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1. BBenenue

duioreHeTHYECKOE IePeBO (IBOIOIMOHHOE JIEPEBO, JICHIPOTPaMMa) — CXeMa,
OTPAXKAIOWIAsl HBOJIIOLIMOHHBIE B3aUMOCBSI3M  MEXKIY pa3IMYHBIMH  BHUIAMH,
uMmeronMu ootero npezaka (ru.wikipedia.org/wiki/®umoreneTndaeckoe aepeBo).
@UIOreHeTUYECKOE IEPEBO COCTOUT U3 BETBEM, Y3JIOB, TUCTHEB U KOPHSI:
® JINCThSI — OTO KOHEYHBbIC BEPIIMHBI BETBEW; KaXAbIH JUCT OTOOpa’kaer
HEKOTOPBIA BUJ WM MHOW OOBEKT, MOABEP>KEHHBIM 3BOJIOLMHU, HApUMEp, JTOMEH
Oeka Wi HyKJICOTHIHAS TTOCIIEI0BATEIbHOCTh TCHA,;
® BEeTBH COCIMHSIOT MEXIy CO0OM JHUCThI W Y3JIbl M  OTOOpaXaroT
TUMIOTETUYECKUI X0l 3BOJIIOIMU. B 3aBUCUMOCTH OT WH(OpMALNH, KOAUPYEMOM
JUIMHAMU BETBEH, (DUIIOTCHETUYECKUE JCPEBbs JCNSITCS Ha KJIAAOTPAMMBI, HE
WCIIOJIb3YIOIINUE JIJTMHBI BETBEH; (PMJIOrpaMMbl, OTOOPAKAIOIINE DBOJIOLUOHHBIC
JUCTAHIIMM W XPOHOTPAMMBI, JUIMHBI BETBEH B KOTOPBHIX MPEICTABIISIIOT
ABOJIIOLIMOHHOE BPEMSI;
® y3JIbl 0OTOOpaXaloT SBOIIOIIMOHHOE COOBITHE: pa3fesieHHe MPEIKOBOTO BUA Ha
JBa Ui 0oJiee, KOTOphIEe B JAJIbHEHIIIEM HBOJIFOIIMOHUPOBAIN He3aBucUMO. Ciydai,
KOTJIa M3 y3JIa OTXOJMUT OoJiee IBYX BETBEH, Ha3bIBaCTCS MOJIMTOMUEH (polytomy);
® KOpPeHb 0TOOpakaeT OOIIEero MpeaKa BCeX pacCMaTpPUBAEMbIX OOBEKTOB.
DujoreHeTUYeCKUe JEpPEeBbsl NENSATCS HAa HEYKOPEHEHHbIE U YKOPEHEHHBIC:
HEYKOPEHEHHOe JICPEBO HE COIEPIKUT KOPHS M OTPAKAET TOJIBKO B3aUMOCBSI3b JIUCTHEB
0e3 pacCMOTpPEHMsI TPENIONIaraeMoro IMOJIOKEHHST OOIIEro MpeaKa; YKOpPeHeHHOoe
JIEPEBO — JIEPEBO, COMEpIKaIllee BBHIACICHHYIO BEPIIMHY — KOpeHb. Ha ykopeHeHHOM
JIEPEBE CYILIECTBYET OPUEHTALMS OT KOPHS K JIMCThAM, KOTOpas YKa3bIBaeT
MpeAnoiaraéMoe HalpaBJICHUE HBONIONUA — KXl y3€l YKOPEHEHHOTO JepeBa
OTBEYAECT MOCJICIHEMY O0IIEMY TIPEAKY HIKEIICKAIIUX JTUCTHEB.
Jlnst mocTpoeHus M aHalu3a MOJEKYISIPHO-(PUIOTCHETHUYECKUX JIEPEBHEB
CYIIECTBYIOT CHEIHUAIU3UPOBAHHBIE TPOTPAMMHBIC IMAaKEThl, OAHUM U3 KOTOPHIX
seiasiercs MEGAL12 (www.megasoftware.com). MEGAL2 — GecrutaTtHas mporpamma,

HauboJIee YacTo HCIIOJIb3yCMas B @HHOFQHCTHLICCKI/IX HCCICOAOBAaHUAX.



2. JTanbl NOCTPOEHUS U AHAJIN3A MOJIEKYJISIPHO-(PUJIOTeHETUYECKHX /IepeBbeB

MonekynspHO-(PHIOTCHETHUCCKUH  aHAIU3 MOXKET TIPOBOAUTHCS KaK IO

HYKJICOTHIHBIM, TaK ¥ 110 aMUHOKHUCJIOTHBIM TIOCJIEIOBATEIIbHOCTSM.
[TocTpoeHre GMIOTEHETHUECKOTO ASPEBa BKIIOYAET CIACAYIONINE ITAIIbI:

1. Co3nanue BRIOOPKH nepBUYHBIX mociaenoBareabHoctei JJHK/PHK wunn Genkos;

2. MHOXeCTBEHHOE BhIpaBHMBAHWE MMEPBUYHBIX MTOCIEAOBATCIIBHOCTEH;

3. Br1O0op 9BOMIOIIMOHHON MOIEIIH;

4. Bb160p MeToa MOCTPOCHUS (PHUIIOTEHETUYECKOTO JIePEeBa;

5. [TocTpoeHue GpUIIOreHETHICSCKOTO JIepeBa U BEIYUCICHHE DOOtStrap-3naueHmii;

6. MaTeprperanus GriIoreHeTHUECKOTOo JIepeBa U OlleHKa gocToBepHOCTH (bootstrap).

2.1 Co3nanue BbIOOPKHU MEPBUYHBIX MOCJIE10BATEIbHOCTEH
B nanHoli paboTe paccCMOTpPUM MOCTPOCHUE M aHaIM3 (DUIOTECHETUUYECKUX
JICpeBbEB Ha TpUMEpEe HYKICOTHAHBIX IMOCHeaoBareiapbHoCTe reHa rbcl Euglena
Viridis ¢ 1enbio BISABICHUS OJM3KOPOJACTBEHHBIX OPTaHU3MOB.
Ha caiite NCBI (https://www.ncbi.nlm.nih.gov/) B 6a3e naHHBIX HYKJICOTHIHBIX
nocnenoBarenpHocTeld GenBank (Nucleotide) B mouckoByro crtpoky BBOAMM rbclL
Euglena viridis, u coxpanseM HYKJICOTHIHYIO ITOCISIOBATEILHOCTD JTHHOK 1310 map

ocHoBaHmil B popmare FASTA!

>U21010.1 Euglena viridis ribulose 1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) mRNA, chloroplast gene encoding chloroplast protein,
partial cds
ACTACCGTCTTACGTACTATACGCCTGACTATCAAGTTGCTGAAACTGACATTTTAGCAGCTTTCCGTAT
GACACCTCAACCAGGTGTTCCTGCTGAAGAGTGTGGAGCCGCTGTAGCTGCTGAATCTAGTACAGGTACT
TGGACAACTGTTTGGACTGATGGACTAACACAATTAGATAAATACAAAGGTCGTTGTTATGACTTAGAAC
CTGTTCCAGGTGAAAGCAATCAATATATTGCTTATGTTGCTTATCCTATTGATTTATTTGAAGAAGGTTC
AGTAACGAATCTTTTAACTAGTATTGTAGGAAACGTTTTTGGTTTTAAAGCTTTACGTTCTTTACGTTTA
GAAGATTTACGTATTCCGCCAGCTTATGCTAAAACTTTTTGGGGTCCTCCACATGGTATTCAAGTAGAAA
GAGATAAACTTAATAAATATGGACGCCCGCTTTTAGGTTGTACAATCAAACCTAAATTAGGCTTATCTGC
TAAATATTATGGTAGAGCTGTTTATGAGTGTTTACGCGGTGGTTTAGATTTTACAAAAGATGATGAAAAT
GTAAATTCACAAGCATTTATGAGATGGAGAGATCGTTTCTTATTTTGTGCAGAAGCAATTTATAAAGCAC
AATCAGAAACTGGTGAAGTTAAGGGTCATTATTTAAATGCTACAGGAGGTACTGTTGAGGAAATGTATAA
ACGTGCTAATTATGCCGCACAGATTGGTGTTCCAATTATCATGCACGATTATATCACAGGCGGTTTTACT
GCAAACACTTCTTTATCTATGTTCTGTCGTGATAATGGTTTGTTACTTCATATTCACCGTGCAATGCATG
CTGTTATCGATCGTCAAAGAAATCATGGAATTCATTTCCGTGTTCTTGCAAAAACTCTTCGTATGTCGGG
TGGTGATCATTTGCATTCAGGAACTGTTGTTGGTAAATTAGAAGGTGAACGTGAAGTTACTTTAGGTTTT
GTAGATCTTATGCGTGATCCTTATATTGAAAAAGATCGTTCTAGAGGTATTTATTTTACTCAAGACTGGT
GTGGTATGGGTGGAGTAATGCCTGTTGCATCCGGAGGTATTCATGTATGGCATATGCCAGCTCTTACTGA
AATCTTTGGTGATGATGCTTGTTTACAATTTGGCGGTGGTACACTGGGGCATCCTTGGGGGAACGCTCCT
GGAGCGGTAGCAAACAGAGTAGCGTCAGAAGCTTGTGTACAGGCTAGAAATGAAGGACGTGATTTGTCTC
GTGAAGGTGGGGATGTTATTCGTGAGGCTTGTAAGTGGAGTCCAGAACTT
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Hcnonws3zys web-ceppuc BLAST  (https://blast.ncbi.nim.nih.gov/Blast.cgi),
co3IaeM BBIOOPKY M3 HYKJICOTHIHBIX IOCIIEA0BAaTEILHOCTEH, TOMOJOTHYHBIX rbcL
Euglena viridis ¢ wupentuunocteio 80%-90%, wuckiIrodas CIUIIKOM JIJTHHHBIC
MOCJICZIOBATEIBHOCTH (HAIIPUMEp, ITOJTHOTCHOMHBIE — COmMplete genome) u ciaumkom
KOPOTKHE TMOCIeN0BaTeIbHOCTH (MeHbIe 50% OT JJIUHBI MUCXOAHON HYKJICOTHIHON
MOCJICIOBATEILHOCTH), @ TAKXKE OPraHU3Mbl, HE WACHTU(UIIMPOBAHHBIC 10 BUaa (SP.,
spp.). B pesyabsrare momyuaem BHIOOPKY HYKJICOTHIHBIX IMOCIEI0BATCILHOCTEN TeHa
rbcL 30 opranmsmoB, koropyio coxpansem (Download) B daiin (*.fas) B popmare
FASTA ¢ yaukampHbIMH HOMepamu (Tabn. 1). IlonHas BBIOOpKa HYKICOTHIHBIX

nocJie/ioBaTeNibHOCTel, romomorndubix rbcL Euglena viridis, mpencrasiena B

[Mpunoxenun 1.

Ta6numa 1. Beroopka HyKJICOTHIHBIX MOCIeI0BaTeIbHOCTEH TeHa rbcl

YuukauabHblii HoMep B B/ GenBank
1 Ha3BaHHe BHJIA

YuukaabHblii HoMep B B/ GenBank u

Ha3BaHHUC BUAA

U21010.1 Euglena viridis

AF157390.1 Lepocinclis ovata

U21007.1 Euglena myxocylindracea

OP265104.1 Ulva capillata

U21006.1 Euglena mutabilis

AJ001885.1 Dysmorphococcus globosus

U21005.1 Euglena geniculata

KY283834.1 Oocystis lacustris

U21004.1 Euglena anabaena

AF189063.1 Prasiola fluviatilis

U21009.1 Euglena stellata

AF189065.1 Prasiola linearis

U21008.1 Euglena pisciformis

JN102134.1 Jaoa prasina

AF499674.1 Percursaria percursa

AY035984.1 Lepocinclis ovum

AB097614.1 Umbraulva amamiensis

EU484407.1 Umbraulva olivascens

AB097612.1 Umbraulva japonica

KP233768.1 Ulva pertusa

OR114681.1 Ulvella burmanica

OP265107.1 Ulva capillata

KC767960.1 Jaoa bullata

MZ902950.1 Ulva siganiphyllia

KY283837.1 Oocystis borgei

EU484405.1 Umbraulva olivascens

JQ963236.1 Ulva prolifera

0Q687104.1 Ulva chaugulii

FJ715715.1 Acrochaete repens

AF189068.1 Pleurastrum erumpens




2.2 MHOKeCcTBeHHOE BbIPABHHUBAaHHE HYKJIEOTHIHBIX MOC/I€10BATEIbHOCTE]

B nporpamme MEGA12

MHOXECTBEHHOE BBIPAaBHMBAHHE HYKJICOTHJIHBIX IMOCIICIOBATCIBHOCTEH TeHa
rbcL (tabm. 1) B mporpamme MEGA — ALIGN — Edit/Build Alignment — Retrieve
Sequences From a File npuseneno nHa puc. 1-5. Ha puc. 4 npuBeneHsl pe3yabTaThl
MHOXXECTBEHHOTO BBIPaBHUBAHMS HYKJICOTHIHBIX MOCIEA0BaTeIbHOCTEH IOCL B
nporpamme MEGA — Alignment — Align by ClustalW. Ilocie BbipaBHHBaHHS
MOCJICIOBATEIBHOCTEH HEOOXOMUMO TIPOBECTH OOpE3Ky B Hayale W B KOHIIC

BbIpaBHUBaHUsA (puc.S). s coxpanenus BeipaBHUBaHus B popmare FASTA BeiOepuTte

Export Alignment B merro File (puc.6).

[¥] Molecular Evolutionary Genetics Analysis - O x

_File______ Analysis Windows Help

000000600000

ALIGN MODELS DISTANCE DIVERSITY PHYLOGENY USER TREE ANCESTORS SELECTION RATES CLOCKS DIAGNOSE

[ Edit/Build Alignmen
Edit/View Sequencer

DrPhylo
w Open Saved Alignment Ses\on...

Z Query Databanks

Do BLAST Search
@ show Web Browser

TIMETREE

M12: Alignment Editor

Select an Option g
DATAMONKEY
(O Create a New Alignment

\ (O Open a Saved Alignment Session

@) Retrieve Sequences From a File

QCancel ook

RECENT PUBLICATIONS ASK MEGA-GPT

O ﬂ\ m E
©@ @ © © ®» @ e .
HELP DOCS EXAMPLES CITATION REPORT BUG UPDATES MEGA LINKS TOOLBAR PREFERENCES PROTOTYPE ‘ i A

Puc. 1. 3arpy3ka (aiina ¢ HyKJI€OTHAHBIMH MOCIEI0BAaTEILHOCTAMHU B (hopmate

FASTA 11t MHOKECTBEHHOTO BhIPaBHHUBAHUS



m M12: Alignment Explorer (2026 rbel.fas) - O X
Data Edit Search Alignment Web Sequencer Display Windows Help
O=B=EBmaE we|r O x x G|+ ®|anr @3 a8

DNA Sequences Translated Protein Sequences

Species/Abbrv
U21010.1
U21007.1
U21006.1
U21005.1
U21004.1
U21009.1
U21008.1

| AF499674.1
ABO097614 1

. AB09TE12.1
. OR114681.1
. KCT67950.1
| KY283837.1
. JQ963236.1
FJT16715.1
| AF157390.1
_ OP265104.1
- AJ0D1885.1
| KY283834.1
. AF189063.1
. AF189065.1
- JN102134.1
. AY035984.1
- EU484407.1
 KP233768.1
. OP265107.1
 MZ902950.1
| EU484405.1
| 0QE87104.1
. AF189068.1

HEEEEEEE

=

Puc. 2. Hykneotuansie nocienoBarenbHoCTH FOCL 10 BepaBHUBaHHS B TIPOTpaMMe

MEGA

[X] M12: Alignment Explorer (2026 rbcl.fas) _ o w
Data Edit Search
0=8%EmE v

Sequencer Display Windows | [¥] Clustalw Parameters - [} X

7 Align by ClustalW (Cod
& Align by MUSCLE

DNA Sequences Translated Protein Sequ 3)

sl Bl S
Alignment

Species/Abbrv Pairwise
- U21010.1 o Align by MUSCLE (Codon Gap Opening Penalty 15,00
. U21007.1
U21006.1 B Mark/Unmark Site
U21005.1 Align Marked Sites Gap ion Penalty 666 E

U21004.1
U21009.1
U21008.1 Delete Gap-Only Sites

8. AF499674.1 .

o AB0ITE1AA v Auto-Fill Gaps

10. AB097612.1

11. OR114681.1

Confirmation
12 KC767960 1
13 KY283837 1
@ Nothing selected for alignmenfié ?

