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TE: k15 LA L (Euplotes amieti) KAZFERI A EEHIFFAE . /b 2RI Th g e He ik iz 07 X, wF R A
Fen W AR S SR A D AT T OKAZ R R A 5 B S L P, 225 SR S R DR AE N 7 i 445 21 iR dfiread sECHE
“H10.92 Gb, i € J5 15 £150287 % Contigs. GC & &K, J931%; o b 94 vy [F) B L AT g bor (1 ok e et B iy
27542%, 1554.76%, WA AT — St kLI L R H0E 61185k . ContigsiEAT FE K 45 K 404, 96.5% Ik [K] BE %
TR ThRE, & A5 511276506 FE [, P840 5K N311.69 bp; P& i, P EA150 bp. B2l
745 B 976219898%%, P 5 343385885 k5 3t #H Unigenes, Hi P K /% 1189 bp. K4 4111138588%
Unigenes HUST R ILF 2%—3%FE R A4 T g tEAE 0D, Horp, 46K 2 80 +1PRF; Frithz 4k, 38354 b Ll &k
R IRAFAE LG, HA RS0 7 N UAAFIUAG, 11T UGA % 5 ok 2 R s R . X 53 dUR
1) G R P L % 4% 1 5 1 B E )R A — 80 #527650 2% F£ K 41 Contigs 538588 2% 4% 5 4l Unigenes i B #5153
W, ERIBEM T ERERAREEETHAREK ST, Bikis., 5l Rs. BRERNAE
B SR A BEAL A ELS O JE R AT PCRIGAE « 95% L (R 36 UE T &5 R WA S84 b du bk 7 HA U4 b it
FEE g Ak . BT EE o B AR e M R i S i A AR A, 38 B KB B a  taih”, i K25
JESZ AN FURARAE . 41 3 R R IA TR SR A DG AR R B 1, IRl — 2 B I miRNA S #E H8 25 5%
IR X6 35 DR AT 2 TA T 4

FERA: WU KAZIEINA; FEoRdl; fojtafk; SRR
FE 5351 Q959.116 RRARIRAD: A XEHE: 1000-3207(2021)05-1014-10

bR EBOV RSB R BR, N BB

— P WK AR A, KA . R
AT B R0 R EWME B R RGN E R F
B AR AT RRE . A ESMYS
Dige. fFEREKRLE. FEBEFE LA ReH 5T
M EZER A A, T A EIN B A 4 T
B RZ S o AR T /M, T H B A HRR
K% R SR AE, N et . Rk ) 26 136G
- (R AR 1) et R 1 A B AR # 15 (Programmed ri-
bosomal frameshifting, PRF)%%. [Kt, T84k, WiFfh
Rz B FE Tz ok, B, )\ R(Eu-
plotes octocarinatus)~ JEJiEAb H(Euplotes crassus)
NS TEUEA N B (Euplotes vannus) 5 1) 3 DR 4 40 22
&AL, N — DRI T 7K A v i AR ) 1) A
DAL\ 200 R FH PR 5 A ) 2 R A 4 T A T il )

ks B HA: 2020-09-17; &1 HHA: 2021-02-06

YU R (Euplotes amieti) N—ISH KLk
IKAPEAN L. AR R (88—125) pmx(55—78) um,
EARXTIRI IR T, 8, RO AS S e &
iz 1, AR — B A4 O X T R 2 = TR Ak
e P75 PR B T BSEAS 5 W % 241 ok -6 1) A5 %) J 1
I gt o AR A TR S YA b i
IE . FEBRSRETEMy-MEEAEL
BREML R FE P R AT T AT, H T R
Ui A b sy 3 DR 25 A S A B, PR T % AR S R TR
ThRe A 7, DRI, ASAF 708 F B3 SE A b UK
12 R ZHDNAFIMRNA, X H K% 5 PR 2H DN A FH %
ST T R AN R R, B RO S O A
FEMKE AR, TR, it PR
RHIEe AR TR
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A SIS B F ) SR AN HU(Euplotes amieti) R
H B H i X A0 iR K. ARSI B
DNA 2 B £, RNAFZHUA G )4 3L T TaKaRa
Aw] o RN T AR AL R BOE R
BN F] e e S 27 B R AR v AR R
JBe A A B A 7] 5E Ao
12 75k

RS R R E A F R FH
8 E IR A B AN A K AR L% (Chloro-
goium elongatum) £ . {ECHE S SEEA b B 40 B AT,
STV AL HES—7d. SR e AL RN 20 A it
JEVLR S AP, B BRI . B FH e PEE
AORARWCER Bk . [T BR /N . B e A 4l
7KK HUARISEE B B0 1 . 4000 r/min 025 min
WA Uk, s BIE A .

