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Abstract: Euplotids are the most complex and highly differentiated group of ciliates. In order to further ex-
plore the species diversity of euplotids, the morphology and morphogenesis of Euplotes aediculatus, col-
lected from Small West Lake of Qingdao, were investigated using live observations, protargol, and silver ni-
trate impregnation. Based on the detailed morphological and morphogenetic data, the small subunit ribo-
somal rDNA (SSU rDNA) was sequenced for E. aediculatus. The species is characterized by the following
features: nine frontoventral, five transverse, two left marginal, and two caudal cirri, eight dorsal kineties, and
a silverline system of the double-eurystomus type. The main morphogenetic features during division are as
follows: (1) the oral primordium of the opisthe develops de novo within a pouch beneath the cortex, the pa-
rental adoral zone of membranelles is entirely kept by the proter; (2) fronto-ventral-transverse cirral anlagen
(FVTA) II-VI form cirri in the mode of 3:3:3:2:2; (3) frontal cirrus I/1 of the proter and opisthe is generated
from the anlage formed de novo; (4) marginal cirri anlagen are formed de novo; (5) the primary dorsal kinety
anlagen are from the dedifferentiation of several bristles in the middle of each parental dorsal kinety; (6) the
right-most two dorsal kinety anlagen and parent dorsal kineties contribute to two caudal cirri for the proter
and the opisthe, respectively. All of these features showed the high conservation of the ontogenetic process in
the genus Euplotes. Sequence comparison and phylogenetic analyses based on SSU rDNA revealed a close
relationship among Euplotes aediculatus, E. eurystomus, E. amieti, and E. woodruffi, which is consistent with
their similar morphology.
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al, 2015; Qu et al, 2015; Dong et al, 2016; Li et al,
2016). £FEHEEMLIILIHES . 27 AR FRZhAER
P B AZ 25 0 DL R KR (A AR i s (A AR ),
i A N E BB ARG A2 8L 2
AR S 25 DL EAK AR ) 1 RS RN A S A L A
B 7T E (Corliss, 1979; Lynn, 2008; A1k %,
2009).
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(5'-AAC CTG GTT GAT CCT GCC AGT-3")#118s-R
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(Medlin et al, 1988). PCRY H#4)5, F=¥E EI&M 7
N &I (Yi et al, 2009).
14 DFRBEFSH
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Bl /PERFEMREER. ERARFERRZJAFEHES. A BREMKERY,; B. C FEEXEEB)FAE®E(C)M; D.
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Fig. 1 Morphology of Euplotes aediculatus in vivo, after protargol and silver nitrate impregnation. A, Ventral view of a representa-
tive individual; B and C, Ventral (B) and dorsal (C) view of the infraciliature and nuclear apparatus; D and E, Silverline system on
ventral (D) and dorsal side (E); AZM, Adoral zone of membranelles; CC, Caudal cirri; CV, Contractile vacuole; FVC, Frontoventral
cirri; Ma, Macronucleus; MC, Marginal cirri; PM, Paroral membrane; TC, Transverse cirri. Scale bar = 100 pm.
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B2 NEERF MRS EM . A-E NEFHMMREERE R, F, G EERERRA; H, |1 RIEFERE. A BEANME
FEEX, &7k TOUREH; B, C: RRI/MAREW A EAE, BEIS KIETMAEE, TREKEREHEMK; D: THRIAEHE
BESEMENEERRR; B AARHEEY, TEREMPNMERE; F, G SERAXREEFMEZTEG)M; H, |1 BEEH)
MEM()RE R, HEE KIERH4EE. tLFIR: 100 pm.