Unmark All Sites

Multiple Alignment

15,00

[Pl

Gap Opening Penalty

6,66

[Pl

Gap Penalty

14 JQ963236 1
15 FJ715715.1 DNA Weight Matrix _|UE ~
16. AF157390.1

17. OP265104.1 = . -

18. AJ001885.1 Transition Weight m
19 KY263834 1

20. AF189063.1 Use Negative Matrix m

21 AF189065.1

22 JN102134.1 Dé Divergent Cutoff (%) _

23 AY035984 1

24. EU484407 1 Keep Predefin aps []
25. KP233768.1
26. OP265107.1 Guide Tree

27. MZ902950.1
28. EU484405 1
29 0Q687104 1
30. AF189068.1

< l @Help ]E@Resat ]@Can:el I °Ok ] >
Site # @uith  Owogaps e e

Puc. 3. 3anyck BrIpaBHUBAHUS HYKJICOTHIHBIX MMOCIIENOBaTeIbHOCTEM IDCL ¢

nomonipio ClustalW B mporpamme MEGA



m M12: Alignment Explorer (2026 rbel.fas) — O x
Data Edit Search Alignment Web Sequencer Display Windows Help
O=B=EBmEwoe r «0 X x&[+Hapr @2 qa

DNA Sequences Translated Protein Sequences

Species/Abbry O A Y I

uU21010.1 =

U21007.1 -

U21006.1 -

U210051 -

U21004.1 -

U21009.1 -

U21008.1 -

HE R EEE R

AF499674 1 -

@

- AB097614 1 -

10. AB097612.1 -

11. OR114681.1
12. KCT67960.1 -

13 KY283837 1 -

14. JQ963236.1 -

15. FJ715715.1 -

16. AF157390.1 -

17 0P265104.1 -

18 AJ0018851 -

19. KY253834.1 -

20. AF189063.1 -

21, AF189065.1 -

22 JN1021341 -

23. AY035984.1 -

24 EU454407 1 -

. KP233768.1

25
26. OP265107 1 -
27 MZ902950 1 -

25. EU484405.1 -

29. 0Q68T104.1 -
30. AF189068.1 -

Puc. 4. Hyxneoruansie nocienosarenbHocty OCL moce BeipaBuuBanus ClustalW B

nporpamme MEGA

m M12: Alignment Explorer (2026 rbcl-align.fas) — O X
Data Edit Search Alignment Web Sequencer Display Windows Help

O=8 % EmEvwe|r «m X x|+ ®Har @3 gg

DNA Sequences Translated Protein Sequences

Species/Abbry

- U21010.1

- U21007.1

- U21006.1

. U21005.1

. U21004.1

. U21009.1

U21008.1
8. AF499674.1
9. AB097614.1
10. AB097612.1
11. OR114681.1
12. KCT67960.1
13. KY283837.1
14 JQ963236 1
15. FIT15715.1
16. AF157390.1
17. OP266104.1
18 AJ001885 1
19. KY283834.1
20. AF189063.1
21. AF189065.1
22, JN102134.1
23. AY035984.1
24. EU484407.1
25 KP233768.1
26, OP265107.1
27. M2902950.1
28. EU484405.1
29 0QEET104.1
30. AF189068.1

< >

site# |1 @ with () w/ogaps Selected genetic code: Standard

Puc. 5. HYKJ'ICOTI/II[HBIC IMoCjaea0BaTrCIbHOCTHU rbcL mocie 06pe31<n B Ha4alJic

BLIpABHUBAHHA



m M12: Alignment Explorer (2026 rbel-align.fas) - O X
Edit Search Alignment Web Sequencer Display Windows Help

(1 Create New U’5|f « 0 K B x |+-F_‘,‘<I P @ % g a
inL. Open 4
*quences
Open a Recently Used File *
Close
Phylegenetic Analysis

) Save Session
Export Alignment

v DNA Sequences
Protein Sequences

MEGA Format
FASTA Format
EXUS/PAUP Format

F Translate/Untranslate
Genetic Code
Reverse Complement
Reverse

Complement

Quit

20 AF1890631  [-|- - - - - - - - - - - -

21. AF189065 1

22, JN102134.1 .-
B L I R T TR
24 EU484407 1

25 KP233768 1

26. OP265107 1

27 MZ902950 1

28. EU484405.1

29. 0Q687104.1

30. AF189068 1

< >

Site # @ fith  Ow/ogaps Selected genetic code: Standard

m Save file as X
« ~ 1 « Pa6@uwmii cton > MEGA > Hosasa nanka ~ Q)| | Mowck e: HoBasa nanka »p
Ynopsagouuts ~ Hosas fpanka = - o
I PaGouwuii cTo. # imn - [Nata n3meHeHun Tun Pazmep
¥ 3arpysku A

. HeT 3neMeHTOB, YAOBNETBOPAIOLLMX YCIOBUAM NOUCKA.
Ludmila »

JokymeHTel
= WsoBpaneny #

= 3101 KOMNBIOTEP
_ smb (LOIAC-SER

& System (C3)
VoY

e
[4INENGETT ERN2026 rbcl-align.fas) ~_ v|
Tvn daina: | FASTA Files (*.fas;*.fst;*.fta) _ v

~ CKpBITh NanKu CoxXpaHuTh | ‘ OtmeHa ‘

Puc. 6. CoxpaneHnue BbIpaBHUBaHUS MOCen0BaTeapHOCTEN B (hopmate FASTA
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2.3 Bp100Op 3BOJIIOLIMOHHO MO/1€JIN

[Tocie BbIPABHUBaHUS HYKJICOTHJTHBIX (aMHHOKHCJIOTHBIX )
TOCJICIOBATEILHOCTEH MMEPBBIM AITAllOM HMX DBOJIOIMOHHOTO AaHalu3a SBJSICTCS
OTIpE/ICTICHHEe TEHETUYCCKUX, WJIM JBOJIONMOHHBIX, JHUCTAHIUH MEXITy HUMHU.
OBONIONMOHHAS  JUCTAHIUS MEXKIY TIOCICNOBAaTeIbHOCTIMHA H3MEPSETCS HX
pa3IMYMsIMHM, YHCIOM M Ka4eCTBOM HYKJICOTHIHBIX 3aMCH WM aMHHOKHCIIOTHBIX
3aMemieHui. YeM  MeHbIe  JBOJIONMOHHBIC  JIUCTAHIIUKA  MEXAY  JIBYMS
MOCJICIOBATEIILHOCTSMH, TEM OHHU 00Jiee POACTBEHHBIC IPYT JIPYTY.

PasmuyHbIe SBOJIIOIIMOHHBIC MOCIH, B KOTOPBIX PACCMATPUBACTCS SBOJTIOLIHS
HYKJICOTHJTHOM IOCJICIOBATEIbHOCTH, YIUTHIBAIOT MHOKECTBEHHBIC 3aMEHBI B OJTHOM
MO3UITNH, a PA3IHYUS MEKIY MOJACISAMHU 3aKIIOYalOTCS B TOM, YTO OHU HCXOIAT W3
pa3IMYHBIX YaCTOT U BEPOATHOCTEH pa3HbIx 3aMeH (JIykamog, 2009).

B Tabnmmax 2-5 mnpuBeAcHBI YacTOTHl 3aMEH HYKJICOTHIOB B IPOCTHIX
ABOJIIOIIMOHHBIX MOJICIISIX.

Tabmuma 2. YactoTel 3aMeH HykieoTHn0B B Monenu JIxykca-Kanropa

Hyxneorun 1o 3aMeHbI Hykneorua mocie 3aMeHsI (00 — 4acTOTa 3aMCH)
A T C G

A - o o o

T o - o o

C o o - o

G o o o -

Tabnuma 3. YactoTel 3aMeH HykJIeoTH10B B Monenu Kumypa

Hyxneorun 10 3ameHbl Hyxneotun nocrie 3aMeHsbI
(00— yacToTa TpaH3UIMMA, 3 — YacTOTa TPAHCBEPCHUIA)
A T C G
A - B B o
T B - a B
C B o - B
G a B B :

11



Tabnuua 4. YactoTel 3aMeH HykiaeoTHn0B B Moaenu Tamxkumbi-Hen

HyxneoTtun HyxkneoTtuna mocie 3aMeHsI
(o, B, v, 6 — 9acTOTHI 3aMCH

710 3aMEHBI g .

Ha Ka)KJIbI KOHKPETHBIN TUTT HYKJICOTH]IA)

A T C G
A - B Y d
T o - Y )
C o B - d
G o Y -

Tabnuma 5. YacTtoTsl 3aMeH HYKJIEOTHA0B B Monenu Tamypsl

Hyxneorun Hyxiteorun nocie 3aMeHsl
J10 3aMEHBI (00 — 9acTOTHI TpaH3UIHUH, B — 9ACTOTHI TPAHCBEPCHIA,
O — GC-coneprxanue)
A T C G
A - (1-©)p |Op op
T (1-9)B - Oa o
C (1-9)B 1-©9)a |- Oa
G (1-9)a (1-9)p |68 -

B HacTosiiee BpeMsl HCIIOIB3YIOTCSI 00JIEE CIIOKHBIE SBOJIIOLIMOHHBIE MOJIENH, B
KOTOPBIX YYMTBIBAETCA U BO3MOXKHOE BIIUSIHUE COLEPKAHHUE KaKIOr0 M3 YETBhIPEX
HYKJICOTUZOB Ha YacTOTy TpaH3ULUMM M TpaHcBepcud — Mogaenb Xaszerasbl C
COaBTOpPaMM, U BO3MOXXHOCTb HEOJMHAKOBOM YaCTOTHl TPAH3ZULMU Ui NYPUHOB U

nupuMuInHOB — Mognens Tamypsi-Hen.
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2.4 Bpi0op MeTO1a OCTPOeHUs (PUJIOTeHeTHYECKOT0 epeBa

MeToap! TOCTpOCHHS (PHIIOTEHETHUECKUX JIEPEBHEB NIESATCS Ha JBE TPYIIIHI —
oucmanyuoruvie memooul (MM MaTpUYHBIC), OCHOBAaHHBIC HA aHAJIM3E¢ TeHETUYCCKUX
muctanmuii (UPGMA, Neighbor joining, Minimum evolution) u memoowst ananusza
ouckpemnuvix  npusnaxos  (Maximum  Parsimony, MeTogq  MaKCHMMalbHOTO
npasaononoous, bariecosckuii meton) (JIykamios, 2009). /{1t 6oj1ee TOYHOTO aHAIIKA3a
(UITOTEHETHYECKHX JCPEBHEB UCITOJIB3YIOT TUCTAHIIMOHHBIC M TUCKPETHBIEC METO/IHI.

Merox UPGMA (Unweighted Pair Group Method with Arithmetic mean) —

METOJI TIOTTAPHOTO BHYTPHUTPYNIIOBOTO HEB3BEIICHHOTO CPEIHEr0 — CaMBIN MPOCTOM
OUCMAHYUOHHBLL MemoO0 TIOCTPOCHUS (PUIIOTeHETUUECKUX JiepeBbeB. HeoOxoaumMbIim
YCIIOBUEM HCIIOIB30BAaHUSI METOJIa SIBISIETCA IOCTOSIHHAs CKOPOCTh DBOJIOIMH
UCCIICyeMbIX HYKICOTHIHBIX IOCJIeI0oBaTeIbHOCTEH (THUIIOTe3a MOJICKYJISIPHBIX
yacoB). [Ipu HepaBHOMEpPHON CKOPOCTH OJBOJIOIMH MOCIEI0BATEIbHOCTEH, T.C.
HECOOTBETCTBUE MOJEIIA MOJEKYISIPHBIX yacoB, MeTonq UPGMA MoXeT npuBOAUTH K
OImMOKaM B TOTIOJIOTHH JIEpPEBa.

Meton UPGMA pocTaTo4HO MpOCT, YTOOBI IMPOBOJUTH TMOCTPOCHHUE HaXKe
BpyuHyl0. Hmrke mpuBeneH mpuMep TOCTpOeHUs (UIOTEHETHYECKOTO JepeBa II0

Merony UPGMA niis sty mociaeaoBaTeIbHOCTEH:

>A ATTCGTGAGAATGCTATCCGCGAGAATGCC
>B ATTCGTGAGAATGCTATCCGCGAGAATGCT
>C ATCAGAGAGAATGCTATCCGCGAGAATGCT
>D ATCAGGGAGAATGCAATCCGCGAAAATGCA
>E ATCCGGGAAAATGCGATTCGCGAGAACGCA

I[J'ISI OonpIICH HariiAHOCTH BBIACIIMM JIMIIb OTJINYHA B ITOCICAOBATCIBHOCTAX

B-E ot nocienoBarensHOCTH A

>A ATTCGTGAGAATGCTATCCGCGAGAATGCC

SB mmmmmmmm e T
>C —==CA-A—————————————— = T
>D —-CA-G--—-—-—- A-—-————- A-—-—- A
>E -—C-—-G--A--—-- G--T—-——-—-- C--A

B nauane moctpoeHus HUIOTEHETUYECKOE JEPEBO MPEACTABISAET COOON OAMH

MAaKCUMAJIbHO MOJIMTOMUYECKUHN Y3€EIL.
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Paccuuraem marpuily 3BOMIOLMOHHBIX JUCTAHUMU. {151 MPOCTOTHI UCITONIB3YEM
B KAue€CTBE METPHUKHA KOJIMYECTBO HECOBIAJCHUM MEXKIY IOCIEI0BATENbHOCTIMU
(Tabmn.6).
Tabnuua 6. Matpuiia monapHbIX 3BONIOIMOHHBIX TUCTAHIIUN
A B |[C |D |E
- 1 |4 |6
- |3 |6
4

7
7
6
6

m O O W >»
m o 0O W

s moctpoenus aepesa metogom UPGMA nocTaTouyHo BBIUMCIUTH 3HAYCHUS
SBOJIIOIIMOHHBIX JUCTAHIMH BBIIIE JUArOHAJNMA, TaK KaK OCTaJbHBbIE 3HAYCHHS
COBMAJAIOT C HUMH (OYEBHUIHO, YTO OBOJIONMOHHAS JTUCTAHIIAS MEXKIY
nmocieaoBaTeNbHOCTIMU B W A — 3TO D2BOMIOIMOHHAS JUCTAHITUS MEXIY

nocJiezioBaTelbHOCTIMU A 1 B).

Tabnuia 7. MaTpuiia 3BONIOIIMOHHBIX AUCTAHIINI TOCIIE MTEPBOTO Tara

A B [C [D [E 05
— A

Al- 114 6 |7
B - 3 ]6 |7 05" B
C ~ 4 |6 > C
D - |6 D
- ] E

[lepBbiM 3TarioM TMOCTPOCHUS JIEpEeBa SABISIETCS OMNPENCIICHHE Iaphbl
MIOCJICIOBATCIILHOCTE C  HaWMEHBIIEH  DJBOJIOIIMOHHOM  guctaHimei. B
paccmarpuBaeMoM mpumMepe (Tads1.7) Takoi napoi seisercs (A, B) ¢ 3BomOIMOHHOM
nucrtaninueit 1. JlaHHble MOCieI0BaTEIbHOCTU OTAEISIEM OT UCXOHOTO Yy3Jia B HOBBIM
y3e1 — KOMIIO3UTHYIO TOcCjenoBaTebHOCTh AB, 001amaroniyto 3BOIIOINUOHHON
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OUCTaHUMEN (IUIMHAMM BETBEW) OT MCXOIOHBIX mocienoBarenbHocTel A nu B paBHOI
MOJIOBHHE MX ABOJIOIMOHHON AUCTaHIUH, T.€. 0,5.

Jlaiee BHOBb BBIYMCISIEM MATPUILy DBOJIOLMOHHBIX JUCTAHUMK IS
OCTABIIMXCS IIOCJICAOBATCILHOCTEH M KOMIIO3UTHOM IIOCIEA0BATCILHOCTRIO AB.
OpomormonHas guctanius (3]) mMexay KOMIIO3UTHOM IMOCHEI0BATEIBHOCTHIO H
JPYTOM MOCJIEI0BAaTEILHOCThIO PaBHA CpEeHEMY apu(PMETHUECKOMY IBOJIFOIIMOHHBIX
JHUCTAHIUN KaXkJ101 MO CJIEAOBATEIbHOCTHIO B COCTaBe KOMITO3UTHOM

IMOCJICaA0BaTCIIbHOCTH U J:[pyroﬁ 1o CJICa0BarcJIIbHOCTBIO, T.C.:

(A, C) +34(B,C)
2

3/1(AB,C) =

Takum 00pa3oM pacCUYUTHIBAEM HOBYIO MAaTPHILY SBOJIIOIIMOHHBIX JTUCTAHITHA
(Tabmn.8), BEIOMpaeM Mmapy ¢ HauMEHbIIEH 3BOMIOIHOHHON aucraniuei (AB, C) u

OTCOEIMHSIEM UX B HOBBIU y3€JI ITO BBILIEONMCAHHOMY aJITOPUTMY.

Tabnuma 8. MaTpuiia SBOIOIMOHHBIX AUCTAHITNI MOCIIE BTOPOTO dTara

- AB § D |E 0,5 A

- 516 |7 B
C - |4 |6 ) 1,7 C
D - |6 D
- ' E

I[anee AdHaJIOTNYHBIM O6p&30M IMOBTOPACM BBIYHUCJIICHHUA W IIOCTPOCHHC O
OTCOCANHCHUA BCCX OCTaBIINXCA HOCHC}IOB&TCHBHOCTCﬁ OT H3Ha4YaJIbHOI'O

OJUTOMUYECKOTO y3a (Tabm. 9-10).

3/1(A, D) + 3/(B, D) + 3A(C, D)
3

31(ABC, D) =
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Ta6nuua 9. Marpuna 3BONIOIMOHHBIX AUCTAHLUN TOCIIE TPETHEro 3Tamna

ABC | D E 0,5 A

ABC | - 5,33 | 6,67 05" B
D - 6 N L75™NC
E - 2,67 D
E

(A, E) + 3/(B,E) + d(C,E) + (D, E)
4

3/1(ABCD,E) =

Tabmuma 10. Marpuiia SBOTIOIMOHHBIX TUCTAHIIMNA MTOCJIE YeTBEPTOTO dTama
ABCD | E
ABCD | - 6,5

Ha pwuc.7 mpencraBmeno aepeBo, moctpoeHHble metogom UPGMA, B Buae
¢dunorpaMMbl ¢ BBIUHMCICHHBIMU JIJTMHAMU BeTBeW. [l cpaBHeHUsT Ha puc.8

MIPENCTABIICHO 3TO XKeE JIEPEBO, MOCTpoeHHOe B porpamme MEGAL2.

— A
— B

L L
325 1 267 V1,75 o5

Puc. 7. ®unorenernueckoe nepeBo, nmocrpoeHnoe metogom UPGMA
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Group Names
[+] Caption

Tip Images
Puc. 8. ®unorenetnueckoe aepeBo, nocrpoeHnoe metogom UPGMA

B mporpamme MEGA12

Meton__Neighbor joining (mMeTom mnpucoeauHEHMs OMMKAWIEro cocema)

SBISICTCS HauOoyiee pPacnpOCTPAHCHHBIM JTHUCTAHIIMOHHBIM METOJIOM TIOCTPOCHUS
JIEPEBBEB — 3TO OBICTPBIM METOMA, MOAXOASIIMN MJid aHajdu3a OOJbIIUX O00BEMOB
JaHHBIX (COTHHM WJIM THICAYM TAaKCOHOB) W JjIsi Dootstrap-ananmsza BBUAY CBOCH
OTHOCHUTEJILHON BBIYUCIUTEIBLHON MPOCTOTHI (M0 CPABHEHUIO C JPYTUMH METOJIaMH,
HalpuMep, MaKCUMaJbHOW HSKOHOMHUU WM MAaKCHMAJIbHOTO MPABAOINOAOOHUS, s
KOTOPBIX BBIYHCIHMTENBHAS CIIOKHOCTh OBICTPO BO3pAacTaeT C yBEIUYCHHUEM
KOJTMYECTBA BXOJTHBIX JTAHHBIX ) (https://ru.wikipedia.org/wiki/
MeTon_ npHCOeTHHEHUs COCe/eH).

[MpuniunuansHoe oTanune memooa Neighbor joining or UPGMA 3akitouaercst
B y4eTe BCEX JUIMH BETBEU MpH 00bEAMHEHUH T10CIIE0BATEIHHOCTEH:

— B Merone UPGMA B kinactep OOBESIUHSIOTCS JIBE ITOCISAOBATCIBHOCTH,
MMEIOIIMEe HAaUMEHBIIYIO JTUCTAHIIMIO MEXIYy COOOH, T.e. BBHIOMpaeTcs ooHa camas

KOpOTKasA BETBb, HC3aBUCUMO OT JJIMH OCTAaJIbHBIX BETBEH ACPCBa,
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— B metoze Neighbor joining B kinactep 0ObeAUHSIOTCS MOCISIOBATEILHOCTH,
JIAlOIMe HAMMEHBIIYI0 CYMMY 6cex BETBEH JepeBa, NMPH 3TOM JUIMHBI BETBEH,
BBIXOSIINX M3 OJHOTO y3J1a, MOT'YT OBITh M HE PaBHBI MEXIy CO00i# (B OTJIMYUH OT
UPGMA), uro sBisercs npeumyinectBom wmetoma Neighbor Joining: on He
IPEAINOJIaraeT, YTO BCE IOKOJICHHUS ABOJIOIMOHUPYIOT C OJIMHAKOBOH CKOPOCTBIO
(runore3a MOJIEKYJSPHBIX YaCcOB).

