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Table 1 Giardia lamblia isolates used in this study
with their geographic locations, hosts and sample forms
etk HELE - FREX
Isolate  Geographic location Host Sample form
CH3 FEWE X 7
Hebei, China Human Cyst
e b I\ it
Hebei, China Human Cyst
- LR N e
Betjing » China Human Trophozotte
2 s 1| A AR
Sichuen,China Human Trophozoite
CAM TR A AR
Cambodia Human Trophozoite
" WAL N Bt
Australia Human Trophozoite
A2 BOAFIL A Wi
Australia Human Trophozoite
e 2 A i
USA Human Trophozoite
- 2 1] b
USA Beaver Trophozoite
GaM JilE S KA, PEGE §#Rr*
Canada Guinea pig PFGE gel*
e eEx ¥ PFGE ¥Rt
Canada Dog PFGE gel
1883 il N nE PFGE ¥t
Canada Beaver PFGE gel
BE itk W PFGE $ERY
Canada Beaver PFGE gel
s1 ik P PFGE # 8%
Canada Sheep PFGE gel
s ik % PEGE $EBE
Canada Sheep PFGE gel
GR JiUE SN PFGE ER¢
Canada Human PFGE gel

* T B K SRR U E BLALE DNAL R
#  Pulsed field gel electrophoresis (PFGE)gel contgining the total
DNA of Giardia lamblia
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BRI A sk A7 RS 2 . A PE 47 ABI377

M 12 3 4 5 6 7 8

Q00 bp ------—--—-A

1 031 bp

2 B 3 GETTIEZ S U FF (R PR BUR
WEFFFURHERRM) . W PRI R A DycDeoxy™ Ter-

minator Cycle Sequencing kit (Perkin Elmer £+ .

4 DNA FE3I4R

Wl E IR R DNA EF A THERH
DNASTAR " f fE TR EFF HF, # H
MEGAL, 02 it S S mH U R ER GV AHE . &
Ar ¥t 2 J, A B GenBank AR HERE WB 1 GS
tim ZFEFY 5SS HEFHZE—#1Tk
.

5 SFRGEREPE

& 234047 B PAUP 3. 1. 1795 9 “Branch
and Bound”# {, M FERUM A T FHE. ¥
MEGA1L. 02" Kimura 2 parameter distance
e AL EE T Jg A N MR, 5 R R A “bootstrap”
HEAT 1 000 K B AR E W AR M B,

2 R

1 DNA FFIfER

MFE—MENTH,RITEHIKER 534 bp
B H B (Y T EHE®TE 30 bp~564 bp)#EfT
g8 2, KA 12¢ MLE 23BN EREA
. EMASHREEE=ZBBTFHE L EE, #
Bl £ DNA JF5 P8 8 i k8] 5 46 R0 BT 22 AR R
WA TENFRAUEL, HRARRTH
#,

2 HFRGER

XA tim B 3 AR R R S AL (R )
R PAUP & 478 & MEGA 7 Kimura 2 parame-
ter distance ¥4 DNA FF5 SR #H RIE M ERIS
Fi NJ AR BRI FIA 4SS 4 (8 3a,b). Xt
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M1 LASI% L4131.H5945 PCR # g M MR tim EE A B
a M »-DNA Hand III,1 CH3,2 CH4,3 Cl. 4 C2,5 CAM,6 Al,7 A2,8 CDC,C 3
b M A-DNA Hand II1,9 BP,10 G3M,11 DG, 12 4883,13 BE, 14 81,15 82,16 GR,C XM
Fig.1 G. lamblia tim gene fragments amplified by PCR using primer L4131,H5945
a M A-DNA Hand 11,1 CH3,2 CH4,3 Cl,4 C2,5 CAM.,6 Al.7 A2,8 CDC,C control
h M M»DNA Hand II1,9 BP,10 G3M,11 DG,12 4833,13 BE, 14 81,15 82,16 GR,CDC,C contral
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Al sey
A2, seq
Bl seq
CAM. scq
Cild. seq
(H1. seq
D, seq
G3M. seq
(iR, neq
Sl seq
S2. seq
¥B, seq
4883, seq
BP. seq
Cl. seq
(2, seq
CBC, seq
(5. seq

