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REHREActin [ . a-TBPFIDNA pol ofLFEEBERAR

% BRE ' R EXR RKRE F2P
(TR K2 AR5, 1 T A% R 5 PR E T TR 5250, 1 510631)

FHEE: WIS A0 AR S8 Y I PRI R 3L 7 /N DR 25 R AT LA, SR L RL P T HE DL
MK P SRR B — AN B B W Rl Oxytricha sp. (Z)), [ 18 T HULE 8 A 1 (Actin 1)+ ki 454 5 M (-
TBP). DNAX & Mo (DNA pol a)3-ML I [l 1) 58 3L A% IE IR 7 51 N 5E 3838 4 /AMESE R 741, 1456 O %
B LTI T R B HUB X 3ANELF IE R kA . 855K B: (1) Oxytricha sp. (Z))5 0. novalt)/MZActin 1 FEH
FATAR A 8L A, DX T AR I AR B B Wb, 738 e =6t J@ A mp it BEAils b, e wir A4 T e,
AN I MDS-IESHz & 4b 78 2 I S AE FL P MDSs 2 1) - JE LL AEBL P MDSs 2 [A LR 5F o (2) Oxytricha sp.
(Z1)5 0. novalf)/IM&a-TBPEER B A AH AL 7 X FIAH AU E IRITESs . (3) Oxytricha sp. (Z1)¥1/MZDNA pol
oFERIEL AR, X5 TR — CAREWRY, SR N O. trifallaxti AT . BT 504001, 7EDNA pol ot %
T —BITESH 4 A MDS IR IE, UL i I S BUFEMDS I E . WF90 R IAE S i X NTES [RIMDS [ #5457,

FHA ISR 0 3 51 1k FE R AL K A DR B F— 80

R KRB BUFER, KEaisEsl; NEIERR, NshdEe 18, mkigiaEr; DNAE G

FEDES: Q34471 SCERFRIRAS: A
E MRS BAT A%, IR BE DR T
W MIBR 7 71 (Internal eliminated sequences, IESs)
53 B %2 A K% iz J7 51l (Macronucleus destined
sequences, MDSs) v Bt. {Ei& A sE Rt FE i, it
/NZIESs [P B FIMDSs 1) B A Fe L ks 7 41 1)
A S R DAL R v B 7 384 45 o AR T 1l L Dy e 1) K A%
JERN T et KT IS AEAE TR B R R
HH: Armophorea. JiE /544 Spirotrichea. [z MHZ4Phyllo-
pharyngea'®, ¥ £ /N 3k RIMDSs I HEF I I 45 %
A=A, TERGEL BRI . Hoh A i IS NI 2R LT B
diZ IS0 B s, 1 WAk B R (Oxytricha) F
Fe Hi(Stylonychia) 73 A7 96% F198% 1) /M ik
OH R HUAE AN T R Pt Rt b g ™
TENGBRA B R, A3FNEL T AATT#
S, 48R A T B (Actin 1), Sk 4 &4k
[1(o-TBP)™ JzDNAZE & o (DNA polymerase ).
H AT CARE 10 R 2T D& Actin T 2N

Yks B EA: 2016-04-18; 1&3T HHA: 2016-07-20

XEHS: 1000-3207(2017)02-0285-11

Fegt T e N R ) A o- TBPEE R
AR /IMEDNA pol o7, Hogan%!"”
HEM T I ERAF B R ML Actin T FERIFHEAL R 2,
M [E] (1) JE 4 40 58 B 34NMDSs 1] Urostyla grandis,
WAL A HH 4N MDSs I Engelmanniella mobilis,
MDS2 & A E, Pk A4 8 MDSs ) Stylony-
chia lemnae, X J5 73 WA 332, — S R3MNRE
HRHE, —32NS. pustulataR Oxytricha sp. (Misty).
2 J5, ChenZ5" e s b a2 Fh R A H 258 Hu K/
Bdctin 1 FE )RR B, K IEERMMZActin 1 3
ek it —SAEIE, 1R HIEBIAE H Z [ n] e fE
TEA TR (KA B 2 . Wong S HEN T a-TBPEEH
AJ B £, TA R AH S A AR EL I Rl (Ho-
losticha sp.), 14 ELIF S Uroleptus sp.. Pa-
raurostyla weissei, 344 Jy H [H]MDS & 42 5 A7 11 O.
trifallax, 52 JJiP-MDSs K& Al 5 (41 0. novalS. myti-
lus)s DNA pol affJi LS Z iR NG H . 27 L,
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CLHRIE 1 16 T I3 L e DT 0 A it 2 AN A 8k FL
W PRI BOREZY, 4175 5 70 AR A B T FRb 72