Metox_Maximum Parsimony (Meton MakCHMajabHOW SKOHOMHH) HarpaBjIcH

Ha TIOWCK (DUIIOTEHETHYECKOro JiepeBa, TpeOyIomero HaMMEHBIIEro YHcia
IBOJIOIIMOHHBIX M3MECHEHUH (HYKICOTHIHBIX 3aMEH, aMHUHOKHUCIOTHBIX 3aMEIICHUH )
il OOBSICHEHUSI HAOIIOMAeMbBIX MEXAY aHAIU3UPYEMBIMHU MOCIIEI0BATEIBHOCTIMU
pa3Iu4ui.

B ocHOBe 3TOro Merona JIEKHT aHAIW3 HYKJIEOTHUIOB WIM AMUHOKHUCIOT,
HAXOSIIUXCS B (PHIIOTCHETUYECKH MH(OPMATHBHBIX ITO3UITHUSX ITOCIICA0BATESIHLHOCTEH
— TaKUX IO3UIMUSIX BBHIPABHUBAHUS, B KOTOPBIX INPEICTABICHO KaK JBa WM Oolee
BapuaHTa (pa3IMYHBIX HYKJICOTUAA WJIM aMUHOKHCIIOT) TOCTEeIOBATEIIbHOCTH U Kak
MUHHMYM JIBa TaKMX BapHaHTa MPHUCYTCTBYKOT Yy JBYX MWIH  Oojee
MOCIIEIOBATEILHOCTEN B COCTaBE MHO)KECTBEHHOTO BHIPABHUBAHMUS.

[lonck MakcHMMajabHO SKOHOMHOTO JlepeBa 3aKJII0YaeTcss B HEOOXOIMMOCTH
UJICHTU(PUIIMPOBATh BCE WH(POPMALMOHHBIC TO3UIUN, PACCUUTATh MHHHUMAJIBHOE
HEOOXO0IMMOE YMCIIO 3aMEH B KK 10 MHPOPMAITMOHHOW TO3UITUH U TPOCYMMHUPOBATh
UX TI0 BCEM MO3UIIMSM IS K&KIOTO BO3MOXHOTO JiepeBa U BBIOPATh TO JEPEBO, JJIS
KOTOPOTO 3Ta CyMMa MUHUMAJIbHA.

[lpu mocrpoeHun (HUIOTEHETHYECKOTO JepeBa METOIOM MaKCHMAJIbHOM
HKOHOMUH JIJIMHBI €T0 BETBEH OYIyT MPOMOPIHUOHATHLHBl MUHUMAIBHO HEOOXOIMMOMY
YHCITy 3aMEH MPH MEPEXOJIE OT OIHOTO y3JIa K IPYTOMY.

JIBa MOCIEIHUX METOaa MmocTpoeHus (umoreHeTrueckux naepebes (Neighbor
joining u Maximum Parsimony) nau0oJyiee 4acTO MCHOJB3YIOTCS B IBOJIOIUOHHOM

aHaju3e u peann3oBaHbl B mporpamme MEGA12.
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2.5 IlocTpoenue puiioreHeTn4ecKkoro aAepesa B nporpamme MEGA12 ¢

BbIUHcJeHneM bootstrap-3Hauenni

HOCTpOI/IM q)HHOFCHCTI/I‘IeCKI/Ie ACPCBbA ABYM:A MCTOAAMH — AUCTAHIIMOHHBIM

metoaom Neighbor joining u muckpetasiM MeTogoM Maximum Parsimony.

Ilocmpoenue depesves ¢ ucnonvzosanuem oucmanyuonro2o memooa Neighbor
joining u 6ymcmpen-ananuzom

Iporpamma MEGA12 — PHYLOGENY - Construct/Test Neighbor Joining
Tree. Beioupaem sponmorionnyro mozaens (Substitution model) /xykca-Kanropa u

Test of phylogeny — Bootstrap method, Bootstrap replications — 100 (puc.9-10).

[M Molecular Evolutionary Genetics Analysis

File Analysis Windows Help
ALIGN DATA MODELS DISTANCE ~ DIVER: SITY | PHYLOGENY USER TREE ANCESTORS SELECTION RATES CLOCKS
==
S o

%% Construct/Test Neighbor-Joining Tree...

4t Construct/Test UPGMANJree...
MP Construct/Test Maximul arsimony Tree(s)

== Open Tree Session

[ Use the active file?

@ ‘Would you like to use the currently Xgtive data (2026 rbcl-align.fas)?

[]Remember to reuse currently active da\a.

(@ooneet || @ox |

yd

RECENT PUBLICATIONS

M12: Analysis Preferences
! NJ Phylogeny Reconstruction |
Option Setting
ANALYSIS

Scope

Statistical Method

Neighbor-joining

PHYLOGENY TEST

Test of Phylogeny —§§ Bootstrap method
Bootstrap Replicates —f§ 100

SUBSTITUTION MODEL

Substitutions Type —f§ Mucleotide
Model/Method —f§ Jukes-Cantor model

Substitutions to Include

RATES AND PATTERNS

Rates among Sites
Pattern among Lineages
DATA SUBSET TO USE
Gaps/Missing Data
SYSTEM RESOURCE USAGE
Number of Threads

> Uniform Rates

> Same (Homogeneous)

> Pairwise deletion

> 7

[ (?) Help I@Cancel Ih‘éok ]

Puc. 9. 3anyck nporpammbel MEGA12 nnst noctpoenus nepesa

meTomom Neighbor Joining
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100

a0

54

29

_|: JQ963236.1 Ulva prolifera isolate :
MZ902950.1 Ulva siganiphyllia vouu

43

—— 0Q687104.1 Ulva chaugulii isolate

T OP265104.1 Ulva capillata vouche!
100 OP265107.1 Ulva capillata vouchet

KP233768.1 Ulva pertusa strain UL

100

AF499674.1 Percursaria percursa

82

AB097612.1 Umbraulva japonica cl
AB097614.1 Umbraulva amamiensi

58

B EU484407.1 Umbraulva olivascens
EU484405.1 Umbraulva olivascens

100

FJ715715.1 Acrochaete repens str
— KC767960.1 Jaoa bullata ribulose-

100

{ OR114681.1 Ulvella burmanica isol
JN102134.1 Jaoa prasina ribulose-

64

AJ001885.1 Dysmorphococcus glo

{ AF189063.1 Prasiola fluviatilis ribul
AF189065.1 Prasiola linearis ribulo

— AF189068.1 Pleurastrum erumpen:

88

. KY283837.1 Oocystis borgei isolat
KY283834.1 Oocystis lacustris isol

100

U21004.1 Euglena anabaena ribulec

39

U21009.1 Euglena stellata ribulose
53 —— AF157390.1 Lepocinclis ovata ribul

L AY035984.1 Lepocinclis ovum stra

19

32

U21010.1 Euglena viridis ribulose 1

_|: U21007.1 Euglena myxocylindrace:
U21008.1 Euglena pisciformis ribul

28

L_— U21006.1 Euglena mutabilis ribulos
U21005.1 Euglena geniculata ribulc

Puc. 10. ®unorenernyeckoe aepeBo, mocrpoennoe meromom Neighbor joining ¢

ucnonb3oBaHueM mozenu Jxykca-Kanropa (Jukes-Cantor)

Jlnst cpaBHEHUSI MOCTPOUM (DUITIOTEHETUYCCKHUE JIEPEBbsl C HCIIOJIb30BAHUEM

Pa3INYHbIX 9BOJIIONUMOHHBIX

MoJenel. 3aMEHUM  3BOJIOLHMOHHYID  MOJENb

(Substitution Model) va monens Kumypsr 1 moctpouM HOBoOE iepeBo (puc. 11), 3arem

— Ha mozenb Tamxumel-Heu (puc. 12), monens Tamypsl (puc. 13), moaens Tamypsi-

Heu (puc.14).
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100

100

26

{ JQ863236.1 Ulva prolifera isolate 2(
MZ902950.1 Ulva siganiphyllia vouct

o4

37

—— 0Q687104.1 Ulva chaugulii isolate F

92 I: OP265104.1 Ulva capillata voucher |
OP265107.1 Ulva capillata voucher |

KP233768.1 Ulva pertusa strain ULC

AF499674.1 Percursaria percursa s’

98

88

AB097612.1 Umbraulva japonica chl
AB097614.1 Umbraulva amamiensis

64

B EU484407.1 Umbraulva olivascens v
EU484405.1 Umbraulva olivascens v

100

FJ715715.1 Acrochaete repens stra
— KC767960.1 Jaoa bullata ribulose-1

100

_|: OR114681.1 Ulvella burmanica isola
JN102134.1 Jaoa prasina ribulose-1

73

AJ001885.1 Dysmorphococcus glob

|: AF189063.1 Prasiola fluviatilis ribulo
AF189065.1 Prasiola linearis ribulos

— AF189068.1 Pleurastrum erumpens

89

S KY283837.1 Oocystis borgei isolate
KY283834.1 Oocystis lacustris isola

100

U21004.1 Euglena anabaena ribulos

25

U21009.1 Euglena stellata ribulose 1
47 —— AF157390.1 Lepocinclis ovata ribulo

L AY035984 1 | epocinclis ovum strain

18

33

U21010.1 Euglena viridis ribulose 1!
{ U21007.1 Euglena myxocylindracea
U21008.1 Euglena pisciformis ribulo:

67

L U21006.1 Euglena mutabilis ribulose
U21005.1 Euglena geniculata ribulos

Puc. 11. ®unorenerndeckoe aepeBo, moctpoeHHoe MmeroaoM Neighbor joining ¢

ucnonb3oBanuem Moaenn Kumypsr (Kimura)
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100

92

o4

25

_|: JQ963236.1 Ulva prolifera isolate 2
MZ902950.1 Ulva siganiphyllia vouc

100

40

— 0Q687104.1 Ulva chaugulii isolate

{ OP265104.1 Ulva capillata voucher
0OP265107.1 Ulva capillata voucher

KP233768.1 Ulva pertusa strain UL

100

AF499674 .1 Percursaria percursa ¢

ar

AB097612.1 Umbraulva japonica ct
AB097614.1 Umbraulva amamiensi:

70

B EU484407.1 Umbraulva olivascens
EU484405.1 Umbraulva olivascens

100

FJ715715.1 Acrochaete repens str.
— KC767960.1 Jaoa bullata ribulose-

100

_|: OR114681.1 Ulvella burmanica isol:
JN102134.1 Jaoa prasina ribulose-

70

AJ001885.1 Dysmorphococcus glol

{ AF189063.1 Prasiola fluviatilis ribult
AF189065.1 Prasiola linearis ribulo:

— AF189068.1 Pleurastrum erumpens

88

L KY283837.1 Oocystis borgei isolat
KY283834.1 Oocystis lacustris isol

100

U21004.1 Euglena anabaena ribulo:

23

U21009.1 Euglena stellata ribulose
43 —— AF157390.1 Lepocinclis ovata ribul

15

L AY035984 1 | epocinclis ovum strai

28

U21010.1 Euglena viridis ribulose 1

{ U21007.1 Euglena myxocylindracee
U21008.1 Euglena pisciformis ribulc

62

L U21006.1 Euglena mutabilis ribulos:
U21005.1 Euglena geniculata ribulo

Puc.12. ®unorenerndeckoe aepeBo, mocrpoennoe Merogaom Neighbor joining ¢

ucnonb3oBanuem Moaenu Tamkumel-Hen (Tajima-Nei)
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—— 0Q687104.1 Ulva chaugulii isolate

{ OP265104.1 Ulva capillata voucher
OP265107.1 Ulva capillata voucher

KP233768.1 Ulva pertusa strain UL

100

AF499674.1 Percursaria percursa !

a7

AB097612.1 Umbraulva japonica ct
AB097614.1 Umbraulva amamiensi

68

SN EU484407.1 Umbraulva olivascens
EU484405.1 Umbraulva olivascens

100

FJ715715.1 Acrochaete repens str
KC767960.1 Jaoa bullata ribulose-

100

S OR114681.1 Ulvella burmanica isol
JN102134.1 Jaoa prasina ribulose-

65

AJ001885.1 Dysmorphococcus glol

{ AF189063.1 Prasiola fluviatilis ribul
AF189065.1 Prasiola linearis ribulo:

— AF189068.1 Pleurastrum erumpens

af

S KY283837.1 Oocystis borgei isolat
KY283834.1 Oocystis lacustris isol

100

U21004.1 Euglena anabaena ribulo

42

U21009.1 Euglena stellata ribulose
53 —— AF157390.1 Lepocinclis ovata ribul

L AY035984.1 Lepocinclis ovum strai

23

29

U21010.1 Euglena viridis ribulose 1

{ U21007.1 Euglena myxocylindracez
U21008.1 Euglena pisciformis ribulc

63

L — U21006.1 Euglena mutabilis ribulos
U21005.1 Euglena geniculata ribulo

Puc.13. ®unorenerndeckoe aepeBo, mocrpoennoe Merogaom Neighbor joining ¢

UCIOJIb30BaHKeM Mojien Tamypsr (Tamura)
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100

100

95

57

63

JQ963236.1 Ulva prolifera isolate 20110¢
{ MZ902950.1 Ulva siganiphyllia voucher N

43

—— 0Q687104.1 Ulva chaugulii isolate RJ26¢

|: OP265104.1 Ulva capillata voucher DK 0.

0OP265107.1 Ulva capillata voucher DK 1

KP233768.1 Ulva pertusa strain ULO82 ril

100

AF499674.1 Percursaria percursa strain |

81

AB097612.1 Umbraulva japonica chloropl
AB097614.1 Umbraulva amamiensis chlol

68

B EU484407.1 Umbraulva olivascens vouch
EU484405.1 Umbraulva olivascens vouch

100

FJ715715.1 Acrochaete repens strain EO
KC767960.1 Jaoa bullata ribulose-1 5-bis

100

L OR114681.1 Ulvella burmanica isolate Cs
JN102134.1 Jaoa prasina ribulose-1 5-bis

61

AJ001885.1 Dysmorphococcus globosus

I: AF189063.1 Prasiola fluviatilis ribulose bi:

AF189065.1 Prasiola linearis ribulose bisj
AF189068.1 Pleurastrum erumpens ribulc

87

N KY283837.1 Oocystis borgei isolate LXD
KY283834.1 Oocystis lacustris isolate L

100

U21004.1 Euglena anabaena ribulose 1 5

30

U21009.1 Euglena stellata ribulose 1 5-bi
57 —— AF157390.1 Lepocinclis ovata ribulose-1

L AY035984.1 Lepocinclis ovum strain SAC

12

28

U21010.1 Euglena viridis ribulose 1 5-bis}
{ U21007.1 Euglena myxocylindracea ribulc
U21008.1 Euglena pisciformis ribulose 1!

71

_|: U21006.1 Euglena mutabilis ribulose 1 5-|
U21005.1 Euglena geniculata ribulose 1 £

Puc.14. dunorenernueckoe aepeBo, nocrpoerHroe metogom Neighbor joining c

ucnonb3oBanreM Mojaenu Tamypsi-Hen (Tamura-Nei)
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Ilocmpoenue Oepegves ¢ ucnoavzosanuem Ouckpemuozo memooa Maximum

parsimony u oymcmpen-ananuzom

Iporpamma MEGA12 - PHYLOGENY - Construct/Test Maximum
Parsimony Tree, Test of Phylogeny — Bootstrap method, Bootstrap replicates — 100
(puc.15-16).

m Molecular Evolutionary Genetics Analysis

File Analysis Windows Help
ALIGN DATA MODELS DISTANCE DIVERSITY PHYLOGENY USER TREE ANCESTORS SELECTION RATES <

-

L (bnstruct/Test Maximum Likelihood Tree...
nstruct/Test Neighbor-Joining Tree...
nstruct/Test Minimum-Evolution Tree...

an b X

nstruct/Test UPGMA Tree...
I MP Construct/Test Maximum Parsimony Tree(s)l

= Open Tre)i@ion

m Use the active file?

@ Would you like to use the cu tly active data (2026 rbcl-align

[CJRemember to reuse currently active da'

[(Qconees || @ox

@™ w® » ® & @ M @

RECENT PUBLICATIONS

M12: Analysis Preferences

{ Parsimony Phylogeny Reconstruction

Option Setting
ANALYSIS
Statistical Method - Maximum Parsimony

PHYLOGENY TEST

Test of Phylogeny —j| Bootstrap method
Bootstrap Replicates —§| 700

SUBSTITUTION MODEL
Substitutions Type - Nucleotide

DATA SUBSET TO USE
Gaps/Missing Data - | Use all sites

TREE INFERENCE OPTIONS

MP Search Method -» Subtree-Pruning-Regrafting (SPR)
No. of Initial Trees (random addition) - | 70
MP Search level - | 1
Max No. of Trees to Retain - 100

SYSTEM RESOURCE USAGE
Number of Threads | 7

[ @nee | @emnca || @ok |

Puc. 15. 3anyck nporpammel MEGA12 st moctpoenus aepesa

meTomom Maximum Parsimony
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72

92

100

16

_|: U21006.1 Euglena mutabilis ribulose
U21005.1 Euglena geniculata ribulos

12

70

_|: AF157390.1 Lepocinclis ovata ribulo
AY035984.1 Lepocinclis ovum strain

12 I: U21007.1 Euglena myxocylindracea

U21008.1 Euglena pisciformis ribulo:

I: U21010.1 Euglena viridis ribulose 1!
U21004.1 Euglena anabaena ribulos

U21009.1 Euglena stellata ribulose 1

100

100

79

AJO01885.1 Dysmorphococcus glob

|: AF189063.1 Prasiola fluviatilis ribulo

AF189065.1 Prasiola linearis ribulos
AF189068.1 Pleurastrum erumpens

75

100

_|: KY283837.1 Oocystis borgei isolate

KY283834.1 Oocystis lacustris isola
FJ715715.1 Acrochaete repens stra
KC767960.1 Jaoa bullata ribulose-1

100

_|: OR114681.1 Ulvella burmanica isola
JN102134.1 Jaoa prasina ribulose-1

88

29

AF499674.1 Percursaria percursa s
AB097612.1 Umbraulva japonica chl
AB097614.1 Umbraulva amamiensis

46

_|: EU484407.1 Umbraulva olivascens v
EU484405.1 Umbraulva olivascens v

KP233768.1 Ulva pertusa strain ULC
0Q687104.1 Ulva chaugulii isolate F

42

{ JQ863236.1 Ulva prolifera isolate 2(
MZ902950.1 Ulva siganiphyllia vouct
— OP265104.1 Ulva capillata voucher |

100 — OP265107.1 Ulva capillata voucher |

Puc. 16. ®unoreneTnyeckoe AepeBo, MOCTPOCHHOE

metomom Maximum Parsimony
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2.6 UuTepnperanus (UIOreHeTHYECKOT0 epeBa 1 OLIEHKA I0CTOBEPHOCTH

BaXHBIM KpHTEpHEM OIEHKH (DPHIIOTCHETHYECKOTO JIepeBa SIBIIICTCS MPOBEPKa
HaJIC)KHOCTH KaXKJI0W BeTBHU JepeBa. OJHUM M3 CaMbIX pPaClpOCTPAHCHHBIX MOIAXOI0B
K OIICHKEC HAJCKHOCTH (UIOTCHETHYCCKOTO JepeBa M €ro BETBEH SIBIIACTCS
CTaTUCTHYCCKUHN IOIX0J] Ha OCHOBE IOBTOPHBIX BBIOOpOK — Bootstrap-anasms.
OObluHO TpW TpoBeneHUM Dootstrap-ananmsza coszmaercs 100-1000 ciyuaitHbIX
BBIOOPOK, 10 KOTOPHIM TIOBTOPHO CTPOSTCS (UIOTCHETHYCCKUES JEPEBhbsS (PETUIMKH).
JInst KaKJI0ro y3Jia aHaJM3UPyeMOro JepeBa MOJICUUTHIBACTCS YHCIO WA MPOICHT
JICPEBbEB-PEILIHK, B KOTOPBIX MIPUCYTCTBYET TOT XK€ Y3 (Ta )KE TOIOIOTHS).