Fig. 2 Morphology of Euplotes aediculatus. A—E, Photomicrographs in vivo; F and G, Photomicrographs after protargol; H and I,
Photomicrographs after silver nitrate impregnation. A, Ventral view of a representative individual, arrow points to collar; B and C,
Ventral views, showing different body shapes, arrow in picture B points to contractile vacuole, arrowheads in picture B point to ribs
in the back; D, Dorsal view, showing the cortical granules arranged around the dorsal cilia; E, Posterior portion of an individual,
showing the caudal cirri (arrows) and the left marginal cirri; F and G, Ventral (F) and dorsal (G) view of the infraciliature and nuclear
apparatus; H and I, Silverline system on ventral (H) and dorsal side (I), arrow in picture H points to contractile vacuole. Scale bar =

100 pm.
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JEF BTG AR B EBORL, KA1 pm, 7-91H
—H#, BHRREY BT (E2D). B4
WAL T A RO E N 7w Ab (B 1A, E2B), &7
TR EARL25 pm, FFIKREFEIZ190 s, FFHIRESAR
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L THT £ 2k 2 T DA 4 Y T 11 A2 e A RSB 11
A M(E2H).
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Table | Morphometric characterizations of Euplotes aediculatus from Small West Lake of Qingdao based on protargol-stained specimens

FF{E Character BR/ME RKRME F{E E i TRARE MR
Minimum  Maximum  Mean Median Standard Coefficient Number
deviation of variation of cells
&K Length of body (um) 115 142 128.3 129 7.25 5.7 20
fA%E Width of body (um) 76 101 922 93.5 6.28 6.8 20
XK Length of adoral zone (um) 79 98 86.3 86.5 4.74 55 20
P15 /N4 H - Number of adoral membranelles 47 55 51.1 51.5 1.90 3.7 20
WIEHEESH Number of frontoventral cirri 9 9 9 9.0 0 0 19
B2 H Number of transverse cirri 5 5 5.0 5.0 0 0 20
ZEZH Number of marginal cirri 2 2 2.0 2.0 0 0 20
FMEHH Number of caudal cirri 2 2 2.0 2.0 0 0 20
HfimEF% Number of dorsal kineties 8 8 8.0 8.0 0 0 20
g ik B 51 B AR B H 21 26 21.9 21.0 1.36 6.2 20
Number of dikinetids in mid-dorsal kinety
oIy E L SEPIIRER S i ds 15 23 18.5 18.0 1.73 9.4 20

Number of dikinetids in the leftmost dorsal kinety
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WREREE, JHHEEMES Wit s), T2
A1 E (E3G).

225 1%8

KILAEA ML R A FE v, BT A BB — 1

R BEAR “C BT i F PR AR (BI3E, F); 4R



554 4 ¥ % B ¥ Biodiversity Science 05 %

B3 /MEHFMREMREAEMAMRES FHEMBE. AT KERRME, TEFRORELN, EEKTEEFROE-E-
BRERE, B RERFHMEEEY, EELTH-E-ERERBBEAFFRLENR, KEELATHRFHRINGRER
&, C REPHNMAERN, TH-EHRERENRTBRE, B kT EFROREN—REERE, KELTER
EREFHBMREAEHRE, D: RERPHANMEEN, EELTHEANEMERE, E REFHMEEEN, =8k
TE-EERERBRUBERTHFFRIR, KELATRRFRFNGRE, F: RERRMEEEN, B LRAEFHE
HEE, KELTREAN—RFERE, KNXZEBK, G RERAMEEM, &L TIFRAERNERE; H:
RERPMIEEMR, THEEREERAIBZERENMNE, AZARLKENSH. DKA: EMERE; LMC: £458%E; Ma
K% OP: FfFHRORE; UMA: EafREE. thFIR: 70 um.,