AHIF ST AE T 6 20 b6 bR K I b SR AR 15 31—
MEERREBRYFN Oxytricha sp. (21). HILN &
O. sp. (Z)) K. /NMZHActin 1+ a-TBPFIDNA pol
oSEPRIF A1, FERT R R dU g N BAT A3 AN EL IR /)
WAL R S5 R AT LA, IR 90 B L JE R L 4822,
I NAT TR A DI RLEAL [ I

1 MR5ERE

1.1 #MA5DNAREL

Oxytricha sp. (Z])T20104E11 H K AT
ZE BRI (4322 109°40'—110°357, b 4i20°14'—
21°35"), R 28 T5%0 A THEK K
Frug A A, BEAT U R IR . BN SR B,
I 2 L P R 2 K 2% 0, 5000 r/min, 3min &40 &
Gk, DNAREUZ 2255 1 Qiagen
Dneasy Blood & Tissue Kitif il &8 FH 77 454
FL RS 0 7 A P, e A T N (SRS ) 3R
1.2 PCR¥#ES5NZE

KiZzActin | EEFFINRE  FHLIY
Actin800F Fl Actin800R 1'% 1)3£73£1800 bpitik
Bidctin 1 3L A BE. PCRIMY AR FR H50 uL, 41
5287 /K36 uL, 10xEx buffer 5 pL, dNTP mix
(2.5 mmol/L) 5 pL, Bk 2 pL, 1F A 52 7] 5 [4%)(25 mmol/

®1 K. MZActin 1 R TR KEFT)

Tab. 1 The name and sequence of primers for macro- and
micronuclear Actin 1 gene

5|91 % FrName 5175 Sequence (5'-3)
Actin800F AACTGGGAYGAYATGGARAAGAT
Actin800R1 ATCCACATKSHGGCGAAGGT

J-F(1203) GGTTATTGCCAGCCCAGACAGAA
J-M3F1 TTTCTCAGGTGAGGATGCTCC
J-M3F2 TCCCATCAATCGTCGGTAGACCC

GTAATACGACTCTATAGGGCACGCGTGGT
AP12 CGACGGCCCGGGCTGGTCCCCAAAACCCC
AAAACCCCAAAA
AP1 GTAATACGACTCACTATAGGGC

AP2 ACTATAGGGCACGCGTGGT
J-F(673)  TGTGATGCTGGTGATGGTGTTAC
J-(133RC) CCCTACTAATCTCATTCTTGGCAT
JJMOF  TGCCCTATCAAAGTATTTCCTA
J-F(42)  CCATCAGTAAATTTGACATTACTAT
JJM8R  CTCATTCAACCTGTCCGTAAC
JIIF  CATTATGGATTTATGTTTATTGGTG
JI2F  CCCAAGTCAATCAACAAAAGTATC
J-R(1550) TTGAAACTAATCTGAATAAAAATG

L)#%0.8 uL, Ex Tag (5 U/uL) 0.4 pL. PCRY HFLF
IR : 95°C Fi AR 1 5min; 95°CA81E30s, 52°CiE K 30s,
72°C ZE{H 1min, ¥ 335G, 72°C £ 4L 11 0min.
281.0%35 B B Bt I H Wk ARG ), VD JiE, FH Universal
DNA Purification Kitid 71 &[R4ttt W 5 RAR2E
R AR A A ), 1E 4 2 pMDI18-T# {4 (TaKaRa,
HAS), AL K FT HDHS of 52 241 i, ks~ FH
PETERE G, 15375 2 /AU, W55 190 M 13F-47
EM13R-48.

