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ABSTRACT. We report here the mitochondrial genome sequence of Lake Baikal green alga extracted
from complete genome of Chlorella sp. strain BAC9706. Sequenced mitochondrial genome of strain
BAC9706 has 90.8-kbp containing including 34 protein-coding genes. Phylogenetic analysis using
the mitochondrial genomes of algae of Chlorellales order indicated that the strain BAC9706 belongs
C. vulgaris clade and is Baikal ecotype of C. vulgaris.
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1. Introduction

Baikal is a unique ancient oligotrophic freshwa-
ter lake - the deepest, oldest and largest by volume in
the world. The lake has an unusual climatic environ-
ment and amazing of endemic flora and fauna diversity.
Autotrophic picoplankton plays a significant role in the
production of primary organic matter. In summer, pico-
plankton accounts for 60-90% of all primary produc-
tion in Lake Baikal (Votintsev et al., 1975; Bondarenko
and Guselnikova, 1989; Nagata et al., 1994). The great-
est contribution to the phytoplankton biomass is made
by diatoms and golden algae (Bondarenko et al., 2017),
while green algae Chlorophyta are rare and represented
by several species, with Chlorella-like algae noted only
sporadically. Thus, authors reported the under-ice
development of Chlorella sp. Baikal (Kozhova, 1959;
1987, Nagata et al., 1994). It was recently shown that
Chlorella-like green algae dominated under the ice in
2020, and C. vulgaris (Beijerinck, 1890) was found at all
the studied stations of the Irkutsk reservoir, indirectly
adjacent to Lake Baikal. (Bashenkhaeva et al., 2020;
Firsova et al., 2023).

The mass death of endemic sponges Lubomirskia
baikalensis began in Baikal in 2011. (Belikov et al.,
2019). Previously, we showed that significant changes
occurred in the microbial communities of the sponge
L. baikalensis and cell culture of the primmorph. A sig-
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nificant shift in microbial communities and mass death
of the main symbiotic green algae Choricystis and their
partial replacement with other algae in sponge commu-
nities were detected. (Belikov et al., 2019; Chernogor
et al., 2020).

The draft genome sequence of Chlorella sp. strain
BAC9706 (Petrushin et al., 2020) was prepared to
expand our molecular biological knowledge of these
microalgae and for compare them in the future with an
endosymbiotic alga strain. In this study, we assembled
the complete mitochondrial genome of a microalgal
strain BAC9706 morphologically similar to Chlorella-
like algae.

2. Materials and methods
2.1. DNA Sequencing and assembly

The genomic DNA was isolated as previously
described (Petrushin et al., 2020) and sequenced using
Ilumina MiSeq platform. A draft assembly was built
using SPAdes v. 3.15.4 (Bankevich et al., 2012). This
draft assembly contained 5,837 contigs with an N50
value of 44,654 bp, and the largest contig was 317,606
bp long.

The obtained whole-genome assembly contigs
were aligned on the reference genomes derived from
NCBI using BLASTn to identify mitochondrial contig.
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2.2. Mitogenome annotation

For genome annotation we used GeSeq tool
(Tillich et al., 2017) with default parameters for pro-
tein-coding genes, tRNAs, and rRNAs with NC_045362
of Chlorella vulgaris strain NJ-7 sequence as reference for
mitochondrial genome. The protein-coding genes were
verified manually through alignments of homologous
mitogenomes from other Chlorella vulgaris strains using
BLAST search (https://blast.ncbi.nlm.nih.gov/Blast.
cgi). Proteins encoded in introns (orfs) were identified
by translating the nucleotide sequence into protein
sequence using the translate tool with standard genetic
codes (https://web.expasy.org/translate/). Complete
mitochondrial DNA sequence was uploaded to the
GenBank database (accession number PQ043348).
OGDRAW was used for genome maps visualization
OGDRAW (Greiner et al., 2019), to prepare files for
Genbank submission we used GB2sequin (https://chlo-
robox.mpimp-golm.mpg.de/GenBank2Sequin.html)
(Lehwark and Greiner, 2019).

