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Mau nam H022, ky sinh trén 4u tring ve sau, duoc phat hién
& khu vuc thi tran Ea Knép - Tinh Pak Lak. Mau nidm duoc thu
nhan, dwa vé phong thi nghiém dé giai phau hinh thai nham xac
dinh tén loai. Pong thoi, DNA bd gene dugc thu nhan bang phuong
phap phenol/chloroform d¢ tién hanh khuéch dai cac gene muc tiéu
nrSSU, ITS, nrLSU, Rpbl, Tefl bang ky thuat PCR. San pham
khuéch dai duoc giai trinh ty va tién hanh phan tich phat sinh loai
phan tir dé hd trg viée dinh danh. Két qua phan tich hinh thai khang
dinh rang mau H022 chinh 1a loai Polycephalomyces nipponicus
(Kobayasi) (Kepler & ctg., 2013). Két qua phan tich phat sinh loai
phan tir cho thiy mau H022 hinh thanh nhém don huyét théng voi
trinh tu loai Polycephalomyces nipponicus véi gié tri bootstrap 1an
luot 1a 100/100/100 (Neighbor-Joining (NJ), Maximum Parsimony
(MP), and Maximum Likelihood (ML)). Két qua giai phiu hinh
thai va phat sinh loai phan tir déu khang dinh mau ndm H022 1a
loai Polycephalomyces nipponicus (Kobayasi) (Kepler & ctg.,
2013). Ngoai ra, ddy 1a ghi nhan dau tién loai Polycephalomyces
nipponicus tai Bak Lak.

ABSTRACT

A fungus parasitized on cicada nymph, labeled as H022, was
discovered in Ea Knop town, Dak Lak province. Subsequently, the
fungus specimen was transferred to our laboratory for
morphological and genetic analyses to identify species. The
genomic DNA was isolated using the phenol/chloroform method
and used as a template for PCR to amplify the nrSSU, ITS, nrLSU,
Rpb1l, and Tefl genes. Next, the PCR products were sequenced for
phylogenetic analysis. Based on the morphological analysis, H022
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was indicated as Polycephalomyces nipponicus (Kobayasi) (Kepler
et al., 2013). Moreover, the phylogenetic analysis revealed that the
H022 fungus formed a monophyletic group with the reference
Polycephalomyces nipponicus with a high bootstrap value of
100/100/100 (NJ/MP/ML). These morphological and phylogenetic
analyses confirm that the H022 fungus Polycephalomyces
nipponicus that is firstly recorded in Vietnam.

1. Gi6i thiéu

Ve sdu hay 4u trung thudc ho Cicadidae (ve sau) la mot trong nhimng ky chi chinh cua
Cordyceps s.I. Cho dén nay, c6 20 don vi phan loai (taxa) di duoc tim thay phan bd ¢ nhiéu khu
vuc khac nhau, khu vuc chau A, khu vuc chau Au, khu vuc Bic My, ... (Kobayasi, 1939, 1941;
Kobayasi & Shimizu, 1963, 1982; Kobayashi & Shimizu, 1983). Chau A c6 03 loai thudc chi
Metarhizium, 11 loai thudc chi Ophiocordyceps, 05 loai thudc chi Polycephalomyces, 01 loai thudc
chi Purpureocillium va 03 loai thuoc chi Tolypocladium. Polycephalomyces nipponicus
(Kobayasi) (Kepler & ctg., 2013) (tén khac Cordyceps nipponica) ki sinh chu yéu trén 4u tring ve
sau Graptopsaltria nigrofuscata (Kobayasi, 1939). Loai nay duoc dénh gia c6 cac hoat chat sinh
hoc ¢6 kha ning khang khuan (& ca hai nhom vi khuan Gram duong va Gram am) (K. Sangdee,
Seephonkai, Buranrat, Surapong, & Sangdee, 2016), hoat tinh chdng lai ky sinh trung st rét (P.
falciparum) (Isaka, Tanticharoen, Kongsaeree, & Thebtaranonth, 2001), gy doc t& bao MCF-7
(dong té bao ung thu va) (K. Sangdee & Ctg 2016). Nhiing nghlen ctru ndy cho thiy tiém ning
trong viéc phat trién cac san pham chiét xuat tir P. nipponicus dé tmg dung trong y hoc.

