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1.2 EEFEMR

B N AR MR E SR EA B R T
B TR R, R A T (100x—1000%)
Mg bk R/ B, TR 1837 SR
G5V S5 PR AL o SR P R R e v R A AR
=M B, 4 BI3RA3 P, primaurelia®1 T. mimbres
A1 B B A% 28 R AR S5 . BbAh, B IES
ik PA2% % 5 H i (PFA) [ 2 40 i, £0.5 pg/mL
DAPI(4', 6- )k 5= -2-2K H 5] W) A% B2 e el L £,
RGBT e, oW 22 K 31 1R 2
R 5 #4085 (Nikon EC-LIPSE 80i). %%ty KA
& & 4 Lynn(2008) .
1.3 DNAREUFAIPCRY 1&

B — W INMZ HJE HL(P. primaurelia) F1E A0 55 #r
VU H(T. mimbres) FIDNA$ZEEUF] FJREDExtract-N-
Amp' ™ PCRIR A&, FI FH 30T A 45 Tl PR B/ 8 £
T. mimbres M P. primaurelia?fli i, 2 7518 /KIE VL
WG, TONPCRAE 4 AR S 18 B T 1, R
M DNA(www.sigmaaldrich.com). PiFR£f & HSSU
rDNA T B3 486 ) FH A% A= 4038 i 514 18S-F: 5'-
AACCTGGTTGATCCTGCCAGT-3'F118S-R: 5'-
TGATCCTTCTGCAGGTTCACCTAC-3""); P.
primaurelia COX | B[R4 38 H|H 51 #IF199dT-B:
5" TGTAAAACGACGGCCAGTTCAGGWGCT
GCMTTAGCHACYATG-3'#IR1143dT: 5'-CAG
GAAACAGCTATGACTARTATAGGATCMCCW
CCATAAGC-3"; T. mimbres COX | X 4 1 5]
F 51 %IF298dT: 5'-TGTAAAACGACGGCCAGT
GCNCAYGGTYTAATNATGGT-3'HIR1184dT: 5'-
CAGGAAACAGCTATGACTADACYTCAGG
GTGACCRAAAAATCA-3"™., PCRJG, ¥ /=¥ &
LI A=A .
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B AE K 10008 AT 4R . T 7 (B A
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M MCMCHELLIE 71000000048, 451004 HUR:
1R, BT T0000KRA & 7, Fol A% B FHI oK T 55 S8 1R
%, [FIMEGA 6.0% {3 "

2 %R
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E—D). FXA; T HARMEHHHER T-A F.
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WORL SRfAM i E(EM 1 -Av E—I). K#%
—A, BEEDE, A7 T AR R 8, 2940 pm; /MEZFAL,
FEIE K%, 292 pm (B T -A R). 4P,
a3 T BAR R S A S SR T -A H)o AL E%
55, K216 um; L HREAEBRE R, LT Rk
5, K215 pm (B T -1). 8315 XN Sk K
Ve Tk, ANEEFE K R AR

1A Z)%4160—80%5(K i 1-B, C,J, K), il
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Tab.1 Morphometric data of Paramecium primaurelia

N /MHE

bR 25 Standard 4% 53 & $( Coefficient of 4MA&E Number

-/ SZ A s
Ak Character Maximum Minimum P3fEMean  HfHiMedian deviation variation (%) of cells
{AKBody length 196.62 144.77 173.84 166.32 16.46 0.09 13
14 % Body width 98.57 56.81 79.20 77.44 12.15 0.15 13
N RS
Macronucleus 47.84 33.36 40.49 40.10 435 0.11 10
length
A
Macronucleus 50.16 29.27 42.40 43.64 6.09 0.14 10
width

T Bk B RS (R SRR ARG B O 88); B pm

Note: Data from living body prepared specimens (body length, body width) and protargol impregnation prepared (macronucleus length,

macronucleus width) specimens; Measurements in pm
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JEE(P1. P2. P3)F1— H IMAE(PM) . = F /)
JIE 15 F DO ) B 3 B 2R, PP 51 B JE R B, PG
TP2, PR3 (B 1-Dv 0—Q).