Or1ieHKa JOCTOBEPHOCTH TOIOJOTHU MOCTPOSHHBIX JCPEBHEB MPOBOAMTCS II0
BBIUMCIICHHBIM 3HaueHusM DOOtstrap Bosnme kaxmoro ys3ma aepeBa. Kak mpasuiio,
JOCTOBEPHO YCTAHOBJIICHHBIMH Y3JIaMU CUHMTAIOT T€, JJIs KOTOPHIX 3HaYCHHUsS bootstrap
oosiee 70. 3Hayenus bootstrap Oosee 90 yka3bIBalOT Ha BBICOKYIO CTATHCTHYECKYIO
JI0CTOBEPHOCTH, 3HaYeHUs bootstrap menee 50 sBisiroTCS HeHaAEKHBIME (pHc.17).

Yame  Bcero  bootstrap-anaims — mpumensietcs  mpu MOCTPOCHUU
¢bunoreneTnyeckux aepesbeB MetogoM Neighbor-Joining, Tak kak OBICTPOTa JAHHOTO
METOJIa IMO3BOJISAET JIETKO MPOBOAUTD aHAIH3 OOJIBIIIOrO YKCIIA CIyYaliHbIX BEIOOPOK.

[TpoBeneM aHaIKM3 MOJTYYCHHBIX PE3YJIHTATOB B COOTBETCTBHH C MOCTABICHHOM
1EeJTBIO (CTP.5) — BBISABICHHE OJU3KOPOACTBEHHBIX oprann3MoB s Euglena viridis mo
reny rbcL.

Kak BuHO U3 prc.17, Ha (UIOreHETHUECKUX AEPEBBIX, MOCTPOCHHBIX METOIOM
Neighbor-Joining (kmactepsl a-a) C WCIONB30BAHUEM PA3HBIX AIBOJIOIMOHHBIX
MojIenel, Ui Kiactepa nocienoBareiabHocTedt rbcl Euglena monydyena omuHakoBast
TOITOJIOTHS ¢ HEOOJIBIIUM OTIIMYKEeM DOOtStrap-3HadeHn, M0 KOTOPHIM MOYKHO CJIE/IaTh
CJIC/TYIOIINE BBIBOJIBI:

ITo Bcem momensim B kiaactep ¢ Euglena viridis crpynmuposans! Busl Euglena
myxocylindracea, Euglena pisciformis, Euglena mutabilis, Euglena geniculata.

Buna Euglena viridis crpynmnupoBan B kiactep ¢ APYrMMH OPraHU3MaMH poja
Euglena ¢ uuskumu 3nadenusimu bootstrap <50 (28-33), uro He mo3BoOJsLET AenaTh

BBIBOJ O CTaTUCTUYCCKHU I[OCTOBGpHOﬁ CBs3U MCKAY 3TUM BHJAOM U APYT'MMH BHIaMU
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B COCTaBe Kjactepa (0 CyIIeCTBOBAHUU OOIIETo MpeIKka MMEHHO TaKOW IPYMITHPOBKH
TaKCOHOB).

Hanporus, Euglena mutabilis u Euglena geniculata crpymmupoBanbl apyr ¢
APYToM ¢ MakcuMalbHbIM DOOtstrap-3nauenrem 100, U3 4ero MOXKHO CZENaTh BHIBOJ O
HAJIMYHMU OOILETO MpeKa JaHHBIX OPraHU3MOB M, KaK CJICICTBUE, MOHOPHICTHYHOCTH
UX TIPOMCXOXKICHUS.

Buner Euglena myxocylindracea u Euglena pisciformis crpynmupoBanbl Kak
apyr ¢ apyrom (58-62), Tak u ¢ mapoit Euglena mutabilis, Euglena geniculata (100) co
cpenauM 3HadeHueM bootstrap (58-71), uro B menoM ykaspIBaeT Ha BO3MOXHOCTH
HMMEHHO TaKOTO X0J[a SBOJIIOIMH IS JAaHHBIX BH/IOB.

Kak BuaHO M3 puc.17, Ha QUIOTEHETHYCCKOM JIepeBe, MOCTPOCHHOM METOIOM
Maximum Parsimony (kiactep e), JuIs KiiacTepa nocienaoBarenbaocTed rbcl Euglena
MOJIy4YeHa OTIIMYAOIASACS TOTOJIOTHs 0 cpaBHeHHIO ¢ MeTogoMm Neighbor-Joining.

B xnactep Taxke BkiItodeHbl BUAbI Euglena anabaena, Euglena stellata u nBa
Bua poxa Lepocinclis — L.ovata u L.ovum.

Bun Euglena viridis crpynmuposan ¢ Euglena anabaena c bootstrap-3nauennem
54, nOoCTaTOYHO HU3KOE 3HA4YeHWEe, YTOOBI CJeNaTh BBIBOA O OJIM3KOPOJICTBEHHBIX
OTHOIICHUSX MEX1y BHIAMH 110 HYKJICOTHIHBIM OCICIOBATEIILHOCTAM TeHa rbcL.

Bxkmrouenne B kimactep Euglena spp. BumoB poma Lepocinclis moxket
CBHJIETEIILCTBOBATh O BO3MOKHOW mapaduieTnyHocTH poma Euglena, T.e. Buas
L.ovata u L.ovum momkHbl OTHOCHTBCS K poxy Euglena, omnako mmskoe bootstrap-
3HaueHue (16) ykazpiBaeT Ha MAJIOBEPOSITHOCTh TAKOTO SBOJIOIIMOHHOTO COOBITHS. TeM
HE MeHee,

B 3akmrodeHue cieayeT OTMETHTh, 4TO, HECMOTps Ha Huskue bootstrap-
3HAUEHHs, COBMECTHOE TPYIIIHPOBAHUE IMOCIIENOBATEILHOCTEN BCE PABHO SBISETCS
HanOoJiee BEPOSTHBIM ciieHapreM — Bu Euglena viridis na eécex duaoreneTrnueckux

JIepEBBAX CIPYIITUPOBaH ¢ Buaamu poaa Euglena.

28



6)

1)

29

28

100

U21010.1 Euglena viridis ribulose 1

{ U21007.1 Euglena myxocylindrace:
U21008.1 Euglena pisciformis ribult

58

B U21006.1 Euglena mutabilis ribulos
U21005.1 Euglena geniculata ribulc

U21010.1 Euglena viridis ribulose 1!

{ U21007.1 Euglena myxocylindracea
U21008.1 Euglena pisciformis ribulo:

67

B U21006.1 Euglena mutabilis ribulose
U21005.1 Euglena geniculata ribulos

U21010.1 Euglena viridis ribulose 1

_|: U21007.1 Euglena myxocylindracez
U21008.1 Euglena pisciformis ribulc

62

_|: U21006.1 Euglena mutabilis ribulos:
U21005.1 Euglena geniculata ribulo

U21010.1 Euglena viridis ribulose 1

_|: U21007.1 Euglena myxocylindrace:
U21008.1 Euglena pisciformis ribulc

63 _|: U21006.1 Euglena mutabilis ribulos

U21005.1 Euglena geniculata ribulo

U21010.1 Eugle-na viridis ribulose 1 5-bisj
_|: U21007.1 Euglena myxocylindracea ribulc
U21008.1 Euglena pisciformis ribulose 1!

71

12

_|: U21006.1 Euglena mutabilis ribulose 1 5-|
U21005.1 Euglena geniculata ribulose 1 £

U21006.1 Euglena mutabilis ribulose
{ U21005.1 Euglena geniculata ribulos

AF157390.1 Lepocinclis ovata ribulo
i ;

16

12

AY035984.1 Lepocinclis ovum strain

{ U21007.1 Euglena myxocylindracea
U21008.1 Euglena pisciformis ribulo:

I: U21010.1 Euglena viridis ribulose 1!
U21004.1 Euglena anabaena ribulos

U21009.1 Euglena stellata ribulose 1

Meton Neighbor-Joining,

moznenb [xxykca-Kantopa

Metox Neighbor-Joining,

Mozenb Kumypsel

Metox Neighbor-Joining,

mozueis TamxuMmel-Hen

Meton Neighbor-Joining,

Mozens TaMypsbl

Meton Neighbor-Joining,

mozens Tamypei-Hen

Meton

Maximum Parsimony

Puc.17. CpaBHeHue KinactepoB, coaepkamux Euglena viridis, Ha ¢umoreneTnueckux

ACPEBBAX, IMOTYUYCHHBIX IIPHU ITOCTPOCHUH PAa3HLBIMHA MCTO)IaMI/I/ MOICIAMU

(paznen 2.5)

29



3. 3akoueHue

B naHHOM y4eOHO-METOAMYECKOM MMOCOOMH MPUBEACHBI 3Tallbl IOCTPOECHUS U
aHalM3a  MOJIEKYJSIpHO-(DUIIOTEHETUYECKUX  JIEPEBBEB MO  HYKICOTHIHBIM
MIOCJIEIOBAaTEIbHOCTAM T€HA, PACCMOTPEHBI HBOJIIOIMOHHBIE MOJAEIA W METOJbI
HOCTPOECHUSI MOJIEKYJISIPHO-(DUIIOTE€HETUYECKUX JIEPEBBEB, IPOBEJCHA CTATUCTUYECKAs
OLICHKa JOCTOBEPHOCTH IIOJIyYEHHBIX JE€peBbeB MeTogoM Bootstrap u ngana
WHTEPHPETALHNS OTYYEHHBIX PE3YIBTATOB.

[TpuBeeHHBIE 3TAIBI IOCTPOEHUS U aHAJIN3a MOJIEKYIIIPHO-(PHIOTeHETHIECKUX
JIEPEBbEB  YHHUBEPCAIbHBI M MOTYT OBITh MCIOJB30BaHbl [JIl TMOCTPOEHUS
MOJIEKYIISIPHO-(DUIIOTEHETUYE CKUX JIEPEBHEB 1o HYKJIEOTUHBIM
NOCJIEIOBATEIBHOCTSAM JIFOOBIX TEHOB (AMHHOKHCIOTHBIM IIOCIIEAOBATEILHOCTSIM
JOOBIX OCJIKOB).
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[Tpunoxenue 1.

Br10opka HyKJICOTHAHBIX MTOCIIEA0BATEIbHOCTEH, romojorudHbix rbcl Euglena viridis

>U21010.1 Euglena viridis ribulose 1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcL) mRNA, chloroplast gene encoding chloroplast protein, partial cds
ACTACCGTCTTACGTACTATACGCCTGACTATCAAGTTGCTGAAACTGACATTTTAGCAGCTTTCCGTATGACACCTCAA
CCAGGTGTTCCTGCTGAAGAGTGTGGAGCCGCTGTAGCTGCTGAATCTAGTACAGGTACTTGGACAACTGTTTGGACTGA
TGGACTAACACAATTAGATAAATACAAAGGTCGTTGTTATGACTTAGAACCTGTTCCAGGTGAAAGCAATCAATATATTG
CTTATGTTGCTTATCCTATTGATTTATTTGAAGAAGGTTCAGTAACGAATCTTTTAACTAGTATTGTAGGAAACGTTTTT
GGTTTTAAAGCTTTACGTTCTTTACGTTTAGAAGATTTACGTATTCCGCCAGCTTATGCTAAAACTTTTTGGGGTCCTCC
ACATGGTATTCAAGTAGAAAGAGATAAACTTAATAAATATGGACGCCCGCTTTTAGGTTGTACAATCAAACCTAAATTAG
GCTTATCTGCTAAATATTATGGTAGAGCTGTTTATGAGTGTTTACGCGGTGGTTTAGATTTTACAAAAGATGATGAAAAT
GTAAATTCACAAGCATTTATGAGATGGAGAGATCGTTTCTTATTTTGTGCAGAAGCAATTTATAAAGCACAATCAGAAAC
TGGTGAAGTTAAGGGTCATTATTTAAATGCTACAGGAGGTACTGTTGAGGAAATGTATAAACGTGCTAATTATGCCGCAC
AGATTGGTGTTCCAATTATCATGCACGATTATATCACAGGCGGTTTTACTGCAAACACTTCTTTATCTATGTTCTGTCGT
GATAATGGTTTGTTACTTCATATTCACCGTGCAATGCATGCTGTTATCGATCGTCAAAGAAATCATGGAATTCATTTCCG
TGTTCTTGCAAAAACTCTTCGTATGTCGGGTGGTGATCATTTGCATTCAGGAACTGTTGTTGGTAAATTAGAAGGTGAAC
GTGAAGTTACTTTAGGTTTTGTAGATCTTATGCGTGATCCTTATATTGAAAAAGATCGTTCTAGAGGTATTTATTTTACT
CAAGACTGGTGTGGTATGGGTGGAGTAATGCCTGTTGCATCCGGAGGTATTCATGTATGGCATATGCCAGCTCTTACTGA
AATCTTTGGTGATGATGCTTGTTTACAATTTGGCGGTGGTACACTGGGGCATCCTTGGGGGAACGCTCCTGGAGCGGTAG
CAAACAGAGTAGCGTCAGAAGCTTGTGTACAGGCTAGAAATGAAGGACGTGATTTGTCTCGTGAAGGTGGGGATGTTATT
CGTGAGGCTTGTAAGTGGAGTCCAGAACTT

>U21007.1 Euglena myxocylindracea ribulose 1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) mRNA, chloroplast gene encoding chloroplast protein, partial
cds

ATTATCGATTAACGTACTATACACCAGATTATCAAGTTGCTGAAACAGATATTTTAGCAGCTTTTCGTATGACACCGCAG
CCTGGTGTTCCTGCTGAAGAATGTGGTGCTGCTGTAGCAGCGGAATCTTCTACGGGTACTTGGACTACGGTATGGACAGA
TGGTTTGACTCAATTAGATCGATATAAAGGACGTTGTTATGACTTAGAACCTGTTCCTGGAGAAACAAATCAATATATTG
CTTATGTAGCTTATCCTATTGATTTGTTTGAAGAAGGATCAGTTACAAACCTTTTAACAAGTATTGTAGGTAACGTTTTT
GGTTTTAAAGCTTTAAGAGCTTTACGTTTAGAAGATTTAAGAATTCCACCAGCTTATGTGAAAACTTTTTGGGGCCCTCC
TCATGGTATTCAAGTTGAAAGAGATAGATTAAATAAGTATGGTAGACCACTGCTAGGGTGTACTATTAAGCCTAAATTAG
GTTTATCAGCTAAAAATTACGGAAGAGCTGTATATGAGTGCTTAAGAGGAGGTCTTGATTTTACTAAAGATGATGAAAAT
GTAAATTCTCAATCTTTTATGCGCTGGAGAGATCGTTTCTTATTTTGTGCAGAAGCTATTTATAAAGCTCAATCTGAAAC
TGGCGAAGTAAAAGGACATTATTTAAACGCTACTGCAGGTACTGTAGAAGAAATGTACAAACGTGCTGCTTTTGCTGCTC
AATTAGGTGTTCCTATTATCATGCATGATTATTTAACAGGTGGTTTTACAGCAAATACATCTTTAGCAATGTATTGTCGT
GATAATGGTTTATTATTACATATTCACCGTGCTATGCATGCTGTTATTGATAGACAAAGATATCATGGTATTCACTTTCG
TGTATTAGCAAAAACACTTCGTATGTCTGGTGGTGATCATCTTCATAGTGGTACTGTTGTTGGTAAATTAGAAGGTGAAA
GAGAAGTAACTCTTGGGTTTGTTGACTTAATGCGTGATGCATACGTTGAAAAAGATAGATCTCGAGGAATTTACTTTACT
CAAGACTGGTGTGGTATGGGTGGAACAATTCCTGTTGCCTCTGGTGGTATTCATGTTTGGCATATGCCTGCTCTTACAGA
AATTTTTGGTGATGATGCTTGTCTTCAATTTGGTGGTGGTACTTTAGGTCATCCTTGGGGTAATGCTCCAGGCGCTGTAG
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CTAATCGTGTTGCTTCAGAGGCTTGTGTTCAAGCTAGAAATGAAGGTAGAGATTTATCTCGTGAAGGAGGGGATGTTATT
CGTGAAGCTTGTAAATGGAGTCCAGAACTT

>U21006.1 Euglena mutabilis ribulose 1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcL) mRNA, chloroplast gene encoding chloroplast protein, partial cds
ATTATCGCCTTACTTATTACACTCCTGATTATCAAGTGTCAGAAACAGATATTTTGGCTGCTTTTCGTATGACTCCTCAA
CCAGGGGTTCCTGCCGAAGAATGTGGAGCTGCTGTTGCTGCTGAATCTTCTACGGGTACATGGACTACTGTTTGGACAGA
TGGATTAACTCAATTAGATAGATATAAAGGTCGTTGTTACGATTTGGAACCTGTTCCTGGTGAAAGTAACCAATATATTG
CTTACGTGGCATATCCTATTGATCTTTCTGAAGAAGGTTCGGTAACCAACCTTTTAACTAGTATAGTTGGTAATGTATTT
GGATTTAAAGCTTTACGTGCTTTACGTTTAGAAGATTTGCGCATTCCACCAGCATATTCTAAAACTTTCTGGGGTCCTCC
TCATGGTATTCAAGTGGAAAGGGATAGACTTAATAAATATGGTCGTCCTTTATTGGGTTGCACTATTAAACCAAAATTGG
GTCTTTCTGCAAAAAACTATGGACGTGCTGTATACGAATGTCTAAGAGGTGGTTTGGACTTTACAAAAGATGATGAAAAT
GTTAATTCTCAATCTTTTATGCGTTGGAGAGATCGTTTCTTATTTTGTGCTGAGGCGATTTACAAAGCACAAACAGAAAC
AGGCGAAGTAAAAGGTCATTATTTAAATGCTACTGCAGGTACTTGCGAAGAGATGTACAAACGTGCTTCTTTTGCCGCAC
AAATTGGTGTTCCAATTATAATGCATGACTATTTAACAGGTGGTTTTACGGCTAACACTTCCTTGGCAATGTATTGTCGT
GATAATGGTTTATTATTACATATTCATCGCGCTATGCATGCTGTTATCGATCGTCAAAGAAATCATGGTATTCACTTCCG
TGTATTGGCTAAAACACTTCGTATGTCTGGTGGTGATCATCTTCATTCTGGAACAGTTGTTGGTAAATTAGAAGGTGAAC
GCGAAGTAACGTTAGGTTTTGTAGATTTAATGCGTGATGCTTACGTTGAAAAAGATCGTTCTCGTGGAATTTATTTTACT
CAAGATTGGTGTGGTATGGGTGGTACAATGCCTGTTGCTTCAGGTGGCATTCATGTATGGCATATGCCGGCTCTTACTGA
AATTTTTGGTGATGATGCTTGTCTTCAATTTGGTGGTGGAACTTTAGGTCATCCTTGGGGAAATGCTCCAGGTGCTGCTG
CTAATCGTGTAGCTTCTGAGGCTTGCGTACAAGCTCGAAATGAAGGTCGTGATCTTTCTCGTGAAGGTGGTGATGTTATT
CGTGAGGCTTGTAAATGGAGTCCAGAACTT