E b RDNA B2 BUA £ F 25N 7 %
ff TaKaRa/A 7 DNA$E B 77 & U B 1, 3 H0m
DNACK FH 20 I #l 5% ie FEL 3K 23 T DN A (1) 4 55 A 5 %
. Nanodrop LMl DNA HI 4L (A, 60/ A0 ELAE);
QubitX DNAWK AT K€ & . M3 &%
DNAFE f I8 i Covaris Bl #5EHLEEHL AT W7 6K FE N
350 bplfl Bt . %A NEB Next” Ultra DNA Lib-
rary Prep Kit(NEB, USA)HFAT £, #4824 1) S
J# i lumina NovaSeq PE1SOHSEATI . AR5 HR
FSPAdesf)“careful” i Xt 1T 425 . Fti =, FI A
CAP3KiSPAdes M4 RATR & . HEH—
$ereads i S AR, K Hblatk K /N T-500 bp /7
F 5K EE K T-500 bpf 7 H LU, o3 —EUEH 7
e =90%, 7 7 5 =80% 171 . 4B o i g
[IDNA. Joiig T 51 Je SRR R 41 7 1, 11564
JE/NT100 bpi 5 41 8535 £ FR95085% . A& A5 5
Clean Contigs T4 5L R 4H 3 F .

RNA B B R &% REMF RNA )42 HX
2 TaKaRa A A RNA$E BUR 1 & Ui B 4, 4 52
IRNA K H 25747 Wr (1) 75 04T Wi 300 bp 75 43 11
FrBto ML RN NA50 bpSCE . RS AP
Fi AR, 7T Illumina HiSeq 7 &, X £ 3 P it
AT WK Y (Paired-end, PE)ill /7. Cutadapt 2 & 3
o 7 45 2k 0 FF A0 A0S 38 T & Ay B T Q20 1)
Reads, 15 % [)CleanData FH Trinity % 5 3L 4 kb
X, A8 JE A B b e 45 2R, 8 A Trinity ) Genome-
guid B AT Mk PF#E . K. Phit KM%
AAE A Unigene, FF 4T 5 B2 5 R 1) G v R AL A

SERTIIN A5 .

EEFR H P AR 7 1A% F Repeat-
maskerFflrepeatproteinmas¥ 14 X} & & Fy 51| £ ¥ i
RepBase i 47 [FAJ5 7 1 UG, 5 s 5 7
FUARARIF 51 o S T8 FHLTR _FINDERFHRe-
peatScout, RepeatModele%s #1415 St i 37.de novo i
P HIEE, ¥ de novo Wl Hi K 1Y) B 5 7 51 e 5 [E] R
B2 7 5 HE JE Repbase i 17 8 4, Fi i Repeat-
Masker X} 3 334 U PR 2H i3 1T repeatiE B

B DR ) &5 4 T, 3 S E o (A YR T, de
novo TN FARIE 48 SCHRF (0 0 o [RIE R0 ) 77
R ORI [EIE ) ) G i 2 A0 5 A A
(1) 5 PR 20 e 1 b AT LG e (TR IR A kA HaE
8—101), il idblast, genewiseZ L Xt #4- T 3 K]
HA M EER L . de novo TN AT F AR R T2 (K 20
7 AR G v h R (W B RS A R AN B -
A ) BB A SR T 5 IR 25 4, o A A -
gustus. GlimmerHMMAFISNAPE:, & &4
Eb X % #, 48 FHEVidenceModeler(EVM)#& & 8 :,
W & BT EETUINAS B B R A S — AN ETU R
(¥, EmE AR . &5, A PASA(ttp:/
pasa.sourceforge.net/), &5 & s H AL R, X}
EVMIFVERESE RIEAT R IE, INUTR B AT AR 57 5] 4%
5R, 1R AR