T EIRIRIG P HE T 51 9I-F (1203). J-
M3F1. J-M3F2 (% 1). FHChang" "¢ 7.1y
RLAHIPCR (TSP-PCR)Y 1. 43l LLAP12 (% 1)/
Actin800R1. Actin800F/AP12. J-M3F1/AP12} I
NS AT S5 PCR, ¥ 444 94°C 2min,
72°C 4min, R TMEFR, F594°C 2min, 67°C 4min,
FEHE32MER, RJ567°C 4min. 7} JILLAPL (£
1)/Actin800R 1. Actin800F/AP1. J-M3F1/AP1 4 I
UG A B APCR, AP2 (%
1)/Actin800R 1. J-F (1203)/AP2. J-M3F2/AP2% |
TSI = A PCR. §I AT K 94°C
25s, 72°C 4min, ESNMEH, #194°C 255, 67°C
4min, EH20MGIH, SR J567°C 4min. EL3%
PCR, 3433 R /e i Fy 51 v BEAP2/Actin800R 1 Fl A7
Uity 7 A11J-F (1203)/AP2LL J2J-M3F2/AP2., ¥ 187~
U, A, RN Y, PHES IR
A 4K, A EGenBank, x5 A4
KX602204.

NMzActin 1 BEEFFIRRE Wi CioE
Oxytrichal& W /NMZActin 1 FERIELF 45 44, 74D
LR X MDS3/4MIMDS 1 3 it . R
514, J-F (673)(£ 2)F1J-(133RC)(¥ 2), 1 Fl #i:X
PCRA &% PCRY™ 1(95 C 1AL ¥ Smin, 95°CAs 1
30s, 67 CiEk30s, Z Ji7il Kl BEAK IR FEAK1C,
72°C AL 2min, § 3G 15 MG R 95 CAEH:30s, 52°C
30s, 72°C ZEfH2min, ¥ HI30/ MG, 72°C 2 LA
10min). 7358 H K40 . Vkm . #ih, wf
W, SRAG /L 73 He 8 R B

18 TR ) /NAZ 3 R e 91 | 2l B it 2 4%
S51#)J-M9F. I-F (42). J-M8R. J-I1F. J-I2F. J-R
(1550)(3 1) P43 LAJ-M9F/J-M8R. J-M3F1/J-
(133RC). J-11F/J-M8R Ny b s 51447 17 %
PCR, J-F (42)/J-M8R. J-M3F2/J-R (1550). J-I2F/J-
MR AT HLPCR, ¥ #4175 2] v BLJ-F (42)/J-M8R.
J-M3F2/J-R (1550). J-I2F/J-M8R. 7& 75 /MZ LK
K. PHESRA/MEEER P K (B 1), FFRA
A GenBank, % 3% %5 HKX602205.
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#2 K. MZxe-TBPEEFRA SRR EFS
Tab. 2 The name and sequence of primers for macro- and
micronuclear a-TBP gene

5147 %Sequence (5'-3")

514914 FXName

oTBP-R GTGTCCTTRATGARRTAGAAWCC
J-R2 TTGAAGAAGTTAGCACCGAGACCGT
J-R1 GTCGGAGGGTTCAATCTTGGTTACG

J-M5F1 TCTACAACAGTTCATGGGCTCTC

J-M5F2 CACTTGAGGAAATCAGTGGTGCTG

J-M2R TGAGTCACCAGTTCCCTTTTAGC
J-M1F1 TTGAGATATGTGGCTGGATTTG
J-MI1F2 GGCTGGATTTGAAAATACGAGTAG

J-I4R GTAGGTAAATTAAAGATTTGGC

J-MOF TTAAGGATGGCTCAGGTCAAGT

J-M8F1 TTGTTGAGCCCACTTTCTGATG
J-M8F2 CGAAAACTTGGAGGATCTTAGCA
J-MI11F GGTGAGGTAGTAAGAATCAGATC
J-M10R GTGGGAATTTAAGTTTAAGAGC

