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Phan tich sw phtrc tap vé phan loai ciia cac loai tio
thuoc nhanh Chlorella (Chlorellaceae)

Nguyén Minh Ly", Vé Ba Duy', Mai Xuidn Cuong?

'Khoa Sinh - Méi truong, Trieong Pai hoc Sw pham, Pai hoc Pa Ning
’Truong Pai hoc Chang Gung, Pao Vién, Pai Loan

Ngay nhan bai 27/9/2022; ngay chuyén phan bién 30/9/2022; ngay nhén phan bién 25/10/2022; ngay chip nhan ding 28/10/2022
Tom tit:

Trong nghién ciru nay, 253 trinh ty ving gen 18S rDNA, 155 trinh ty vang gen ITS2, 63 trinh tw doan gen rbcL va
23 trinh tw doan gen fufA dwoc thu thip trén GenBank dé danh gia va phan tich mirc dd phirc tap vé phan loai ciia
nhanh Chlorella. Két qua phan tich cic ciy phat sinh loai cho thay, C. vulgaris va C. sorokiniana véi so lugng trinh
tu ma vach DNA trén GenBank 16n ¢é thé dwoc chia thanh 2-3 nhém nhé véi sw khac biét vé mit di truyén. Ngoai
ra, nghién ciru ciing da nhan thiy cac trinh tw ciia cic lodi cling chi hoidc khac chi phan bd trong mét nhém phan loai
trén cay phat sinh loai. Vi du, Actinastrum hantzschii, C. chlorelloides, C. singularis, C. sorokiniana, C. thermophila,
C. volutis, C. vulgaris, Micractinium pusillum va M. reisseri cung thugc mot nhom trén cay phat sinh loai 18S rDNA.
Piéu d6 cho thay su phirc tap trong phén loai nhanh Chlorella khong nhirng dén tir cac loai kho xac dinh ma con
trong moi quan hé di truyen cuia cac loai con lai. Nhw vay, viéc dinh danh va xac dinh moi quan hé cia cac loai thudc
nhanh Chlorella con gip nhiéu khé khin, giy ra béi sw phirc tap vé co sé dir liéu trén GenBank ciing nhw hé thong
phén loai chwa dwoc hoan thién. Viéc 1am ré moi quan hé di truyén 1a cin thiét nham muc dich cai thién hé thong

phan loai va dinh danh cac ching phan 1ap méi thugc nhanh Chlorella.
Tir khod: Chlorella, ITS2, ma vach DNA, rbcL, vi tdo, 18S rDNA.

Chi s6 phdn logi: 1.6
Dit van de

Nhanh Chlorella (Chlorellaceae) 1a tap hop cac
chi c6 do twong ddng cao vé hinh thai va di truyén, bao
gdm:  Actinastrum,  Closteriopsis,  Dictyosphaerium,
Didymogenes, Hegewald, Meyerella, Micractinium va
Chlorella. Day 1a mot trong nhiing nhanh vi tao da dang
trén thé gioi, dé nudi cdy va co nhiéu tung dung thuc tién
[1-3]. Cu the cac loai vi tao nay dugc coi la ngudn nguyén
lidu san xudt nhién liéu sinh hoc nhu diesel, phat trién ning
luong bén viig do kha nang tich luy 16n cac chat béo cua
chung [4]; c6 gia tri kinh té cao trong san xudt thue pham
chirc ning va thirc an chian nudi [5]. O mot sé qudc gia,
chung duoc sit dung trong nganh y té boi kha ning didu
hoa mién dich va chéng ung thu [6]. Bén canh do, tao thude
nhanh Chlorella ciing c6 thé ing dung trong xir Iy 6 nhiém
moi truong [7].