2.3. Phylogenetic Analysis

To determine the phylogenetic relationship of
Chlorella genus a Maximum-likelihood tree was con-
structed using MEGA11l (Tamura et al., 2021). All
currently available sequences of complete well-an-
notated mitochondrial genomes belonging to the
Chlorellales order were selected from NCBI. From these,
we extracted all protein-coding sequences, performed
alignments, and concatenated them. To improve align-
ments, sequences from outlying taxa were removed.
Final phylogenetic tree is based on mitochondrial
protein sequences representing 31 concatenated pro-
tein-coding mitochondrial genes (3 of 34 annotated
genes for intron-encoded orfs were excluded from the
analysis).

3. Results and Discussion
3.1. Nucleotide Composition and Genome
Structure

The complete mitochondrial genome of
Chlorella sp. BAC9706 was identified as a circular dou-

Table 1. Nucleotide distribution strains.

ble-stranded molecule with a length of 90770 bp and is
located between related strains UTEX259 (98062 bp)
and NJ-7 (87477 bp). The nucleotide composition of
Chlorella sp. strain BAC9706 is 35.2 % A, 35.0 % T,
15.1 % G, and 14.6 % C, with a higher AT bias (70.2
%). The AT content of the strain BAC9706 mitogenome
was slightly higher than that of the two related strains,
equal to 70.0 % (Table 1).

The mitochondrial genome of strain BAC9706
contains 34 protein-coding genes (PCGs), 27 tRNA,
and 3 rRNA genes. Among these, a total of 19 PCGs
are encoded on the heavy (H) strand, while 15 genes
are located on the light (L) strand (Fig. 1). Total length
of protein-coding genes is 26969 bp, accounting for
29.7% of entire mitochondrial genome. The gene order
within the mitochondrial genome is identical to that of
two related strains.

The protein-coding genes include 13 for ribo-
somal proteins (rpl5-6, 16, rps2-4, 7, 10-14, 19), 9
for NAD(P)H-quinone oxidoreductases (nad1-7, 9 and
nad4Ll), 5 for ATP synthases (atpl, atp4, atp6, atp8
and atp9), 3 for coxs (cox1-3), 1 for cob, and 3 orf for
putative proteins. Transfer RNA genes for all 20 amino
acids were identified, in which tRNA-Met, tRNA-Leu
are triplicated, and tRNA-Ser, tRNA-Arg, and tRNA-Gly
are duplicated.

All PCGs have a typical initiation codon ATG
and stop with TAA, except for rps13, rps14, atp8, atp9,
cox2, nad3 that uses a stop codon TAG. Among the
protein-coding genes, nad5 is the longest gene with a
length of 2019 bp, while the shortest is the atp9 gene
with a length of 225 bp. The number of bases in the
13 PCGs follows the pattern A (35.2%) > T (35.00%)
> G (15.1%) > C (14.6%), suggesting that AT is more
preferred in PCGs.

3.2. Phylogenetic analysis

Phylogenetic analysis using the mitochondrial
genomes of Chlorellales species indicated that strain
BAC9706 is closely related to other C. vulgaris strains
- UTEX259, NJ-7, ITBBA3-12, KNUAOO7 and they clus-
tered in the Chlorella lineage with 100% bootstrap sup-
port (Fig. 2).

Nucleotide BAC9706 UTEX259 NJ-7
Count, bp % Count, bp % Count, bp %
Adenine (A) 31978 35.2 34356 35.0 30602 35.0
Cytosine (C) 13285 14.6 14462 14.7 12883 14.7
Guanine (G) 13728 15.1 14965 15.3 13348 15.3
Thymine (T) 31779 35.0 34279 35.0 30644 35.0
Purines (A+G) 45706 50.4 49321 50.3 43950 50.2
Pyrimidines (C+T) 45064 49.6 48741 49.7 43527 49.8
C+G 27013 29.8 29427 30.0 26231 30.0
A+ T 63757 70.2 68635 70.0 61246 70.0
Total length 90770 98062 87477
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Fig.1. Mitochondrial genome map of Chiorella sp. strain BAC9706.