J-I9F GAGAAGTCTATAAGTAAAAGTGCC
J-R(2133) GATTATAAAATGATTAAAGATCATG
J-I113R2 CTTATCATAAACATTATTCAC

K. MNZa-TBPEREFHIHKE M4
SCHEIR I 7 7R %E Oxytricha sp. (Z1) ¥ a-TBPRE A
(W 5EEE KL H) o KA 384 i H 5149 3 o TBP-F
oTBP-R. J-R2. J-R1. J-M5F1. J-M5F2 (¥ 2). /)
Bt 519 0 I-M2R. I-M1F1. J-M1F2. J-I4R. J-
MOYF, J-M8F1. J-M8F2. J-M11F. J-M10R. J-I9F.
J-R (2133). J-113R2 (% 2. K 2), I#E4 2 Gen-
Bank, KAZ3E R & 55 HKX602208, /MZIEF K
KX602209.

K.\ /MZDNA pol e EEEFFFHIHIIRE T
S 1 77 3RS Oxytricha sp. (ZI)FIDNA pol
o SERE I KAZ P4 . 519 A Pol a-F. Pol a-R.

J-R2 (DPa). J-R1 (DPa). J-F3 (DPa). J-F4 (DPa)
(% 3), 13 3IDNA pol o= N 52 5 1 KIZEH o

I {EDNA pol o I/IMZ T HI BE I, 316 45
BIRR AIEIER B A, R 4y
FAl. BRI NT-M32F. J-M1R1. J-MIR2. J-
L1F. J-R5R. J-R6R. J-R9R. J-5000R. J-5100R
(% 3. K 3), AT F GenBank, KAZHE K F ok
HKX602206, /MZIEE R HKX602207 .

KizActin 1 BEERGMMWE  FAHCOT
J§% K% a-TBPHEE PRI FIDNA pol o R ¥ 19 298 6 1
WA E H KA F), #f S AR Actin 1 ZEH 7
FIMIER RGN« BRA ARG F 5 (75145 KX-
602204)4b, 5341874 7 B11YR T Genbank 54l e (7 41)
5 4:U63567. AF508049. AF508050. AY044839.
U18940. U63566. M22480). ¢ JHBioedit7.1.9.0""
W E Clustal 4T 2 J7 I LUXT, 3 8 AR v 0, FFF
2 PR R 65 A s LR OB S 32 1) o AR TA A M-
Modeltest 2" HE 4T 1 1 155 84 75 e GTR+G+1, i ]
MrBayes3.1.2 4 2 T ULt 7 (Bayesian infe-
rence, BI)o FH S5 /RBFREE I 5405 K& T7(MCMC)
WE h44HE, IB1T100000018, 451004 BEAT HlFE,
PLJG 30 R ok R R % 0 LT 5 P . TreeView
v5.1.2%7 MEGA7 5844 F T-0 K B 1 24k

2 %R

2.1 Oxytrichasp. (Z)HIK. IMZActin 1 EEL
FIFFE

Oxytricha sp. (Z))I) K% Actin 1 FEPR 2K
1546 bp (FuRIFA). S it 375N 2 JE IR 11 T
J B B2 HE(ORF), AT H 5 o453.81%. 5'F13' 44
15 DX R P H K B 43931 29 198 bp (45520 bp it b 7 51))
F1226 bp (20 bpii ki 7 51), AT &4 54

1 2 3 4 5 6 7 89
HE R R ————EE——T———-—— Primers
Actin800F/Actin800R 1
AP2/Actin800R 1
J-F(1203)/AP2
J-M3F2/AP2
3 4 5 7 9 C 1 8

Primers

J-F(673)/J-(133RC)
J-F(42)/]-M8R

J-M3F2/J-R(1550)
J-I2F/J-M8R

Bl 1 Oxytricha sp. (ZI) K~ /MZActin 1 FERGEH . 5190460 & X FAFPCRI=Y) /R &

Fig. 1 Schematic illustration of macro- and micronuclear structures, PCR primer locations and products obtained in Oxytricha sp. (ZJ)

