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1. leab ¥ nIaHUPYyeMble Pe3yJabTaThl 0CBOEHUS THCIUIIMHbI

Iesbr0 0CBOEHMSI JUCLUIUIMHBI ABISETCA (POPMUPOBAHUE CIECAYIOIIMX KOMITETEHIIMHI:

OIIK-3 Cnocoben wucnonb3oBath (puimocockre KOHIEMIUU €CTeCTBO3HAHUS U
IIOHUMaHHUE COBPEMEHHBIX OHOC(HEpHBIX IMPOLECCOB s CUCTEMHOM OLIGHKM M IPOrHO3a
pa3BuTHs chepbl NpodhecCHOHATBHON AeITETbHOCTH.

IIK-1 Cnocoben oOpaGaTbiBaTh M HCIOJIb30BATH HAYUYHYK0 M HAayYHO-TEXHHYECKYIO
UHPOPMALIMIO TPH PEHICHUH HCCIEA0BATEIbCKUX 3a/Jad B COOTBETCTBUU C MpoduieM
(HampaBJIEHHOCTHIO) MaruCTEPCKON IPOrpaMMBl.

I1K-2 CnocobeH mpoBOIUTH OCHOBHBIE JTAIbI MOJEBBIX U Ja0OPATOPHBIX MCCIIEOBAHUMN
B COOTBETCTBHUHU € IPOQHIIEM (HAPaBIEHHOCTHIO) MarCTEPCKOM MPOrpaMMBbl.

Pe3ynbraramMu 0cBOEHUS IUCLUIUIMHBI SBJISIFOTCS CIEAYIOIIME UHAMKATOPBI JOCTHXKEHUS
KOMIIETECHIINH:

NOIIK-3.2 JleMOHCTpUpyeT TIOHUMaHHe (YHAAMEHTAJIbHBIX NPEACTABICHUNH O
O6uocdepe, Mozaenel M MPOrHO30B Pa3BUTUS OMOCPEPHBIX IPOLIECCOB, TEOPETUYECKHUE U
METOI0JIOTUYECKUE OCHOBBI AIKOJIOTMYECKOTO MOHUTOPUHTA

UIIK-1.1 IIpumenser 3HaHus (QyHIaMEHTANIbHBIX U NMPHUKIATHBIX Pa3IesIOB AUCHUILUINH
(Momysei), ompelneNsIoIMX HAalpaBIeHHOCTh (NMpo¢uib) MHpOrpaMMbl MarucTparypbl IpH
pELICHUH OTJENIbHBIX UCCIIE0BATENbCKUX 3a1a4

NIIK-2.2 OcymectBisser mToa00p W MOAH(PHUKAIUIO METOIUK HCCICIOBAHUS B
COOTBETCTBUM C TIOCTAaBJICHHBIMH 3aJayaMd M Ha OCHOBE 3HAHUN INPUHLUIOB MOJEBBIX MU
1a00paTOPHBIX MCCIICOBAHUN

2. 3aga4uy oCBOCHHS JUCIHUILINHDI

— IlonyunTh COBpEeMEHHBIE 3HAHUS B 00JIACTU MUKpPOOHMOJIOIMYECKOTO pa3HOOOpasus,
POJIN MUKPOOPTaHU3MOB B 9KOCHUCTEMAX.

— Hayuutbcst npuMeHsTh 3HaHUsL B 00JaCTH MUKPOOHOJIOIMUECKOT0 pa3HOO0pa3us, poiIu
MHUKPOOPTaHU3MOB B 3KOCHCTEMaX, a TakKe 3HAHHE COBPEMEHHOIO0 METO/0JIOTHYECKOro
arrmapara JJisd pCICHUA MTPaKTUUCCKUX 3aJ1ayq HpO(beCCI/IOHaIII)HOI\/'I JACATCIIBHOCTH.

3. MecTo AuCHMILINHBI B CTPYKTYpe 00pa30BaTeibHOM MPOrpaMmbl

Juctunnuaa otHOCUTCA K biioky 1 «/Iucuurminabl (MOTyIIN)».

JlucuumiauHa OTHOCHTCS K dYacTh 0O0pa3oBaTeNbHON MporpaMMbl, (QopMupyeMon
YY4aCTHHUKaMU 00pa30BaTEIbHBIX OTHOILIEHUH, SIBIISIETCS 00513aTEILHOM I U3yUYEHUS.