Fig. 3 Photomicrographs of Euplotes aediculatus during morphogenesis after protargol impregnation. A, Ventral view of an early
divider, showing the oral primordium in opisthe, arrowheads mark the frontal-ventral-transverse cirral streaks of both dividers; B,
Ventral view of an early-middle divider, arrowheads show the differentiation of frontal-ventral-transverse cirral anlagen, arrows
marks the marginal anlagen; C, Ventral view of a mid-stage divider, arrowheads demonstrate the leftmost frontal cirrus (I/1) in both
proter and opisthe, arrows marks the differentiation of marginal anlagen; D, Dorsal view of an early-middle divider, arrowheads
show the formation of dorsal kineties anlagen; E, Ventral view of another mid-stage divider, arrowheads show the differentiation of
frontal-ventral-transverse cirral anlagen almost complete, arrows point to the new marginal cirri of both daughter cells; F, Ventral
view of a late divider, noting the macronucleus become a short strand, arrowheads show the transverse cirri, arrows mark the leftmost
frontal cirri (I/1); G, Dorsal view of another late divider, arrowheads show the newly formed caudal cirri in the proter; H, Ventral
view of a last stage divider, showing cirri almost in their final position and the division of the macronucleus. DKA, Dorsal kineties
anlagen; LMC, Left marginal cirri; Ma, Macronucleus; OP, Opisthe’s oral primordium; UMA, Undulating membrane anlagen. Scale
bar =70 um.
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K TAEHTIF 0/ e A b B SSU rDNAJF 51| 541
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6370: - {podiophrys ovalis GU477634
-Paradiophrys zhangi F1870076
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B oRmina EFE(100/1.00), “*" R R EHT 5 R X IUARRINEERE . LHIRKZBI0MEEML SR AEMEEEK.
Fig. 4 Maximum likelihood (ML) tree based on small subunit ribosomal DNA sequences. Newly characterized sequence in this
study is shown in bold. The numbers at the nodes represent the support values of ML/Bayesian inference (BI). Fully supported
(100/1.00) branches are marked with solid circles. Asterisks reflect the disagreement between ML and BI. All branches are drawn to
scale. The scale bar corresponds to five substitutions per 100 nucleotide positions.
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Euplotes aediculatus FR873712 AAL - e e e WAL . .
Euplotes aediculatus X03949 AA 5,60 000,000 0 0.0 = "boo0o0o0o00 A. ©
Euplotes aediculatus AJ305253 AA. - 0 oo = 5000 coc A. -
Euplotes aediculatus AF164136 ANG=cooo coocoooooo = Goooooo A -
Euplotes aediculatus AF508756 6MNo =6 0600 000006600 =" 5 600000 A.. ...-
Euplotes aediculatus XX000000 - AATT.C.. ..... GCCTT ..AAGTCAGG CCC-

El5 74-Euplotes aediculatustgf & 1°E. eurystomusfiZ£BISSU rDNATSE Z F LR . HER R EHEERAMNE,

RESBC)RT, X —BAEER()RT-

Fig. 5 Unmatched sites from SSU rDNA sequence alignment of seven Euplotes aediculatus populations and one E. eurystomus
population. Numbers indicate the positions of nucleotides in the alignment, missing sites are represented by dashes (-), and matching
sites are marked with dots (.).
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31 HEEFHR
311 PEEFFNEE BT S H R EEAY
ANl A A5

NI A R IR K AR 85 TR L B T A I PR S
2, 2L HEIZ A AT T OB (Pierson, 1943;
Tuffrau, 1960; Pierson et al, 1968; Carter, 1972; & ZE
SRR SR, 1999)0 ASCH /N4~ T B MpaEes
T IRIRGE, RN B A AL
(ERRLORETE, MBI, & s E T 65
BE L, DX AGHER/NE SiBeC iR,
AEBE)SEAMRE e — 3, K AR L
€ /N TEA S L