Actin 1 gene

KA JTHAREMDSs, A4 HURKIESs; FHMDS281E; 1A ()7 PR R A B IER X Sk, ~ [

MDSs are represented in grey, IESs are represented in black; MDS?2 is inverted; white box represents unavailable gene regim; the same

applies below
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KB R R 4%

#*3 K. /MZDNA pol e EE RS Y EHRRFF

Tab. 3 The name and sequence of primers for macro- and

micronuclear DNA pol o gene

5194 F Name

5141 /7%1)Sequence (5'-3")

Pol o-F CTAYTGGATHGATGCWCATG
Pol a-R CACCAVTCTCTWCKNACCATATC
J-R2(DPo) CTAGTAACTGGCTTGCATCTCC
J-R1(DPo) AGTGCCTCTAGCTTTGCCTTTC
J-F3(DPo) CGATGGAGTGTTTAAGAGTTTAC
J-F4(DPo) ATCACCAGATGCTAAAGTTGTGC
J-M32F CGTTTCTGAACTAAATCTCT
J-M1R1 CCTCTCTTCCTGACTATGTTGTA
J-M1R2 TTTAGTTCCATCTTTACGCCCAG
J-L1F TCCACTCATCATTTTTTTACTGC
J-R5R CTAGTAACTGGCTTGCATCTCC
J-R6R AATGTGTTTCCAGTGACWGTGCT
J-RO9R TCTTTTCTCTGTCTGAGTTGCTA
J-5000R CATGCTCACTCTCTTAATACCTC
J-5100R GCTAAACCCCATGTAGAAAAGTTG

73.71%H162.87% 0 54 BHE B BEI 7 2 146 2]
S9N ILAS A7 5, Ho AP ORF & 45 38 ANl AR S 47
R W AR IR 22 5, KRB IR AR a8
NG TR IRIEAL A7 R, A 5N 15 A G i
X, 164 T3 AEgm it X . H#E 2 5o (0] 5 51) 22 5%
TR EE S R,

10 .12

Oxytricha sp. (Z))/MZActin 1 BN P HIKE
1775 bp. I 5 KAZ P B LR o 1/ R A
H8MNIESsHONMMDSs# . 1ESsFF 4K E 4
11—79 bp, MDSs) ¥ #1145 24 19—583 bp. MDS/IES
LA 5—13 bpM4aEF EE P41, 8N ESsHIh
B AT 41(68.00%—100.00%)(% 4). MDSsH%
3-4-6-5-7-9-2-1-8 [} il - HE A1, HorhMDS24 {5 &
HEFN(E 1),

BT REREHNINFI K Actin T HEH
J7 A 43 ) DU 6 (B 4a)), Oxytricha trifallax -
O. fallax5 O. granulifera Ul = S5 HE N —,

HASMUFIO. longa O. sp. (Misty). O. nova. O.
sp. (Aspen). O. sp. (ZNFEH—Z.
2.2 Oxytricha sp. (ZJ)BI K. NZa-TBPEE L
HIFFE

Oxytricha sp. (Z)) ) K% a-TBPE:H 4Kl
2140 bp. A 5495 FEMR FIORF, AT it
$953.56%.  S'FI3AEGmAL X 1) 5 F1H 4399 170 bp
(/\20 bpii B 41 A1438 bp (520 bpii ki /7 41)),

T4 RS M 0 74.83%M166.50%. 3 5 i A %™
tl:is‘t HH—ADNKEN53 bp. B HAT (77.36%)I1)
W& TIEA . SANBHE v B W e 82 oA il #1074
B AR S A7 5, L ORF & A 494N Bl B AR S A7 4,

1 2 34 5 67 8 9 11 13 14
Primers
a-TBP-F/a-TBP-R
AP2 (C) /J-R1
J-M5F2/AP2 (C)
1 3 5 70911 2 46 8 10 12 13 14 .
Primers
12 3456 789 10 1112 13 J-MSF2/J-M2R
J-MI1F2/J-14R
J-MOF/J-M8R1
J-M11F/J-M10R
J-19F/J-R (2133)
J-M1F2/J-R1
J-M1F2/J-R2