Viéc dinh danh céac loai vi tao thudc nhanh Chlorella
gip nhiéu khé khan do su twong dong vé mit hinh théi ciing
nhu di truyén cao giita cac chi v6i nhau va giita cac loai
thudc cung mot chi [3, 8]. Cac nghién ctru trude day tap
chung vao phan tich cac dic diém hinh thai, ciu tric té bao
va cac dic diém sinh 1y, sinh hoa dé xac dinh loai thudc
nhanh Chlorella [3]. Tuy nhién, hinh thai va kich thudc té
bao ciia cac loai tao nay thay ddi trong qua trinh nudi trong,
dan téi sy khac biét vé dic diém sinh 1y, sinh hoa qua timg
giai doan phat trién [6]. Diéu nay gay ra sy nhim lan vé hé
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thdng phén loai ciia cac loai thudc nhanh Chlorella va dan
den sy xuat hién cua céc loai kho x4c dinh (cryptic species).

Ma vach DNA (DNA barcoding) dugc xem la phuong
phéap hiru hi¢u trong viéc phan biét loai dua vao su khac
biét vé trinh ty DNA cta mot sé ving gen [9]. Tuy nhién,
viéc img dung ma vach DNA trong dinh danh cac loai thudc
nhanh Chlorella chua dat hiéu qua cao do su twong dong
vé céc trinh tu ma vach DNA. Do d6, cho dén nay cong cu
nay chi dugc str dung dé phan tich qua trinh phat sinh loai
ctia nhanh Chlorella [10, 11]. Gan ddy, S. Zou va cs (2018)
[12] dd danh gia kha nang két hop cac trinh tw doan gen
rbcL (ribulose-1,5-bisphosphate carboxylase large subunit),
tufA (encoding elongation factor), 18S rDNA va ITS2 trong
dinh danh loai thugc chi Chlorella, day la cac loai chiém s6
lwong 16n trong nhanh Chlorella. Két qua cho thiy, viéc két
hop gilra cac trinh ty ma vach DNA hi¢u qua hon so voi viée
phan tich tirng trinh tu riéng r& trong qua trinh xay dung cay
phat sinh loai.

Hién nay, sd lugng 16n dit liéu ma vach DNA cua nhanh
Chlorella dugc cong bd trén GenBank nhung chua dugc phan
tich rd rang dé xac dinh mbi quan hé cua cac loai vi tao da
dugc phan lap. Vi vay, trong nghién ctu nay ching toi tép
chung phan tich dir liéu ma vach DNA cua cac loai tao thudc
nhanh Chlorella tir 4 viing/doan gen 1a 18S rDNA, ITS2, rbcL.
tufA v6i muc dich 1am rd moi quan hé di truyén va danh gia sy
phtre tap trong phan loai tdo cua nhanh Chlorella.
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Abstract:

In this study, 253 of 18S rDNA sequences, 155 of ITS2
sequences, 63 of rbcL. sequences, and 23 of tufA sequences
were collected on GenBank to evaluate and analyse the
taxonomic complexity of the Chlorella clade. C. vulgaris
and C. sorokiniana had the most collected sequences of
DNA barcoding. Analysis of phylogenetic tree results
showed that the strains of these two species were divided
into 2 to 3 small groups with genetic differences. In
addition, different species belonging to the same clade
in phylogenetic trees were observed. For example,
Actinastrum hantzschii, C. chlorelloides, C. singularis,
C. sorokiniana, C. thermophila, C. volutis, C. vulgaris,
Micractinium pusillum, and M. reisseri belonged to the
same group of the 18S rDNA phylogenetic tree. This
showed the complexity in the taxonomy of the Chlorella
clade came not only from the cryptic species, but also
from the genetic relationships of the remaining species.
Therefore, identifying and determining the relationship
of Chlorella clade species have been still challenging,
because of the complexity of the database on GenBank
as well as the incomplete taxonomic system. Clarification
of the genetic relationship is needed to improve the
taxonomy and identification of new isolates of the
Chlorella clade.

Keywords: Chlorella, DNA barcoding, ITS2, microalgae,
rbcL, 18S rDNA.