SR D R R, S 0 Jik AT 46 M)y R 15 281 1) ik (A
&, BT EEX BfE 5 2 %0 & F #0 B (SwissProt.
Nr. Pfam. KEGGAHInterPro)% Lt X}, 15 23 X 1)
Diaefs B o RPN FE =& R (Oxytricha
trifallax, O. trifallax)~ %% H(Caenorhabditis elegans,
C. elegans) TZMEHRE R (Stylonychia lemnae, S.
lemnae). JETEUFAM K (Euplotes vannus, E. vannus)-
¥ 8 L (Paramecium duboscqui, P. duboscqui)~ )\
W14 b L (Euplotes octocarinatus, E. octocarinatus)-
VU B H1 (Tetrahymena utriculariae, T. utriculariae)-
KA 2 B (Leishmania donovani, L. donovani)~
HFLH (Reticulomyxa filosa, R. filosa)F1 X ZE AN H
(Euplotes amieti, E. amieti)%[zils]o

FEHALRNAFEREALIERNA. rRNA. miRNA
FIsnRNA. HRHERNAR S5 HRFIE, FI RN Ascan-
SE(http://lowelab.ucsc.edu/tRNAscan-SE/) 4>k
FREERIZH T IRNAF A5 T rRNABA & B ) Ok
SEE, PR AT DA 3 ) () rRNA T B1E N 2
F 741, 183 blast L%t ok T4k 25 K20 1 rRNA; F)
FARfam X 5 1) ¥ 77 Z 48, K F Rfam [ 47 (9 IN-
FERNAL(http://infernal.janelia.org/) %4 AT Ti 3
1 EMmiRNAFIsnRNAFFHI(E B . A& AF 33
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2.1 YEFHMRERBMERANFRESH

ST U A D O IR AR 5, R A AR AR -
luminaill J7*~F- & % 3 074 b B BE K 41111200 bp/h
BB o 5 A g FE AT U, 3E99.31010.92 Gb 746
Kt o FH SPAdesHHEIR M EAT 428, YItRHHE =
A 17648362 Contigs. H T 7EFE I A b d & K 41
DNA 3 R, T334 B 28 00 44 5 DR 20 43 15 25 3,
JIT DA 3 45 B bt T g VR 2R B DN A PR 75 L Al
HAh A5 G, VITAEIR & ERME . LRAIE
HADNAIG Y, £FR<100 bpkE F5) )5, f&155
5028745 WL AN IR 751 . X LEFE R 41 )
GCEHERAR, N 31%, HHAL T HKLL, B,
194 ity i) B EL A S or () Bl e A B 27 542%%, 5
54.76%, R & — iR A3 R HOR 611845 (R 1),
5 H AR A B L, 38T A D B A SR IR L3 KT
J\PliEA T HL(88.9 Mb) Al &S T U4 HL(85.1 Mb). {H
g AR /N T )\ i A H2.(29413) 5 3 T2 U4 b
H1(37501).

B S I e 45 B 25 BRI 5 &= Y Raw Reads,
2153168900504 %% Clean Reads, £ TrinityH 1% 5 15
F160691%% Transcripts, HF-33K RN {8 7 7 A
1326.6F1 1759 bp. AT A ftranscriptsif — & K HK 5
3k 15385884k Unigenes, Unigenes P & Al
Nisoft 43 51°41189.9H11643 bp(F 2), K38588 5% 4%
ST BB NCBIH 34T BLASTX 4T LL X}, FF
HE 25 3 o 2 PR T S HE, DAEAB 2 %107 1 Ak
1, KINFLH2%—3%RE R R A T wFEMEFED .

R 1 LR MR EFEENF IR

Tab. 1 Genomic sequencing data statistics of Euplotes amieti

REPIAE

PiEE R SPAdes SPAdestCA  Z#
Assembler WFHA: P3PHERMH  Final
assembly
A/ N Assembly size  95.50 94.56 89.46
(Mb)
Jr BtContigs () 64836 59795 50287
B 9 i i A ) A B 27315 27544 27542

Number of 2-telomere

contigs (n)

BA v B 7719 6537 6118
Number of 1-telomere

contigs (n)

AN EAT Bt (9 1 B 29802 25714 16627
Number of 0-telomere

contigs (n)

KFZ/NF500 bp ) A B 25179 22279 13472
Number of length<500 bp
GCH 7 HGC (%) 31

®2 UEB P RERAHRFT

Tab. 2 Transcriptome splicing sequence of Euplotes amieti

FEN gl ORI

J#5Sequence Contigs  Transcript U}?" S
nigene

J7 41 ;58 Sequence 68902 60691 38588
number
FHIE KK EMax. length 16644 16648 16648
(bp)
55V K i Mean 609.45 1326.6 1189.99
length (bp)

B PRI RS A 1319 1759 1643
n, AR BE IS B P 51

FKPER50%0, g —

% FEHIKE Ny, (bp)

KR TNy BIF5) 28 9738 15227 9000
N5y Sequence No.