Duya trén gia tri y hoc cta P. nipponicus dugc mo ta ¢ trén thi dinh danh chinh xac loai
bang giai phau hinh thai hay phat sinh loai phan tir 1a yéu té vu tién hang dau (Jaihan, Sangdee, &
Aphidech, 2021). Vi vay, cac dic diém hinh thai bao gdm: vét chu, thé dém, qua thé, bao tir, tai
bao tir, bao tir phan va hé soi nAm dugc sir dung dé dinh danh. Nhung sy bién ddi dac diém hinh
thai chi co thé quan sat & mot sd truong hop (A. Sangdee, Sangdee, Seephonkai, Jaihan, &
Kanyaphum, 2017). Két qua nghién ctru phat sinh loai phan tir cia Sung, Sung, Jones, va Spatafora
(2007) phu hop v6i céc phan tich hinh théi giai phau dya trén viéc phan tich céc dit liéu tir 05 - 07
gene bao gdbm: nrSSU (nuclear ribosomal small subunit), nrLSU (nuclear ribosomal large subunit),
Tefl (elongation factor 1a), Rpbl (largest subunit of RNA polymerase I1), Rpb2 (second largest
subunit of RNA polymerase I1), Tub (B tubulin) va Atp6 (mitochondrial ATP6) ctia 162 taxon. Két
quéa cac nhém nam nay dugce chia thanh ho Clavicipitaceae voi cac chi Metacordyceps, Hypocrella,
Regiocrella va Torrubiella ; ho Cordycipitaceae véi chi Cordyceps ; ho Ophiocordycipitaceae mai
hinh thanh v&i 02 chi Ophiocordyceps va Elaphocordyceps. Ngoai ra, theo Kepler va cong su
(2013), sir dung khdi dir liéu gom 06 gene (ITS, nrSSU, nrLSU, Tefl, Rpb1, Rpb2), di tai hinh
thanh chi Polycephalomyces nam trong ho Ophiocordycipitaceae bao gdm céc loai ndm hiru tinh
va vo tinh. Nam 2021, Jaihan va cong su (2021) da st dung dir liéu 05 gene (ITS, nrSSU, nrLSU,
Tefl, Rpb1) dé dinh danh 44 mAu ndm ki sinh trén au trung ve sau. Két qua phat sinh loai gilp xéac
dinh 13 rang cac loai P. nipponicus, O. longissima, O. sobolifera Simplicillium obclavatum va
Metacordyceps chlamydosporia.

Mit khéac, nhiéu loai ndm ki sinh trén au tring ve sau c6 sy nhdm 1n vé hinh dang dan dén
viéc dit tén khong dung khi quan sat hinh thai dai thé cua chung (Jaihan & ctg., 2021). Theo mo
ta vé ddc diém céc loai trong chi Paecilomyces cua tac gia Samson (1974, 2004); Samson, Evans,
va Latge (1988) thi mot s6 nhém loai c¢6 hinh thai rat gibng nhau nhung khi nudi cdy trén moi
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truong dinh dudng nhan tao, nAm c6 mot sb thay ddi vé mit hinh thai tuy thudc vao nhitng diéu
kién va méi truong nudi cdy khac nhau. Tiéu biéu, khi Polycephalomyces nipponicus dugc phat
trién dudi cac khi hau va vi tri dia 1y khac nhau thi ¢ thé tao ra thé dém vdi cac hinh thai khong
gidng nhau (A. Sangdee & ctg., 2017). Viéc dinh danh cac loai nim nay béng hinh thai gip kho
khan, 61 khi mang tinh chi quan (Peter & Myrian, 2006). Ngoal ra, da co nhiéu cong trinh nghién
ctru phan tich gene ciia cac loai ndm Paecilomyces spp. gidng nhau vé mit hinh thai (Fargues,
Bon, Manguin, & Couteaudier, 2002; Sheng, Fenggang, Shi, & Shun, 2017; Tigano-Milani,
Honeycutt, & ctg., 1995; Tigano-Milani, Samson, Martins, & Sobral, 1995; Zeng & ctg., 2014).
Pa s6 cong trinh nghién ctru d3 tmg dung k¥ thuat sinh hoc phan tir dé giai trinh tu cia rDNA xéc
dinh mdi quan hé trong quan cia cac loai nam Paecilomyces spp. Vi vay, dé xac dinh chinh xéc
mau nim HO022 dugc tim thdy tai thi trAn Ea Kndp thi giai phau hinh thai va phan tich phét sinh
loai phan tir d3 duogc tién hanh va trinh bay trong bai bao.

2. Vat liéu va phwong phap nghién ciru
2.1. Thu nhdn méu nim

Mau ndm H022 c6 ki chit 13 4u tring ve sau nam duéi mat dat véi khoang cach 20 - 30mm
va phﬁn qua thé moc 1én trén mat dat trong vuon canh tac ciia dan dia phuong tai thi trin Ea Knép
- Tinh Pak Lak vao ngay 03/10/2020 véi vi tri dia Iy 12°46° vi Bic 108°31°Pong Nam. Mau sau
khi thu nhan dugc bao quan trong thi gidy chuyén vé phong thi nghiém dé tién hanh cac phén tich
tiép theo.

2.2. Phan tich hinh thai

Mau nam H022 dugc giai phau va quan sat phan tich hinh thai dya trén phan loai cta cac
nghién ctiru Kobayasi (1939), Samson (1974), Jaihan va cong su (2021). Mot phan thé sinh san cta
qua thé truong thanh dugc dan vao nap dia petri chita moi trudng PGA (Potato Glucose Agar)
nham thu nhan bao tr ti. Sau khi da thu nhan dugc bao tir, tién hanh loai b phan thé sinh san da
dan va nudi U cac dia petri chira bao tir & nhiét d6 25 + 2°C. Quan sat qua trinh nay mam cta bao
tir tai va sy hinh thanh cta hé soi ndm dudi kinh hién vi quang hoc Rax Vision (M§). DNA phuc
vu cho cac thi nghiém phan tich phat sinh loai phan tr dugc chiét tach tir hé soi thudn nudi ciy
trén moi truong PGA.