Classification number: 1.6

Vat liéu va phuong phap nghién ciiu
Thu thip di liéu

Trinh ty vung/doan gen ITS2, 18S rDNA, rbcL va
tufA cua cac loai thuoc nhanh Chlorella dugc thu thap
to GenBank (https://www.ncbi.nlm.nih.gov/). Trong do,
253 trinh ty ving gen 18S rDNA, 155 trinh ty vung gen
ITS2, 63 trinh ty doan gen rbcL va 23 trinh tu doan gen
tufA da duoc thu thap bao gom: 165 ching C. vulgaris, 79
chung C. sorokiniana, 8 ching A. hantzschii, 1 chung C.
chlorelloides, 1 chung C. coloniales, 1 chung C. elongata,
1 ching C. heliozoae, 1 chung C. gloriosa, 5 ching C.
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lewinii, 1 ching C. miniata, 2 chung C. pituita, 3 chung C.
pulchelloides, 2 chung C. regularis var. minima, 1 ching
C. rotunda, 2 chung C. salina, 2 chung C. singularis,
1 chung C. stigmatophora, 2 ching C. thermophila, 19
chung C. variabilis, 1 chung C. volutis, 4 chung C. vulgaris
var. vulgaris, 3 chung Closteriopsis acicularis, 23 ching
Dictyosphaerium ehrenbergianum, 4 ching D. lacustre,
2 ching D. libertatis, 2 chung D. anomala, 2 chung D.
palatina, 2 ching Hegewald parvula, 7 chung Meyerella
planktonica, 1 chung M. conductrix, 3 chung M. inermum,
23 chung M. pusillum, 5 ching M. reisseri va 1 chung M.
simplicissimum.

Hinh thai cua cac loai vi tao thudc nhanh Chlorella duoc
tham khao, so sanh v&i nhau dua trén co so dir liéu Algaebase
(https://www.algaebase.org/) va cic bd suu tdp mau tao
nhu: CCAP (Culture collection of algae and protozoa:
https://www.ccap.ac.uk/), UTEX (Culture collection of
algae at the university of Texas at Austin: https://utex.org/)
va SAG (The culture collection of algae at the University of
Gottingen, Germany: http://sagdb.uni-goettingen.de/).

Sdp xép va cin chinh trinh tw

Sau khi thu thap dit li€u, cac trinh tu dugc sép xép va can
chinh bang cach sir dung cong cu ClustalW cua phan mém
MEGA 7. Sau khi hoan thanh, 4 tép dit li¢u cia 4 viung/doan
gen dd dugc tai 1én kho luu trir ¢ thé truy cap cong khai
(https://figshare.com/) v&i mé s6 nhan dang (DOI): https://
dx.doi.org/10.6084/m9.figshare.19766854.

Phan tich cdy phat sinh loai

Céc trinh ty vung/doan gen 18S rDNA, rbcL, ITS2 va
tufA duoc phan tich dua trén khoang cach di truyén, do
d6 cay phat sinh loai Neighbor-Join (NJ) da dugc thiét 1ap
[13]. Khoang cach tién héa duoc tinh bang phuong phap
Tamura-Nei [14]. Céac cdy gbc duge xdy dung theo phuong
phép heuristic. Khoang cach di truyén dugc tinh dya vao
su khac biét gilta cac trinh tu béng thuat toan NJ va BioNJ,
dugc xac dinh khoang céach tién hoa théng qua phuong phap
Maximum Composite Likelihood [14]. Chi s6 Bootstrap
1.000 1an 1ap lai duoc ap dung dé xac dinh d6 tin cay cua
ciu trac lién két [15]. T4t ca cac thuat toan trén dugce tich
hop va phan tich trong MEGA 7 [16]. Sau cung, cdy phat
sinh loai dugc xir Iy va ghi nhan théng qua phin mém iTOL
(https://itol.embl.de/) [17].

Keét qua

Phan tich cdy phat sinh loai voi trinh tw thugc ving
gen 185 rDNA

Su phtre tap ctia cac ching vi tdo thudc nhanh Chlorella
duogc thé hién rd qua cay phat sinh loai ciia ving gen 18S
rDNA (hinh 1). Ba van dé chinh trong phén loai ciia cac loai
thudc nhanh Chlorella da dugc ghi nhan:
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Hinh 1. Cay phat sinh loai NJ v&i 253 trinh tw thudéc vung gen
18S rDNA.