Majority CTEATTCCOTOGACGTCRTCATTCCCCOTTCCCCCETACACT TCTCAACAGCCATTCLGOCAMCALGTC

T2 AP 110
Y 140
5 140
T 110
U800 oo i e L 140
L TR P10
T T 140
G3M. seq ... .. e e e e e e e e e e e, 140
T 140
S BB e e e e e e e e 1.4
T T 144
T 140
AR BB i e e e e 140
BP.seq .C..Go.......... I..TG T.C..TTL .G T.T.....T LG T T, 40
Closeg  CooGoauonnoe, TG o T G T T.... T G T To. 140
Lo T U € TOT6 TG T LG [ PR | G TL T 140
CDC.seq Co.Gouuvninne. ToTG . LG TTT LG 1. T, 000 S GLTL T, 140
GS.seq L Coofoo.os, TT6 . TG T L G T..T.....1 L GLTLU T 140

Hz ARARRARRANERSD FF) GERTEANEYST un EE 30~170 bp>
Fig. 2 Aligned partial tim gene sequences of . lamblia (30—170 bp)

®2 WM tm EF I EEER
G 534 ARRERT . FHERA MR P0 T 4 L FATRLED
Table 1 Sequence varlations of tim gene from G. lamblia
(Transitions and transversions are shown above and helow dlagonal, respectively)

Sr ¥k (Isolate? 1 2 % 4 5 6 7 & & 10 11 12 13 14 15 16 17 18

1 Al 1 1 0 4 0 0 0 2 0 0 1 0 31 30 32 35 32
2 4883 2 2 1 4 1 1 1 3 1 1 1 1 32 31 33 36 33
3 A2 0 2 1 5 1 1 1 3 1 1 2 1 3 28 31 4 A
4 BE 0 2 0 4 0 0 0 2 0 Y 1 0 31 3 32 3 32
5 CH3 2 4 2 2 4 4 4 6 4 4 5 4 35 34 36 39 36
6 CH4 1 3 1 1 1 0 0 2 0 0 1 0 31 30 32 35 2
7 CAM g 2 0 0 2z 1 0 2 0 Q 1 0 31 30 32 35 32
8 DG 0 2 0 s} 2 1 0 z 0 0 1 0 31 30 32 35 32
9 GiM 0 2 0 0 z 1 0 0 2 1 3 Z 33 32 M I3 oM
10 GR 0 2 0 0 2 1 o} 0 0 0 1 0 31 30 32 35 2
11 51 0 Z 0 0 2 1 0 0 0 0 1 0 31 3 32 3 32
12 52 0 2 0 0 2 1 0 0 0 0 Q 1 32 31 33 36 33
13 wB 0 2 0 0 2 1 0 0 0 o 0 0 31 30 32 3 32
14 BP 79 81 79 79 7?77 78 79 79 79 79 V9 79 79 3 1 4 1
15 C1 7 71 70 70 68 69 7O M0 70 F0 70 70 70 11 2 I 2
16 c2 7?78 77T 7% 76 TWO7TYO77TO7WOTTOOTTOTT ¢ [ 3 0
17 cDC 7T 79 77T 7% 76 7 toorTo?ToOTTOTTOoorT™M 3 10 3 3
18 GS* 78 8 78 78 78 77 78 78 78 78 78 78 78 1 12 3 4

¥ tim BHAHEKER 774 bp  # The length of the coding region of tim gene is 774 bp.
#+ *  GenBank BiC i, %08 ,WB,L02120,GS.L02116, # % The GenBanK accession numbers of the used isclates are, WB,L02120;
G8,L02118,
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H3 MR SERANRGBERSFRER
a EF Kimure ZE TSP TAERERRMN NJ #
b T PAUP #i & R LIRHE E i % 1000 R B Bk st BEIM MBS EN R ER
Fig.3 Phylogenetic tree{unrooted’of G. lamblia based on tim gene sequences
a Neighbor-joining phylogram constructed nsing the Kimura 2-parameter in MEGA(L. G2)
b The consensus parsimony tree derived from heuristic search in PAUP ver 3.1
Numberals on the branches are percentages of 1000 bootstrap replicates