>U21005.1 Euglena geniculata ribulose 1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) mRNA, chloroplast gene encoding chloroplast protein, partial
cds
ATTATCGCCTTACTTATTACACTCCTGATAATCAAGTGTCAGAAACAGATATTTTGGCTGCTTTTCGTATGACTCCTCAA
CCAGGGGTTCCTGCCGAAGAATGTGGAGCTGCTGTTGCTGCTGAATCTTCTACGGGTACATGGACTACTGTTTGGACAGA
TGGATTAACTCAATTAGATAGAGATAAAGGTCGTTGTTACGATTTGGAACCTGTTCCTGGTGAAAGTAACCAATATATTG
CTTACGTGGCATATCCTATTGATCTTTTTGAAGAAGGTTCGGTAACCAACCTTTTAACTAGTATAGTTGGTAATGTATTT
GGATTTAAAGCTTTACGTGCTTTACGTTTAGAAGATTTGCGCATTCCACCAGCATATTCTAAAACTTTCTGGGGTCCTCC
TCATGGTATTCAAGTGGAAAGGGATAGACTTAATAAATATGGTCGTCCTTTATTGGGTTGCACTATTAAACCAAAATTGG
GTCTTTCTGCGAAAAACTATGGACGTGCTGTATACGAATGTCTAAGAGGTGGTTTGGACTTTACAAAAGATGATGAAAAT
GTTAATTCTCAATCTTTTATGCGTTGGAGAGATCGTTTCTTATTTTGTGCTGAGGCGATTTACAAAGCACAAACAGAAAC
AGGCGAAGTAAAAGGTCATTATTTAAATGCTACTGCAGGTACTTGCGAAGAGATGTACAAACGTGCTTCTTTTGCCGCAC
AAATTGGTGTTCCAATTATAATGCATGACTATTTAACAGGTGGTTTTACGGCTAACACTTCCTTGGCAATGTATTGTCGT
GATAATGGTTTATTATTACATATTCATCGCGCTATGCATGCTGTTATCGATCGTCAAAGAAATCATGGTATTCACTTCCG
TGTATTGGCTAAAACACTTCGTATGTCTGGTGGTGATCATCTTCATTCTGGAACAGTTGTTGGTAAATTAGAAGGTGAAC
GCGAAGTAACGTTAGGTTTTGTAGATTTAATGCGTGATGCTTACGTTGAAAAAGATCGTTCTCGTGGAATTTATTTTACT
CAAGATTGGTGTGGTATGGGTGGTACAATGCCTGTTGCTTCAGGTGGCATTCATGTATGGCATATGCCGGCTCTTACTGA
AATTTTTGGTGATGATGCTTGTCTTCAATTTGGTGGTGGAACTTTAGGTCATCCTTGGGGAAATGCTCCAGGTGCTGCTG
CTAATCGTGTAGCTTCTGAGGCTTGCGTACAAGCTCGAAATGAAGGTCGTGATCTTTCTCGTGAAGGTGGTGATGTTATT
CGTGAGGCTTGTAAATGGAGTCCAGAACTT

>U21004.1 Euglena anabaena ribulose 1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcL) mRNA, chloroplast gene encoding chloroplast protein, partial cds

ACTATCGTCTTACTTATTATACACCTGATTACCAAGTAGCAGAAACTGATATACTTGCAGCTTTCCGTATGACTCCTCAA
CCTGGTGTTCCTGCTGAAGAGTGCGGTGCAGCTGTGGCAGCTGAAAGTTCGACAGGTACATGGACTACAGTATGGACAGA
CGGTTTAACACAATTAGACAAATATAAAGGTAGATGTTATGATTTAGAGCCTGTTCCAGGTGAAAATAATCAATATATCG
CTTACGTAGCATATCCTATTGATCTTTTTGAAGAAGGTTCAGTAACTAACCTTTTAACTTCAATCGTTGGTAACGTATTT
GGTTTTAAAGCTCTTCGAGCTCTTCGTTTAGAAGATTTACGAATCCCACCGGCATACGTTAAAACATTCTGGGGCCCTCC
ACATGGTATCCAAGTAGAACGTGATAAATTAAATAAATATGGGCGTCCTCTTTTAGGTTGTACAATCAAACCAAAACTAG
GTTTATCAGCTAAAAATTATGGTCGTGCTGTTTATGAATGTTTACGTGGTGGACTTGATTTTACGAAAGATGATGAAAAT
GTAAATTCACAATCATTTATGCGTTGGAGAGACCGTTTCCTTTTCTGTGCTGAAGCTATCTATAAAGCTCAATCAGAAAC
AGGTGAAATTAAAGGTCACTATTTAAATGCTACTGCAGGTACATGTGAAGAGATGTATAAACGTGCTAATTATGCCGCTC
AAATAGGAGTCCCTATTGTGATGCATGATTATTTGACAGGTGGATTTACAGCCAATACTTCATTGGCTATGTTCTGTCGT
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GATAATGGATTACTATTACATATTCACCGTGCTATGCATGCAGTAATTGATCGTCAAAGAAATCACGGTATCCATTTCCG
TGTATTAGCTAAAACTCTTCGTATGTCAGGAGGAGACCACTTACACTCAGGAACTGTTGTAGGAAAATTAGAAGGTGAAC
GTGAAGTTACATTAGGTTTCGTTGATTTAATGCGTGATCCTTATGTTGAGAAAGATAGATCACGAGGTATTTATTTTACT
CAAGATTGGGTTGGGCTAGGCGGAACTATTCCTGTGGCATCAGGCGGTATTCACGTTTGGCACATGCCAGCACTAACAGA
GATTTTTGGTGATGATGCTTGTTTACAATTTGGCGGAGGAACTCTTGGTCATCCATGGGGCAACGCACCTGGCGCAGCTG
CTAACCGAGTTGCATCAGAAGCTTGCGTACAAGCAAGAAATGAAGGACGTGATTTATCTCGTGAAGGTGGTGACGTTATT
CGTGAGGCTTGCAAATGGAGTCCAGAACTT

>U21009.1 Euglena stellata ribulose 1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcL) mRNA, chloroplast gene encoding chloroplast protein, partial cds
ATTATAGACTTACTTATTATACGCCTGATTATCAAGTTGCAGAAACAGATATTTTAGCAGCTTTTCGTATGACTCCACAA
CCAGGTGTTCCTGCTGAAGAGTGTGGTGCTGCTGTTGCCGCTGAGTCATCAACAGGTACTTGGACTACTGTTTGGACAGA
TGGTTTAACTCAATTAGATCGTTATAAAGGTAGATGCTATGATTTAGAACCTGTTCCAGGTGAATCAAATCGGTATATTG
CTTATATTGCTTATCCAATTGACCTTTTTGAAGAAGGTTCTGTTACAAACTTATTAACAAGTATTGTTGGTAACGTTTTT
GGTTTCAAAGCATTACGTGCACTTCGTTTAGAAGATTTACGTATTCCGCCAGATTATGCTAAAACATTCTGGGGTCCTCC
ACACGGTATTCAGGCTGAAAGAGACAGGTTAAACAAGTATGGTAGACCTTTATTAGGTTGTACTGTTAAACCTAAATTAG
GTTTATCTGCTAAAAACTACGGTAGAGCTGTTTATGAGTGTTTACGTGGTGGTCTTGATTTTACGAAAGACGATGAGAAT
GTAAATTCACAATCGGTTATGCGTTGGAGAGACCGTTCCNTTTTCTGTGCTGAGGCTATTTATAAAGCTCAAGCAGAAAC
AGGAGAGGTAAAAGGGCATTATTTAAATGCTACTGCTGGTACTGTTGAAGAAATGTTTAAGCGTGCTGTTTTTTCGGCGC
AATTAGGTGTACCTATTATTATGCATGACTACATAACAGGTGGTTTTACAGCTAATACTTCATTATCTATGTATTGTCGT
GATAATGGTTTATTACTTCACATTCACCGTGCTATGCACGCCGTTATTGACCGTCAAAGAAATCACGGTATTCACTTCCG
TGTTTTAGCTAAAACTCTTCGTATGTCAGGTGGTGACCATTTACATTCAGGTACTGTTGTAGGTAAGCTTGAAGGTGAAC
GTGAAGTTACTTTAGGTTTCGTTGATTTAATGCGTGACCCTTACGTTGAGAAAGATCGTTCAAGAGGTATTTACTTTACA
CAAGACTGGTGTGGTATGGGTGGTACAATGCCTGTAGCATCTGGTGGTATTCATGTATGGCATATGCCTGCTCTAACTGA
AATTTTCGGTGATGACGCTTGCTTACAGTTTGGTGGAGGTACTTTAGGTCACCCTTGGGGTAATCGACCAGGTGCTGCTG
CTAACCGTGTTGCTTCTGAAGCTTGTGTTCAAGCTCGAAATGAAGGTCGTGACCTTTCTCGTGAAGGTGGTGATGTTATT
AGAGAAGCTTGTAAGTGGAGTCCTGAACTT

>U21008.1 Euglena pisciformis ribulose 1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) mRNA, chloroplast gene encoding chloroplast protein, partial
cds
ATTACAGACTTACATATTATACACCTGATTATCAAGTTTCTGATACTGATATTTTAGCCGCTTTTCGTATGACGCCTCAA
CCAGGAGTTCCTGCTGAAGAGTGCGGTGCTGCTGTAGCTGCAGAATCTAGTACTGGTACTTGGACCACTGTTTGGACAGA
TGGCCTTACTCAATTAGATAGATATAAAGGGCGCTGCTATGATTTAGAACCTGTTCCAGGAGAATCTAATCAATATATAG
CTTACGTTGCTTATCCTATAGATCTTTTTGAAGAAGGTTCGGTTACGAACTTGCTAACAAGTATCGTAGGTAATGTTTTT
GGTTTTAAAGCTTTAAGAGCTCTACGCCTAGAAGATTTACGTATTCCACCTGCTTATATCAAAACTTTTTGGGGTCCACC
GCATGGTATCCAAGTTGAACGTGATAGATTAAATAAATATGGTCGACCTTTATTAGGTTGTACGATTAAACCTAAATTAG
GTTTATCTGCTAAGAATTATGGTCGAGCAGTTTACGAATGTTTAAGAGGAGGCCTTGATTTTACTAAAGATGATGAAAAT
GTAAATTCACAGTCTTTTATGCGTTGGAGAGATCGTTTCTNNNNNNGATCTGAAGCTATTTACAAAGCTCAATCTGAAAC
AGGTGAAGTTAAAGGACATTATCTAAATGCTACAGCTGGTAATGTTGAAGAAATGTATAAACGTGCTGCATTCGCTGCTC
AACTGGGTGTTCCAATTGTTATGCATGACTACTTAACAGGTGGTTTTACAGCTAATACATCTCTTTCAATGTACTGCCGT
GACAATGGTTTACTTTTACATATTCATCGTGCAATGCATGCTGTTATCGATCGTCAGAGAAATCATGGTATTCATTTCCG
TGTGCTTGCAAAAACTCTTCGAATGTCAGGTGGGGATCATCTTCATTCAGGTACTGTTGTAGGTAAATTAGAAGGTGAAC
GTGAAGTAACTCTAGGTTTTGTTGATTTAATGAGAGATCCTTATGTAGAAAAAGATCGTAGTAGAGGGATCTACTTTACA
CAAGACTGGTGTGGTATGGGTGGGACAATGCCAGTTGCGTCAGGTGGTATCCATGTTTGGCATATGCCTGCTTTAACAGA
AATCTTTGGTGATGATGCTTGTCTTCAATTTGGTGGCGGTACTTTAGGTCACCCTTGGGGTAATGCACCAGGTGCTGCTG
CAAATCGTGTTGCTTCTGAGGCGTGTGTGCAAGCGAGAAATGAAGGGCGTGACCTTTCTCGTGAAGGAGGTGATGTTATT
CGTGAAGCTTGCAAATGGAGTCCAGAATT

>AF499674.1 Percursaria percursa strain UWCC MA230 ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene, partial cds; chloroplast

AGGTACTGGCTTTACAGCTGGTGTAAAAGACTACCGTTTAACTTATTACACACCTGATTATCAAGTAAAAGATACTGATA
TTTTAGCAGCATTTCGTATGACTCCTCAACCAGGAGTACCAGCAGAAGAAGCAGGTGCAGCTGTTGCTGCTGAATCATCA
ACAGGTACTTGGACAACTGTATGGACTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTATGATATTGAACC
ATTAGGTGAAGATGATCAATATATTGCATATATTGCTTATCCTTTAGACTTATTTGAAGAAGGGTCAGTTACAAACTTAT
TTACTTCAATTGTAGGTAACGTTTTTGGTTTCAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCGCCAGCT
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TATGTTAAAACATTCCAAGGTCCTCCACATGGTATTCAAGTTGAACGTGATAAATTAAACAAATATGGTCGTGGTTTATT
AGGTTGTACAATTAAACCAAAATTAGGTCTTTCAGCTAAAAACTATGGACGTGCTGTTTATGAATGTTTACGAGGTGGTC
TTGATTTTACAAAAGATGATGAAAATGTAAACTCACAACCTTTCATGCGTTGGCGTGATCGTTTCTTATTTGTTGCTGAA
GCAATTTATAAATCTCAAGCTGAAACTGGTGAAGTTAAAGGGCATTACTTAAATGCAACAGCAGGTACGTGTGAAGCAAT
GATGGAACGTGGCCAATTTGCTAAAGATTTAGGTGTTCCAATTATTATGCATGACTATATTACTGGTGGTTTTACAGCTA
ACACTTCATTATCTAATTTCTGTCGTGCTAGTGGATTATTACTACATATTCACCGTGCAATGCACGCCGTTATTGACCGT
CAACGTAATCACGGTATTCACTTCCGAGTATTAGCAAAAATCTTACGTATGTCTGGGGGTGACCACTTACATTCAGGAAC
AGTTGTAGGTAAATTAGAAGGTGAACGTGAAATTACTTTAGGTTTTGTTGACCTAATGCGTGACGATTACATTGAAAAAG
ATCGTAGTCGTGGTATTTACTTTACACAAGACTGGGTTAGTTTACCTGGAACAATGCCAGTAGCTTCAGGTGGTATTCAC
GTATGGCACATGCCAGCATTAGTTGAAATTTTTGGTGATGATGCGTGTTTACAATTTGGTGGTGGTACATTAGGACACCC
TTGGGGTAATGCTCCAGGTGCTGCTGCAAACCGTGTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAAGGACGTGATT
TAGCATCTGAAGGTGGTGATGTAATTCGTGCCGCTTGTAAATGGAGTCCTGAATTAGCTGCAGCTTGTGAAGTAT

>AB097614.1 Umbraulva amamiensis chloroplast rbclL gene for ribulose 1,5-
bisphosphate carboxylase large subunit, partial cds, specimen voucher: SAP:095052
AGCAGGTACTGGCTTTAAAGCTGGTGTAAAAGATTACCGTTTAACTTATTACACACCTGATTATCAAGTAAAAGATACTG
ATATTTTAGCAGCATTTCGTATGACTCCTCAACCAGGAGTACCAGCAGAAGAAGCTGGTGCAGCTGTTGCTGCTGAATCA
TCAACAGGTACTTGGACAACTGTATGGACTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTATGATATTGA
ACCATTNNNAGGTGAAGATGATCAATATATTGCATATATTGCTTATCCTTTAGACTTATTTGAAGAAGGATCAGTTACAA
ACTTATTTACTTCAATTGTAGGTAACGTTTTTGGTTTCAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCA
CCAGCTTATGTTAAAACATTCCAAGGTCCACCACATGGTATTCAAGTTGAACGTGATAAATTAAACAAATATGGTCGTGG
TTTATTAGGTTGTACAATTAAACCAAAATTAGGTCTTTCAGCTAAAAACTATGGACGTGCTGTTTATGAATGTTTACGAG
GTGGTCTTGATTTTACAAAAGATGATGAAAACGTAAACTCACAACCTTTCATGCGTTGGCGTGATCGTTTCTTATTTGTT
GCTGAAGCAATTTATAAATCTCAATCTGAAACTGGTGAAGTTAAAGGTCACTATTTAAATGCAACAGCAGGTACATGTGA
AGAAATGATGGAACGTGGTCAATTTGCTAAAGATTTAGGTGTGCCAATTATTATGCATGACTATATTACTGGTGGTTTTA
CAGCTAACACTTCATTAGCTCATTTCTGTCGTGCTAGTGGATTATTATTACATATTCACCGTGCAATGCACGCTGTTATT
GACCGTCAACGTAATCACGGTATCCATTTCCGAGTATTAGCAAAAATCTTACGTATGTCAGGGGGTGACCACTTACATTC
AGGAACAGTTGTAGGTAAACTAGAAGGTGAACGTGAAATTACTTTAGGTTTTGTTGACTTAATGCGTGATGATTACATTG
AAAAAGATCGTAGTCGTGGTATTTACTTTACTCAAGATTGGGTAAGTTTACCTGGAACAATGCCAGTAGCTTCAGGTGGT
ATTCACGTATGGCACATGCCCGCATTAGTTGAAATCTTTGGTGATGATGCATGTTTACAATTTGGTGGTGGTACATTAGG
ACACCCTTGGGGTAATGCTCCAGGAGCTGCTGCAAACCGTGTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAGGGAC
GTGATTTAGCATCTGAAGGTGGTGATGTAATTCGTGCTGCTTGTAAATGGAGTCCT