4. Cemectp(bl) ocBoeHHs M opma(bl) IPOMEKYTOUYHOM ATTECTALMM 10 JIMCHUIINHE

Bropoii cemectp, sx3ameH

5. Bxoanble TpeOoBaHMS 1JIs1 OCBOEHUS U CHMILIMHBI

Jljis ycTienHoro OCBOGHUS JUCIHUILIMHBI TPeOYIOTCSl KOMIIETEHIIMH, chOopMUpOBaHHBIE B
X0JIe OCBOEHHUSI 00pa30oBaTENIbHBIX MPOrpaMM MPEALIECTBYIOIIEI0 YPOBHS 00pa3zoBaHus: oOIIas
9KOJIOTHSI, 0011asi MUKPOOHOJIOTHS, HEOpraHU4ecKasi XUMHUs, OpraHUYeCcKask XUMHUSL.

JUisi yCTIeNIHOTO OCBOEHHS JAHHOW JMCIMILIMHBI TPEOYIOTCS pe3yibTaThl OOY4YEHUs IO
muciuminie  Oxonoruss u aBomouus  *Ecology and Evolution, uurtaemoifi B pamkax
MarucTepckoi mporpammsl «buopasznoobpasue» B 1 cemectpe.

6. SI3bIK peaau3anun

AHTITHACKINT

7. O0beM TUCHHUILINHBI

OO01mas TpyA10eMKOCTh TUCIUIUTHHBI COCTaBsieT 3 3.¢., 108 yacoB, U3 KOTOPHIX:



-nekuuu: 10 u.
-ceMuHap: 26 4.
O0BeM caMOoCTOATENBHOM pabOTHI CTYIEHTA ONPEAEIICH YUeOHBIM IIJIAHOM.

8. Coaep:xkaHue TUCHUILINHBI, CTPYKTYPHPOBAHHOE 110 TEMaM

Tema 1. What are microorganisms.

Kparkoe comepskanue tembl. Cellular microorganisms and acellular entities. Examples
and features of cellular microorganisms among Bacteria, Archaea, Fungi, Algae, Protozoa. Focus
of the course - microscopic prokaryotes. Features and key differences of Bacteria and Archaea.

Tema 2. System and Taxonomy of Microorganisms. Phylogenetic diversity of
microorganisms.

Kparkoe conepkanne Tembl. Terms Systematics, Taxonomy and Phylogeny. Carl Woese
discovery. Phylogenetic markers. Three domains of cellular life: Bacteria, Archaea and Eukarya.
Identification of a microorganism by small subunit rRNA genes. Taxonomic ranks in
microbiology. How to describe taxonomical position of the microorganism.

Tema 3. Diverse Microbial Habitats and Biogeochemical Reactions of Microorganisms

Kpatkoe comepxkanne Ttembl: The uncultivated microbial majority and microbial “dark
matter”. Habitats of prokaryotic and eukaryotic microorganisms. Extreme habitats populated by
prokaryotic microorganisms. Miscellaneous geochemical and chemical reactions of
microorganisms. The unique biogeochemical reactions of prokaryotes within N, S, Fe, C cycles.

Tema 4. Metabolic Diversity of Microorganisms and Energy Metabolism.

Kparkoe comepskanne temel. How Do Cells Obtain Carbon? Autotrophs and
Heterotrophs. Metabolism and ways living things get energy. Classification of organisms
according to energy source. Chemolithoautotrophs and chemosynthesis. Ecological features and
applications of microorganisms belonging to different metabolic groups.

Tema 5. Extremophilic Microorganisms and Their Applications.

Kparkoe conepkanme tembl. Microorganisms and temperature — thermophilic and
psychrophilic/psychrotolerant microorganisms. Microorganisms and pH — acidophilic,
neutrophilic, alkaliphilic prokaryotes. Microorganisms and other extreme physical and chemical
factors. Ecosystems harboring extremophilic microorganismsmas a source for novel microbial
cultures and enzymes.

9. Tekyumii KOHTPOJIb MO TUCHUTLTAHE

Texkymmii KOHTPOJIb 1O JUCUUIUIMHE INPOBOJIUTCS ITyT€M KOHTPOJS MOCEIIAeMOCTH,
NPOBEJICHUSI TECTOB IO JICKIIHOHHOMY MAaTepually, BBIMOJHCHUS JOMAIIHUX U TPAKTHYSCKUX
3a7aHuil, u QUKCHpyeTcs B pOpMe KOHTPOIBHOM TOYKH HE MEHEe OJJHOTO Pa3a B CEMECTD.

OueHouHbIE MaTepHUajbl TEKYIIEro KOHTPOJA pa3MelieHsl Ha caiite TI'Y B pasnene
«Mudopmarms 06 oOpazoBarenbpHOM porpammey - https://www.tsu.ru/sveden/education/eduop/.