2.3. Tdch chiét DNA, khuéch dgi gene muc tiéu nrSSU, ITS, nrLSU, Rpbl, Tefl

Phuong phap phenol/chloroform (pH = 8) bd sung B-mecaptoethanol va CTAB
(Chomczynski, 1993 ; Vu, Lao, Truong, Dinh, & Le, 2017) duoc st dung dé tach chiét DNA bo
gene. 1g mau nam duoc 1 trong dung dich ly giai (bao gdm cac thanh phan chinh: Tris HCI, EDTA,
SDS, NaCl, CTAB, B-mecaptoethanol, va proteinase K) & nhiét do 65°C, qua dém. Phan dich ndi
duogc thu nhan va bd sung phenol/chloroform/isoamyl alcohol (25:24:1) va tién hanh ly tim. Sau
khi ly tam, phén dich noi duoc thu nhan va tién hanh tia DNA bd gene béng cach bd sung
isopropanol tuyét dbi. Cudi cing, DNA bd gene duoc luu triv bang dung dich dém Tris-EDTA &
nhiét d6 -20°C cho cac thi nghiém phan tich tiép theo.

Gene muc tiéu nrSSU, ITS, nrLSU, Rpb1, Tefl dugc khuéch dai bang phan tmg PCR st
dung céc cip mdi dac hidu voi cac gene muc tiéu (Bang 1). Chu ky phan tng PCR duoc thiét ké
nhu sau: 01 chu ky & 95°C, 05 phut; 40 chu ky bao gom: 95°C, 30 gidy; 55°C, 30 gidy; 72°C, 02
phat; va 01 chu ky ¢ nhiét do 72°C, 05 phut. San pham PCR duoc tién hanh dién di va quan sat
dudi ban UV. Bong thoi, san pham PCR duogc giai trinh tu bang phuong phap Sanger.
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Bang 1

Cap moi sir dung trong nghién ctru

Gene Moi Trinh tw
ITS1F CTTGGTCATTTAGAGGAAGTAA
ITS
ITS4 TCCTCCGCTTATTGATATGC
NS1 (F) GTAGTCATATGCTTGTCTC
nrSSU
NS4 (R) CTTCCGTCAATTCCTTTAAG
LROR (F) GTACCCGCTGAACTTAAGC
nrLSU
LR5 (R) ATCCTGAGGGAAACTTC
983F GCYCCYGGHCAYCGTGAYTTYAT
Tefl
2218R ATGACACCRACRGCRACRGTYTG
CRPBL1 (F) CCWGGYTTYATCAAGAARGT
Rpbl
RPBI1Cr (R) CCNGCDATNTCRTTRTCCATRTA

Ngudn: White, Bruns, Lee, va Taylor (1990); Vilgalys va Hester (1990); Rehner (2001); Castlebury, Rossman, Sung,
Hyten, va Spatafora (2004)

2.4. Phan tich pha hé phan tir

Co so dur liéu tham chiéu cac gene muc tiéu nrSSU, ITS, nrLSU, Rpbl, Tefl dugc thu nhan
tir ngan hang gene (Genbank, NCBI) dya trén cong trinh cong bd ciia Sung va cong su (2007) va
Kepler va cong su (2013). Cac trinh ty tham chiéu duogc kiém tra tén loai va ma sb truy cép
(Accession number) trudc khi dua vao bo dit licu. Trinh tu gene muc ti€u cua H022 dugc tién hanh
hiéu chinh dé loai bé cac tin hiéu khong rd rang ¢ hai dau sau khi giai trinh ty bang cic phan mém:
Seaview 4.2.12 va Chromas Lite 2.1.1. Cay phat sinh loai phan tir dugc phan tich dya trén phuong
phép Neighbor-Joining (NJ), Maximum Parsimony (MP), and Maximum Likelihood (ML) bang
cong cu Molecular Evolutionary Genetics Analysis (MEGA).