>AB097612.1 Umbraulva japonica chloroplast rbcL gene for ribulose 1,5-bisphosphate
carboxylase large subunit, partial cds, specimen voucher: SAP:095050
AGCAGGTACTGGCTTTAAAGCTGGTGTAAAAGATTACCGTTTAACTTATTACACACCTGATTATCAAGTAAAAGATACTG
ATATTTTAGCAGCATTTCGTATGACTCCTCAACCAGGAGTACCAGCAGAAGAAGCTGGTGCAGCTGTTGCTGCTGAATCA
TCAACAGGTACTTGGACAACTGTATGGACTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTATGATATTGA
ACCATTNNNAGGTGAAGATGATCAATATATTGCATATATTGCTTATCCTTTAGACCTATTTGAAGAAGGATCAGTTACAA
ACTTATTTACTTCAATTGTAGGTAACGTTTTTGGTTTTAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCA
CCAGCTTATGTTAAAACATTCCAAGGTCCACCACACGGTATTCAAGTTGAACGTGATAAATTAAATAAATATGGTCGTGG
TTTATTAGGTTGTACAATTAAACCAAAATTAGGTCTTTCAGCTAAAAACTATGGACGTGCTGTTTATGAATGTTTACGAG
GTGGTCTTGATTTTACAAAAGATGATGAAAACGTAAACTCACAACCTTTCATGCGTTGGCGTGATCGTTTTTTATTTGTT
GCTGAAGCAATTTATAAATCTCAATCTGAAACTGGTGAAGTTAAAGGGCATTACTTAAATGCAACAGCAGGTACATGTGA
AGAAATGATGGAACGTGGTCAATTTGCTAAAGATTTAGGTGTTCCAATTGTTATGCATGACTATATTACTGGTGGTTTTA
CAGCTAACACTTCATTAGCTCATTTCTGTCGTGCTAGTGGATTATTATTACATATTCACCGTGCAATGCATGCTGTTATT
GACCGTCAACGTAATCACGGTATTCATTTCCGAGTATTAGCAAAAATCTTACGTATGTCAGGGGGTGACCACTTACATTC
AGGAACGGTTGTAGGTAAACTAGAAGGTGAACGTGAAATTACTTTAGGTTTTGTTGACTTAATGCGTGATGATTACATTG
AAAAGGATCGTAGTCGTGGTATTTACTTTACTCAAGATTGGGTAAGTTTACCTGGCACAATGCCAGTAGCTTCAGGTGGT
ATTCACGTATGGCATATGCCAGCATTAGTTGAAATCTTTGGTGATGATGCGTGTTTACAATTTGGTGGTGGTACATTAGG
ACACCCTTGGGGTAATGCTCCAGGAGCTGCTGCAAACCGTGTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAAGGAC
GTGACTTAGCATCTGAAGGTGGTGATGTAATTCGTGCTGCTTGTAAATGGAGTCCT

>0R114681.1 Ulvella Dburmanica isolate (CS20236801 ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene, partial cds; chloroplast
ATGGTTCCACAAACAGAAACTAAAGCAGGTACTGGTTTTAAAGCCGGTGTAAAAGATTACCGTTTAACTTATTATACACC
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TGATTATCAAGTAAAAGATACTGATATTTTAGCAACTTTCCGTATGACTCCTCAACCAGGAGTTCCTGCGGAAGAGGCTG
GTGCAGCAGTAGCTGCTGAATCATCAACAGGTACTTGGACAACTGTATGGACAGATGGTTTAACATCTTTAGATCGTTAT
AAAGGTCGTTGTTATGATATTGAACCATTAGGAGAAGATGATCAATATATTTGTTATATTGCATACCCATTAGATTTATT
TGAAGAAGGATCTGTTACAAATTTATTTACTTCAATTGTAGGTAATGTTTTTGGTTTTAAAGCATTACGTGCTTTACGTT
TAGAAGATTTACGTATTCCGCCTGCTTATACTAAAACTTTTCAAGGACCACCACATGGTATTCAAGTAGAACGTGATAAA
TTAAATAAATATGGAAGAGGTTTATTAGGTTGTACAATTAAACCAAAATTAGGTCTTTCAGCTAAAAATTACGGTCGTGC
TGTTTACGAATGTTTACGTGGTGGTCTTGATTTTACAAAAGATGATGAAAATGTAAATTCTCAACCATTTATGCGATGGC
GTGATCGTTTCTTATTTACTGCTGAAGCTATTTATAAATCTCAATCTGAAACTGGTGAAGTTAAAGGACATTATTTAAAT
GCTACAGCAGGAACATGTGAACAAATGATGGAACGTGGACAATTTGCTAAAGATTTAGGTGTTCCAATTATTATGCATGA
TTATATTACTGGTGGTTTTACAGCTAATACATCATTAGCACATTTTTGTCGTGCTAGTGGATTATTGTTACATATTCATC
GTGCAATGCATGCAGTTATTGATCGTCAACGTAATCATGGTATTCATTTTCGAGTATTAGCTAAAATTTTACGTATGTCA
GGAGGTGATCACTTACATTCAGGTACAGTTGTAGGTAAATTAGAAGGTGAACGTGAAATTACTTTAGGTTTTGTTGACTT
AATGCGTGATGATTACATTGAAAAAGATCGTAGTCGTGGTATATATTTTACTCAGGATTGGGTTTCGCTTCCTGGAACAA
TTCCAGTAGCTTCAGGTGGTATTCATGTATGGCATATGCCAGCATTAGTTGAAATTTTTGGTGATGATGCGTGTTTACAA
TTTGGTGGTGGAACATTAGGACATCCATGGGGTAATGCTCCAGGAGCAGCAGCAAATCGTGTTGCTTTAGAAGCTTGTAC
ACAAGCTCGAAATGAAGGACGTGATTTAGCTGCTCAAGGTGGTGATGTTATTCGTGCTGCTTGTAAATGGAGTCCTGAAT
TAGCTGCAGCTTGTGAAGTATGGAAAGAAATTAAATTTGAATTTGATACTATT

>KC767960.1 Jaoa bullata ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcl) gene, partial cds; chloroplast
TATCGTTTAACTTATTATACACCTGATTATCAAGTAAAAGATACTGATATTTTAGCAGCTTTCCGTATGACTCCTCAACC
AGGAGTACCTGCAGAAGAGGCTGGTGCAGCAGTAGCTGCTGAATCATCAACAGGAACTTGGACAACTGTATGGACTGATG
GTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTACGATATTGAACCATTAGGAGAAGATGATCAATATATTTGTTAT
ATTGCATATCCATTAGATTTATTTGAAGAAGGTTCTGTTACAAATTTATTTACTTCAATTGTAGGTAATGTTTTTGGTTT
TAAAGCATTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCTGCTTATACTAAAACTTTCCAAGGGCCACCACATG
GTATTCAAGTAGAACGTGATAAATTAAATAAATATGGAAGAGGTTTGTTAGGTTGTACAATTAAACCAAAATTAGGTCTT
TCCGCTAAAAATTACGGTCGTGCTGTTTACGAATGTTTACGTGGTGGTCTTGATTTTACAAAAGATGATGAAAATGTAAA
TTCTCAACCATTTATGCGCTGGCGTGATCGTTTCTTATTTACTGCTGAAGCTATTTATAAATCTCAATCTGAAACTGGTG
AAGTAAAAGGACATTATTTAAATGCTACAGCAGGTACCTGTGAACAAATGATGGAACGTGGACAATTTGCTAAAGATTTA
GGTGTTCCAATTATTATGCATGATTATATTACGGGTGGTTTTACAGCTAATACATCATTAGCACATTTTTGTCGTGCTAG
TGGATTATTATTACATATTCACCGTGCAATGCATGCAGTTATTGATCGTCAACGTAATCATGGTATCCATTTTCGAGTGT
TAGCAAAAATTTTACGTATGTCAGGAGGTGATCACTTACATTCAGGTACAGTTGTAGGTAAATTAGAAGGTGAACGTGAA
ATTACTTTAGGTTTTGTTGACTTAATGCGTGATGATTACATTGAAAAAGATCGTAGTCGTGGTATTTATTTCACACAAGA
TTGGGTGTCGCTTCCTGGAACAATTCCAGTAGCTTCAGGTGGTATTCATGTATGGCATATGCCAGCATTAGTTGAAATTT
TTGGTGATGATGCATGTTTACAATTTGGTGGTGGAACACTAGGACATCCATGGGGTAACGCGCCAGGAGCAGCGGCAAAT
CGTGTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAAGGACGTGATTTAGCTGCTCAAGGTGGTGATGTTATTCGTGC
CGCTTGTAAATGGAGTC

>KY283837.1 Oocystis borgei isolate LXD43 ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbclL) gene, partial cds; chloroplast
TTAACATACTATACACCAGATTATCAAGTTAAAGATACTGATATTCTTGCAGCATTCCGTATGACACCACAACCAGGTGT
ACCACCAGAAGAATGTGGTGCAGCTGTAGCAGCTGAATCATCTACAGGTACTTGGACAACTGTATGGACTGACGGTTTAA
CTACTCTAGATCGATACAAAGGTCGTTGTTATGATATCGAACCAGTTCCTGGTGAAGAGAACCAATATATTGCATATGTA
GCATATCCTTTAGATCTATTCGAAGAAGGTTCTGTTACAAACTTATTTACATCAATCGTAGGTAACGTATTCGGTTTCAA
AGCTTTACGTGCATTACGTTTAGAAGATCTTCGTATTCCTCCAGCTTACGCTAAAACTTTCCAAGGTCCTCCACACGGTA
TTCAAGTTGAACGTGACAAACTAAACAAATATGGACGTGGTCTTTTAGGTTGTACAATTAAACCTAAATTAGGTTTATCA
GCTAAAAACTACGGTCGTGCTGTTTATGAGTGTTTACGTGGTGGTCTAGATTTTACTAAAGATGATGAAAACGTAAACTC
ACAACCATTTATGCGTTGGAGAGATCGTTTCTTATTCGTAGCAGAAGCTACTTATAAAGCACAAGCAGAAACTGGTGAAA
TTAAAGGTCACTATTTAAACGCTACTGCTGGTACTGCTGAAGAAATGATTAAACGTGCAGTATGTGCAAAAGAACTAGGT
GTACCTATTATTATGCACGACTACATTACAGCAGGTTTCAGTGCAAATACTAGCTTAGCTAACTACTGTCGTGATCATGG
TCTACTTCTACACATTCACCGTGCAATGCACGCTGTAATTGACCGTCAAAGAAATCATGGTATTCACTTCCGTGTTTTAG
CGAAAATTCTTCGTATGTCTGGTGGTGATCACTTACACTCAGGTACTGTTGTAGGTAAACTAGAAGGTGAACGTGAAGTA
ACTTTAGGTTTCGTTGATCTAATGCGTGATGATTACATTGAGAAAGATCGTAGCCGTGGTATTTACTTTACTCAAGATTG
GGCTTCTCTACCTGGTGTAATGCCAGTAGCTTCTGGTGGTATTCACGTATGGCACATGCCGGCTCTTGTTGAGATCTTTG
GTGATGATGCTTGTTTACAATTCGGTGGTGGTACTCTAGGTCACCCTTGGGGTAATGCTCCAGGTGCTGTTGCAAACCGT
GTTGCTTTAGAAGCTTGTACACAAGCTCGTAACGAAGGTCGTGATTTAGCACGTGAAGGTGGTGAC
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>JQ963236.1 Ulva prolifera isolate 201106107-1-1r ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene, partial cds; chloroplast
GCAGGTGCAGGATTTAAAGCTGGTGTAAAAGATTACCGTTTAACTTATTACACGCCTGATTATCAAGTAAAAGATACTGA
TATTTTAGCAGCATTCCGTATGACTCCTCAACCAGGAGTACCAGCAGAAGAAGCGGGTGCGGCTGTTGCTGCTGAATCAT
CAACAGGTACTTGGACAACTGTATGGACTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTATGACATTGAA
CCATTAGGAGAAGATGATCAATATATTGCTTATATTGCTTATCCTTTAGATTTATTTGAAGAAGGTTCAGTTACAAACTT
ATTTACTTCAATCGTAGGTAATGTTTTTGGTTTTAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAG
CTTATGTTAAAACATTCCAAGGTCCACCTCACGGTATTCAGGTTGAACGTGATAAATTAAACAAATATGGTCGTGGTTTA
TTAGGTTGTACAATTAAACCAAAATTAGGTCTTTCAGCTAAAAACTATGGACGTGCTGTTTATGAGTGTTTACGAGGTGG
TCTTGATTTTACAAAAGATGATGAAAACGTAAACTCACAACCTTTCATGCGTTGGCGTGATCGTTTCTTATTTGTTGCTG
AAGCAATTTATAAATCTCAAGCTGAAACTGGTGAGGTTAAAGGACATTACTTAAATGCAACAGCAGGTACATGTGAAGAA
ATGATGGAACGTGGTCAATTTGCTAAAGATTTAGGTGTTCCAATTATTATGCATGACTATATTACTGGTGGTTTTACAGC
TAACACTTCATTAGCTCATTTCTGTCGTGCTAGTGGATTATTATTACACATTCACCGTGCTATGCACGCTGTTATTGATC
GTCAACGTAATCACGGTATTCACTTCCGAGTATTAGCGAAAATTTTACGTATGTCAGGTGGTGACCACTTACACTCAGGA
ACAGTTGTAGGTAAATTAGAAGGTGAACGTGAAATTACTTTAGGTTTCGTTGACTTAATGCGTGATGATTACATTGAAAA
AGATCGTAGTCGTGGTATTTATTTTACACAAGACTGGGTTAGTTTACCAGGTACAATGCCTGTAGCTTCTGGTGGTATTC
ACGTTTGGCACATGCCAGCATTAGTTGAAATTTTTGGTGATGACGCATGTTTACAATTTGGTGGTGGTACATTAGGACAC
CCTTGGGGTAATGCTCCAGGAGCCGCTGCAAACCGTGTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAAGGGCGTGA
TTTAGCATCTGAAGGTGGTGATGTAATTCGTGCTGCTTGTAAATGGAGTCCTGAATTAGCTGCAGCTTGTGAAGTTTGGA
AAGAAATTAAATTTGAATTTGATA

>FJ715715.1 Acrochaete repens strain E093db ribulose-1, 5-bisphosphate
carboxylase/oxygenase large subunit (rbclL) gene, partial cds; chloroplast
GATTATCGTTTAACTTATTATACACCAGATTATCAAGTAAAAGATACTGATATTTTAGCAGCTTTTCGTATGACTCCTCA
ACCAGGGGTTCCTGCAGAAGAAGCTGGTGCAGCAGTTGCTGCTGAATCATCAACAGGTACTTGGACAACTGTATGGACAG
ATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTATGACATTGAACCGTTAGGAGAAGATGATCAATATATTGCA
TATATTGCGTATCCATTAGATTTATTTGAAGAAGGATCTGTTACAAATTTATTTACTTCAATTGTAGGTAACGTTTTTGG
TTTTAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAGCTTATACTAAAACTTTCCAAGGACCACCAC
ATGGTATTCAAGTTGAACGTGATAAATTAAATAAATATGGACGAGGTCTATTAGGTTGTACAATTAAACCAAAATTAGGT
CTTTCAGCTAAAAATTATGGTCGTGCTGTTTACGAATGTTTACGTGGTGGTCTTGATTTTACAAAAGATGATGAAAACGT
AAATTCTCAACCATTTATGCGTTGGCGTGATCGTTTCTTATTTACTGCTGAAGCAATTTATAAATCTCAGTCTGAAACTG
GTGAAGTTAAAGGACATTATTTAAATGCTACAGCAGGAACATGTGAACAGATGATGGAACGTGCACAATTTGCTAAAGAT
TTAGGTGTTCCGATTGTTATGCATGACTATATCACTGGTGGTTTTACAGCTAATACTTCATTAGCACATTTCTGTCGTGC
TAGTGGATTATTATTACATATTCACCGTGCAATGCACGCAGTTATCGATCGCCAACGTAATCACGGTATTCATTTCCGAG
TATTAGCAAAAATTTTACGTATGTCTGGAGGTGATCATTTACATTCAGGTACAGTTGTAGGTAAATTAGAAGGTGAACGT
GAAATTACTTTAGGTTTTGTTGACTTAATGCGTGATGATTACATTGAAAAAGATCGTAGTCGTGGTATTTACTTTACGCA
AGATTGGGTTTCACTTCCTGGAACAATTCCAGTAGCTTCAGGTGGTATCCATGTATGGCATATGCCAGCATTAGTTGAAA
TTTTTGGTGATGATGCATGTTTACAATTTGGTGGTGGAACATTAGGACATCCATGGGGTAATGCTCCAGGAGCTGCTGCA
AATCGTGTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAAGGACGTGATTTAGCTGCTCAAGGTGGTGACGTTATCCG
TGC

>AF157390.1 Lepocinclis ovata ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) mRNA, partial cds; chloroplast gene for chloroplast product
CATGGACTACTGTTTGGACAGATGGTTTAACACAATTAGATAGATATAAAGGTCGTTGTTATGATCTTGAACCAGTCCCT
GGAGAAAGTAATCAATATATTGCTTATATTGCATATCCTATTGATCTTTTTGAAGAAGGATCAGTTACTAACCTTTTAAC
TTCTATTGTAGGTAACGTATTTGGTTTCAAAGCTCTTCGTTCTCTTCGTTTAGAAGATTTACGTATTCCACCTGCATATG
CTAAAACTTTTTGGGGTCCTCCACATGGTATTCAAGTAGAAAGAGACAGATTAAATAAATATGGACGTCCATTACTTGGA
TGTACTATTAAACCAAAATTAGGTCTTTCTGCTAAAAACTACGGAAGAGCTGTATATGAATGTCTTCGTGGTGGATTGGA
CTTTACTAAAGATGACGAAAACGTTAACTCACAATCTTTTATGCGTTGGAGAGACCGTTTCCTTTTCTGTGCTGAAGCCA
TTTATAAAGCTCAAACAGAAACTGGTGAAATCAAAGGACATTATTTAAATGCAACAGCAGGTACTTGTGAAGAAATGTAC
AAAAGAGCAGCTTATGCAGCTCAGATAGGGGTTCCCATCATAATGCATGACTATATTACTGGTGGTTTCACAGCTAACAC
TTCATTATCTATGTACTGTCGTGATAATGGTTTATTACTTCACATTCACCGTGCTATGCACGCTGTAATTGACCGTCAAA
GAAATCATGGTATTCATTTCCGTGTTCTTGCTAAAACACTTCGTATGTCAGGTGGTGATCATCTTCATTCAGGTACTGTT
GTAGGTAAATTAGAAGGAGAACGTGAAGTAACTTTAGGGTTCGTAGACTTAATGCGTGATCCTTATGTAGAAAAAGATCG
TTCTAGAGGTATTTACTTTACACAAGACTGGTGTGGTTTGGGTGGTACAATGCCAGTGGCTTCAGGTGGTATTCATGTTT
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GGCATATGCCTGCTTTAACAGAAATTTTTGGAGATGATGCTTGTCTTCAATTTGGTGGTGGAACTTTAGGTCA

>0P265104.1 Ulva capillata voucher DK 020 ribulose-1, 5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene, partial cds; chloroplast
AAAGATTACCGTTTAACTTATTACACGCCTGATTATCAAGTAAAAGATACTGATATTTTAGCAGCTTTCCGTATGACTCC
TCAACCAGGAGTACCGGCAGAAGAAGCTGGTGCGGCTGTTGCTGCTGAATCATCAACAGGTACTTGGACAACTGTATGGA
CTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTATGATATTGAACCGTTAGGAGAAGACGACCAATATATT
GCTTATATTGCTTATCCGTTAGACTTATTTGAAGAAGGGTCGGTTACAAACTTATTTACTTCAATTGTAGGTAACGTTTT
TGGTTTTAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAGCTTATGTTAAAACATTCCAAGGTCCGC
CTCATGGTATTCAGGTTGAACGTGATAAATTAAACAAATATGGTCGTGGTTTATTAGGTTGTACAATTAAACCAAAATTA
GGTCTTTCAGCTAAAAACTATGGACGTGCTGTTTATGAATGTTTACGAGGTGGTCTTGATTTTACAAAAGATGATGAAAA
CGTAAACTCACAACCTTTTATGCGTTGGCGTGATCGTTTCTTATTTGTTGCTGAAGCAATTTATAAATCTCAAGCTGAAA
CTGGTGAGGTTAAAGGACATTACTTAAATGCAACAGCAGGTACATGTGAACAAATGATGGAACGTGGTCAATTTGCTAAA
GATTTAGGTGTTCCAATTATTATGCATGACTACATTACTGGTGGTTTTACAGCTAATACTTCATTATCTAATTTCTGTCG
TGCTAGTGGATTATTATTACACATTCACCGTGCTATGCACGCTGTTATTGACCGTCAACGTAATCATGGTATTCACTTCC
GAGTTTTAGCTAAAATTTTACGTATGTCAGGTGGTGACCACTTACACTCAGGAACAGTAGTAGGTAAATTAGAAGGTGAA
CGTGAAATTACTTTAGGTTTCGTTGACTTAATGCGTGACGATTACATTGAAAAAGATCGTAGTCGTGGTATTTACTTTAC
ACAAGATTGGGTTAGTTTACCAGGTACAATGCCTGTAGCTTCAGGTGGTATTCATGTTTGGCATATGCCAGCATTAGTTG
AAATCTTTGGTGATGATGCATGTTTACAATTTGGTGGTGGTACATTAGGACACCCTTGGGGTAATGCTCCAGGAGCTGCT
GCAAACCGTGTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAAGGACGTGATTTAGCATCTGAAGGTGGTGACGTAAT
TCGTGCTGCTTGTARAATGGAGTCCTGAATTAGC