10. Mops10k MpoOBeaeHUsI U KPUTEPUH OIlEHUBAHUS NMPOMEKYTOYHOM aTTeCTALUH

DK3aMeH BO BTOPOM CeMeCTpe MPOBOIUTCs B BHJE Tecta B cucreme LMS iDO.

DK3aMEHAIIMOHHBIN TECT COCTOUT M3 TpeX pasaeiioB. [IpogoinKuTenbHOCTh 3K3aMeHa 1
yac. [lepBas wacte mpenctaBisieT co0oit 5 Bompocos, nposepsitounx MOIIK-3.2. Bropas u
TpeThs yacTu comep:xar 1no 10 Borpocos, nposepstromux WUIIK-1.1 n UTIK-2.2, cOOTBETCTBEHHO.

OTBeThl Ha BOINPOCHI JAIOTCA MyTE€M BBIOOpAa W3 CHUCKA MPEAJIOKEHHBIX BapUaHTOB,
BbIOOpa BEPHBIX YTBEPKJICHUM, IIyTEM PELICHHsI TPAKTUUECKUX 3aJaHUH.

IIpuMepHBIii IepeYeHb BOIIPOCOB U 331aHUN:
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4.
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What is a so-called “molecular passport” of a prokaryotic microorganism?
a. 18S rRNA gene
b. ITS region sequence
c. Plasmid carrying the penicillin resistance gene
d. 16S rRNA gene
e. No correct option
. Choose a bacterial phylum from the proposed options:
a. Clostridiaceae
b. Pseudomonales
c. Firmicutes
d. a-Proteobacteria
g. No correct option
Phylogenetic systematics of microorganisms is based on the analysis of:
a. Genetic similarity and evolutionary relationships
b. Common morphological features
c. Similar physiological traits
d. Common serological properties
e. No correct option
The following microorganisms belong to prokaryotes:
a. Viruses
b. Bacteria
c. Fungi
d. Protozoa
e. Microalgae
f. No correct option
. Choose characteristics of microorganisms from the list (2 correct options):
a. Lack of differentiated tissues
b. Cell’s diameter is no more than 100 pm
c. Cell’s diameter is less than 1 mm
d. Lack of a nucleus
e. Unicellular type
d. Lack of mitochondria
. Choose from the list below a representative of purple nonsulfur bacteria:
a. Rhodospirillum rubrum
b. Thiocapsa roseopersicina
c. Pseudomonas roseus
d. No correct option
. Choose from the list below bacteria characterised by anoxigenic photosynthesis:
a. Cyanobacteria
b. Green nonsulfur bacteria
c. Hydrogen bacteria
d. Carboxydobacteria
e. No correct option
. Choose the correct statement:
a. All chelolithotrophic prokaryotes obtain energy by oxidizing inorganic substances.
b. All chemolithotrophic bacteria can fix CO-
c. The Calvin cycle is the only way to fix CO2 on Earth
d. Oxygen always serves as an electron acceptor for chemilithotrophic prokaryotes
e. No correct statement
. Obligate psychrophiles are found within domains of:
a. Bacteria, Archaea u Eukarya
b. Bacteria only



c. Bacteria and Archaea
d. Eukarya only
e. Archaea and Eukarya
f. Archaea only
g. No correct option

10. Choose from the list below a piezophilic bacterium:
a. Pseudonomas aeruginosa
b. Geobacter metallireducens
c. Moritella profunda
d. Brocadia anammoxidans
e. Deinococcus radiodurans
f. No correct option

[Ipumepsbl MpakTUYECKUX 3aTaHUM:

1. Define taxonomic position of a microorganism by analysis of 16S rRNA gene
sequence (use database GenBank NCBI and BLAST instrument,
https://blast.ncbi.nlm.nih.gov/Blast.cgi)

2. Determine a nutritional type of bacteria that use hydrogen as an electron source and fix
carbon dioxide as a source of carbon, and can also use organic matter as well if available.

3. Compare bacteria Moritella profunda and Listeria monocytogenes resistant to low
temperature. Use the arrow to choose the group (obligate or facultative psychrophile) (1), habitat
(2) and characteristic (3).

4. Based on the equation pH = - log [H], calculate the concentration of protons in a
solution that has a pH of 7. What is the concentration of protons in a solution that has a pH of 2?

5. Which approach from listed below would you use to characterize uncultivable bacteria
(1) and determine phylogenetic diversity of a microbial community (2)? List of methods:
Metagenomics; Metatranscriptomics; Metabolomics; Single cell genomics.