Kl 2 Oxytricha sp. (ZI) K+ /MZa-TBPIEINGEMY . 5147 & X343 IPCR= )R =K

Fig. 2 Schematic illustration of macro- and micronuclear structures, PCR primer locations and products obtained in Oxytricha sp. (ZJ) a-

TBP gene

12 5791113151719 21 23 2527 29

intron | intron 2 6 810121416 18 20 222426 28

30 31

H Primers
Pola-F/Pola-R

1€ 0¢ 6C LT ST €T

AP2/J-R1 (DPa)
J-F4 (DPa)/AP2

2
Primers
61 LT ST ELIT 6 L S

J-M32F/]J-MIR1

Kl 3 Oxytricha sp. (ZI) K+ /IMEZDNA pol o3ER 458 5I1YI0 B KRG IIPCR MR & &

Fig. 3 Schematic illustration of macro- and micronuclear structures, PCR primer locations and products obtained in Oxytricha sp. (ZJ])

DNA pol o gene
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4 Oxytrichasp. (ZJ)/MZActin | EEHIMDSs, TESsK 355551
Tab.4 Characteristics of MDSs, IESs, and pointer sequences in Oxytricha sp. (ZJ) Actin 1 gene

MDSnf K J&  MDSnHI(n+1)[F] HF&%Er 741 MDSifIMDS;j I‘EUIESH@J&Ez IESs AT &

MDSn Length of MDSn Pointer sequence between MDSn and Length of IESs betvxfeen MDSiand  IESs AT content
(nt+1) MDS;j (%)
1 196 ACAACAAACTTGC 3—4 79 79.75
2 35 ?...GGCTGG 4—6 30 73.33
3 338 TCTCT 6—5 68 83.82
4 583 CCAAGTCAATCAA 5—7 30 80.00
5 19 TATTRCCAGC 7—9 11 100.00
6 139 CTGAGCAATCA 9—2 21 90.48
7 87 TTAACWATTTR 2—1 26 80.77
8 ? AGGTGG...? 1—8 25 68.00
9 99 6—8

E: MDSSHIESsH AR S T — 85 LR EHY 41, A [ sg B [RR B 5 91 4 22 5 T HO P AR OR s W) S A QR BUE 20 511 T8

x

Note: Length of MDSs include pointers on both ends; IESs exclude pointer sequences; Use degenerate symbols reflects differences

between clones; Question marks indicate undetermined information

AR

Oxytricha longa
Oxytricha sp.(Misty)

i
Oxytricha nova
Oxytricha sp.(Aspen)
Oxytricha sp.(Z]J)
Oxytricha fallax
Oxytricha trifallax

Oxytricha granulifera

Kl 4 T dctin T EEKFHIRER) DU (a) S Actin T 3
SRR 22 18 (b)

Fig. 4 Baysian trees based on the sequences of Actin 1 gene (a),
and evolutionary route map of Actin 1 gene structure (b)

W RN G FEIR I 22 5, A5 B I AR 5l e L5
AR R ORI AR A 0, 2 TS R GRS X
S3AMAL T3 ARG AL X, 3L TN

Oxytricha sp. (Z)/MZ%a-TBPIEK 7 51K J& Fy
2562 bp. I KL A LA E 12 /MZ R
13 TESs A 144 MDSsZ i . TESsF 51K &k
16—71 bp, MDSs/741 K 54 13—731 bp.  7EMDS/IES
RN 5—11 bp 4R EE P 13/ 1ESsH?,
FRMDS1/MDS3A] (AT 7 54K AM(52.38%), HiAh
12/MESsHN & & ATIF51(62.50%—87.32%) (%
5)e MDSs#% [ 1-3-5-7-9-11-2-4-6-8-10-12-13-141f]
IFFHER, b5 2T EUMDSs S5 bk 4 8 £ IMDSs
& FIEEAE— (K 2).
2.3 Oxytricha sp. (Z)HI K. /NZDNA pol aZH
LEMIFFIE