3.3. Whole mitogenome alignhment

Whole genome alignment analysis for three
strains C. vulgaris - UTEX259, NJ-7 and Chlorella sp.
BAC9706 (Fig. 3) shows the following major differ-
ences in the mitochondrial genomes: in the UTEX259
strain, the intron of cox1 gene contains orf441, which is
absent in the other two genomes; significant differences
are in the gene encoding 23S rRNA and in the adjacent
region, similarly, low conservation is observed next to
the gene encoding 16S rRNA.

Thus, the main differences between the three
closely related strains are related to the intergenic
regions closed to rRNA genes.

4. Conclusions

In this study, we successfully assembled and ana-
lyzed the complete mitochondrial genome Chlorophyta
green algae of the Lake Baikal. Next-generation whole
genome sequencing of Chlorella-like green algae
and bioinformatics analysis revealed a circular dou-
ble-stranded molecule with a typical set of mitochon-
drial genes.

The constructed phylogenetic tree clearly indi-
cates that the Chlorella-like strain BAC9706 is one
of the representatives of the algae species C. vulgaris,
Baikal ecotype of C. vulgaris.
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Chlorella vulgaris ITBBA3-12 MT419367
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Micractinium variabile NC_060308
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Fig.2. The Maximum Likelihood phylogenetic tree of
Chlorella sp. strain BAC9706 based on mitochondrial concate-
nated protein-coding genes from Chlorellales taxa.
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Fig.3. Alignment of whole genomes for three Chlorella strains - UTEX259 (MK948103), NJ7 (NC_045362) and Chlorella sp.
BAC9706 (PQ043348). CDSs are shown in yellow, rRNAs in pink and tRNAs in blue. The light green line plot shows the conser-

vation of the corresponding alignment region.
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FfeHom muToxoHaApun wtamma Chlorella sp.
BAC9706, BbiaAeA€eHHOro u3 o3epa baMkan

KpaTtkoe coobuienune
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[Tanosa 10.A."?, YepHorop JI.1.2", benukos C.W.**

T Cubupckuii ¢pedepastvHbiii yHugepcumem, Axademeopodok, 13a, KpacHosapck, 660036, Poccus
2 JlumHostoeueckutl uHcmumym Cubupckoeo omdesieHus Poccutickotl akademuu Hayk, YJ1. Yian-bamopckas, 3, Hpkymck, 664033,

Poccua

AHHOTAILIHS. B naHHOM cTaThe MBI Pe/ICTaBJIsIEM MOCJIEA0BATEIBHOCTh MUTOXOHAPHUAIBHOTO TEHOMAa
3eJIEHO BoAopocu o3epa batikaji, BeIIEIEHHYI0 U3 MOJIHOTO TeHoMa mrtamma Chlorella sp. BAC9706.
CexBEeHMPOBAHHBIN MUTOXOHAPHUAIbHBIN reHoM mrTamMa BAC9706 nmeet 90,8 ThIiC. I.H., COIepXKaITUI
B TOM unciie 34 GesIoK-KOAUPYIIUX TreHa. duaoreHeTUYeCKUi aHaJin3 C UCIO0JIb30BaHUEM MUTOXOH-
NpUajibHbIX TeHOMOB Bofopoceli nopsaka Chlorellales mokasai, uro mramm BAC9706 mpuHaIeXUT
wiane C. vulgaris u ABiserca 6akikagbckuM skotunoM C. vulgaris.