3. Két qua va thio luin
3.1. Pinh danh duwa trén gidi phdu hinh thai

HO022: Cordyceps nipponica = Polycephalomyces nipponicus (Kobayasi) (Kepler & ctg.,
2013) (Hinh 1).
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Hinh 1. Hinh théi giai phiu mau nAm HO022; A cdu triic du tring ve sdu va phan qud thé nam, B
Vung sinh san cua nam, C Thé chén dang elip, D Thé chén don, E Tui bao tir, F Bao tir tui co
nap bao tir, G Bao tur thur cap, H Hé soi nam H022 nuoi trén moi truong PGA

M&b ta chung: Mau naim H022 duoc tim thiy trong vudn canh tac cta dan dia phuong tai
thi tran Ea Knép bak Lak voi ki chu 1a 4u trung ve sau ¢6 02 - 03 qua thé (synnemata) phat trién
tir d6t ¢6 ciia du tring ve sau, hé soi nim khong phat trién bén ngoa1 co thé ky chi (Hlnh 1A). Qua
thé: kich thudc 43 - 45mm, phan chia khong rd rang giita cudng va viing mang cau tric sinh san.
Phéan thé dém: dang soi, mau sam hon so voi phan sinh san, dai 20 - 25mm, dudng kinh thay dbi
do ¢6 céu trac 16i 16m bét thuong doc theo cudng, ¢ sy phan nhanh khong theo quy luét tai gan
dinh noi mang cac cu tric sinh san hiru tinh, c6 chiéu dai khoang 20 - 22mm. Phan sinh san:
CAc céu triic dugc hinh thanh do su tap hop cia mot s6 thé chén khong theo quy luat, tao nén cac
cau trac co kich thuéc khong dong déu, mau nau vang & dinh va mau niu dit (pantone 469C) &
phan day noi dinh vao cudng, phan bd ¢ dau tan cing va rai rac (khong theo quy luat) doc theo
cac nhanh thudc phan sinh san (dang neocarposoma) (Hinh 1B). Thé chén (Perithecia): nho rat
nhe so voi bé mit ciu trac sinh san, dang elip kéo dai va trong subt, kich thudc 730um X 155um
(Hinh 1C, D). Ti bao tir: hinh try, kich thudc 180um x duong kinh 5.2um, cé nap day khoang
03um (Hinh 1E). Bao tir tii: co cac vach ngin trong sudt, dut giy dé tao bao tir thir cap sau khi
giai phong ra khoi tuai, kich thudc 2.5 - 5.2um x 1.5pum sau khi giai phong ra khoi chén (Hinh
1F,G). Khuan lac tir méi truong nudi cdy trén PGA: phat trién nhanh dat duong kinh 65 - 70mm
trong 30 ngay tai 25°C, dang boéng xbp va lac dau mau tring sau d6 chuyén sang mau vang dén
cam. Sau d6 tr& nén thanh cac cum bao tir nhay mau vang cam (Hinh 1H).

Dua vao dac diém giai phau hinh thai va khoa phan loai cua cac nghién ctru cia Kobayasi
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(1939), Samson (1974) va Jaihan va cong su (2021) thi mau nim thu nhan duoc x4ac dinh 13 twong
dong vai Polycephalomyces nipponicus thudc chi Ophiocordyceps, ho Ophiocordycipitaceae, bd
Hypocrales, 16p Sordariomycetes, nganh phu nam ti Ascomycota.

3.2. Phan tich phat sinh phan ti

B6 dit liéu trinh tu tham chiéu su dung dé phan tich dugc thu nhan tir ngdn hang gene
(Genbank, NCBI) bao gdm 51 trinh tr & mdi gene muc tiéu nrSSU, ITS, nrLSU, Rpb1, Tef1 la trinh
tu cac loai trong chi Cordyceps va cac chi khac thudc ho Clavicipitaceae (dit liéu dugc trinh bay
trong Bang 2). Trong do, 15 trinh tu thudc Cordycipitaceae, 16 trinh tu thudc Clavicipitaceae, 20
trinh tu thudc Ophycordycipitaceae. Trinh tw nhom ngoai duoc str dung 1a Glomerella cingulate.
Mo hinh tién hoa dugc ap dung cho phan tich phat sinh loai phan tr 14 GTR+G+I (4p dung cho
phuong phap phan tich NJ va ML) véi chiéu dai cia b trinh tyr 14 2,677bp. Cac phuong phap phan
tich NJ, ML va MP don gene va da gene déu cho dia hinh hoc twong tu, thé hién duoc mdi quan
hé giita H022 va cac loai khac. Cu thé, cac trinh tu cac loai duoc chia thanh ba nhém 16n:
Cordycipitaceae (Beauveria, Cordyceps, Lecanicillium, Simplicillium), Clavicipitaceae
(Claviceps,  Conoideocrella,  Pochonia, = Metapochonia, = Metarhizium,  Balansia),
OphycordyC|p|taceae (Ophiocordyceps, Polycephalomyces Drechmeria), phan tach véi nhom
ngoai. Xét vé cdy phat sinh loai don gene, mau nidm HO022 hinh thanh don huyét thong
(monophyletic group) vai loai Polycephalomyces nipponicus va co ty 1€ bootstrap tng ho trén cay
NJ/MP/ML ¢ cac gene muc tiéu nrSSU, ITS, nrLSU, Rpbl, Tefl lan lugt 64/79/61; 100/00/99;
98/99/91; 91/99/96; 99/97/100 (két qua khéng trinh bay). Phan tich da gene, mau nam H022 hinh
thanh don huyét thong véi Polycephalomyces nipponicus (ITS: KF049665, nrLSU: KF049640,
nrSSU: KF049622, Rpbl: KF049655, Tefl: KF049696) véi gia tri bootstrap lan luot la
100/100/100 (NJ/ML/MP) duoc thé hién trong Hinh 2. Nhu vay, mau H022 twong dong hodc chinh
1a loai Polycephalomyces nipponicus thudc ho Ophycordycipitaceae theo quan diém phat sinh loai
phan tr.