BB A EIEHES R4 203 699 581
0, RN IR B 51
R E190% 0, f s —

75K Ny (bp)

KR T Noo BT 51 2 3 39290 42291 26558
Ny Sequence No.

FHGCHEGC (%) 33.47 32.99 33.19

Falveolata_odb10 #1TBUSCO VAL I /7 45 5
f o8 BE B2, L T SR DAl L T HA B A Sh P ) Hicdls
Prgdsr, Hissd 5 H T c e )\ i b Bor g T
A LR AH LU, AEBE PR 2 R/ g AR B B
FEHRIGCE & NSO P B 231 55 77 (44 5
CL R IE T A D HR AR, 2 WY L PR AH N e o B 2 o

R DR 2 0 oL 5 0 I A5 21 127650 R B,
H196.5% Fi) = D5 BE % 4 Pt g o 23 o Ji R 4
27650 3[R 5 5% 5% 2H 38588 4 Unigenes X kb | T
HHEINR. GO. KEGG. SwissProt. Pfam. In-
terProfleggNOGHUE &, H 126673 5% Kk A
SRAFERE, 75 & 208 e bR R ) i 2 R 8 5 e %
ARESTHIILE TAFIB. TEEHT R, TEegeNOG
H B bR R B 2 B Th e K VAR T B 3 HL
(17905 M G2 . E A S M5 T 18
(1157%%). T GOF R £ 25 L AE A %
(1599%%); KEGG 73 #1 e 5 £ BAE AN L IA5 45 B
5T (96255) A N P I e AR 2
Gy IG5 A0 T IR B B A . IX EE T e
5 AN Rl fr I AR R BEAT A B Y AL S E IR
Vi &N AN AR RS 8 E R
AN B4 JE A 326 58 A i T 3 25 DDA 5%
22 ERELHS

W SR A D R D AL A3 2150287 2% K%
PR H HEAT 35 5 91 OV REAS 25 A 19.31% Hre-
peatfF ¥l o G e s A I Fr 45 SR BEAT R R A5 R TERE
ERYIMAIEO. trifallax. C. elegans~ S. lemnae-
E. vannus. P. duboscqui E. octocarinatus- T. utri-

culariae L. donovani- R. filosafE. amieti®s . &
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BRI U transcript K £ 24680.21 bp,
Hrh, SF¥ICDSH560.11 bp, & JLFHEF B HUd i /)
I 2A); TR ZEF 4B 7 HON 1.8, 2Bk
J\HEA S AN K (B 2B) . h4b, P4 E 1
W& KA HIR311.69F1150.70 bp. 5 LA EJL
et & oA b, B SR B Y trancript.
CDSHIAMNE FR BN, T AN & T KESY
BIAME T HR AR (B 20),

JH I e 57 40 38588 2% Unigenes 73 Mt R L 55
T A D H e [F R A AR A AR 1) e AR VAR BB AR F2 1Y
MB, RERN2%—3%. HA4 KL H N+1PRF
B, ARG AL B 2 0T B A I 26 1D
FTARRNAEG); A7 N+2PRFEERH, 2 K4
TEH BT A &R 205 F TAR(RAAEKG), [F A Bk
IETHRIA, X 0] DAUE B 338 T4 b B A0 A7 76 g 72 1
B RAZ IR . Hehbh, SR A D ) 2 1L 2
BE AT DA & 1 2500 Tt AT Lhgm A 2 (1 . o 3036
WeAh B 5 HAh JURNAF B g 2R S i b s, 3

InterPro

KEGG

Swissprot

pfam

0000
0000
0000 14069

— N W

TEREAL (1)
Number annotated

GO InterProKEGG NR  pfam Swissprot
Bt

Database
[es2t Jorsof [[3378 | 10410 [2536]
6 5 4(1678) 2 1
3

TR (1)