Oxytricha sp. (ZJ) K#DNA pol aJEH 2K

5118 bp. A HiiG1534 M2 SR IYORF, AT
WAN62.15%. A KJE 73 5 2496 bp (intron-
1)#149 bp (intron-2) )N 1, ATE 551 74 71.88%
F169.39%. S'FI3"EGmAD X (1) 51K B 43 5l 4y 158 bp
(720 bpifit ki FE51)F1216 bp (420 bpiii ki FF 1),
ATE BB HT1.85%F174.09% . 54> B v e il
J7 BRI 205N B AL A7 AL, T ORF &
184/ IEAR A 157, V5 3O IEIR 1) 22 3¢, A5
N TEAR BTE RAR o Tl (IRIEAR S 05, A1
S TS ARG G X, S T3 AR gw g X, 8N
Fintron-1, 37 Fintron-2.

C.3k 15 Oxytricha sp. (Z)))/IMZDNA pol otk
R BCK 2068 bpe G154 E & AT
(62.50%—90.91%) [{ITESs, 1442 Wi dia &t 41
[ 52 #EMDSs (5-7-9-11-13-15-17-19-21-23-25-27-
29-30)(% 6), L2/ NMDSs (2F132) 35 4 X 42K
Ik E T 5134 MDSs (1-6-8-10-12-14-16-18-
20-22-24-26-28) I B (A F FrEHIT A1), 1857
H1 HBEAE AT )3 NMDSs (29-30-3 1) [R) # fff 5 H ok
(Kl 3).
3 iTig
3.1 REHRBE/NZActin | EEMELFER

Actin 1 FERJEE BB B b B R BRI EL
Y, HATRE DB A M Actin T 3R S5
MR G5/ Oxytricha trifallax O. nova-
O. fallax. O. sp. (Aspen). O. sp. (Misty). 4
Hogan 2! i 19 5 25 M Actin T JE DR 45 ¥ ¢
bk ek, REHEN MZActin T FERELFHLK 5
KWL O. sp. (Misty) 5 Stylonychia pustu-
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& 5 Oxytricha sp. (Z3)/\M%a-TBPE E BIMDSSIESs & 1551 751
Tab. 5 Characteristics of MDSs, IESs, and pointer sequences in Oxytricha sp. (ZJ) a-TBP gene
- SR 7 T i K
Mpsa VDS e DS Lengih o [ESebetveen DS JESSATA R
gth of MDSn and (n1+1) and MDS; IESs AT content (%)
1 223 GGTGCAC 1—3 21 52.38
2 282 GTCTYGTA 3—5 33 72.73
3 35 ATTCACA 5—7 29 68.97
4 22 ATTAGAGT 7—9 42 78.57
5 158 TCGCWCATTC 9—11 16 62.50
6 27 AGAAGTC 11—2 50 86.00
7 13 TGCCACT 2—4 20 65.00
8 173 TCAAGCTTAA 4—6 45 73.33
9 21 AGTTTT 6—38 19 68.42
10 48 CTGGTGA 8—10 30 76.67
11 26 ATCAGCTACTT 10—12 25 76.00
12 28 AAAGT 12—13 34 85.29
13 731 TAAGTRAT 13—14 71 87.32
14 312

1:: MDSSHIESs I BE#EL4E T — 8 DURFREH 77 51; AR e BE (R 485751 (1 22 53 F AT AR
Note: Length of MDSs include pointers on both ends; IESs exclude pointer sequences; Use degenerate symbols reflects differences
between clones

% 6 Oxytricha sp. (ZJ)!\#2DNA pol o Z£[E F EXMDSs, TESs & 15§ 551
Tab. 6 Characteristics of MDSs, IESs, and pointer sequences in Oxytricha sp. (ZJ) DNA pol o gene segment

MDSnfil(n+1) Al 354751

MDSiFIMDS;] I TES K &

MDSn Lle\:/rlllgt?lnoﬁgl\{//?]%n Pointer sequence between MDSn Length of IESs between MDSi IESiE:"T" éc};l?;r% %)

and (n+1) and MDSj
2 ? ? 2—5 24 62.50
5 39 ? 5—7 22 77.27
7 85 ? 7—9 11 90.91
9 70 ? 9—11 17 82.35
11 39 ? 11—13 20 80.00
13 55 ? 13—15 26 84.62
15 32 ? 15—17 5 80.00
17 101 ? 17—19 42 78.57
19 86 ? 19—21 17 88.24
21 100 ? 21—23 14 85.71
23 82 ? 23—25 31 83.87
25 40 ? 25—27 14 85.71
27 97 ? 27—29 50 74.00
29 418 AACAT 29—30 43 79.09
30 160 TGAAGAA 30—31 85 82.35
31 ?