Bang 2

Co s6 du ligu trinh ty cac gene muyc tiéu nrSSU, ITS, nrLSU, Rpb1, Tefl sir dung trong phéan tich
phat sinh loai phan tir

. Accession
STT Tén loai Genus
ITS nrLSU nrSSU Rbpl Tefl
Balansia .
1 . . Balansia IN049816 | AF543788 | AF543764 | DQ522365 | DQ522319
pilulaeformis
2 Beauveria Beauveria HQ880817 | AF339520 | AF339570 | EF469086 | EF469057
caledonica
3 Beauveria Beauveria IN049827 | AF339524 | AF339574 | DQ522380 | DQ522335
scarabaeidicola
4 Claviceps Claviceps IJN049817 | U17402 | DQ522539 | DQ522366 | DQ522320
fusiformis
5 Claviceps paspali Claviceps JN049818 U47826 U32401 DQ522367 | DQ522321
6 gb’i‘é‘jfé’; Claviceps KJ529004 | AF543789 | AF543765 | AY489648 | AF543778
7 Claviceps Claviceps KX977396 | EF469075 | EF469122 | EF469087 | EF469058
purpurea
8 Conoideocrella Conoideocrella | JN049859 | EF468850 | EF468995 | EF468906 | EF468801
luteorostrata
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Accession
STT Tén loai Genus
ITS nrLSU nrSSU Rbpl Tefl

9 C|°”°'de°°re”a Conoideocrella | JNO49860 | EF468849 | EF468994 | EF468905 | EF468800
uteorostrata

10 | Cordyceps cicadae Cordyceps MF803085 | MH879588 | MH879636 | MH885438 | MH879662

11 kCordycep§ Cordyceps EF368021 | EF468813 | EF468960 | EF468863 | EF468754
yusyuensis

12 Crﬁlrﬁ%’;ﬁ‘;s Cordyceps IN049825 | AY184966 | AY184977 | DQ522377 | DQ522332

13 %"rmgigs Cordyceps IN049826 | AY184968 | AY184979 | DQ522397 | DQ522351

14 Drechmeria Drechmeria EF546660 | AF339539 | AF339588 | DQ522388 | DQ522342
balanoides

15 Lg‘;]?n:g'r:ﬂ;m Lecanicillium | MH861888 | AF339536 | AF339585 | DQ522396 | DQ522350

16 Lecanicillium Lecanicillium | MH859538 | AF339549 | AF339598 | EF468889 | EF468783
fusisporum

17 Le;;r::fg'tggm Lecanicillium IN049846 | AF339550 | AF339608 | EF468890 | EF468784

18 Lef:;‘&?;)!'sum Lecanicillium INO36556 | AF339526 | AF339576 | DQ522387 | DQ522341

19 Metarhizium Metarhizium IN049829 | AF543787 | AF543763 | DQ522383 | AF543775
guizhouense

Pochonia .

20 . Pochonia IN049821 | DQ518758 | DQ522544 | DQ522372 | DQ522327
chlamydosporia

21 Mfﬂ’f"ﬁggg'a Metapochonia | EU999952 | AF339542 | AF339591 | EF468902 | EF468796

22 Mm‘;‘;‘éxg'a Metapochonia | MH862138 | AF339566 | AF339615 | EF468903 | EF468797

23 Nf;gg})‘ﬁg‘:‘ Metarhizium IN049834 | AF339530 | AF339579 | DQ522399 | AF543774

24 Mgg"r::jxm Metarhizium AY624170 | EF468842 | EF468989 | EF468895 | EF468788

25 Mﬁ;ﬁ;‘;‘jxm Metarhizium AY624171 | EF468843 | EF468988 | EF468894 | EF468789

26 Metarhizium Metarhizium AF138271 | AF339531 | AF339580 | DQ522400 | DQ522353
flavoviride

27 Opf;lcoigﬁ:’;jlyizeps Ophiocordyceps | JN049820 | EF468805 | EF468950 | EF468852 | EF468744

gg | Ophiocordyceps | oo rdveeps | INO49850 | EF468809 | EFA68954 | EFA68857 | EF468749
entomorrhiza

g9 | Ophiocordyceps | oo dveens | KF937353 | DQ518762 | DQ522548 | DQ522376 | DQ522331
melolonthae