F WA 5 )\ A s —FE, UAA F1 UAGHAEN
AL, T UGA S A5 Y- I 2 R A 48 4 B 2
PR o T E DU B R AR B R, A UGA fE
NIRRT, TIUAART UAG 443 2 Bz (E 3).
23 JERIERNARZERETF S
F|FItRNAscan-SEFIR fam &5 854 %F %L K 4H vp
ARG IS RN AT 715 BERE; 45 B/RmiRNA
R 234, FHIKE N125.78 bp; tRNAF 1054,
SEHIK B 74,32 bp; IRNAE 567, Hidr, 18S 264
F1288 24~ KL 5371 9104.68F1104.81 bp;
snRNA 211 H A $5CD-box 14, splicing 94, “F
B E 43 59 9263 M1145.22 bp(F 3). KT
(Transcription factor, TF) & —25fE 5 2 [K 5"vf L JiF
R P A — Mg A, IR SRNAR AT 11 R 5%
BIGE A, L FS SR GRS RE N E AR
T KBRS 5Plant TFDB A Animal TEDB
I8 126 L, AT RO 75 3 e 53 DR 2 I s DXL+ o )8
1) F RS B o FE A T ) % s R 7 e v, 21

GO KEGG

PFAM
178

86

474

3961

NR

Swissprot

£20000

<

& 215000

g

—0210000 15322

I opi| [ s |

GO KEGG PFAM eggNOG Swissprot NR

Hodis e
Database

[2319 [ 3316|2225 [[1778][2010 | 4647 |
6 5 4 3 2 1

B 1 e PRIZH R A s 25 SR
Fig. 1 Genome and transcriptome sequencing results
A. R HVERE, B. B HITRE; GO. GOXHE F h # 3 B F () Conting Fl Unigene %t H ; NR. NREHE & v 4% 13 8 2 () Conting 1
Unigene# H; KEGG. KEGGH i FF Hh # 13: F¢ 2| Y1 Conting M Unigene % H ; Swissprot. Swissprot 4 = H # v B 2 i Conting F1
Unigene#} H ; Pfam. Pfam#{ 4 72 i3 B¢ 1 Conting %\ H ; Interpro. Interpro #f & B i) Conting % H ; PEAM. PFAMA 5 72 i e

HJUnigene#$ H

A. Genome annotation; B. Transcriptome annotation. GO. Number of Contigs and Unigenes annotated in the GO database; NR. Number of

Contigs and Unigenes annotated in the NR database; KEGG. Number of Contigs and Unigenes annotated in the KEGG database; Swissprot.

Number of Contigs and Unigenes annotated in the Swissprot database; Pfam. Number of Contigs annotated in the Platform database;

Interpro. Number of Contigs annotated in the Interpro database; PFAM. Number of Unigenes annotated in the PFAM database



1018

KRR Y R

45 %

C2H2 /) Count$iin £, 15139k, HIk4r I NZBTB
116%. MYB 89%. bHLH 55%%5(/&] 4).

50N FE R FHATPCRIGE . FERIZHE6IF 45 AN & 5A
F5BHT7RN, B FAMarker KN 42000 bp, B H 231

2.4 EFEHEKREEFREEELIE HY 1—A48NJE DR R 46 IE 26717, ik PR AL P 45 R ] S A
W = DRI 20 R e e L e 1) 485 R 9 v B MISBAI LA A IR RABEP2 AP, HoAR %%
A B 25
1000 - — n -
- 20
2 . g -
£ 800 E &
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o2 22 70
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SISO $ Iy y &y
Y Vo ¥y 5§ % IOV ¥y 5§y
SF NV 3O K P F Vy N IS
AN AR NN v @S ®
Y & H T VEy Y o K F ¥
¥ A Q\KAY Wﬁ 2 @e f%lf ¥ A %4’ W}éﬁ%’ % %‘ ’{-)%D
SELXN £e SELHN £
S & S &
S Pyfh A okl
Species Species
E. amieti P n=27650
— A
. . - n=5253 == CDS[X.
T. utriculariae = _— T
- hET
S. lemnae __
n=7236
R. filosa = n=3566
P. duboscqui — n=5757
%) =
& &
] 2
2] a 1‘:11”44[
’ n=7130
C
L. donovani
= n=1541
E. vannus —
= n=16360
E. octocarim  |— n=22897
C. elegns n=3363
[ 1 T T T | | J
0 200 400 600 800 1000 1200 1400
T
Average length (bp)
K2 BRI AR L AL