Kimioueawie ciiosa: Chlorella vulgaris, MUTOXOHAPUAJIbHEIN TeHOM, 03epo Batika

Jlisa nutupoBaHus: [Tanosa 10.A., YepHorop JI.W., Besmkos C.U. TeHoMm muToxoHapuii mtamma Chlorella sp. BAC9706, BoifesieH-
Horo u3 o3epa Baiikan //Limnology and Freshwater Biology. 2024.-Ne 5.-C.1267-1275.DOI: 10.31951/2658-3518-2024-A-5-1267

1. Beeapenue

Baiikay — YyHHKaJIbHOE ApeBHee OJUIoTpod-
HOe NpPecHOBOJHOe 03epo — camoe TIybokoe, camoe
apeHee u caMmoe GoJsipioe o o6beMy B Mupe. O3epo
rMeeT HeOOBIYHYI0 KJIMMATHUYEeCKylo cpedy U YOUBU-
TeJIbHOe pa3HooOpasue 3HAeMUYHOU (PJIOpH U payHBHI.
ABTOTpO(DHBIII MUKONJIAHKTOH HWrpaeT 3HAYUTeJIb-
HYI0 pOJIb B IPOU3BOACTBE IEPBUYHOIO OpraHuye-
CKOTO BellecTBa. JIeTOM NUKOIJIAHKTOH obecnedrBaeT
60-90% Bceli mepBUYHOV NPOAYKIMU B 0o3epe Baiika
(Votintsev et al., 1975; Bondarenko and Guselnikova,
1989; Nagata et al., 1994). HaubGospmuii BKJIaO B
6uoMaccy (UTOIJIAHKTOHA BHOCAT [UATOMOBBIE U
3oJioTUCTHIe Bogopocau (Bondarenko et al., 2017),
TorAa Kak 3eyieHsle Bogopocau Chlorophyta peaku u
Mpe/ICTaBJIEHH HECKOJIPKUMH BHUJAaMH, a BOJOPOCIIHU
poaa Chlorella oTMmedeHsI JuIb cropaanvecku. Tak,
aBTOpHI cool0masm o mojieaHoM passutuu Chlorella
sp. B o3epe Batikan (Kozhova, 1959; 1987, Nagata et
al.,, 1994). HenaBuo ObLJIO MOKasaHo, uTo B 2020 T.
1010 JIIOM JOMUHHPOBAJIU XJIOPEJLIONOA00HbIe 3ee-
Hble BOJOPOCJIM, a Ha BCEX HCCJIEJOBAHHBIX CTAHIIMAX
VpKyTCKOTO BOIOXPAaHWIMING, OIOCPEJOBAaHHO IpPU-
Jeramomero kK osepy Baiikan, obHapyxeHa Chlorella
vulgaris Beijerinck. (Bashenkhaeva et al., 2020; Firsova
et al.,, 2023). MaccoBas rubeyib 3HIAEMUYHBIX TI'yOOK
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Lubomirskia baikalensis Hauanace B Bafikase B 2011 1.
(Belikov et al., 2019). PaHee Hamu OBLIIO TOKa3aHO, YTO
cyllecTBeHHble M3MeHeHNUs NMPOM30IIIN B MUKPOOHBIX
coobmectBax ryoku L. baikalensis u KyJibType KJIETOK
npuMMopd. BeisBjIeHHI CyIlleCTBeHHBIH CABUTI MUKPOO-
HBIX coo00IlecTB M MaccoBas rubeyib OCHOBHBIX CHUM-
OMOTHYECKUX 3eJIeHBIX Bogopocyel Choricystis u ux
yacTUYHas 3aMeHa APYTUMH BOJOPOCIIAMU B coobile-
ctBax ryook. (Belikov et al., 2019; Chernogor et al.,
2020).