RN R T 1 000 K3 E X E &8 boot-
strap AT EEE. 2 FREKMER ASEH
UHNEIZHHEA.F1AF 13 5%, L WB AR,
$ 244 5 5. UGS IRFE,

Wt it
1 DNA FEZI)h0#
SHE &SRRy R, BT HR—MM RS TR
M, AESBEHERE. Bk, UK T &0
BMA G IARED . B TFRITRM R —%FEF 5

o, B EXT B A dm EE PR KBRS,
BT TR RRI B A R A AL R

? BERBEERNEERAESHEHED

*f dm BEFRSTERBTF 23NMALL
RETR AEEBRRAFENF ARG,
B IEAT R RIS R, WS M RLRE
THRAE AEIE . AT RE 8RR T AR S 4 78
EHHHEE WB HRE GS B pEMRE
BB R AR, B E KR ERERRRA
7 WB 1 GS & 3 A IngX . Rl EME AT
RIMBRNI Y WB B, XUHELRA,HERME
ERMAFRBENRESHEERRTRERIR.

3 tim EREAFFIREL

—BmE . EF-EANEARRADBE, F LK
ﬁililﬁﬁ"szﬁﬂiii%liﬁﬁd\ﬁﬁ%%&lﬁl%?ﬂéﬁwb
WREREEEDNA A FLEEEFRH,BEXE
PN s F IR R S e | e S A D= o i
RN BT RYEEMEY ., NBMNFUBMNET
o im EEFRRE ERTFE AN ERY
S JA] SCBEAR 4T B R B R 88 — i S A B A
FEHAMEE A MEGTE— S B &R
L ER A SRR ER X, XRERR
LS SR R TR TR —MEAA,
T — (A P E AR R, R

R RS 2. 5 5.

B LTI » oy F BT 58 A A T O SR Rt
FRFIEE RS & TR R e RN AT RE
Y, Iz F R BEERE S RELAZHER R
HIR, ET,. 7 DNA A hKF L, BRiE#
f A5 F R4 B

B2 B m BE TR A ERITTRT
W 5B ok R E A SRR B R R R
£. ARFFIMBNRENE T 4B S RERERY
HEHRRERFRAMPB. HRBRITARN,
Y L im ZEAMEAHERBEBEEY



cHEdR i S e, 2000 466 BES 18 383 87 Chin ] Parasitol Parasit Dis 2000-06 18(3):141~145 * 145

E&J_ﬁ\+%ﬁ§&9{]iﬁ{-§ﬁiao ﬁugﬁiﬁlﬂﬁ:}mj‘gﬁ demiology of Gierdia lamblia: a sequence-based approach. ]
Infect Dis, 1996, 174,233~ 2365.

Eﬁiﬂ%%i&{hﬁﬁﬁ‘lﬁTﬁﬁﬂﬁﬁ;-u:tﬁl"ﬁ [8] Lodi Pl Chang CL, Knowles JR. Triose phosphate iso-
E”’%J:"E,'ﬁﬂ)ﬁ ?H%Eﬁ%%mﬁﬁ%%ﬁ% . merase requires a positively charged active site; The role of

lysine. Biochemistry, 1994, 83 2809~2814.
[9] Kuntz DA, Osowcki R, Scudok M. Inhibition of triose phos-