(1) Céc trinh tu thudc vung gen 18S rDNA cuia cung
mdt loai nim & cac nhanh khac nhau trén cay phat sinh loai.
Cu thé, 114 trinh tw C. vulgaris dugc chia thanh 3 nhom
(C. vulgaris 1, C. vulgaris 11, C. vulgaris 1II) nim cach
xa nhau trén cay phat sinh loai. Tuong tu, 45 trinh ty C.
sorokiniana ciing dugc chia thanh 3 nhém (C. sorokiniana
I, C. sorokiniana 11, C. sorokiniana 111). biéu d6 cho théy sur
khac biét vé mbi quan hé va khoang cach di truyén giira cac
chung thudc cung mot loai.

(2) Céc trinh ty thude vung gen 18S rDNA cua céc loai
khéc nhau ndm trong cting mot nhénh ciia cay phét sinh loai.
Sy xuét hién ctia 2 nhom: Complex I (7 trinh tir) va Complex
IT (25 trinh tw) d4 cho thay sy kho hiéu vé phén loai giira
cac loai thudc nhanh Chlorella. Trong d6, Complex I bao
gdm 6 loai: A. hantzschii, C. gloriosa, C. stigmatophora,
C. vulgaris, D. anomala va D. palatina c6 sy khac biét
vé di truyén rd rang so vdi cac nhanh con lai. Complex II
gém 9 loai: A. hantzschii, C. chlorelloides, C. singularis,
C. sorokiniana, C. thermophila, C. volutis, C. vulgaris, M.
pusillum va M. reisseri cd mdi quan hé gan véi nhanh C.
vulgaris 11 va C. vulgaris 111.

(3) Céc trinh tu thudc vung gen 18S rDNA cuia cung mdt
loai thudc cing mdt nhanh bao gdm céc loai sau ddy: D.
ehrenbergianum (19 trinh tu), D. lacustre (4 trinh tu), M.
planktonica (5 trinh tu), M. pusillum (14 trinh ty). Nhu vy,
cac loai nay c6 tinh on dinh vé mat di truyén dugc thé hién
qua cay phat sinh loai.

Két qud phan tich cdy phadt sinh loai vdi trinh tw ving
gen ITS2

Tuong ty v6i vung gen 18S rDNA, sy phirc tap cua cac
chung vi tao thudc nhanh Chlorella cling dugc thé hién 10
qua cay phat sinh loai cua vung gen ITS2 (hinh 2). Cu thé:

(1) Céc trinh t ving gen ITS2 cia cing mot loai nim
0 céc nhanh khac nhau trén cdy phat sinh loai. Cu thé, 45
trinh tu C. vulgaris dugc chia thanh 2 nhém (C. vulgaris
I, C. vulgaris IT) nim cach xa nhau trén cay phat sinh loai.
Con lai, loai C. sorokiniana dugc chia thanh 3 nhom (C.
sorokiniana 1, C. sorokiniana 11, C. sorokiniana I11). Diéu
d6 cho thay su khéc biét vé mdi quan h¢ va khoang cach di
truyén giita cac chung thudc cting mot loai.
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Hinh 2. Cay phat sinh loai NJ v&i 155 trinh tw thuéc ving gen
ITS2.

(2) Cac trinh ty vung gen ITS2 cua cac loai khac nhau
thudc cung mot nhanh. Sy xuat hién ciia 3 nhom: Complex
I (3 trinh ty), Complex II (8 trinh tu) va Complex III (8
trinh ty) da cho théy su kho hiéu vé phan loai gitta cac loai
thugc nhanh Chlorella. Trong d6, Complex I bao gém 3
loai: C. regularis var. minima, C. salina va C. pulchelloides
¢6 su khac biét vé di truyén rd rang so voi cac nhanh con
lai. Complex IT gdm 4 loai: C. sorokiniana, C. singularis, C.
rotunda va C. heliozoae c6 mdi quan h¢ gan giii véi nhanh
C. variabilis 1 va C. variabilis 11. Con lai, nhém Complex
11T gdbm 5 loai: C. sorokiniana, C. vulgaris, M. pusillum, M.
conductrix va M. reisseri c6 mdi quan hé gan giii v6i nhanh
C. lewinii va M. inermum.

