1a cac loai nim ky
sinh trén thuc vat).

Xét trong suw phan nhém caa nhém C thudc ho
Clavicipitaceae, trugc hét, hai trinh ty DLO038A va
DL0038B phan thanh mét nhém véi nhau duoc tng
ho rit manh voi cac gia tri bootstrap lan luot dat
96/98/96. Pdng thoi, hai trinh ty rbpl cua hai mau
nim DLO038A va B phan thanh mét nhém véi trinh
tu thuoc loai Isaria tenuipes (DQ522395) dugc ung
ho rat manh véi gid tri bootstrap dat tuyét ddi 100 cho
ca ba cady NJ/MP/ML (phan dugc déng khung trén
Hinh 3), so vé6i cac tham chiéu con lai thuc nhém
nay, bao gém: cac dai dién thuoc chi Cordyceps bao
gom: C. bifusispora, C. militaris, C. scarabaeicola,
C. tuberculata, dai dién thudéc chi Beauveria: B.
caledonica, cac dai dién thudc chi Isaria gom |I.
farinosa va |. cf. farinosa, dai dién thudc chi
Lecanicillium bao gom: L. tenuipes, L. attenuatum, L.
psalliotae, L. fusisporum va L. lecanii, cung véi cac
dai dién thudc chi Simplicium: S. lamellicola, S.
obclavatum, S. lanosoniveum (Hinh 3). lIsaria
tenuipes chinh 1a thé vo tinh (anamorph) cua
Cordyceps takaomontana, theo cdng bé cua Kobayasi
(1982) [9] va Sung va cong su (2007) [12]. Ciing rat
liy 1am tiéc 1a cho dén thoi diém nay, ching t6i van
chua tim thay trén co so dir liéu nao, ké ca trong cong
b cua Sung va cong su (2007) mét trinh tu rpbl nao
cua Cordyceps takaomontana. Vi vay, tham chiéu ¢
thé vo tinh Isaria tenuipes ciing chinh 1a tham chiéu
duy nhat 1am dai dién dwoc thém vao bo dir liéu tham

chiéu cua Sung va cong su (2007), va day ciing 1a
trinh ty tham chiéu thuéc cung nhém nghién ciu
[11]. Tr cac két qua bude dau nay cho thay phan tich
phéat sinh chung loai phén tir trén gen rpbl ung ho
quan diém dinh danh dya trén hinh thai: hai mau
DLO0038A, DL0038B va Isaria tenuipes (DQ522395)
¢6 quan hé rat gan hoac chinh la cac mau nam thugc
cung loai véi thé hitu tinh Cordyceps takaomontana,
c6 thé vo tinh 1a Isaria tenuipes.

Cac két qua phan tich phét sinh chung loai phan
tr don gen khac str dung gen nrSSU déu cho két qua
tuong tu nhu ddi vai gen rbpl, nghia 1a ung ho quan
diém dinh danh dua trén hinh thai: hai mau DLO038A
va DLO0038B la cac miu nam thuoc cing loai
Cordyceps takaomontana (dit liéu khong trinh bay).
Dic biét, ddi vai hai gen nay, dit liéu tham chiéu cua
Sung va cong su (2007) c¢6 dai dién thuéc Cordyceps
takaomontana (AB044631/nrSSU va
AB044637/nrLSU) [5]. Pay ciing chinh 1a cac tham
chiéu phan thanh don nhém vdéi cac trinh tu nrLSU va
nrSSU caa hai mau DLO038A va DL0038B (dir liéu
khong trinh bay).