30 Op;'ﬁg‘;rh%yrfps Ophiocordyceps | JN049828 | DQ518766 | DQ522552 | DQ522382 | DQ522337

g1 | Ophiocordyceps | o ordveeps | AY494596 | DQ518768 | DQ522554 | DQ522385 | DQ522339

unilateralis
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Accession
STT Tén loai Genus
ITS nrLSU nrSSU Rbpl Tefl
32 Ophg’r‘;‘érifizceps Ophiocordyceps | HM119586 | EF468810 | EF468955 | EF468858 | EF468750
33 Ophg’r;‘iriﬂzceps Ophiocordyceps | JNO49851 | EF468811 | EF468956 | EFA68859 | EF468751
g4 | Ophiocordyceps | o ioordveeps | INO49852 | EF468812 | EF468957 | EF468860 | EF468752
heteropoda
35 Oph:ﬁ;‘r’gﬂfeps Ophiocordyceps | JN049853 | EF468818 | EF468963 | EF468866 | EFA68758
36 Oprmggirgggeps Ophiocordyceps | JN049857 | EF468825 | EF468970 | EF468873 | EF467764
37 Opﬁm‘;girgggeps Ophiocordyceps | GU723769 | EF468824 | EF468969 | EF468872 | EF468765
gg | Ophiocordyceps | o piocordyceps | AJ309335 | EF468826 - - EF468766
robertsii
39 Opzé%‘;(;irf‘g‘;eps Ophiocordyceps | KT281884 | KJ878898 | EF468972 | KJ879013 | KJ878979
40 Cordyceps Cordyceps AY245642 | EF468846 | EF468991 | EF468900 | EF468795
ninchukispora
41 Pochonia Pochonia MH858871 | AF339544 | AF339593 | EF469098 | EF469069
chlamydosporia
42 Simplicillium Simplicillium | MH854806 | AF339552 | AF339601 | DQ522404 | DQ522356
lamellicola
43 Is'mp"c'.”'“m simplicillium AJ292395 | AF339554 | AF339603 | DQ522405 | DQ522357
anosoniveum
a4 f"mp"c'.”'“m simplicillium | AJ292396 | AF339553 | AF339602 | DQ522406 | DQ522358
anosoniveum
45 Simplicillium Simplicillium | MH860859 | AF339517 | AF339567 - EF468798
obclavatum
Polycephalomyces ) )
46 cuboideus Polycephalomyces KF049628 | KF049609 KF049683
a7 | Polycephalomyces | o\ o ohalomyces - KF049629 | KF049610 | KF049646 | KF049684
cuboideus
48 PO%E‘;E'{;TQ’CES Polycephalomyces | KF049622 | KF049665 | KF049640 | KF049655 | KF049696
49 Po'ygfgﬂ?‘ifurzyces Polycephalomyces | KF049659 | KF049631 | KF049612 | KF049648 | KF049686
50 Po'ygfgnﬁ'é’urzyces Polycephalomyces | KF049660 | KF049632 | KF049613 | KF049649 | KF049687
51 | Polycephalomyces | o\ o halomyces | KF049658 | KF049627 | AB027326 | KF049645 | KF049682
ramosopulvinatus
52 Gc'fr’l’;‘j{:t';a Outgroup EU326204 | AF543786 | AF543762 | AY489659 | AF543773
53 i';’gj{aet';a Outgroup EU326192 | U48428 | U48427 | DQ858454 | AF543772

Ngudn: Kepler va cong sur (2013); Sung va cong su (2007)
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pllulaeformis | Bulansia genus

TINS/T3

V67698 cl

Claviceps paspall Claviccps genus

100/99/100 Claviceps purpurea

100/100/100
10071007100 - Conoldeocrella luteorostrata
L Conoideocrella luteorostrata
1001007100 [ Metarhizium guizhouense
99/96/99 [ Metarhizium anisopline

e Metarhizium flavoviride Metarhizium genus

100/100/100 (— Metarhizium carmmeum

[ Metarhizium carneum

mwr Metapochonia bulbillosa

Metapochonia rubescens

947w Pochonia chlamydosporia
100/100/100 [ Pochonia chlamydosporia
) m
sanveme [ .

Clavice urpurea
9N/93/99 viceps purpure:

Conoideocrella genus

Clavicipitaceae

10096/ 100

Metapochonia genus

Pochonia genus

Simplicillium genus

Simpliclllium obclavatum

Lecaniciilium antiilanum

Lecanicillium fusisporum
Lecunicillium genus

95/100/9:
9NN Ll Lecanicillium psalliotae

Lecanicillium tenuipes Cordycipitaceae

100/100/100 Beauveria caledonica

Beauveria genus
Beauveria scarabaeldicola

100/ 100/ 100

1007100/100 I— Cordyceps kyusyuensis
—— Cordyceps militaris nrSSU
r Cordyceps ninchukispora | Cordyceps genus

100/1001100 L Cordyceps pruinosa

Cordyceps cicadae

100/100/100 Polycephalomyces prolificus
100/94/200 Polycephalomyces prolificus

Ihe/iee e Polycephalomyces cuboideus

100/100/99 Polycephalomyces cuboideus Polycephalomyces genus

1oa1ow 100 [ Polycer P
Polycephalomyces nipponicus

100000l 11022

Drechmeria | Drechmeria genus

26/R2/9%

S/ o Op '
PIH69Y L Ophlocordyceps stylophora Ophiocordycipitaceae

Ophiocordyceps robertsil

op ycep: hiza

1007100100 | Ophlocordyceps rhizoidea
Ophiocordyceps rhizoidea Ophiocordyceps genus
O yceps u
Op! y