Pe3ynbratel  3K3aMeHa  ONpEAENSIOTCS  OLEHKAMH  «OTIUYHO»,  «XOPOILIO»,
«YAOBIIETBOPUTENBHO», «HEYJNOBIETBOPUTENbHO». OILIEHKa «OTIMYHO» BBICTABIAETCSA, €CIIU
KOJMYECTBO BEpPHBIX OTBETOB cocrtaBiser 20 u Oomee, «xopomo» - oT 15 mo 19,
«ynoBaeTBOpUTENBLHO» OT 10 110 14, «HEeynoBneTBOpUTENBLHO» - MeHee 10.

OrneHoyHBIE MaTepHANbI ISl TPOBEICHUS MPOMEKYTOUHON aTTECTAllMH Pa3MEIIeHbI Ha
cahte TI'Y B pasmene «Mudopmamus o0  oOpa3oBaTeNnbHONW  MOporpaMme» -
https://www.tsu.ru/sveden/education/eduop/.

11. YyeOHO-MeTOAMYECKOE 00ecIIeueHue

a) DIIEKTPOHHBIN y4eOHBIH KypC 10 AUCIHILIMHE B JIEKTPOHHOM yHUBepcHuTeTe «iDOy -
https://Ims.tsu.ru/course/view.php?id=19119

6) OI_IGHO‘IHBIC MaTCepHrajibl TCKYHICTO KOHTPOJIA H HpOMC)K}’TO‘lHOI’I arTecraguu II10
OUCHUILIIAHE.

B) ITnan CCMHUHAPCKUX 3aHATUM 110 JUCHHUITIIINHCE.

r) Metoandeckne yka3aHHs [0 OPraHU3aIlliH CaMOCTOSTEIbHOM pabOThI CTY/ICHTOB.

12. Ilepeuyens y4eOHOIi TuTEpaTyphl U pecypcoB ceTu UHTepHeT

a) OCHOBHas JTUTEpaTypa:

—Workbook on Environmental Microbiology / Y.A. Frank, A.P. Lukina, E.A.
Melnikova, D.S. Vorobiev. — Tomsk: TSU Press, 2018. — 112 p.

— Microbial Diversity in Ecosystem Sustainability and Biotechnological Applications:
Volume 1. Microbial Diversity in Normal & Extreme Environments / Satyanarayana T., Johri
B.N., Das S.K. — Singapore: Springer. 20109.



https://eds.s.ebscohost.com/eds/detail/detail?vid=6&sid=636f49ce-9f28-4fe0-b8h6-
247addc78fa8%40redis&bdata=JkF1dGhUeXBIPWIWLHNzbyZsYW5nPXJ1InNpdGU9ZWRz
LWxpdmU%3d#AN=2202386&db=edsebk.

Microbial Ecology: Current Advances From Genomics, Metagenomics and Other Omics.
Ed. Diana Marco. Norfolk, UK: Caister Academic Press, 2019. DiekTpoHHas KHHTa
https://eds.p.ebscohost.com/eds/detail/detail?vid=1&sid=367863a9-7b54-4cf1-8al2-
f37f1a590acd%40redis&bdata=JkF1dGhUeXBIPWIWLHNzbyZsYW5nPXJ1IJnNpdGU9ZWRzL
WxpdmU%3d#AN=2031930&db=edsebk.

0) IOIOJIHHUTEIbHAS JINTEPATypa:

— Bioprospecting of Microbial Diversity: Challenges and Applications in Biochemical
Industry, Agriculture and Environment Protection. / Verma P., Shah M.P. — Elsevier. 2022.
https://eds.s.ebscohost.com/eds/detail/detail ?vid=2&sid=636f49ce-9f28-4fe0-b8b6-
247addc78fa8%40redis&bdata=JkF1dGhUeXBIPWIWLHNzbyZsYW5nPXJ1JnNpdGU9ZWRz
LWxpdmU%3d#AN=2963109&db=edsebk.

Comparative Ecology of Microorganisms and Macroorganisms / Andrews J.H. — 2nd ed.
2017. New York, NY: Springer. 2017.
https://eds.p.ebscohost.com/eds/detail/detail?vid=3&sid=9b322988-bb6e-4d41-b1bb-
41d3b4fa7029%40redis&bdata=JkF1dGhUeXBIPWIWLHNzbyZsYW5nPXJ1InNpdGU9ZWRz
LWxpdmU%3d#AN=2543690&db=edsebk.

B) pecypchl cet VIHTepHET:

— OTKPBITHIE OHJIAWH-KYPCHI Ha miaTdopMme https://www.coursera.org/.