Dé thuc hién phan tich da gen, tir b dir liéu tham
chiéu cia Sung va cong su (2007) [12] cho ting gen
nrLSU, nrSSU va rbpl thuéc cung mot mau nam,
trudc hét chung t6i tao bo dir liéu trinh ty tham chiéu
cua ba gen két hop lai va ciing thyc hién su déng nhat
héa bo mau trugc khi do tim mo hinh tién héa tdi
thich. D6 dai trinh tu sau ddng nhat héa khoang 1892
nucleotide. Bo dit liéu gdm 45 trinh ty nay dugc do
tim md hinh tién héa téi thich baing MEGA 6.0. Két
qua cho thdy mé hinh T92+G+l 1a md hinh tbi vu
nhét, véi céc thong s6 duoc MEGA 6.0 théng béo cho
mo hinh nay nhu sau: parameters = 91, BIC (lowest
score) = 29682,149, InL = -14324,556, (+1) = 0,39,
(+G) = 0,34, R = 2,49, f(A) = 0,239, f(T) = 0,239,
f(G) = 0,260, f(C) = 0,260, r(AT) = 0,030, r(AC) =
0,040, r(AG) = 0,190, r(TA) = 0,030, r(TC) = 0,190,
r(TG) = 0,040, r(CA) = 0,030, r(CT) = 0,170, r(CG)
= 0,040, r(GA) = 0,170, r(GT) = 0,030, r(GC) =
0,040.
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Cay phét sinh ching loai ML dwoc xuit ra tir md
hinh nay cho két qua nhu sau: dia hinh hoc cua cay
phét sinh chung loai ML ba gen ciing rat tuong tu voi
cac cady NJ va MP ciing nhu tuong thich so véi cac
cdy don gen, va so véi cong bd cua Sung va cong su
(2007) [12]: cac tham chiéu phan thanh ba nhém A,
B, C cung v6i nhdm ngoai (Hinh 4).

Xét trong sy phan nhém caa nhém C thuge ho
Clavicipitaceae, trudc hét hai trinh tu dwoc ghép tir ba
gen cua hai mau nam DLO038A va DL0038B phan
thanh mot nhém véi nhau duoc tng ho rit manh Vi
c4c gia tri bootstrap lan luot dat 99/98/96 twong tng
v6i cac cay NJ/MP/ML (phan dugce dong khung trén
Hinh 4). Bdng thoi, hai trinh tu dwoc ghép tir ba gen
cua hai miu ndm DLOO038A va B phan thanh mot
nhém vé6i trinh tu thuoc loai Isaria tenuipes
(DQ518774, DQ522559 va DQ522395 twong Gng 1an

luot vai cac gen nrLSU, nrSSU va rbpl thudc mau
nim duoc ky hiéu 0SC111007, theo Sparafora va
cong su (2007) [13] dwoc ung ho rat manh véi gia tri
bootstrap dat tuyét d6i 100 cho ca ba cay NJ/MP/ML
(phan dugc déng khung trén Hinh 4), so véi cac tham
chiéu con lai thuoc nhom nay. Nhu vay, qua su phan
tich phét sinh chang loai két hop ba gen, két qua lai
mot lan nita cho thidy cdc mau nim DLOO038A,
DL0038B va lsaria tenuipes c6 quan hé rat gan hoac
chinh la cung mét loai.

Cung véi két qua dinh danh dwa trén hinh théi, su
hd tro tir phan tich phat sinh chung loai ¢ dy, lai mot
1an nira ung ho quan diém hai mau ky hiéu DLO038A
va DL0038B duogc dinh danh 1a cic dai dién thuoc
loai Cordyceps takaomontana (v6i thé vo tinh la
Isaria tenuipes) duogc suu tap tai viung ndi Langbian,
Lam Dong, Viét Nam.
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100/100,100 | COrdyceps stylophora Rpb1 DQS22382

1c0/98,/100

Cordyceps stylophora Rpb1 EF468882
Ophiocordyceps acicularis Rpb1 EF468852
Ophiocordyceps acicularis Rpb1 EF468853
Cordyceps agriota Rpb1 DQS522368

Ophiocordyceps rhizoidea Rpb1 EF468872
ea Rpb1 EF468873

100/100/100

94/94/97

100/100/100 | Ophiocordyceps rhiz
Cordyceps unilateralis Rpb1 DQS22385

Cordyceps cf. acicularis Rpb1 DQ522371
S8/79/58 Hirsutella sp Rpb1 EF469092
100/100,100 | Hirsutella sp Rpb1 EF469093

74 -

L Hos100/100) OPhiocordyceps gracilis Rpb1 EF468858 Clavicinit

B8 /5a/56 Ophiocordyceps gracilis Rpb1 EF4A68859 avicipitaccac
Ophiocordyceps heteropoda EF468860 nhom B

21cos1bos100 Cordyceps ravenelii Rpb1 DQS22379

sa Ophiocordyceps nigrella Rpb1 EF468866

Ophiocordyceps variabilis Rpb1 EF468885
Cordyceps melolonthae Rpb1 DQ&22376
Ophiocordyceps neovolkiana Rpb1 KJB79010