Bt 32 University of Arizona ) R. D. Adam ¥ @M In &K phate isomersse from Trypanesoma brucei with cyclic
University of British Columbia % . Isaac-Renton 2 #% 8 i ¥, 75 hexapeptides. Eur ] Biochem, 1992, 207; 441~147.
He—HFH . [10] Kuntz ID. Structure based strategies for drug design and dis-
coveraty, Science, 1992, 257: 1078~10R2.
£ % ¥ W [11] Keister DB. Axenic culture of Giardia lamblin in TYI-S-33
medium supplemented with bible, Trans R Soc Trop Med
[1] Adam RD. The biology of Giardia spp. Microbial Rev, Hyg. 1983, 77; 487~488. *
1991, 55, 706~732. [12] Swofford DL, PAUP: Phylogenetic analysis using parsimo-
[2] Mayrhofer G, Andrews RH, Ey PL. Division of Giardia iso- ny.. Version 3, 1, Iilinois Natural History Survey, Cham-
lates from humans into two genetically distinct assemblages paign. 1893.
by electrophoretic analysis of enzyme encoded at 27 loci and (13] Ku_mar S, Tamura K, Nei M. 1993 MEGA; moleculat evo-
comparison with Giardia murts, Parasitology, 1995, 111, 11 _ lutionary genetics analysis. version 1. 0.
~17. [142 FHEF. W DNA FRBGHE. HHLHEHT, 1996.17,247
[3]1 Meloni BP, Lymber AJ, Thompson RCA. Genetic character- ~ 252
ization of isolates of Giardia duodenalis by enzyme elec- (5] EXD HFE BRE MG FE B8 00K SR,
trophoresis. ] Parasitol, 1995, 81, 368~ 383, 1952.

[16] Andrews RH, Monis PT, Ey PL, et al. Comparison of the

[4] Andrews RH. Gierdia intestinalis, electrophoretic evidence : e ; = - )
levels of intra-specific genetic variation with Gigrdia muris

for a species-complex, Int J Parasitol.1989, 19, 183~150.

[51 Monis PT, Andrews RH, Mayrhofer G. Novel lineages of and Giardia intestinalis, Int ] Parasitel, 1998, 28; 1179~
Giardia intestinalis by genetic analysis of organisms isolated 1185“
from dogs in Australia. Parasitology , 1998, 116s 7~ 20 [17] Monis PT, Andrews RH, Mayrhofer G, et al, Molecular
[6] Weiss JB, Van Keulen H, Nash TE. Clasaification of sub- systematies of the parasitic protozoan Giardia intestinalis.
groups of Giardia lamblia based upon ribosomal RNA gene Mol Biol Evol, 1999, 16, 1135~1144.
sequence using the polymerase chain reaction. Mol Biochem W f% B #7.1999-07-28
Parasitol, 1992, 54, 73~~86. (a4 kD

[7]1 Baruch AC, Isaac-Renton J, Adam RD. The molecular epi-

MOLECULAR PHYLOGENY OF GIARDIA LAMBLIA BASED ON TRIOSE
PHOSPHATE ISOMERASE (tim) GENE SEQUENCE

LI Ji-hong'*, LU 8i-qi*y, ZHANG Ya-ping', WANG Feng-yun®, WEN Jian-fan!
(1 Key Laboratory of Cellular and Molecular Evelution, Chinese Academy of Sciences, Kunming 650233
2 Department of Cell Biology, Capital University of Medical Science, Beijing 100054

Abstract [Objective] To investigate the intraspecies phylogeny and genetic diversity of G. lamblia. [Metheds] Total
genomic DNA was extracted and partial fragments of tim gene were amplified by PCR. All the nucleotide sequences were ana-
lyzed by means of phylogenetic analysis, which were constructed with pasimony and N-J methods. [Results] A total of 124
variable sites (23% of the total sequences detected) were defined, most of which were found at the silent sites of codons.
Two similar phylogenetic trees were constructed, subdividing 16 isolates into two groups. [Conclusion] The genetic diversity
of G. lamblia appear to be little affected by both the host and geography, while natural-selection might play an important rele
at the DNA molecular evolution level of tim gene, The tim gene may be considered to be a very useful genetic marker of the
population genetic structure of G. lamblia.

Key Words : Glardia lambiia. triose phosphates isomerase, sequence analysis, phylogeny, genetic marker.
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