P

Opt nigrella

Ophiocordyceps melolonthae

op! ycep P

- Ophiocordyceps gracilis

1001007100+ Ophiocordyceps gracilis

[~ Glomerella cingulata

Outgroup

100/100/100 L— Glomerelia cingulata

0.050

Hinh 2. Cay phat sinh loai phan tr cia mau H022 duoc xay dung trén bang phuong phép lan
luot duge biéu dién 1a NJ/ML/MP trén gene muc tiéu nrSSU, ITS, nrLSU, Rpb1, Tefl
Tom lai, két qua phan tich tir giai phdu hinh thai va phat sinh loai phan tir trén gene muyc
tiéu nrSSU, ITS, nrLSU, Rpbl, Tefl déu ting ho mau HO022 twong dong hodc chinh 1a loai
Polycephalomyces nipponicus (Kepler & ctg., 2013).
4. Két luan

Nghién ctru da ing dung thanh cong viéc dinh danh dya trén hinh thai va phat sinh loai
phan tir dé dinh danh mau ndm HO22 thu nhan & khu vuc thi trin Ea Knép - Tinh bak Lak. Bong
thoi, mau H022 14 loai Polycephalomyces nipponicus dugc ghi nhan dau tién tai Pak Lak.

LOI CAM ON

Nghién ctru nay duoc tai tro boi Quy Phat trién khoa hoc va cong nghé Quéc gia (Nafosted)

(M& s0: 106-NN.06.2015.44) va Truong Dai Hoc M Thanh Pho H6 Chi Minh (Ma s6: E2019.06.3).
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PHU LUC
Két qua Giai trinh ty cic gene ctia mau H022
>H022_ITS

CGCCCCTTCTACAGGGGCGTCCGGATCACTACGGCGCCCGCCGCAGGACCCCCAAA
CTCTTTTCGCCTCTCTCCAGGCGTCGGTTTTCTTCTGAGTGAGACCTTTTTCCTCGCG
ACAGCGGGGTGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGCTCTGGCAT
CGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAAT
CATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCC
GAGCGTCATTTCGACCCTCAGGCCCCTCTGTAGGGGACTGGTGTTGGGGGACGGCAT
CGCTGGGAGGGAGGGGGTCGTCTCCCCCTTCCTCCTCCGCCGCCGCCCCCGAAATAC
AGTGGCGGCCTCGCCGCAGCGACCTCCGCGTAGTAGCACAAACCTCGCGGCCTGGG
AAGCTGGGCGCGGCCACAGCCGTGAAA

>H022_nrLSU

AACCAACAGGGATTGCCCCAGTAACGGCGAGTGAAGCGGCAAGAGCTCAAATTTGA
AATCTGGCCCCCTCCACGGGGGTCCGAGTTGTAATTTGCAGAGGATGCTTCTGGCGC
GGCGCCTTCCGAGTTCCCTGGAACGGGACGCCACAGAGGGTGAGAGCCCCGTCCGG
TCGGACGCCTAGCCTGTGTGAAGCACCTTCGACGAGTCGGGTAGTTTGGGAATGCTG
CCCTAAATGGGAGGTATATGTCTTCTAAAGCTAAATACCGGCCAGAGACCGATAGC
GCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGAAAAGAGGGTTAAACAGT
ACGTGAAATTGTTGAAAGGGAAGCGCTCATGACCAGACTTGGGCCCGGGGGATCAC
CCGGCGATCTTTTCGCCGGGGCACTTCGCCGGCTGCCCAGGCCAGCATCAGTTCGCG
GCGGGGGACAAAGGCTTCGGGAACGTGGCTCCCTACGGGGAGTGTTATAGCCCGCT
GCGCAATGCCCTGCCGCGGACTGAGGTTCGCGCTTCCGCAAGGATGCTGGCGTAAT
GGTCATCAGCGACCCGTCTTGAAACACGGACCAAGGAGTCGTCTTCGTATGCGAGT
GTTCGGGTGTCAAACCCCTACGCGCAATGAAAGTGAACGCAGGTGAGAGCTTCGGC
GCATCACCGACCGATCCTGATGTTCTCGGATGGATTTGAGTAAGAGCATACGGGGCC
GGACCCGAAAGAAGGTGAACTATGCCTGTATAGGGTGAAGCCAGAGGAAACTCTGG
TGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTCAAATATGGGCATGGGGG
CGAAAGACTAATCGAA