EEYE S8
B Elaphocordyceps longisegmentis EF468864

10 —|100,100 E Cordyceps ophioglossoides Rpb1 AY4539652
89/52/86l _ Elaphocordyceps subsessilis Rpb1 EF462090
e Haptocilliurm zeosporum Rpb1 EF463091
7mE|apmmmum balanoides Rpb1 DQ522388
Haptocillium sinense Rpb1 DQS5S223389
Cordyceps nutans Rpb1 DQ522378

Cordyceps sphecocephala Rpb1 DQ522381
ordyceps irangiensis Rpb1 DQ522391

100/99/100 C
109/4”)0/100 Cordyceps irangiensis DQ522374
100,100,100 | Ophiocordyceps irangiensis Rpb1 EF469089

Sa/-f59
1 77/52/95—— Claviceps fusiformis Rpb1 DQ522366
PO pp— Claviceps paspali Rpb1 DQS522367
Claviceps purpurea Rpb1 AY489648
SO/S0s5 100/100/100 L Claviceps purpurea Rpb1 EF469027
Werticillium epiphytum Rpb1 DQS22409
Balansia pilulasformis Rpb1 DQ522365
96,/90/95 NMyriogenospora atramentosa Rpb1 AY489665
292 | sos1o0s100) Tomubiella luteorostrata EF468905
Torrubiella lutecrostrata Rpb1 EF468906
N Paecilomyces carneus Rpb1 EF468894 Clavicipitaceac
&3 Paecilomyces carneus Rpb1 EF468895 nhém A
52 Paecilomyces marquandii Rpb1 EF468899
Rotiferophthora angustispora Rpb1 DQ522402
R o Cordyceps taii Rpb1 DQ522383
Metarhizium anisopliae Rpb1 DQ522399
100 Cordyceps sp Rpb1 EF468880
99/96! Metarhizium album Rpb1 DQ522398
Cordyceps sp Rpb1 EF468878
o8/8 Metarhizium flavoviride Rpb1 DQS22400
LooseT Cordyceps chlamydosporia Rpb1 DQ522372
Pochonia chlamydospaoria Rpb1 EF469098
Cordyceps sp Rpb1 EF468876
10071004100 | Cordyceps sp Rpb1 EFAG68877
Tolypocladium parasiticum Rpb1 EF468904
sasaasss|f Pochenia rubescens Rpb1 EF468903
sas68/,96 Fochonia bulbillosa Rpb1 EF468902
28/99/97 L Pochonia gonicides Rpb1 DQ522401
100100100 [— Simplicillium lanosoniveurn Rpb1 DQS22405
ao/06/99 [Simplicillium lanosoniveumn Rpb1 DQS522406
Simplicillium lamellicola Rpb1 DQ5S22404
Lecanicillium tenuipes Rpb1 DQS522387
24/55756 76s51/7a Lecanicillium psalliotas Rpb1 EF468890
FaSTOSTS Lecanicillium psalliotae Rpb1 EF469096
ST 2 Lecanicillium psalliotas Rpb1 EF4569095
1oo Lecanicillium fusisporum Rpb1 EF468839 Cla\’ici itaceae
Lecanicillium attenuatum Rpb1 EF468888 - B
Torrubiella confragosa Rpb1 DQS522407 nhom C

Isaria farinosa Rpb1 EF463094
Cordyceps tuberculata Rpb1 DQS522384
Cordyceps militaris Rpb1 JM992492
Werticillium sp Rpb1 EF468907

Beauveria caledonica Rpb1 EF469086
p— Cordyceps scarabaeicola Rpb1 DQ522380
— Isaria cf farinosa Rpb1 EF468386
Cordyceps bifusispora Rpb1 EF468854

T B6/AS
100s100/100 | Cordyceps bifusispora Rpb1 EF468855

Isaria tenuipes Rpb1 DQ522395
DLO038EB rpb1

DLO038A rpb1
Werticillium dahliae Rpb1 AY489673

100/100/100)|
Glomerella cingulata Rpb1 AY489659
100/100/100 L Glomerella cingulata Rpb1 DQ858454
—
0