Fig.2 Comparison of gene structures
A THICDSK S LLHL; B, FAER TS L T USSR C. JURMIE B2 4T B dUE IR 45 H Lh R

A. The average CDS length; B. The average exons of each gene; C. Comparison of the gene structure of some Hypotrichida ciliates
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(RNAEH S5A4 A H 47

2% 1| 2=,
size % )‘ Number of Number of reasslenment
(Mb) *’ {RNA genes  genes g

FJE P, duboscqui 105 22 — 5757 UAR/GIn

80 UAR/GI
" . . n
74 PUNSEH T utriculariae 72 28 715 5253 UGA/Trp
W b E. vannus 85 37 109 16360 UAR/Cys
99 S\ M E. octocarinatus 89 28 95 22897 UGA/Cys
YEEW b E. amieti 89 33 105 27650 UGA/Cys
=PhARE R O. trifallax 50 31 93 7130 UAR/CIn

\{
FrE R S, lemnae 50 31 50 7236 UAR/GIn
L ARIEHH Homo sapiens 2851 41 497 NO NO

B3 e S 2 R R AR SE DR 2 L B (3 AL 2T 18S TRNA L i)

Fig. 3 CComparison of representative eukaryotic genome. The tree was constructed based on the sequences of 18S rRNA genes

%3 ERILRNAFTER

Tab. 3 Noncoding RNA sequence annotation

" S K . ﬁﬁé
KA Average L of
T Copy Total length
ype (W) length (bp) genome
(bp) (%)
miRNA 23 125.78 2893 0.003234
tRNA 105 74.32 7804 0.008724
rRNA 28 104.68 2931 0.003276
rRNA 18S 26 104.81 2725 0.003046
288 2 103 206 0.000230
5.8S 0 0 0 0
58 0 0 0 0
snRNA 11 164.73 1812 0.002026
snRNA CD-box 1 263 263 0.000294
HACA- 0 0 0 0
box
splicing 9 145.22 1307 0.001461

TE: * AR R AR, SR e BT ST KM B K
Note: *Genome annotation, synthesis data calculate average
length and total length

ANFER A KNS I 2R R K —380. Bt

ISR ZE RAan & SCHISDHR, ElHBR T POCIAYN, H

R HE R K 5P s R — 8

3 iTig

3.1 LEBMREERF N RBLEENEEBFIE
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MACRONUCLEUS GENOME AND TRANSCRIPTOME SEQUENCING AND
STRUCTURE ANALYSIS OF EUPLOTES AMIETI

HE Yan, YIN Jia-Qi and SHENG Xin
(Department of Biochemistry and Molecular Biology, Zunyi Medical University, Zunyi 563000, China)

Abstract: To explore genome structure characteristics, gene function and expression regulation of Euplotes amieti,
high-throughput sequencing technique was used to sequence the macronucleus genome and transcriptome of Euplotes
amieti. A total of 10.92 Gb data and 50287 Contigs were obtained after filtration. The GC content was 31% and the ave-
rage length of exons and introns were 311.69 bp and 150 bp, respectively. The number of microchromosomes with te-
lomeres at both ends was 27542, accounting for 54.76%, and the number of genes containing only one telomere was
6118. 38588 Unigenes were split, and the average length was 1189 bp. There were 2%—3% PRF in the total Unigenes,
and most of which were +1PRF. Besides, the stop codon of Euplotes amieti also has a reconfiguration phenomenon.
The stop codons are UAA and UAG, while UGA codes cysteine and selenocysteine. This was consistent with the cha-
racteristics of programmed ribosomal frameshifting and stop codon reassignments in Euplotes. 27650 genomic contigs
and 38588 transcriptome Unigenes were successfully annotated. Gene function analysis showed that transcripts were
significantly enriched in multiple biological processes, mainly involved cell growth and death, membrane transport,
transport, and cytology. Moreover, 50 genes were randomly selected from the genome and transcriptome for PCR veri-
fication, and 95% of them were successfully verified. The results indicated that in addition to the characteristic micro-
chromosomes and programmed frameshift, the Euplotes amieti had a large number of “combined microchromosomes”
and encoded a large number of special proteins related to the perception of changes in the external environment, cell
cycle, and protein expression regulation. In addition,, the gene expression may be regulated by some miRNA and zinc
finger transcription factors.

Key words: Euplotes amieti; Hronucleus genome; Transcriptome; Microchromosome; Gene annotation