>AJ001885.1 Dysmorphococcus globosus partial rbcL gene for ribulose bisphosphate
carboxylase large subunit, strain SAG 20-1
GCTGGATTTAAAGCAGGTGTAAAAGATTACCGTCTTACTTATTATACTCCAGACTATGTTGTAAAAGATACAGATATTTT
AGCAGCATTCCGTATGACACCTCAGCCAGGTGTTCCGCCAGAAGAGTGTGGTGCTGCTGTTGCTGCTGAATCTTCAACAG
GTACATGGACTACAGTATGGACTGATGGTCTAACAAGTTTAGATCGTTATAAAGGTCGTTGTTATGACATTGAGCCGGTT
CCTGGCGAAGACAATCAATATATTGCTTATGTTGCTTATCCAATTGACTTATTTGAAGAAGGTTCTGTTACAAACATGTT
TACTTCAATTGTAGGTAACGTATTTGGGTTCAAAGCTTTACGTGCCTTACGTCTTGAAGATTTACGTATTCCTCCAGCTT
ATGTAAAAACATTCTCTGGACCTCCACATGGTATTCAAGTAGAACGTGACAAAATCAATAAATATGGTCGTGGTCTTTTA
GGTTGTACAATTAAACCAAAATTAGGTTTATCAGCTAAAAACTATGGACGTGCAGTTTATGAATGTTTACGTGGTGGTTT
AGATTTCACAAAAGATGATGAAAACGTAAACTCACAACCATTTATGCGTTGGAGAGACCGTTTCTTATTTGTTGCTGAAG
CAATTTATAAAGCTCAAGCTGAAACTGGTGAAGTTAAAGGTCATTATTTAAATGCTACTGCAGGTACTGCAGAAGAAATG
TTAAAACGTGCACAATGTGCTAAAGAATTAGGTGTACCTATTATTATGCATGACTATTTAACAGGTGGTTTCACTGCTAA
CACTTCTTTAGCTATTTATTGTCGTGATCATGGTTTATTATTACACATTCACCGTGCAATGCACGCTGTTATTGACCGTC
AAAGAAATCATGGTATTCACTTCCGTGTTCTTGCTAAAGCTTTACGTATGTCTGGTGGTGATCATTTACACTCTGGTACA
GTTGTAGGTAAATTAGAAGGTGAACGTGAAGTAACTTTAGGTTTTGTTGACTTAATGCGTGATGATTATATTGAAAAAGA
TCGTAGTCGTGGTATTTACTTTACACAAGACTGGTGTTCTATGCCTGGTGTAATGCCTGTTGCTTCAGGTGGTATTCATG
TTTGGCAT

>KY283834.1 Oocystis lacustris isolate LXD12 ribulose-1, 5-bisphosphate
carboxylase/oxygenase large subunit (rbcL) gene, partial cds; chloroplast

TTAACATACTATACACCAGATTACCAAGTTAAAGATACTGATATTCTTGCAGCTTTCCGTATGACACCTCAACCAGGTGT
TCCACCAGAAGAGTGTGGTGCAGCGGTAGCAGCTGAATCATCTACTGGTACTTGGACAACTGTATGGACAGATGGTCTAA
CTACTCTAGATCGATACAAAGGTCGTTGTTATGATATCGAACCAGKTCCTGGTGAAGAAAATCAATATATTGCATATGTA
GCTTATCCGCTAGATCTTTTTGAAGAAGGTTCTGTTACAAACCTACTAACTTCTATTGTAGGTAACGTTTTTGGTTTCAA
AGCTCTTCGTGCATTACGTCTAGAAGATCTTCGTATTCCACCAGCTTATGCAAAAACTTTCCAAGGTCCTCCACACGGTA
TTCAAGTTGAACGTGACAAATTAAACAAATATGGACGTGGTCTTTTAGGTTGTACAATTAAACCAAAACTAGGTTTATCA
GCTAAAAACTATGGTCGTGCTGTTTACGAATGTTTACGTGGTGGTCTAGATTTTACAAAAGATGATGAAAACGTAAACTC
TCAACCATTTATGCGTTGGAGAGATCGTTTCTTATTCGTTTCAGAAGCAATTTATAAAGCTCAAGCTGAAACAGGTGAAA
TTAAAGGTCACTATTTAAATGCAACTGCGTCACACAGTGATGAAATGATCAAACGTGCTGAATGTGCTAAAGAACTAGGT
GTACCTATTATTATGCACGACTATATCACTGCTGGTTTTACTGCTAACACTTCTTTAGCAGAATACTGTCGTGATCATGG
TCTACTTCTACACATTCACCGAGCAATGCACGCGGTTATTGACCGTCAAAGAAATCACGGTATCCACTTCCGTGTTTTAG
CAAAAGCTCTTCGTATGTCTGGTGGTGACCACTTACATTCTGGTACTGTTGTAGGTAAACTAGAAGGTGAACGTGAAGTA
ACTTTAGGTTTCGTTGATCTAATGCGTGACGATTACATTGAAAAAGATCGTAGTCGTGGTATTTACTTTACTCAAGACTG
GGCATCTCTACCTGGTGTAATGCCAGTAGCGTCTGGTGGTATTCACGTATGGCATATGCCAGCTCTTGTAGAAATCTTCG
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GTGATGATGCATGTCTACAATTTGGTGGTGGTACTCTAGGTCACCCTTGGGGTAACGCTCCTGGTGCTGCTGCAAACCGT
GTAGCTCTAGAAGCTTGTACACAAGCTCGTAACGAAGGTCGTGACCTTGCTCGTGAAGGTGGTGAC

>AF189063.1 Prasiola fluviatilis ribulose bisphosphate carboxylase large subunit
(rbcL) gene, partial cds; chloroplast gene for chloroplast product
TTACTACACTCCAGATTATCAAGTAAAAGAAACTGATATTCTTGCAGCTTTTCGTATGACTCCTCAATCAGGAGTTCCGG
CTGAAGAATGTGGGGCAGCTGTTGCAGCTGAATCTTCAACTGGTACATGGACAACTGTATGGACTGATGGATTAACAAGC
TTAGACAAATATAAAGGTCGTTGTTATGATATCGAACCAGTTGCAGGTGAAGACAACCAATATATTGCATACGTAGCATA
TCCTCTTGATTTGTTTGAAGAAGGTTCTGTAACAAATTTATTTACATCGATTGTAGGAAACGTTTTTGGATTTAAAGCGC
TTCGTGCCTTACGTCTGGAAGATTTACGTATTCCACCTGCATACGCAAAAACGTTTCAAGGAGCTCCTCATGGAATTCAA
GTTGAACGTGATAAATTAAATAAATACGGTCGTGGTTTATTAGGTTGTACAATTAAACCTAAATTAGGTCTTTCAGCTAA
AAACTATGGTCGAGCTGTTTATGAATGTTTACGTGGTGGATTAGACTTTACAAAAGATGATGAAAATGTAAATTCTCAGC
CATTTATGCGTTGGAGAGATCGTTTTTTATTTGTAGCAGAAGCGATTTACAAATCTCAAGCAGAAACAGGGGAAATTAAA
GGCCATTATCTAAACGCAACTGCTGGAACGTGTGAAGAAATGATGAAACGTGCAGAATATGCAAAAGACCTTGGTATGCC
AATTGTTATGCACGATTACCTAACAGGTGGTTTTACTGCAAACACATCATTATCACTTTATTGTCGTGATAACGGTTTAT
TACTTCACATTCACCGTGCAATGCATGCTGTAATTGATCGTCAAAAAAATCATGGTATGCATTTCCGTGTTCTTGCTAAA
GCATTACGTTTATCGGGTGGTGATCATCTTCACTCAGGTACTGTTGTTGGTAAATTGGAAGGTGAACGAGAAGTTACTTT
AGGATTCGTTGATTTAATGCGTGATGATTATATTGAAAAAGATCGAAGCCGTGGAATTTATTTTACTCAAGATTGGGTGT
CACTTCCGGGTGTTATGCCAGTAGCTTCTGGTGGTATTCATGTATGGCACATGCCTGCGTTAGTAGAGATTTTTGGTGAT
GATGCATGTTTACAATTTGGTGGTGGTACTCTTGGACACCCTTGGGGTAATGCACCAGGTGCAGCAGCAAACCGTGTTGC
CTTAGAAGCTTGTACTCAAGCTCGTAATGAAGGACGAGATCTTGCTCGTGAAGGTGGAGATGTCATTCGTGCAGCATGTA
AATGGAGTCCTGAATTAGCGGCTGCTTGTGAAGT

>AF189065.1 Prasiola linearis ribulose bisphosphate carboxylase large subunit
(rbcL) gene, partial sequence; chloroplast gene for chloroplast product
GGTTTAAGCAGGGGTAAAAGATTACCGACTAACTTACTACACTCCAGATTATCAAGTAAAAGAAACTGATATTCTTGCAG
CTTTTCGTATGACTCCTCAATCAGGGGTTCCAGCTGAAGAATGTGGTGCAGCTGTTGCAGCTGAATCTTCGACTGGTACA
TGGACAACTGTGTGGACTGATGGATTAACAAGTTTAGATAAATATAAAGGTCGTTGTTATGACATTGAACCAGTTGCAGG
TGAAGACAACCAATATATTGCATATGTAGCATACCCTCTTGATTTATTTGAAGAAGGTTCGGTAACAAATTTATTTACAT
CAATTGTAGGAAACGTTTTTGGATTTAAAGCACTTCGTGCTCTACGTCTTGAAGATTTACGTATTCCACCTGCATACTCA
AAAACGTTTCAAGGAGCTCCTCATGGAATTCAAGTTGAACGTGATAAATTAAATAAATACGGTCGTGGTTTATTAGGTTG
TACAATTAAACCTAAATTAGGTCTTTCGGCTAAAAACTATGGTCGAGCAGTTTATGAGTGTTTACGTGGTGGATTAGACT
TTACAAAAGATGATGAAAACGTAAATTCTCAACCATTTATGCGTTGGAGAGATCGTTTTTTATTTGTAGCTGAAGCAATT
TACAAATCTCAAGCAGAGACTGGCGAAATTAAAGGTCATTATCTAAATGCAACTGCTGCAACATGTGAAGAAATGATGAA
ACGTGCAGAGTATGCCAAAGACCTTGGTATGCCAATTGTTATGCATGATTACTTAACGGGTGGTTTTACTGCAAATACAT
CATTATCACTTTATTGTCGTGACAACGGTTTATTACTTCACATTCACCGCGCAATGCACGCTGTAATTGATCGTCAAAAA
AATCATGGTATGCATTTCCGTGTTCTTGCTAAAGCATTACGTTTGTCGGGTGGTGATCATCTTCACTCTGGTACTGTTGT
TGGTAAATTAGAAGGTGAACGAGAAGTTACTTTAGGATTTGTTGATTTAATGCGTGACGATTATATTGAAAAAGATCGAA
GCCGTGGAATTTATTTTACTCAAGATTGGGTATCACTTCCTGGTGTTATGCCAGTAGCTTCTGGTGGTATTCATGTATGG
CATATGCCTGCATTAGTAGAAATTTTTGGTGATGATGCATGTTTACAATTTGGTGGTGGTACTCTTGGTCACCCTTGGGG
TAATGCACCAGGTGCAGCAGCAAACCGAGTTGCTTTAGAAGCTTGTACTCAAGCTCGTAATGAAGGACGTGATCTTGCCA
GAGAAGGTGGAGATGTTATTCGTGCAGCATGTAAATGGAGCCCTGAATTAGCAGCTGCTTGTGAAGT

>JN102134.1 Jaoca prasina ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcL) gene, partial cds; chloroplast

TTATACACCTGATTATCAAGTAAAATATACTGATATTTTAGCAGCTTTCCGTATGACTCCTCAACCAGGAGTTCCTGCGG
AAGAGGCTGGTGCAGCAGTAGCTGCTGAATCATCAACAGGTACTTGGACAACTGTATGGACGGATGGTTTAACATCTTTA
GATCGTTATAAAGGTCGTTGTTATGATATTGAACCATTAGGAGAAGATGATCAATATATTTGTTATATTGCATATCCATT
AGATTTATTTGAAGAAGGATCTGTTACAAATTTATTTACTTCAATTGTAGGTAATGTTTTTGGTTTTAAAGCATTACGTG
CTTTACGTTTAGAAGATTTACGTATTCCACCTGCTTATACTAAAACTTTTCAAGGACCACCACATGGTATTCAAGTAGAA
CGTGATAAATTAAATAAATATGGAAGAGGTTTATTAGGTTGTACAATTAAACCAAAATTAGGTCTTTCTGCTAAAAATTA
TGGTCGTGCTGTTTACGAATGTTTACGTGGTGGTCTTGATTTTACAAAAGATGATGAAAATGTAAATTCTCAACCATTTA
TGCGTTGGCGTGATCGTTTCTTATTTACTGCTGAAGCTATTTATAAATCTCAATCTGAAACTGGTGAAGTTAAAGGACAT
TATTTAAATGCTACAGCAGGAACATGYGAACAAATGATGGAACGTGGACAATTTGCTAAAGATTTAGGTGTTCCAATTAT
TATGCATGATTATATTACTGGTGGTTTTACAGCTAATACATCATTAGCACATTTTTGTCGTGCTAGTGGATTATTATTAC
ATATTCATCGTGCAATGCATGCAGTTATCGATCGTCAACGTAATCATGGTATTCATTTTCGAGTATTAGCTAAAATTTTA
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CGTATGTCAGGAGGTGATCACTTACATTCAGGTACAGTTGTAGGTAAATTAGAAGGTGAACGTGAAATTACTTTAGGTTT
TGTTGACTTAATGCGTGATGATTACATTGAAAAAGATCGTAGTCGTGGTATATATTTTACGCAGGATTGGGTTTCGCTTC
CTGGAACAATTCCAGTAGCTTCAGGTGGTATTCACGTATGGCATATGCCAGCATTAGTTGAAATTTTTGGTGATGATGCA
TGTTTACAATTTGGTGGTGGAACATTAGGACATCCATGGGGTAATGCTCCAGGAGCAGCAGCAAATCGTGTTGCTTTAGA
AGCGTGTACACAAGCTCGAAATGAAGGACGTGATTTAGCTGCTCAAGGTGGTGATGTTATTCGTGCTGCT

>AY035984.1 Lepocinclis ovum strain SAG 1244-8 ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcL) mRNA, partial cds; chloroplast

CATGGACTACTGTTTGGACTGATGGATTAACTCAGCTAGACAGATATAAAGGTCGTTGTTACGATTTAGAGCCTGTTCCA
GGTGAAAGCAATCAGTATATTGCTTATGTTGCTTATCCAATTGAATTGTTTGAAGAAGGATCTGTTACAAACTTATTAAC
TTCTATTGTAGGTAACGTTTTTGGTTTTAAAGCTCTTCGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAGCTTATG
TTAAAACTTTCTGGGGTCCTCCTCATGGTATTCAAGTTGAGCGTGATAAACTTAACAAATACGGACGACCTTTACTTGGA
TGTACTATTAAACCAAAATTAGGTTTGTCAGCTAAAAACTATGGTCGTGCAGTTTATGAGTGTTTGCGTGGTGGGTTAGA
CTTTACTAAAGATGACGAAAACGTAAACTCACAATCATTTATGCGTTGGCGTGATCGTTTCCTTTTCTGTGCAGAAGCTA
TTTATAAAGCGCAAAATGAAACTGGTGAAATCAAAGGTCATTATTTAAATGCTACAGCAGGAAATGTTGAAGAAATGTAT
AAAAGAGCGATTTTTGCTGCTCAGATCGGAGTTCCGATCGTGATGCATGACTATTTGACAGGAGGTTTTACAGCTAACAC
TTCGTTATCTATGTATTGCCGTGATAATGGTTTATTACTTCATATTCACAGAGCTATGCACGCTGTTATTGACCGTCAAA
GAAATCATGGTATTCACTTCCGTGTTTTAGCTAAAACTCTTCGTATGTCTGGTGGTGATCACCTTCATTCAGGTACAGTT
GTAGGTAAATTAGAAGGTGAACGTGAAGTTACTTTAGGATTTGTTGATTTAATGCGCGATGCTTATATTGAAAAAGATCG
TTCACGTGGTATTTATTTTACTCAAGACTGGTGTGGTTTAGGTGGTACTATCCCTGTAGCTTCAGGAGGTATTCACGTTT
GGCATATGCCTGCTCTTGTTGATATTTTGGGTGATGATGCTTGTCTTCAATTTGGTGGTGGAACTTTAGGTCA