100/99/100

100/100/100
96/98/96

Nhém ngoai

Hinh 3. Méi quan h¢ phat sinh ching loai bing cay ML sir dung gen rpb1 cia 82 taxa thudc Clavicipitaceae. Cac con s6
duoc trinh bay trén cac nhanh la nhing gia tri bootstrap, ba gia tri duwoc sap x€p tir trai sang phai twong tmg voi ba gia tri
bootstrap lan luot cua cac cdy NJ, MP va ML. Chi nhiing gia tri bootstrap > 50 dwoc trinh bay
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100/100/100| Beauwveria_caledonica_nrLSU_AF339520_nrSSU_AF339570_Rpb1_EF469086
Cordyceps_scarabaeicola_nrLSU_AF339524_nrSSU_AF339574_Rpb1_DQ522380
100, Cordyceps_militaris_nrLSU_AY184966_nrSSU_AY184977_Rpb1_DQ522377
Cordyceps_kyusyuensis_nrLSU_EF468813_nrSSU_EF468960_Rpb1_EF463863
92/75lj93 Isaria_farinosa_nrLSU_EF4690380_nrSSU_EF469127_Rpb1_EF469094
85/99/8 Cordyceps_tuberculata_nrLSU_DQ518767_nrSSU_DQ522553 Rpb1_DQ522384 'Clavicipitaceae
100/100/100 | Cordyceps_bifusispora_EFCC_5690_nrLSU_EF468806_nrSSU_EF468952_Rpb1_EF468746 nhém C
100/] Cordyceps_bifusispora_EFCC_8260_nrLSU_EF468807_nrSSU_EF468953_Rpb1_EF468855
100/99/100 Isaria_tenuipes_nrLSU_DQ518774_nrsSU_DQ522559 Rpb1_DQ522395
100/100/100 | DLO038A_nrLSU_nrSSU_rpb1
98/99/96! DLO038B_nrLSU_nrSSU_rpb1
92/89/98 00/100/100 |Cordyceps_cardinalis_CBS113411_nrLSU_AY184963_nrSSU_AY184973_Rpb1_DQ522370
Cordyceps_cardinalis_CBS113421_nrLSU_AY184963_nrSSU_AY184974_Rpb1_EF469088
Simeglicillium_lamellicola_nrLSU_AF339552_nrSSU_AF339601_Rpb1_DQ522404
Simplicillium_lanosoniveum_CBS_101267_nrLSU_AF339554 nrSSU_AF339603_Rpb1_DQ522405
99/88/99 Simplicillium_lanosoniveum_CBS_704.86_nrLSU_AF336553_nrSSU_AF339602_Rpb1_DQ522406
Balansia_pilulaeformis_nrLSU_AF543788_nrSSU_AF543764_Rpb1_DQ522365
Verticillium_epiphytum_CBS384 81_AF339547_nrSSU_AF339596_Rpb1_DQ522409 Clavicipitaceae
Metarhizium_album_nrLSU_DQ5187756_nrSSU_DQ5622560_Rpb1_DQ522388 nh(')mA

100/96/99

100/100/100)|
100/100/100

100/1007100

EEE

98/98/99

100/98/100

—
0.05

Tolypocladium_parasiticum_nrLSU_EF468848_nrSSU_EF468993_Rph1_EF468304
Claviceps_fusiformis_nr SU_U17402_nrSSU_DQA22539_Rpb1_DQ522366
Claviceps_paspali_nrLSU_U47826_nrSSU_U32401_Rpb1_DQ522367
Claviceps_purpurea_ SAcp11_nrLSU_EF469075_nrSSU_EF469122_Rpb1_EF469087
100/100/100 L Claviceps_purpurea_AF543789_nrSSU_AF543765_Rpb1_AY489648

100/100/100| Cordyceps_irangiensis_nrLSU_DQ518760_nrSSU_DQ522546_Rpb1_DQ522374
Ophiocordyceps_irangiensis_nrLSU_EF469076_nrSSU_EF469123_Rpb1_EF469089
Cordyceps_irangiensis_nrLSU_DQ518770_nrSSU_DQ522556_Rpb1_DQ522391
Cordyceps_sphecocephala_nrLSU_DQ5187656_nrSSU_DQ522651_Rpb1_DQ522381