[TpoekT mocjenoBaTeJbHOCTH IeHOMa IITaMMa
Chlorella sp. BAC9706 (Petrushin et al., 2020) 6bi1
NONrOTOBJIEH MJIA paclIMpeHusA HalIMX MOJIEKYJIAp-
HO-0MOJIOrMYeCcKUX 3HAaHUH 00 3TUX MHUKPOBOIOPOCIAX
U I CpaBHEHHA UX C SHJOCUMOHUOTHMYECKUM IITaM-
MOM BOJIOpOCJIY B OyiyiieM. B 3ToM ncciiefoBaHUN MBI
cobpasy MOJHBIN MUTOXOHAPUAIbHEIN r'eHOM IITaMMa
mukposogopociiu BAC9706, mopdosiornyecku IMoxo-
xero Ha Bogopocyu tuma Chlorella.

2. MaTtepuanbl U MeTOADBI
2.1. CexBeHupoBaHue u coopka AHK

l'enomuas JJHK Obplsia BbIZeJieHa, KaK OMMCAHO
padee (Petrushin et al., 2020), u cekBeHMpOBaHa C
rcnosp3oBaHueM margopmsl [llumina MiSeq. I[TpoekT
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eTcs o MexIyHapoJHo! jiutieH3uel Creative
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c6opku ObUT co3maH ¢ wucnosib3oBaHueM SPAdes v.
3.15.4 (Bankevich et al., 2012). OToT npoekT cGOpKU
comepxai 5837 koHTUroB co 3HaueHueM N50 44 654
I.H., @ cCaMbIii OOJIBIION KOHTUT MMeJi JUinHy 317 606
IL.H.

[TosiydeHHBIE KOHTUTH [TOJIHOT€HOMHOM COOpPKHU
OBLIM BBHIPOBHEHHI ¢ pedepeHCHBIMU r'eHOMaMH, MOJIy-
yeHHbIMM M3 NCBI, ¢ ucnons3oBaHueM BLASTn aisa
naeHTH(PUKAMN MUTOXOHPHUAJIBHOIO KOHTUTA.

2.2. AHHOTaAUMA MUMTOreHoma

Jlna aHHOTaUMM TeHOMa MbI KCIIOJIb30BaJIN
uHcTpyMeHT GeSeq (Tillich et al., 2017) ¢ mapawme-
TpaMM II0 YMOJIYAHUIO [JIA TeHOB, KOAMPYIOUINX
6esok, TPHK u pPHK ¢ NC_045362 mociienoBaTeb-
Hoctu mramma Chlorella vulgaris NJ-7 B kauecTBe
pedepeHca A1 MHUTOXOHJIPUAJIBHOTO reHoma. I'eHH,
KoJupymomye 06eJloK, ObUIM IPOBEpPEHH BPYYHYIO C
[IOMOIIBI0 BHIPABHUBAHUSA T'OMOJIOTMYHBIX MUTOTEHO-
MOB U3 apyrux mrammoB Chlorella vulgaris ¢ ucmois-
3oBanueM mnowcka BLAST (https://blast.ncbi.nlm.nih.
gov/Blast.cgi). Besku, kogupyemsle B UHTpoHax (orf),
ObUTN MIeHTH(DUINPOBAHEl IIyTEM IepeBojia HYKJIEo-
TUJHOHN MOCJIeJOBATEJIBPHOCTU B IOCJIENOBATEIBHOCTD
feska C HCIOJIB30BaHMEM WHCTPYMEHTa IiepeBoja
CO CTaHJApTHBIMU TeHeTwdeckumu komamu (https://
web.expasy.org/translate/). IlojiHass nocjegoBaTesIb-
HOCTh MuToxoHApuasbHON JHK 6bUta 3arpyxeHa B
6a3y manHbix GenBank (Homep moctyma PQ043348).
Jna Bu3yanu3ali TeHOMHBIX KapT HCIIOJIb30BaJICsA
OGDRAW (Greiner et al., 2019), mj14 IIOArOTOBKU
daiinos nia ormpaBku B Genbank Mbl mcnosib3oBav
GB2sequin  (https://chlorobox.mpimp-golm.mpg.de/
GenBank2Sequin.html) (Lehwark and Greiner, 2019).