AP HE 5 T3S R B A 1 LA T 1 152 T ik
B W IRE RFERE A = —F, A
B X5 E AR 5 Pierson®%(1968) 4R 18 Y5 [EH 5
B2 PR 36 [E AR R R B AR L, AFMEERE 2 O
Bl W5 /N (47-55 17 vs. £940)7); PEIE sl FZR 41
(1999)4IE T BilgPhfE R4t T4k AEE R, &K
FhEE S g AR ) DX AE T AMA KN (150-170 pm
x 100-120 pm vs. 120-130 pm x 80-85 pm) M I
W /NEE(A7-55F vs. 40-50/7). HIARIWFTEIAN
Tuffrau (1960)LA M Carter (1972)FK3E ) LARE 1354 b
HORZRIRREE, BRI N R B (Pierson et al,
1968; Curds, 1975; DEIEXKAIZRLL L, 1999), AFPEE
5 Carter F B 1 3 2 X 51 7E T A% Bl BE A4 F K
(150-170 pm x 100-120 pm vs. 121.5-135 pm x
73.5-85.5 um), {Hh[a] — %13 fih & B A kR D
(21-26 vs. 28-31), H.CarterfRi& I3 MNFEE, HE
ISP B 8%, SIRATHIFREEARIE, 37k
2N PR Rl B E 951 o ERARANHIE 5 (A 5 AT
N FE BIFPEEAAR RN 10 R /NS H R 22 57,
R & T FhBE ) 22 5, DRI R
312 S5RERNHEIAMMESE LR

20t LT HALARY, 1EE A DUARRL R/ T
B M TH R SR B4 R K (Kahl,
1932). ZJ&, ARG EFIARNR Gt 72 R B
FHEABIERESE . DREARAVNESE . ¥
fik BANEL. RAZTARFNAR LR 22 A =5 B 1) 3 b
(Tuffrau, 1960; Carter, 1972; Curds, 1975). 1T 51
T Z AN BER H . A /RS EYE

B, JF H— SR A A BB R AR R . RN i
ERH . HhlEI SR, XA
J& By RAFAERRR FRELAT A . B AT, BN E A
Flt 2 15 70 4% Fh (Tuffrau, 1960; Curds, 1975; Sy-
berg-Olsen et al, 2016). JEZFHEMAFRIHETEAL T
AN HOAN [ERE P i 1] 22 e, JHG o R 4 5 A
HRA R IR R AR HEE HARE B IE] X A o B
Jis e A b sz Ak, H ORI k6 Al double-eurystomus
RUAR 2 R IR K AR e Ab OB A7 48 30364
(Euplotes amieti) i H i Ah By AR A HU(E.
woodruffi)Fl1 25 7L iiEA b HUE. finki)o /MEE#A B E DL
TNRHE R 53X 4R B X 53 (R2): (DTG AR AN G
o J5 I A5 B A D ) 22 P IR,
T R 1 A D HORD 3 S A | e oy s B —figg 1)
WA )8 RS MR SR, W kE A
MRS BRI R, G)EAE5I 8%,
i DA dUR8-1241, 3L Ab LA 12-15%1, i
AN HH9-10%1, S5 5aipAb AT (4) KIZTE
REARC B B A BFAE — MR, T RE A de3”
FR, AR RPN BT 8y R, 25 saiiEAh Bl
“C”E]“J" R (Curds, 1975; Foissner, 1982; Dragesco,
2003; Dai et al, 2013; Liu et al, 2015).
32 YMRREFIR

NETEAN RS F IR IE BREZ, (H2
P SE R AN R 21 £2.(1999) ) b ik 5 1l AP e SR A1t 1
RAE AT R AR IE RS /e A b HUR By N TR AR G
PEATE AR S K AR RN E, A AERE
JIE S S A B 41 $ (1999) ik 18 11 b3 4 1l AR EE 1)
MM R A SRR — B, XU AN B AR E
(1) A AR

TeAb s N R30I KA A RE, &
KA B R, B 200 A
JEESE A R B, EH AU AF Hu gk Ja A o 1 ) e s
KRBT HEERE); a7 RE 8 1 3EREY
RIFE TS A W S, e G iR R T e AR 5
(Washburn & Borror, 1972; Ruffolo, 1976; Shao et al,
2010; Fotedar et al, 2016). /NE 74 b HUAH i & A= 1 A2
i DA BB A b g A AR BR, BN &
Tt Z )R AR 2 R AR AE AR B ZE 57 - Shao%5(2010)
ARG BGRB8 H HEA i
A U 1) ke A2 28 4y 952K raikovi Y | orientalis?
eurystomus®! . affinis®! flcharon, H4E EHE R
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TR T7 20k R A 2R 4y 39 focardii B . vannus!
Ficharon o 177 /I s Jife A I e 20— 15—k = Jir ik 1) T
R 2N B A () eurystomus B, BV FVT JR % DL
3:3:3:2277 T 2, A DIOMRAURE . SHRBE
CBREVI2LEV2HE 5 7B, R s A
AR ZH R focardii Y, RIAT. JE AT HOA &AM
I S EEE G T & AR R MR, TR R
BB EEE. ST RN = A 5 A g
BT TE AR, I B 2 W R TR T JE A U2 AR 2%
R, MAETZE AR, fla: B
1 (Euplotes rariseta) {7 4= 1 R Z ik £ (Ma et al,
2008).
33 REFEFELE