(3) Cac trinh tg vung gen ITS2 cua cung mdt loai
thudc cung mét nhanh bao gém cac loai: A. hantzschii (19
trinh tu), C. acicularis (4 trinh tu), C. lewinii (5 trinh ty),
C. pulchelloides (14 trinh tu), C. pituita (2 trinh tu), D.
anomala (2 trinh ty), D. ehrenbergianum (12 trinh ty), D.
lacustre (3 trinh tu), D. palatina (2 trinh ty), H. parvula (2
trinh tu), M. inermum (3 trinh tw), M. pusillum (10 trinh ty),
M. planktonica (4 trinh ty). Nhan thiy ring, s luong va
thanh phén loai gitt dugc su on dinh vé mat di truyén khi
so sanh gilra cac cay phat sinh loai ITS2 val8S rDNA c6
su khac biét.

Két qud phan tich cdy phat sinh loai vdi trinh tw doan
gen rbcLL

[1 ¢ vuigaris 1

[ ¢ vuigaris

[ ¢ sorokiniana 1
0 c sorokiniana
[ ¢ variabitis

[ complexgroup
[ b. ehrenpergianum
[ wm. planktonica

Hinh 3. Cay phat sinh loai NJ v&i 63 trinh tw thuéc doan gen
rbcL.

Cay phat sinh loai cua doan gen rbcL cho thdy két qua
twong dong véi 2 vang gen 18S rDNA va ITS2 (hinh 3).
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(1) Céc trinh ty doan gen rbcL clia ciing mot lodi nam &
cac nhanh khac nhau trén cay phét sinh loai. Cu thé, 16 trinh
tu C. vulgaris dugc chia thanh 2 nhom (C. vulgaris 1, C.
vulgaris IT) nam cach xa nhau trén cay phat sinh loai. Tuong
tu, 24 trinh ty C. sorokiniana cling chia thanh 2 nhom (C.
sorokiniana 1, C. sorokiniana IT). Diéu d6 cho thay su khac
biét vé mbi quan hé va khoang cach di truyén giira cac
chung thudc cung mot loai.

(2) Cac trinh ty doan gen rbcL cua cac loai khac nhau
thudc cung mot nhanh. Sy xuét hién ctia 2 nhom: Complex
I (2 trinh ty) va Complex II (6 trinh tw) da cho thay sy khé
hiéu vé phan loai gitta cac loai thudc nhanh Chlorella.
Trong d6, Complex I bao gdm 2 loai: C. vulgaris va C.
salina c6 su khac biét vé di truyén rd rang so v6i cac nhanh
con lai. Complex II gém 4 loai: A. hantzschii, C. variabilis,
C. sorokiniana va M. pusillum c6 mbi quan hé gan giii v6i
nhanh C. sorokiniana 1 va C. vulgaris 11.

(3) Céac trinh tu doan gen rbcL cia cung mét loai thude
cung mot nhanh bao gdm céc loai: C. variabilis (6 trinh tu),
D. ehrenbergianum (4 trinh ty) va M. planktonica (4 trinh ty).

Két qua phan tich cdy phdt sinh lodi véi trinh tw doan
gen tufA

Po6i voi doan gen tufA, sy phan nhanh cua cac loai C.
sorokiniana dugc quan sat thay (hinh 4). Cu thé, 17 trinh ty
C. sorokiniana dugc chia thanh 2 nhanh riéng biét va tach
biét bdi cac loai C. vulgaris. Mac du dir liéu vé trinh tu doan
tufA thu dugc con han ché nhung van cho théy su khac biét
vé di truyén cua cac ching thudc ciing mot loai.

[ ¢ vuigaris
[ < sorokiniana 1

I c sorokiniana 1

Hinh 4. Cay phat sinh loai NJ vé&i 23 trinh tw thuéc doan gen
tufA.