>H022_nrSsu

CGCTCGATCAGTGACGGGTGAGCGCCGGCGAGACAACCTGGATCGGGGAAGGCTAA
GGGCCCCAAGAGGGCCTATCGCTGATCCCGAGCAGAGCCCCGCGGCCAGCGTGCTG
AAGGGCCTGTGTAGAGCGCGCCAAGGTGTCGGTCCAGGGCGGGCGAGGGCGTTCCC
TCCCTCCCCTCCCAGGGCTTAAGGTACGTGCCAATCCCCTGCGAAAGCAGGGCCCTG
CGGAATAGCACCCGTCGTGCGAAGCCGTCAGGGGAGGACTCCTACCTAGGCGATGG
CGCCTGGGTAGGTGGCCTCTGTGACGATAGTGGCCAGCAGCCGCGGTAATTCCAGCT
CCAATAGCGTATATTAAAGTTGTTGTGGTTAAAAAGCTCGTAGTTGAACCTTGGGCC
TGGCTGGCCGGTCCGCCTCACCGCGTGTACTGGTCCGGCCGGGCCTTTCCCTCTGTG
GAACCCCATGCCCTTCACTGGGCGTGGCGGGGAAACAGGACTTTTACTTTGAAAAA
ATTAGAGTGCTCCAGGCAGGCCTATGCTCGAATACATTAGCATGGAATAATAGAAT
AGGACGTGCGGTTCTATTTTGTTGGTTTCTAGGACCGCCGTAATGATTAATAGGGAC
AGTCGGGGGCATCAGTATTCAATTGTCAGAGGTGAAATTCTTGGATCTATTGAAGAC
TAACTACTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAGGAACGAAAGTTAG
GGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAG
GGATCGGGCGATGTTATTTTTTGACTCGCTCGGCACCTTACGAGAA
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>H022_Rpb1

TAACTGCAGCAAGGTGCTGGCCGATAAAGTTGGTCTTACTTGTTCTGGAGACTCTTT
TACGACTCACTTGATGCTAACCTGATGTGCTTTCAGAGCGACCCTGAGTTTCTCGCT
GCTATTCGCACTCGAGATGCGAAGCTTCGCTTTAACCGGGTTTGGGCTGTTTGCAAG
AAGAGGCGTAAGTGCGAGAATGAAGATCGCACAGAGAAGAACGAGGAGGAGTTTA
ACCCAGGAACGAAGCCCGTTGCGCATAATCACGGCGGCTGCGGCAACGTCCAACCT
CAAGTTCGCCAAGCGGCTTTGCAGCTGAAGGCTGCCTTTGACGTGGTGCAGGAGGA
TGGCCCCAAGAGAAGAGACACGGTGCCTATCACGCCTGAGATGGCCCACGGCATTC
TACGACGCATTTCGGAAGAAGACTTGGAGAATATGGGTCTCAACGCCGACTATGCA
CGCCCTGAGTGGATGATCATCACCGTCTTGCCAGTTCCTCCTCCGCCGGTTCGCCCTA
GTATCTCGATGGACGGAACAGGTACTGGCATGCGTAACGAGGATGACTTGACATAC
AAGCTTGGCGATATCATCCGCGCCAATGGTAACGTGAAGCAAGCCATCCGCGAAGG
ATCTCCCCAACATATCGCCCGGGATTTCGAGGAACTTTTGCAGTATCACGTCGCGAC
A

>H022_Tefl

CGCTCTGCTCGCCTACACTCTGGGTGTCAAGCAGCTCATTGTCGCCATCAACAAGAT
GGACACCGCCAACTGGTCCCAGGATCGTTTCCAGGAAATCGTCAAAGAAACCTCCA
CCTTCATCAAGAAGGTCGGTTACAACCCCAAGACTGTTCCCTTCGTCCCTATCTCTG
GTTTCCACGGCGACAACATGTTGGAGCCCTCCAAGAACTGCCCTTGGTACAAGGGGT
GGGAGAAGGAGACCAAGGAAGGCAAGGTCACTGGCGACACCCTTCTCAAGGCCATT
GATTCCATCGAAACCCCCAAGCGACCTGTCGACAAGCCTCTCCGTCTTCCCCTCCAG
GATGTGTACAAGATTGGCGGTATTGGAACAGTTCCCGTCGGCCGTATCGAGACTGGT
GTCCTCAAGCCCGGTATGGTCGTCACCTTTGCTCCCGCCAATGTCACCACTGAAGTC
AAGTCGGTCGAGATGCACCACGAGCAGCTTCAGGAAGGTCAGCCAGGTGACAACGT
TGGTTTCAACGTGAAGAACGTCTCTGTCAAGGACATTCGCCGTGGCAACGTCGCTGG
TGACTCCAAGAACGACCCTCCTCTGGGCTGTGCTTCCTTCGAGGCCCAGGTCATCGT
CCTCAACCACCCTGGCCAGGTCGGCGCTGGCTATGCTCCTGTCCTGGATTGCCACAC
CGCTCACATTGCTTGCAAGTTCCAAGAGCTCCTGGAGAAGATTGATCGACGTACCGG
CAAGGCTACTGAGACCAGCCCCAAGTTCATCAAGTCTGGTGACTCTGCCATCGTCAA
GATGGTCCCCCTCCAAGCCCCATGTGTGGTGGGAGGGCCCTT
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