>EU484407.1 Umbraulva olivascens voucher GALW0015530 ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbclL) gene, partial cds; chloroplast
ACTGGCTTTAAAGCTGGTGTAAAAGATTACCGTTTAACTTATTACACACCTGATTATCAAGTAAAAGATACTGATATTTT
AGCAGCATTTCGTATGACTCCTCAACCAGGAGTACCAGCAGAGGAAGCAGGTGCAGCTGTTGCTGCTGAATCATCAACAG
GTACTTGGACAACTGTATGGACTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTATGATATTGAACCATTA
GGTGAAGATGATCAATATATTGCATATATTGCTTATCCTTTAGACTTATTTGAAGAAGGATCAGTTACAAACTTATTTAC
TTCAATTGTAGGTAACGTTTTTGGTTTCAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAGCTTATG
TTAAAACATTCCAAGGTCCACCACATGGTATTCAAGTTGAACGTGATAAATTAAACAAATATGGTCGTGGTTTATTAGGT
TGTACAATTAAACCAAAATTAGGTCTTTCAGCTAAAAACTATGGACGTGCTGTTTATGAATGTTTACGAGGTGGTCTTGA
TTTTACAAAAGATGATGAAAACGTAAACTCACAACCTTTCATGCGTTGGCGTGATCGTTTCTTATTTGTTGCTGAAGCAA
TTTATAAATCTCAATCTGAAACTGGTGAAGTTAAAGGTCATTACTTAAATGCAACAGCAGGTACATGTGAAGAAATGATG
GAACGTGGTCAATTTGCTAAAGATTTAGGTGTTCCAATTGTTATGCATGACTATATTACTGGTGGTTTTACAGCTAACAC
TTCATTAGCTCATTTCTGTCGTGCTAGTGGGTTATTATTACACATTCACCGTGCAATGCACGCCGTTATTGACCGTCAAC
GTAATCACGGTATCCATTTCCGAGTATTAGCAAAAATCTTACGTATGTCAGGGGGTGACCACTTACATTCAGGAACAGTT
GTAGGTAAACTAGAAGGTGAACGTGAAATTACTTTAGGTTTTGTTGACTTAATGCGTGATGATTACATTGAAAAAGATCG
TAGTCGTGGTATTTACTTTACACAGGATTGGGTAAGTTTACCTGGAACAATGCCAGTAGCTTCAGGTGGTATTCATGTAT
GGCACATGCCTGCATTAGTTGAAATTTTCGGTGATGATGCATGTTTACAATTTGGTGGTGGTACATTAGGACACCCTTGG
GGTAATGCTCCAGGAGCTGCTGCAAACCGTGTTGCTTTAGAAGCTTGTACACAAGCTCGARAATGAGGGACGTGATTTAGC
ATCTGAAGGTGGTGATGTAATTCGTGCTGCTTGTAAATGGAGTCCTGAATTAGCTGCAGC

>KP233768.1 Ulva pertusa strain UuL082 ribulose-1, 5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene, partial cds; chloroplast

ATGTCACCACAAACAGAAACTAAAGCAGGTACTGGCTTTAAAGCTGGTGTAAAAGATTACCGTTTAACTTATTACACGCC
TGATTATCAAGTAAAAGATACTGATATTTTAGCAGCGTTTCGTATGACTCCTCAACCAGGAGTACCGGCAGAAGAAGCAG
GTGCAGCTGTTGCTGCTGAATCATCAACAGGTACTTGGACAACTGTATGGACTGATGGTTTAACATCATTAGATCGTTAT
AAAGGTCGTTGTTACGATATCGAACCATTAGGAGAAGACGATCAATATATTGCTTATATTGCTTATCCTTTAGATTTATT
TGAAGAAGGATCAGTTACAAACTTATTTACTTCAATTGTAGGTAACGTTTTTGGTTTTAAAGCTTTACGTGCTTTACGTT
TAGAAGATTTACGTATTCCACCAGCTTATGTTAAAACATTCCAAGGTCCACCTCATGGTATCCAGGTTGAACGTGATAAA
TTAAACAAATACGGTCGTGGTTTATTAGGTTGTACAATTAAACCAAAATTAGGTCTTTCAGCTAAAAACTATGGACGTGC
TGTTTATGAATGTTTACGAGGTGGTCTTGATTTTACAAAAGATGATGAAAACGTAAACTCACAACCTTTCATGCGTTGGC
GTGACCGTTTCTTATTTGTTGCTGAAGCAATCTATAAATCTCAATCTGAAACTGGTGAAGTTAAAGGACATTATTTAAAT
GCAACAGCAGGTACATGTGAAGAAATGATGGAACGTGGTCAATTTGCTAAAGATTTAGGTGTTCCAATCGTTATGCATGA
CTATATTACTGGTGGTTTTACAGCTAACACTTCATTAGCTCATTTCTGTCGTGCTAGTGGATTATTATTACATATTCACC
GTGCTATGCACGCTGTTATTGATCGTCAACGTAATCACGGTATTCACTTCCGAGTATTAGCGAAAATTTTACGTATGTCA
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GGTGGTGACCACTTACATTCAGGAACAGTAGTAGGTAAATTAGAAGGTGAACGTGAAATCACTTTAGGTTTCGTTGACTT
AATGCGTGATGACTATATTGAAAAAGATCGTAGTCGTGGTATTTACTTTACTCAAGATTGGGTTAGTTTACCTGGTACAA
TGCCTGTAGCTTCAGGTGGTATTCACGTGTGGCATATGCCTGCACTAGTTGAAATCTTTGGTGATGATGCATGTTTACAA
TTCGGTGGTGGTACATTAGGACACCCTTGGGGTAATGCTCCAGGAGCCGCTGCAAACCGTGTAGCTTTAGAAGCTTGTAC
ACAAGCTCGAAACGAAGGACGTGATTTAGCATCTGAAGGTGGTGATGTAATTCGTGCTGCTTGTAAATGGAGTCCTGAAT
TAGCTGCAGCTTGTGAAGTATGGAAAGAAATTAAATTTGAATT

>0P265107.1 Ulva capillata voucher DK 113 ribulose-1, 5-bisphosphate
carboxylase/oxygenase large subunit (rbclL) gene, partial cds; chloroplast
AAAGATTACCGTTTAACTTATTACACGCCTGATTATCAAGTAAAAGATACTGATATTTTAGCAGCTTTCCGTATGACTCC
TCAACCAGGAGTACCGGCAGAAGAAGCTGGTGCGGCTGTTGCTGCTGAATCATCAACAGGTACTTGGACAACTGTATGGA
CTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTATGATATTGAACCGTTAGGAGAAGACGACCAATATATT
GCTTATATTGCTTATCCGTTAGACTTATTTGAAGAAGGGTCGGTTACAAACTTATTTACTTCAATTGTAGGTAACGTTTT
TGGTTTTAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAGCTTATGTTAAAACATTCCAAGGTCCGC
CTCATGGTATTCAGGTTGAACGTGATAAATTAAACAAATATGGTCGTGGTTTATTAGGTTGTACAATTAAACCAAAATTA
GGTCTTTCAGCTAAAAACTATGGACGTGCTGTTTATGAATGTTTACGAGGTGGTCTTGATTTTACAAAAGATGATGAARAA
CGTAAACTCACAACCTTTTATGCGTTGGCGTGATCGTTTCTTATTTGTTGCTGAAGCAATTTATAAATCTCAAGCTGAAA
CTGGTGAGGTTAAAGGACATTACTTAAATGCAACAGCAGGTACATGTGAACAAATGATGGAACGTGGTCAATTTGCTAAA
GATTTAGGTGTTCCAATTATTATGCATGACTACATTACTGGTGGTTTTACAGCTAATACTTCATTATCTAATTTCTGTCG
TGCTAGTGGATTATTATTACACATTCACCGTGCTATGCACGCTGTTATTGACCGTCAACGTAATCATGGTATTCACTTCC
GAGTTTTAGCTAAAATTTTACGTATGTCAGGTGGTGACCACTTACACTCAGGAACAGTAGTAGGTAAATTAGAAGGTGAA
CGTGAAATTACTTTAGGTTTCGTTGACTTAATGCGTGACGATTACATTGAAAAAGATCGTAGTCGTGGTATTTACTTTAC
ACAAGATTGGGTTAGTTTACCAGGTACAATGCCTGTAGCTTCAGGTGGTATTCATGTTTGGCATATGCCAGCATTAGTTG
AAATCTTTGGTGATGATGCATGTTTACAATTTGGTGGTGGTACATTAGGACACCCTTGGGGTAATGCTCCAGGAGCTGCT
GCAAACCGTGTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAAAGACGTGATTTAGCATCTGAAGGTGGTGACGTAAT
TCGTGCTGCTTGTAAATGGAGTCCTGAAATAGC

>MZ7902950.1 Ulva siganiphyllia voucher NOU218824 ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbclL) gene, partial cds; chloroplast
CGTTTAACTTATTACACGCCTGATTATCAAGTAAAAGATACTGATATTTTAGCAGCATTCCGTATGACTCCTCAACCAGG
AGTACCGGCAGAAGAAGCGGGTGCGGCTGTTGCTGCTGAATCATCAACAGGTACTTGGACAACTGTATGGACTGATGGTT
TAACATCTTTAGATCGTTACAAAGGTCGTTGTTATGACATTGAACCATTAGGAGAAGATGATCAATATATTGCTTATATT
GCTTATCCTTTAGATTTATTTGAAGAAGGTTCAGTTACAAACTTATTTACTTCAATTGTAGGTAATGTTTTTGGTTTTAA
AGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAGCTTATGTTAAAACATTCCAAGGTCCACCTCACGGTA
TTCAGGTTGAACGTGATAAATTAAACAAATATGGTCGTGGTTTATTAGGTTGTACAATTAAACCAAAATTGGGTCTTTCA
GCTAAAAACTATGGACGTGCTGTTTATGAGTGTTTACGAGGTGGTCTTGATTTTACAAAAGATGATGAAAACGTAAACTC
ACAACCTTTCATGCGTTGGCGTGATCGTTTCTTATTTGTTGCTGAAGCAATTTATAAATCTCAAGCTGAAACTGGTGAGG
TTAAAGGACATTACTTAAACGCAACAGCAGGTACATGTGAAGAAATGATGGAACGTGGTCAATTTGCTAAAGATTTAGGT
GTTCCAATTATTATGCATGACTATATTACTGGTGGTTTTACAGCTAACACTTCATTAGCTCATTTCTGTCGTGCTAGTGG
ATTATTATTACACATTCACCGTGCTATGCACGCTGTTATTGATCGTCAACGTAATCACGGTATTCACTTCCGAGTATTAG
CGAAAATTTTACGTATGTCAGGTGGTGACCACTTACACTCAGGAACAGTTGTAGGTAAATTAGAAGGTGAACGTGAAATT
ACTTTAGGTTTCGTTGACTTAATGCGTGATGATTACATTGAAAAAGATCGTAGTCGTGGTATTTATTTTACACAAGATTG
GGTTAGTTTACCAGGTACAATGCCTGTAGCTTCTGGTGGTATTCACGTTTGGCACATGCCAGCATTAGTTGAAATTTTTG
GTGATGACGCATGTTTACAATTTGGTGGTGGTACATTAGGACACCCTTGGGGTAATGCTCCAGGAGCTGCTGCAAACCGT
GTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAAGGACGTGATTTAGCATCTGAAGGTGGTGATGTAATTCGTGCTGC
TGTAAATGGAGTCCTGAATAGC

>EU484405.1 Umbraulva olivascens voucher GALW0015529 ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene, partial cds; chloroplast

GGCTTTAAAGCTGGTGTAAAAGATTACCGTTTAACTTATTACACACCTGATTATCAAGTAAAAGATACTGATATTTTAGC
AGCATTTCGTATGACTCCTCAACCAGGAGTACCAGCAGAGGAAGCAGGTGCAGCTGTTGCTGCTGAATCATCAACAGGTA
CTTGGACAACTGTATGGACTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTATGATATTGAACCATTAGGT
GAAGATGATCAATATATTGCATATATTGCTTATCCTTTAGACTTATTTGAAGAAGGATCAGTTACAAACTTATTTACTTC
AATTGTAGGTAACGTTTTTGGTTTCAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAGCTTATGTTA
AAACATTTCAAGGTCCACCACATGGTATTCAAGTTGAACGTGATAAATTAAACAAATATGGTCGTGGTTTATTAGGTTGT
ACAATTAAACCAAAATTAGGTCTTTCAGCTAAAAACTATGGACGTGCTGTTTATGAATGTTTACGAGGTGGTCTTGATTT
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TACAAAAGATGATGAAAACGTAAACTCACAACCTTTCATGCGTTGGCGTGATCGTTTCTTATTTGTTGCTGAAGCAATTT
ATAAATCTCAATCTGAAACTGGTGAAGTTAAAGGTCATTACTTAAATGCAACAGCAGGTACATGTGAAGAAATGATGGAA
CGTGGTCAATTTGCTAAAGATTTAGGTGTTCCAATTGTTATGCATGACTATATTACTGGTGGTTTTACAGCTAACACTTC
ATTAGCTCATTTCTGTCGTGCTAGTGGGTTATTATTACACATTCACCGTGCAATGCACGCCGTTATTGACCGTCAACGTA
ATCACGGTATCCATTTCCGAGTATTAGCAAAAATCTTACGTATGTCAGGGGGTGACCACTTACATTCAGGAACAGTTGTA
GGTAAACTAGAAGGTGAACGTGAAATTACTTTAGGTTTTGTTGACTTAATGCGTGATGATTACATTGAAAAAGATCGTAG
TCGTGGTATTTACTTTACACAGGATTGGGTAAGTTTACCTGGAACAATGCCAGTAGCTTCAGGTGGTATTCATGTATGGC
ACATGCCTGCATTAGTTGAAATTTTCGGTGATGATGCATGTTTACAATTTGGTGGTGGTACATTAGGACACCCTTGGGGT
AATGCTCCAGGAGCTGCTGCAAACCGTGTTGCTTTAGAAGCTTGTACACAAGCTCGAAATGAGGGACGTGATTTAGCATC
TGAAGGTGGTGATGTAATTCGTGCTGCTGGTAAATGGAGTCCTGAATTAGCTGCAGC

>00687104.1 Ulva chaugulii isolate RJ265 ribulose-1, 5-bisphosphate
carboxylase/oxygenase large subunit (rbclL) gene, partial cds; chloroplast
TTAAAGCTGGTGTAAAAGATTACCGTTTAACTTATTACACGCCTGATTATCAAGTAAAAGATACTGATATTTTAGCAGCG
TTCCGTATGACTCCTCAACCAGGAGTACCAGCAGAAGAAGCTGGTGCGGCTGTTGCTGCTGAATCATCAACAGGTACTTG
GACAACTGTATGGACTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTACGACATTGAACCATTAGGAGAAG
ACGATCAATATATTGCTTATATTGCTTATCCTTTAGATTTATTTGAAGAAGGGTCAGTTACAAACTTATTTACTTCAATT
GTAGGTAACGTTTTTGGTTTTAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAGCTTACGTTAAAAC
ATTCCAAGGTCCACCTCATGGTATTCAAGTTGAACGTGATAAATTAAACAAATATGGTCGTGGTTTATTAGGTTGTACAA
TTAAACCAAAATTAGGTCTTTCAGCTAAAAACTATGGACGTGCTGTTTATGAATGTTTACGAGGTGGTCTTGATTTTACA
AAAGATGATGAAAACGTAAACTCACAACCTTTCATGCGTTGGCGTGATCGTTTCTTATTTGTTGCTGAAGCAATTTATAA
ATCTCAAGCTGAAACTGGTGAAGTTAAAGGGCATTATTTAAATGCAACAGCAGGTACATGTGAAGAAATGATGGAACGTG
GTCAATTTGCTAAAGATTTAGGTGTTCCAATTATTATGCATGACTATATTACTGGTGGTTTCACAGCTAACACTTCATTA
GCTCATTTCTGTCGTGCTAGTGGATTATTATTACACATTCACCGTGCTATGCACGCTGTTATTGACCGTCAACGTAATCA
CGGTATTCACTTCCGAGTATTAGCGAAAATTTTACGTATGTCGGGTGGTGACCACTTACACTCAGGAACAGTAGTAGGTA
AATTAGAAGGTGAACGTGAAATTACTTTAGGTTTCGTTGACTTAATGCGTGATGATTACATTGAAAAAGATCGTAGTCGT
GGTATTTACTTTACACAAGATTGGGTTAGTTTACCAGGTACAATGCCTGTAGCTTCAGGTGGTATTCATGTTTGGCACAT
GCCGGCATTAGTTGAAATTTTCGGTGATGACGCATGTTTACAATTTGGTGGTGGTACATTAGGACACCCTTGGGGTAATG
CTCCAGGAGCCGCTGCAAACCGAGTTGCTTTAGAAGCTTGTACACAAGCTCGAAACGAAGGACGTGATTTAGCAGCTGAA
GGTGGTGATGTAATTCGTGCTGCTTGTAAATGGAGTCCTGAATTAGCTGCAGCTTGTGAA

>AF189068.1 Pleurastrum erumpens ribulose bisphosphate carboxylase large subunit
(rbcL) gene, partial cds; chloroplast gene for chloroplast product
AAAGATTACCGTTTAACATACTATACACCAGAATACCAAGTTAAAGAAACTGATATTCTTGCAGCTTTTCGTATGACACC
TCAACCAGGTGTTCCACCAGAAGAAGCTGGTGCAGCAGTAGCAGCAGAATCATCAACAGGTACTTGGACTACTGTATGGA
CTGATGGTTTAACTAGCTTAGATAGATACAAAGGTCGTTGCTACGATATTGAACCTGTTGCGGGCGAAGAAAACCAATTT
ATTGCATATGTAGCTTATCCACTAGATCTTTTTGAAGAAGGTTCTGTAACTAATTTGTTTACATCTATTGTAGGTAACGT
TTTTGGTTTTAAAGCTCTTCGTGCTTTACGTTTAGAAGATCTTCGTATTCCTCCTGCTTACGTTAAAACTTTCCAAGGTC
CTCCTCATGGTATCCAAGTTGAGCGTGATAAACTGAATAAATACGGCCGTTCTCTTCTTGGTTGTACAATCAAACCAAAA
TTAGGACTTTCTGCCAAAAATTATGGTCGTGCAGTTTATGAGTGTTTACGTGGTGGTCTAGATTTTACTAAAGATGATGA
AAACGTAAATTCTCAAGCATTTATGCGTTGGAGAGATCGTTTTCTTTTTGTAGCTGAAGCGCTTTACAAATCACAAGCAG
AAACGGGTAAAATTAAAGGTCATTACTTAAACGCTACAGCCGGTACTTGTGAAGAAATGCTAAAAAGAGCTGAGTGTGCA
AAAGAATTAGGTGTACCTATTATCATGCATGACTATTTAACTGGTGGTTTTACTGCAAACACTACTTTGGCTCATTACTG
CCGCGATCATGGTCTATTATTACACATTCACAGAGCTATGCATGCTGTTATTGACCGTCAAAGAAACCATGGTATGCATT
TCCGTGTTTTAGCAAAAGCTCTTCGTTTATCTGGTGGTGACCATTTACACTCAGGTACTGTTGTAGGTAAATTAGAAGGT
GAGCGTGAAGTAACTTTAGGTTTTGTAGATCTAATGCGTGATGATTACGTTGAAAAAGATCGTAGCCGTGGTATCTACTT
TACTCAAGACTGGGTATCTCTACCAGGTACAATGCCAGTAGCTTCTGGTGGTATTCACGTTTGGCATATGCCTGCACTAG
TTGAAATCTTTGGTGATGATGCTTGTTTACAATTCGGCGGTGGAACACTGGGCCATCCGTGGGGTAACGCTCCTGGTGCA
GCTGCAAACCGCGTTGCTTTAGAAGCATGTGTACAAGCTCGTAACGAAGGACGTGATTTAGCTCGTGAAGGTGGTGATGT
TATTCGTGCTGCTTGCAAGT
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A.9. CBEPIPVYII, JL.JI. ®POJIOBA

MMPOI'PAMMA MEGA JJIS1 TIOCTPOEHUSA N AHAJIN3A
MOJIEKYJIAPHO-OPUJTOT'EHETUYECKUX JEPEBBEB

VY4eOHO-MeTOANYECKOE TOCOOHE MO TUCIUILINHE
b1.B.JIB.01.01 MonekynsipHas guioreHeTuka

06.04.01 buonorus (I'eHeTHKa M TCHETHYECKUE TCXHOJIOTHH )
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