— 9JIEKTPOHHBIH MHKPOOHOIOTHYECKUI pecypc MicrobeWiki -
https://microbewiki.kenyon.edu/index.php/MicrobeWiki.

13. llepeyenb HHGOPMALMOHHBIX TEXHOJIOTUH

a) JIMIIEH3UOHHOE U CBOOOJIHO PACTIPOCTPAHSIEMOE MPOTPAMMHOE 00ECTICUCHHE!

— Microsoft Office Standart 2013 Russian: maker mporpamm. Bkiouaer mpuIoXeHHUs:
MS Office Word, MS Office Excel, MS Office PowerPoint, MS Office On-eNote, MS Office
Publisher, MS Outlook, MS Office Web Apps (Word Excel MS PowerPoint Outlook);

— MyOJINYHO JOCTYMHbIE O0NaYHble TEXHONOTHH (SIHAEKC AUCK U T.I1.).

0) UH(POPMAIIMOHHBIE CIIPABOYHBIE CUCTEMBI:

— DJNEKTPOHHBIN KaTajuor Hay4noi 6ubmoTexku Ty -
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DneKTpoHHas oubnmoreka (peno3uTopwuii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index
— OBC Jlans — http://e.lanbook.com/
— OBC Koncynbsrant cryaenrta — http://www.studentlibrary.ru/
— ObpasoBatenbHas mardopma KOpaiit — https://urait.ru/
— 3OBC ZNANIUM.com - https://znanium.com/
— OBC IPRbooks — http://www.iprbookshop.ru/

B) npoeccuoHanbHble 6a3bl JaAHHBIX:

— Ba3a JAaHHBIX 110 TaKCOHOMHHU JKHUBBIX OpFaHI/IBMOB —
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cqi ;
— baza JTaHHBIX HYKJICOTUTHBIX IOCJIE0BATEIILHOCTEN —

https://www.ncbi.nlm.nih.gov/nucleotide/.



https://eds.s.ebscohost.com/eds/detail/detail?vid=2&sid=636f49ce-9f28-4fe0-b8b6-247addc78fa8%40redis&bdata=JkF1dGhUeXBlPWlwLHNzbyZsYW5nPXJ1JnNpdGU9ZWRzLWxpdmU%3d#AN=2963109&db=edsebk
https://eds.s.ebscohost.com/eds/detail/detail?vid=2&sid=636f49ce-9f28-4fe0-b8b6-247addc78fa8%40redis&bdata=JkF1dGhUeXBlPWlwLHNzbyZsYW5nPXJ1JnNpdGU9ZWRzLWxpdmU%3d#AN=2963109&db=edsebk
https://eds.s.ebscohost.com/eds/detail/detail?vid=2&sid=636f49ce-9f28-4fe0-b8b6-247addc78fa8%40redis&bdata=JkF1dGhUeXBlPWlwLHNzbyZsYW5nPXJ1JnNpdGU9ZWRzLWxpdmU%3d#AN=2963109&db=edsebk
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
http://vital.lib.tsu.ru/vital/access/manager/Index
http://e.lanbook.com/
http://www.studentlibrary.ru/
https://urait.ru/
https://znanium.com/
http://www.iprbookshop.ru/
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi
https://www.ncbi.nlm.nih.gov/nucleotide/

14. MaTepua/jbHO-TEXHHYECKOe 0O0ecreyeHue

Aynuropun Uil TPOBEACHMs 3aHATUM JICKUUOHHOTO UM CEMHHApCKOro THIIA
WHJUBHYAJIIBHBIX M TPYIIOBBIX KOHCYJIbTAl[Mi, OCHALIECHHbIE KOMIIBIOTEPHOM TEXHUKOU,
MYJIbTUMEAUMHBIM 000pYIOBAHUEM U JJOCTYIIOM K ceTH MHTepHeT.

[Tomerienust Iss cCaMOCTOSITENNFHONW paboThI, OCHAIEHHBIE KOMIBIOTEPHONH TEXHUKOH U
JOCTYNIOM K ceTu MHTepHeT, B 3JIEKTPOHHYI0 HMH(pOPMAalLlMOHHO-00pa30BaTEIbHYO Cpely U K
UH(POPMALIMOHHBIM CIIPABOYHBIM CUCTEMaM.

15. Uudopmanusi o pa3padoTunkax

@pank HOmus AnekcanapoBHa, A-p OWON. HAyK, JOIEHT, Kadeapa HUXTHOIOTH U
ruapoouosiorur BU I'TY, mpodeccop.