Trong nghién ctru nay, ching t6i da phan tich sy phuc tap
vé phan loai cua cac loai vi tao thugc nhanh Chlorella tir dix
liéu thudc 4 vung/doan gen 18S rDNA, ITS2, rbcL va tufA.
S. Zou va cs (2018) [12] da ching minh rang, ving gen 18S
tDNA c¢6 kha ning bao ton va thuong dugc st dung trong
phan tich phat sinh loai cua vi tdo. Ngoai ra, so v&i rbcL, tufA,
ITS va 16S rDNA thi 18S rDNA con c6 kha nang phéan biét
gilta cac loai va da dugc Ung dung trong viéc dinh danh tdo
Chlorella va Scenedesmus [12]. Hon thé nita, cdy phat sinh
loai 18S rDNA trong nghién ciru trén con cho thay su phan
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nhom gitra cac chung cta 2 loai C. vulgaris va C. sorokiniana.
Cu thé, mdi loai trén duge chia thanh 2 nhém riéng biét [12].
Két qua nay ciing da duoc quan sat thdy trong nghién ctru nay
(hinh 1). Bén canh do, céc loai C. vulgaris phan 18p tir nghién
ctru cua H.J. Lee va S.B. Hur (2012) [18] dugc ghi nhan c6 sy
khéc biét vé di truyén véi 2 nhom C. vulgaris con lai (hinh 1).
Ngoai ra, cac ching C. sorokiniana véi s6 dang ky KI616754,
KJ616755, KJ616757 thudc cung mot nhom va khac biét vai
2 nhom C. sorokiniana dugc ghi nhén boi S. Zou va cs (2018)
[12]. Nhu vay, nghién ctru ndy da ghi nhan sy xuat hién cta
3 nhom C. vulgaris va 3 nhom C. sorokiniana. Viéc phan tich
toan bo dr liéu trinh tu 18S rDNA cua cac loai thudc nhanh
Chlorella d3 ghi nhan nhitng két qua tuong dong voi cac
nghién ctru trude ddy, dong thoi lam rd mdi quan hé giita cac
dit liéu thu dugc. Viée truy xuit thong tin ctia cac ching vi tao
tur cac b suu tap co thé giai thich mot s6 vi du vé su phtic tap
trong phan loai dya vao dic diém hinh thai. Cy thé, 2 ching
vitdo C. vulgaris CCAP211/11F va C. sorokiniana SAG 211-
40a thuoc nhanh Complex II (hinh 1) d& duoc xac dinh lan
lugc 1a Micractinium sp. va Lewiniosphaera symbiontica dya
vao hinh théi trén co s¢ dir liéu CCAP va SAG. Piéu d6 cho
thay, nhiéu chung vi tio mic du da dwoc dinh danh lai nhung
thong tin luu trir trén GenBank van chua dugc thay doi, gy
ra sy phuc tap vé co so dit liéu.

Ddi voi cay phat sinh loai ciia ving ITS2 va rbcL, cac
chung ctia 2 loai C. vulgaris va C. sorokiniana déu dugc
chia thanh 2 nhom riéng biét twong ddng véi két qua cia cac
nghién cuu trudce day [19, 20]. J N. Rosenberg va cs (2014)
[19] ciing dd dua ra nhan xét vé su phtrc tap trong di truyén
cua cac loai C. vulgaris thong qua viéc phan tich vung gen
ITS2. Cac chung C. vulgaris va C. sorokiniana thudc cac
nhom khac nhau ¢ sy khac biét 16n vé mit di truyén (hinh
2 va 3), diéu d6 cho thay su khé hiéu vé phan loai cua 2 loai
nay. Ngoai ra, cac chung C. variabilis cling dugc chia thanh
2 nhom trén cay phat sinh loai cua vung gen ITS2 (hinh 2).
Nhém C. variabilis bao gdm céc chung dugc phén lap tai An
D9 (1X839966, JX839967, JX839969, JX839972), nhom con
lai bao gém cac chung C. variabilis & Nhat Ban (AB162912,
AB162913, AB162914, AB162915, AB162916) véi thong tin
dugc ghi nhan trén GenBank thong qua s6 ding ky cua cac
chung. Vi Vay, vigc xac dinh m01 quan h¢ cua cac ching phan
lap ¢ cac qudc gia khac nhau can dugc phén tich va lam rd.