2.3. dunoreHeTMuecKum aHanus

Jnsa onpenesieHuss GuiIoreHeTHYeCKON CBA3U
poaa Chlorella 610 MOCTPOEHO AEpPEBO MaKCHUMAJIb-
HOro mnpasfgomnonobusa ¢ ucnonab3oBaHuem MEGA1]
(Tamura et al., 2021). Bce OocTymHble B HacCTOAIIee
BpeMs IOCJIeJOBAaTEIBbHOCTU IIOJIHBIX XOPOLIO aHHO-
TUPOBAaHHBIX MUTOXOHJIPHUAJIbHBIX T'€HOMOB, IpUHAM-
nexamux kK mopsanky Chlorellales, 65111 BRIGpaHBI U3

Ta6suna 1. PacnpenesieHus HyKJIeOTUAOB B ITaMMax.

NCBI. V3 HuxX MBI M3BJIEKJIM BCe KOAUpYMOIUe Oejiok
[IOCJIEI0BATEJIbHOCTH,  BBIIIOJIHUJIA  BbIpaBHUBAHUA
1 00beAVHWIM UX. [7A yjydlleHus BBIPaBHUBaHUN
ObUTM yAaJieHbl II0CJIeOBATeJIbHOCTU W3 yAaJIeHHBIX
TakCcOHOB. OKOHYaTeJIbHOE (UIOreHeTuYecKoe AepeBo
OCHOBAHO Ha IOCJIEAOBATEJIbHOCTAX MUTOXOHAPHAJIb-
HBIX O€JIKOB, MpeACcTaBaAlINX 31 KOHKaTeHUpOBaH-
HBI KOAUPYIOHINIT 6eJIOK MUTOXOHPUAIbHBIN Tr'eH (3
n3 34 aHHOTUPOBAHHBIX I'€HOB, KOAUPYEMBIX WHTPO-
HaMU, ObLIM MCKJIIOYEHBl U3 aHaJIN3a).

3. Pe3yAabTathbl M 06Ccy)xpeHue
3.1. HykneoTuaHbIM COCTAB M CTPYKTYpa
reHoma

[MoytHBIT MUTOXOHAPHUAJIBHBIN TeHoM Chlorella
sp. BAC9706 6bl1 naeHTUPULUMPOBAH KaK KOJibl{eBas
JByXIlelouevyHas MoJiekyJsia JyuHoi 90770 m.H. u pac-
MIOJIOKEH MexAy poacTBeHHbIMU mtamMmamu UTEX259
(98062 n.H.) u NJ-7 (87477 n.H.). HyxyeoTugHsIi
coctas mtamMma Chlorella sp. BAC9706 coctasiisieT 35,2
% A, 35,0% T, 15,1 % G u 14,6 % C, c 60j1ee BBICOKUM
cmemenueMm AT (70,2 %). Conmepxanue AT B mutore-
HoMe mTamMma BAC9706 ObLJI0O HEMHOI'O BBIIE, YeM
y OBYX POACTBEHHBIX WITaMMOB, U cocTtaBusio 70,0 %
(Ta6smma 1).

MuToxoHApUaibHBEIN reHoM mTamMmMa BAC9706
comepxut 34 reHa, xomupyiomux 6enku (PCG), 27
reHoB TPHK u 3 rena pPHK. M3 Hux B o0mel cjox-
Hoctu 19 PCG xomupyioTca Ha Tspxesont (H) memnu, a
15 reHoB pacnoJioxeHsl Ha Jjerkoii (L) nenu (Puc. 1).
OOmias [AyinHa reHOB, KOJUPYIOMUX OeJIKY, COCTaBJIAeT
26969 1.H., uto cocTtanJiisieT 29,7% OT BCcero MUTOXOH-
JpUajbHOro reHoMa. IIopsAgoK reHOB B MHUTOXOHIPH-
aJIbHOM TeHOMe HAeHTHYeH MOPAAKY T'eHOB JIBYX poA-
CTBEHHBIX TaMMOB XJIOPEJLJIBL.