Borror F1Hill (1995)4R 41 7 |2 45 #4) (HR 2k &= 2%
Ry WA Giit 2 s DL R OR AR AR S i
AhHUE 2394/ J&: Euplotes, Euplotopsis. Euplotoides
HiMoneuplotes. 1H & kil 7352 2 J5 1) R S8 5T
SESRSE(Yi et al, 2009; Jiang et al, 2010a; Di
Giuseppe et al, 2014; Chen et al, 2015), KILHW I
R VCR AN 8 1 B R I B — ()04 b B (Liu
etal, 2015), AR TAERIZ T RS0 Bt SRR A5 .

#:T-SSU rDNAFAIE BT 7>+ RGH i
N, DA RGN R R R LK
TEAh HURAE— 2 . X 5 BN A ZHE & — 801,
B #E 2 9 M 451 i 6k =& AT double-eurystomusZi 41 £k
RIRKAAN R H2 B ETOA 275 B MiE O
WA AN s e A S O TR IR A & B RN —
X (KA. Tt I7 i, /N R RE A B
MERAN A, FEE. HIHRERBEAETT
A V2 AR Z Ak, B, K PLRIX PR A Fhvss B
TR, WIHTSCHE K f Tuffrau (1960) L K Carter (1972)
W/ A b RS SR AR TE i FE A L. Pierson%§
(1968)$ it () TELH T A 22 BERRIE I 1 /sl 4 b d A
F A J A X3 (1) 11 B s 2N BT R (2 B B
WL vs. BIRS ARG A 2 ), (2)80
REFICAIE vs. W), 3)F RFFIE(E 651 W] &
R vs. TEHIEMZE); (4)H Bl 25 fiE—R
MOBRE PR B (BUR vs. k), (5) KREZIEIR(EG
OB, A EEA—MPBE vs. “37F &) . Curds
(1975)« P RE AN BR LT 16 (1999)H X% 3 24 1 [X ] i
TR

AR TAEW I HK B GenBank 16 2% /N s JiE 4 b Ht

FEA, 47 3R B R G5 o M 80E 4R X R
(Sogin et al, 1986; Petroni et al, 2002; Hewitt et al,
2003; Vannini et al, 2012). X6ANFPFESATRE L1954 b
H(AF452707) % N—3, SSU rDNAJF I L 7R
EAT SR DA R (AF452707) 7 BIAR 23483, . 4
AN AN 3AN S, 15 FRATT R A 22 19294
BEE(EIS). BT 26 MNP HEER A KX RIS
A5 R, BN AN SRR DA R R 2 R
W, IR (D) Z6 APl G R %
() 1954 D HU(FR8737124 AJ305253. AF164136.
AF508756. X03949)al7 HoAt AR F1A(EU103618); (2)
WAL 6 PUEE 5 AT T8 A (075 s Ui A b SR A T
A EAREX 4y, WA AT GE /N A AT TR BR B Fh
(Lahr et al, 2014). fRIBE K] 72, GenBankH 1) T [
P AN AR A X RIS A5 8, 80T Xt
X2 AHALFR AT U R B, Rk T 5 BT
A2EAE B A B SSU tDNARI 4115 Bk
A BT R PR L -

B R R AR BRI AR ST B i S B |

S5 3k
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