Céc chung vi tdo thuoc nhom Complex III trén cay phat
sinh loai NJ ciia viing gen ITS2 ¢6 sy tuong dong cao vé hinh
thai dugc tham khao tir trang CCAP, bao gdm cac chung:
M. pusillum CCAP 231/1, C. vulgaris CCAP 211/11F va M.
conductrix CCAP 211/83. Trong d6, ching C. vulgaris CCAP
211/11F da duoc thay doi thanh Micractinium sp. cing chi
v6i 2 chuing con lai. Nhu vy, cac ching c6 d6 twong dong cao
vé& trinh tu ving gen ITS2 dan dén sy tuong ddng cao vé hinh
thai. Két qua tuong tu ciing dwoc quan sat thdy & cac ching vi
tao thudc nhoém M. pusillum.
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Mic du S. Zou va cs (2016) [20] da dé xuét fufA 1a ma
vach DNA c6 tiém ning trong viéc phan loai cac loai tao thudc
nhanh Chlorella, nhung cho téi nay dit liéu trinh ty doan gen
tufA trén GenBank con han ché. 23 trinh ti doan gen tufA chu
yéu thude 2 loai C. vulgaris va C. sorokiniana da dugc thu
thap va danh gia. C. sorokiniana dugc chia thanh 2 nhom va
tach biét boi cac ching C. vulgaris (hinh 4).

E.S. Krivina va A.D. Temraleeva (2020) [3] da chi ra rang,
viéc phan tich cay phat sinh loai dya vao ving gen 18S rDNA,
5,8S rDNA, ITS1 va ITS2 cho théy su phuc tap vé phan loai
ctia nhanh Chlorella. Chinh vi ly do do, cac tac gia da ghi
nhén su khac biét vé cu trac béc 2 cla vung gen ITS2 nhim
phan biét cac loai kho hiéu dbi v6i hau hét cac loai thude
nhénh Chlorella [10]. Phuong phap nay cho thdy tiém ning
trong viéc dinh danh va lam rd hé théng phan loai cac loai
thudc nhanh Chlorella.

Can cr vao cac két qua thu dugc, hé théng phan loai cac
lodi tao thuoc nhanh Chlorella hién nay van con 1a mot thach
thae. Chinh vi vy, viéc tién hanh dua ra nhidu nghién ctu
méi dé ci thién hé thong phan loai cua nhanh Chlorella 1a
diéu can thiét. Trong d6, diéu quan trong nhat chinh 14 tim ra
phuong phép dinh danh chinh x4c cac loai tdo.

Két luan

Két qua thu duogc tir viéc phan tich cy phat sinh loai cua
4 vung/doan gen 18S rDNA, ITS2, rbcL va tufA cho thiy
su phuc tap vé dir litu mad vach DNA trén GenBank cling
nhu sy chua 13 rang trong phan loai ctia cc loai thugc nhanh
Chlorella. 3 truong hop phan nhom chinh dwoc quan sét thay
trén cac cdy di truyén bao gdm: (1) Céc trinh ty ciia cing mot
loai ndm & cac nhanh khéc nhau trén cay phat sinh loai; (2)
Cac trinh tu ctia cac loai khac nhau thudc cung mét nhanh; (3)
Cac trinh ty cta cung mot loai thudc cung mot nhanh. Viéc
phan tich ) lugng 16n cac trinh ty ma vach DNA da chi ra
nhitng bt cap trong viéc nghién ctru dinh danh va phan loai
cta cac loai thudoc nhanh Chlorella tir trudce tdi nay. Do do,
viéc nghién ctru tim ra phuong phap gitp dinh danh chinh xac
cac loai thudc nhanh Chlorella 1a thuc su can thiét va lam tién
dé dé hiéu 6 mobi quan hé di truyén ciia cac loai nay.

bé tai duogc thuc hién dudi su tai trg cia Van phong hop
tac gitta HO1 dong vat hoc Frankfurt va Khoa Sinh - Méi
truong, Truong Pai hoc Su pham, Pai hoc ba N'fmg. Cac
tac gid tran trong cam on.
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