l'ennl, koaupylomue OesK{, BKIOYAOT 13 a4
pubocomasibHbIX 6esKoB (rpl5-6, 16, rps2-4, 7, 10-14,
19), 9 nia HAO(®)H-xuHOH okcuaopeaykTas (nadl-7,
9 u nad4L), 5 gia AT®-cunTas (atpl, atp4, atp6, atp8
u atp9), 3 mia coxs (cox1-3), 1 mia cob u 3 orf gna
npeAanoJiaraeMbelx 6esKOB. BpM mAeHTUGUIUPOBAHBI
rensl TpaHcrnopTHo!i PHK s Bcex 20 aMMHOKHUCIIOT,
B koTopbix TPHK-Met, TPHK-Leu TpunauuupoBaHsl, a
TPHK-Ser, TPHK-Arg u TPHK-Gly myGaupoBanbl. Bce

Hyxiieotuanl BAC9706 UTEX259 NJ-7
Yuciio, II.H. % Yucio, I.H. % Yuciio, m.H. %
AnenuH (A) 31978 35.2 34356 35.0 30602 35.0
Lutozux (C) 13285 14.6 14462 14.7 12883 14.7
T'yauuH (G) 13728 15.1 14965 15.3 13348 15.3
Tumua(T) 31779 35.0 34279 35.0 30644 35.0
Iypuss (A+G) 45706 50.4 49321 50.3 43950 50.2
TMupumuguae(C+ T) 45064 49.6 48741 49.7 43527 49.8
C+G 27013 29.8 29427 30.0 26231 30.0
A+T 63757 70.2 68635 70.0 61246 70.0
O6mas qjivHa 90770 98062 87477
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90,770 bp

Puc.1. Kapra mutoxoHApuaibHoro reHoma mramma Chlorella sp. BAC9706.

PCG umeroT TUNUYHBIY UHUIUUPYIOMUN KogoH ATG u
cron-koAgoH TAA, 3a uckimoueHueMm rpsl3, rpsl4, atp8,
atp9, cox2, nad3, KOTOpbie HCIOJIb3YIOT CTOM-KOJOH
TAG. Cpenu reHoOB, Kogupyouux 6esok, nad5 sABs-
eTcsl caMbIM JJIMHHBIM T'eHOM ¢ yimHON 2019 m.H., B
TO BpeMs KaK CcaMbIM KOPOTKUM sIBJisleTcsl TeH atp9 c
niuHon 225 nm.H. KonmuectBo ocHoBauHuil B 13 PCG
cienyet cxeme A (35,2%) > T (35,00%) > G (15,1%)
> C (14,6%), 4TO NO3BOJIsIET NPENIOJIOXKUTD, YTO AT
6osiee npeanoururesied B PCG.

3.2. dunoreHeTHUECKUH aHAAU3

duioreHeTUYECKNI aHAJIN3 C HCIIO0JIb30BaHUEM
MUTOXOHIPHUAJIBHBIX TeHoMOB BuIoB Chlorellales moka-
3ay1, yto mrtamMM BAC9706 TeCHO CBA3aH C APYrUMU
mrammamu C. vulgaris - UTEX259, NJ-7, ITBBA3-12,
KNUAOO7, v oHu crpynnupoBans B iuHuto Chlorella co
100% nmoppmepxkoi OyTtcrpena (Puc. 2).

3.3. BoipaBHMBaHue BCero MMMToreHoma

Ananu3 BeIpaBHUBaHUA BCEro reHoMa JJisg Tpex
mrammoB C. vulgaris - UTEX259, NJ-7 u Chlorella sp.
BAC9706 (Puc. 3) nokasbiBaeT cjieylolirie OCHOBHBIE
pas3inuys B MUTOXOHJIpHAJIbHBIX TeHOMax: B LITaMMe
UTEX259 uHTpoH reHa coxl comepxur orf441, xoro-
PBII OTCYTCTBYET B IBYX APYTMX reHOMax; CyIlleCTBeH-
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HBle pa3InuuA HaxXOoAATCA B reHe, Kogupymomem 23S
pPHK, u B npuseraromieil o6J1acTy, aHaJIOTUYHO, HU3-
Kas KOHCepPBAaTUBHOCThL HabJII0JaeTcsa pAAOM C FeHOM,
kopupyromuM 16S pPHK.