7 MDSsHK BEALEE T W I FR AT 1; IESsHIK EAR S EFA; 1 SACE B TS iE/ e

Note: Length of MDSs include pointers on both ends; IESs exclude pointer sequences; Question marks indicate undetermined

information
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Fig. 5 Schematic illustration of macro- and micronuclear Actin 1 gene structures of Oxytricha sp. (ZJ), O. nova and O. trifallax (reference

[10]

DuBois, et al., 1995 )
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Ladder represent telomeres, black dots mark the pointer of start and stop codons

MDSsl 3 5 71012 2 468 9 1113 14 15 16 17
O. trifallax
IESs1 2 3456 78910 111213 14 15 16
MDSsl 3 5 7911 2 46 10 12 13 14
0. sp. (Z))
TIESs] 2 3456 789 101112 13
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Fig. 6 Schematic illustration of macro- and micronuclear a-7BP gene structures of Oxytricha sp. (ZJ), O. nova and O. trifallax (reference

Prescott, et al., 1998[15])
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Fig. 7 Schematic illustration of macro- and micronuclear DNA pol a gene structures of Oxytricha sp. (ZJ), O. nova and O. trifallax

(reference Hoffman, et al., 1997[17])
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Fig. 8 1ES to MDS transformation during Oxytricha sp. (ZJ) evolution
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EVOLUTION OF THE SCRAMBLED PATTERN OF THE ACTIN [, A-TBP AND
DNA POL A GENE WITHIN THE GENUS OXYTRICHA (PROTOZOA,
CILIATES)

YANG Ran, CHEN Tian-Bing, HUANG Jun, SHI Wen-Jun, OU Shu-Qing and YI Zhen-Zhen

(Guangzhou Key Laboratory of Subtropical Biodiversity and Biomonitoring, School of Life Science, South China Normal University,
Guangzhou 510631, China)

Abstract: Genes in the germline (micronuclear) genome of protozoan ciliates are interrupted by multiple, non-coding
sequences called internal eliminated segments (IESs) and macronuclear destined segments (MDSs). In the micronuc-
leus, the MDSs are not arranged sequentially but scrambled for some genes. Studying scrambled gene structures will
provide a better understanding of the molecular mechanisms of its evolution. In this study, we compared the complete
macronuclear gene sequences and complete/incomplete micronuclear gene sequences of Actin 1, a-telomere-binding
protein (a-T7BP), and DNA polymerase a (DNA pol a) of Oxytricha species (Oxytricha sp. (Z])) collected from water
samples of Huguang mangrove in Zhanjiang with those of other Oxytricha species, and had 3 major findings. The
scrambled patterns of the micronuclear Actin 1 gene in O. sp. (ZJ) were similar with those of O. nova, but shown signi-
ficant differences with other species in genus Oxytricha. We revealed that the shifts of MDS-IES junctions between
scrambled MDSs are not more conservative than those between non-scrambled MDSs, which is inconsistent with a pre-
vious study. The scrambled pattern of micronuclear a-TBP gene in O. sp. (ZJ) is same with that of O. nova, and the
lengths of their IESs of these two species are also similar. The scrambled pattern of micronuclear DNA pol o gene in O.
sp. (ZJ) is different from any of the previously reported species, and it is only somewhat similar to O. trifallax.
Moreover, an IES transited to MDS was observed in DNA po/ a gene, which caused the missing of its original MDS.

Key words: Oxytricha; Scramble gene; Macronuclear destined sequences (MDSs); Internal eliminated sequences
(IESs); Actin | ; o-telomere-binding protein (a-TBP); DNA polymerase o (DNA pol &)