2.2 PR BHTUE R (Tetrahymena mimbres)HI
SEHR(ERM 11, & 2)

TR Z1(35—50) pm x (15—25) pm, 250 [F ¥,
A AN, fE e (B 11-A. E—H), K34
201 IXEN, A TR G 1 /44, 29 AR Kr
1/5—1/6. H4EK6—7 um; B EHEEHY], K
4—5 pm (B 11-A. F—H). dAiR IO EK A
S BN BEATL 2 A ) 7 0 4 B ) e (B AR
213 um, EIR 11-A. E—H). KA, BRI G0
[RTE, EARLI10 pm, A7 T35, Jo/Mx (B R 11 -
D)o gy —A, AL TR 558, HARZ6 um, {45
29 1min (KR IT-A. H).

WENFFN16—18%1, Y HEF, FEi B AR T
EBENEE, REEHEME(ER 1T-B. C.
J—N)o DX AGAH B S48 6 28, i 11 X R i 2E {42
BT EEBX (B 1-B. J. M). 531541
(PK)YP %, L5 ah3E5101 (PK )4G0 s )7
B, 05 A = A R o S BhFE 1 2(PK2) T 46
T U0 RS, A e & AR R (BB IT-BL T)o
1 D0l 5 AR 57 AT, 0 DX P Dy i 7R e g i =y
i, B A O XMEML. M2, M3) & — F EHil
JEE(PM). MI1BEKTM2, M1 5M23E 7147, ¥ =
BISFAT BB R AL Bl MBERE, FERIE LR . 1
MRS 46 T M2 I o, [l 58 = /IR IA 2 28 11 X
(AR 11-D. 0).
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AW 5T 5 Fh £F B AU SSU rDNAFICOX T #:
K7 41 L3 A2 22 GenBank 545 i, Ho w1 P. primaurelia
[JSSU rDNAJF %1 (7 515 : MK 579298, K & 16494~

Bl 3, GC& E43%) 5 GenBank H 1% F /] ¥ 41
(MG573196 HIMG573195) I AHBLE H100% 99%;
Hceox 1T HHFH(FH5: MK715448, KFE
859N 3L, GCH F:41%)5 GenBank 1 1% F i1 /5
(FN421324F1FJ90514 1)k LLEE 459 99%. T.
mimbres#]SSU rDNAJT 7 (J7 41 5 : MK579316, 1
FE1655M %3, GO #43%)5 GenBank H i%
(EF07025 1) [ AHALIE S999%; H COX T A 7 4l
(JPH)5: MK715449, KE876 M 3E, GCH &
27%)+5 GenBankiZ F 1] /¥ 51l (EF070292) ¥ AH AL 2
H99%.

AT FL ik P GenBank £ ¥ i 1 SSU tDNAJF
G B3P U I (46557 51) 200 5 JE B
(5655741, LASEREAN LR JE £ K46 AE AR
HME 7T R2AREME 1), g5RER: (1)HEER
BHRFR . () 1 P8GR SR AP P. primaurelia’s
& H GenBank & 2 HH 1 VU AN P. primaurelia#i
(MG573194. MG573195. MG573196F1AF100
315 A—Hi, AL Paramecium aurelia & F(P.
aurelia complex) . (3)VUME B R, BIEHAF
BLREE: T borealisZSHE(T. borealis group)FT. aus-
tralis?SHE(T. australis group); (4)HTll 5 1 7E LI SR
M T. mimbres5GenBank ) T. mimbres (EF070251)
BN, 5T elliotti(EF070246) 5 NIk, TBAE
T. borealisZ5HEH .

COX 1 X % 4t 5 & W FI Hl GenBank %5 s =
Hh DU B L 57 26 N L R (K48 5% 7 41, LUJG £F 2R 4F
EHONIM R R (K 2). g5 R EIR: ()ARBEFH
WP, primaurelia5 GenBank 4 1 1FH P. primau-
reliaFhFEY TN —H, RAEP. aurelia 8 & F(P. aurelia
complex)™ o (2)ARVHWFHIT. mimbrest Gen-
Bank' 7. mimbres (EF070292)5% N—*+i, 5T. elli-
otti(EF079281) 3R NIH AL, IL[RIZRAET. borealisZ
gl

®2 EAEHTR RS F IR

Tab.2 Morphometric data of Tetrahymena mimbres

4 KAH /M S . trfEZStandard AF 5 R % Coefficient of MAZNumber
Ak Character Maximum Minimum FH9fEMean F{HiMedian deviation variation (%) of cells
{AKBody length 47.52 35.65 41.00 40.39 3.47 0.08 10
A %% Body width 25.61 17.41 20.68 20.44 2.49 0.12 10
Kizk
Macronucleus 10.57 8.27 9.20 9.27 0.75 0.08 10
length
N
Macronucleus 8.46 5.19 7.52 7.74 0.99 0.13 10
width