TakuM 00pa3oM, OCHOBHBIE pa3Inuvsg MexXay
TpeMsa OJIM3KOPOACTBEHHBIMU IITaMMaMU CBA3aHBL C
MeXTreHHbIMU o0J1acTAMU, OJiu3KuMu K reHam pPHK.

Chlorella vulgaris KNUAOO7 MW900258
Chlorella sp. BAC9706
Chlorella vulgaris ITBBA3-12 MT419367
Chlorella vulgaris UTEX259 MK948103
Chlorella vulgaris NJ-7 NC_045362
Chlorella variabilis NC_025413
Chlorella sp. ATCC 30562 KY629618
Micractinium variabile NC_060308
Chlorella sp. ArM0029B KF554428
Micractinium singularis MN894286
Micractinium sp. LBA 32 MH718999
Micractinium pusillum MN649871
Micractinium conductrix KY629619
Chlorella heliozoae KY629615
— Chlorella sorokiniana NC_024626
0 L chiorella ohadii NC_063650
Dicloster acuatus PP746556

— Binuclearia lauterbornii PP746559
100 L pseudochlorella signiensis PP746560
Marvania geminata PP746561
Auxenochlorella protothecoides NC_026009

Puc.2. ®unoreHernyeckoe OgepeBO MaKCHUMAaJIbHOTO
npaBgonono6usa mramma Chlorella sp. BAC9706 Ha ocHOBe
MUTOXOHJIPHAJIBHBIX KOHKATEHHPOBAHHEIX I'€HOB, KOAUPYIO-
mux 6esiok, u3 TakcoHoB Chlorellales.
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Puic.3. BripaBHUBaHUE II€JIbIX TeHOMOB AJ1s Tpex mTaMmMoB Chlorella - UTEX259 (MK948103), NJ7 (NC_045362) u Chlorella
sp. BAC9706 (PQ043348). CDS noka3aHsl xeaTeiM 11BeToM, pPHK - po3oBbiM, a TPHK - cuHuM. CBeTJ10-3eJIeHbIH JIMHEeHHBIN rpa-
(uK nokaspBaeT cCOXpaHeHUe COOTBETCTBYIOIEl 00JIaCTH BEIPABHUBAHUA.

4. BbiBOADbI

B 3TOM HCCJ/IE[JOBaHUM MBI YCIIEIIHO cOGpaiu
U TPOAHAM3UPOBAIN  [OJIHBIA MHUTOXOHAPHAII-
HBIII TeHOM 3eJieHbIX Bomopocieii Chlorophyta osepa
Batikas. T[IOoJITHOTEHOMHOE CEKBEHHPOBaHUE CJIeIYIOo-
Imero MokoJjieHusA 3ejeHbx Bomopocieir Chlorella-like
u GronH(pOPMaTHUYECKUI aHAJIU3 BRIABUJIN KOJIBIIEBYIO
JIBYXIIE[IOYEYHYI0 MOJIEKYJly C THUIUYHBIM HaGopoM
MUTOXOH[PUAJIbHBIX T€HOB.

[TocTpoeHHOe (PUIOTeHETHYECKOE JEPEBO OqHO-
3HAYHO yKasbiBaeT Ha To, yto mramm Chlorella-like
BAC9706 sABiseTca OOHUM H3 NpefCcTaBUTesIel BUAa
Bomopocieit Chlorella vulgaris, 6aiikaJbCKOTO 3KOTHUIA
C. vulgaris.
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