Haptocillium_sinense_nrLSU_AF339545_nrSSU_AF339594_Rpb1_DQ52238%

100/100/100| OPhiocordyceps_gracilis_EFCC8572_nrl SU_EF468811_nrSSU_EF468956_Rpb1_EF468859
Ophiocordyceps_gracilis_nrLSU_EF468810_nrSSU_EF466955_Rpb1_EF468858
Cordyceps_melolonthae_nrLSU_DQ518762_nrSSU_DQ522548 Rpb1_DQ522376
Cordyceps_unilateralis_nrLSU_DQS8768_nrSSU_DQ522554 Rpb1_DQ522385
Cordyceps_ravenelii_nrLSU_DQ518764nrSSU_DQ522550_Rpb1_DQ522379
Ophiocordyceps_nigrella_nrLSU_EF468818_nrSSU_EFA468963_Rpb1_EF468366
Ophiocordyceps_rhizoidea_MHJ12529_nrLSU_EF468824_nrSSU_EF468969_Rpb1_EF468872
Ophiocordyceps_rhizoidea_nrLSU_EF468825_nrSSU_EF468970_Rpb1_EF468873
Cordyceps_cf _acicularis_nrLSU_DQ518757_nrSSU_DQ522543_Rpb1_DQ522371
Hirsutella_sp NHJ12525_nrl SU_EF469078__
Ophiocordyceps_acicularis_nrLSU_EF468805_nrSSU_EF468951_Rpb1_EF468852
Cordyceps_stylophora_nrLSU)_EF468837_nrSSU_EF468982_Rpb1_EF463832
100/100/100 | Cordyceps_stylophora_0SC111000_nrLSU_DQ518766_nrSSU_DQ522552 Rpb1_DQ522382
Verticillium_dahliae_nrLSU_AY489737_nrsSU_AY489705_Rpb1_AY489673

100/100/300 - - -
Glomerella_cingulata_nrLSU_AF543786_nrSSU_AF543762_Rpb1_AY459659
100/100/100L Glomerella_cingulata_nrlSU_U48428_nrSSU_U48427_ Rpb1_DQ858454

Clavicipitaceae
nhom B

nrSSU_EF469125_Rpb1_EF469092

‘ Nhoém ngoai

Hinh 4. Mi quan hé phat sinh ching loai bang cay ML sir dung két hop ba gen nrLSU, nrSSU, rpbl cia 45 taxa thudc
Clavicipitaceae. Cac con s6 dugc trinh bay trén cac nhanh la nhu'ng gia tri bootstrap, ba gi4 tri dugc sap xép tir trai sang phai
twong (g vdi ba gid tri bootstrap 1an lwot cua cac cdy NJ, MP va ML. Chi nhitng gi4 tri bootstrap > 50 duoc trinh bay.

KET LUAN

Ching t6i d& &p dung thanh céng céng cu phéan
tich phat sinh chung loai don gen hay phan tich da
gen bao gom nrSSU, nrLSU va rpbl nham hd tro
dinh danh cac mau nim Ky sinh con tring DLO038A
va DL008B, thu nhan tir vung ndi Langbian, Lam
Pong. Céc két qua phan tich phat sinh chung loai
phan tr nay da cung c6 thém két luan vé& dinh danh
c4c mau nam la Cordyceps takaomontana véi thé vo
tinh 1a Isaria tenuipes. Pay ciing 1a tién dé hitu ich

cho nhém ching t6i tiép tuc hoan thién cong tac dinh
danh c4c mau ndm nay ciing nhu phat trién tiép doi
V6i cac mau nam Ky sinh cén trang khac trong bo suu
tap.

Loi cdm on: Dé tai nay dwoc thuc hién nho kinh
phi ciia S¢ Khoa hoc va Cong nghé TP. Ho Chi Minh,
Chuong trinh Vuon wom 2014 — 2015, chi nhiém
ThS. Lao Dirc Thudn.
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Molecular phylogenetic analysis to support the
identification of samples DLO038A &
DL0038B belonging to Cordyceps genus
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e Truong Binh Nguyen
University of Da Lat
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e Le Huyen Ai Thuy
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ABSTRACT

In our previous publication, we have tentatively
concluded that our fungal specimen DLO038A and
DL0038B are Cordyceps takaomontana. In order to
further support the identification, we continued to
analyse the nrSSU (nuclear ribosomal small subunit)
and rpbl (largest subunit of RNA polymerase II)
genes, as well as combined analysis the nrLSU
(largest subunit of RNA polymerase 1) together with
nrSSU and rpb2 genes on these specimens in order to

support the morphological identification of those
fungi. The results show that we successfully amplified
all genes. Sequencing method was then adopted and
proofread before molecular phylogenetic analysis
was applied with reference sequences obtained from
the publication of Sung et al. (2007). Once again, this
analysis strongly supports the DL0038A and
DL0038B specimen as Cordyceps takaomontana.

Keywords: Cordyceps takaomontana, molecular phylogenetics, nrLSU, nrSSU, rpb1.
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