T Rk B REOR A (R R TR EAR G i R K TE); BAAT: pm

Note: Data from living body prepared specimens (body length, body width) and silver staining prepared (macronucleus length,

macronucleus width) specimens; Measurements in pm
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Fig. 1 Maximum likelihood (ML) tree based on small subunit ribosomal DNA sequences
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Newly characterized sequences in this study are shown in arrows. The numbers at the nodes represent the support values of ML and
Bayesian inference (BI). The scale bar corresponds to two substitutions per 100 nucleotide positions
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Fig. 2 Maximum likelihood (ML) tree based on cytochrome oxidase subunit I gene sequences
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Newly characterized sequences in this study are shown in arrows. The numbers at the nodes represent the support values of ML and
Bayesian inference (BI). The scale bar corresponds to two substitutions per 100 nucleotide positions
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mimbres'” s ERT, 3 T %M EIT SR, TR
TTT BT . ARG . 4EZ
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MORPHOLOGY AND PHYLOGENY OF TWO NEWLY RECORDED CILIATES
(PARAMECIUM PRIMAURELIA AND TETRAHYMENA MIMBRES) FROM
TIBETAN HOT SPRINGS IN CHINA

JIANG Chuan-Qi', GU Si-Yu’, AN Rui-Zhi’, BA Sang’ and MIAO Wei'

(1. Key Laboratory of Aquatic Biodiversity and Conservation, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. Key Laboratory of Biodiversity of Aquatic Organisms, Harbin Normal University, Harbin 150025,
China; 3. Laboratory of Wetland and Catchments Ecology in Tibetan Plateau, Faculty of Natural Sciences,

Tibet University, Lhasa 850000, China)

Abstract: We used living observation, protargol impregnation and silver staining methods to investigate the nuclei
morphology and position, infraciliature, and oral apparatus of two oligohymenophorean ciliates: Paramecium
primaurelia and Tetrahymena mimbres, which collected from hot springs of Tibet Autonomous Region. SSU rDNA
and COX'1 genes of these two species were sequenced, and the phylogenetic analysis revealed that P. primaurelia is
clustered in Paramecium aurelia complex, and T. mimbres is clustered in Tetrahymena borealis group. These two spe-
cies are newly recorded in China from the hot springs of Tibet Autonomous Region. The study of these two newly re-
corded species not only provides new methods and insights for the discovery of protozoa resources in the Tibetan hot
springs, but also provides basic information for the study of protozoa environmental adaptation.

Key words: Tibetan hot springs; Ciliates; New records; Morphology; Phylogeny
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Plate | Morphology of Paramecium primaurelia
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A. Lateral view of a representative individual; B, C. Infraciliature in ventral view (B) and dorsal view (C); D. Oral infraciliature; E. Colony
form; F, G. Ventral view (F) and dorsal view (G) of a representative individual, arrow points to oral; H. Arrow points to macronucleus, and
arrowheads point to contractile vacuoles; I. Arrow points to caudal cilium; J, K. dorsal view (J) and Ventral view (K) of the infraciliature; L,
M. Arrows point to suture; N. Arrow points to oral; O. Paroral membrane; P. Dispersion of P1; Q. Arrangement of peniculi 1—3; R.
Macronucleus (arrow) and micronucleus (arrowheads). Ma: macronucleus; Mi: micronucleus; P1—3: peniculi 1—3; PM: paroral membrane.

Scale bar: 50 pm
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Plate Il Morphology of Tetrahymena mimbres
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A. Lateral view of a representative individual; B, C. Infraciliature in ventral view (B) and dorsal view (C); D. Oral infraciliature; E. Colony
form; F, G. Lateral view (F) and ventral view (G) of a representative individual, arrows point to oral; H. Arrow points to macronucleus and
arrowhead points to contractile vacuole; I. Macronucleus; J—L. Ventral view (J), lateral view (K) and dorsal view (L) of the infraciliature,
arrow points to suture and arrowheads point to postoral kineties; M. Anterior infraciliature of cell; N. Bottom infraciliature of cell; O.
Arrangement of membranelles 1—3 and paroral membrane. CV: contractile vacuole; Ma: macronucleus; M1—3: membranelles 1, 2 and 3;
PM: paroral membrane. Scale bar: 20 pm



