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Abstract

Mitochondrial DNA identification of branchiopods at

Siangtian Pond in Yangmingshan National Park

Abstract

Key words : Siangtian Pond, branchiopod, mitochondrial DNA

I. Background and purposes

Siangtian Pond is an ephemeral pond in western side of Yangmingshan National
Park. It would be filled with water after heavy rainfall, making a pool of 80 m in
diameter and 3~5 m in depth. The inundation periods usually last only 10~14 days.
During the wet period, three kinds of brachiopods emerged, including one fairy
shrimp and two clam shrimp species. The scientific name of this fairy shrimp is
Branchinella kugenumaensis, their life history and population ecology have been well
studied. One clam shrimp has a spherical carapace with 0.3~0.5 cm in length and no
growth line on surface. The telson is blunt and encompassed inside their carapace.
Their head is.embellished with a big and smooth fornix. The first antennae are tubular.
Males have one pair of claspers modified from the first thoracopods. Their eggs are
spherical with smooth surface. Chou et al. (2006) identified it as Lynceus biformis.
The other clam shrimp has a flat carapace with 0.4~0.8 cm in length and 4~5 growth
lines on surface. The telson is sharp and protruding outside their carapace. Their head
shows a pyriform frontal organ posterior to their compound eyes. The first antennae
are lobed. Males have two pairs of claspers modified from the first and second
thoracopods. Their eggs are cylindrical with some sculptures on surface. The lack of

valid characters makes it difficult for the species identification of flat clam shrimp,
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and Chou et al. (2006) only identified it as Eulimnadia sp. In this project, we
established the first mitochondrial DNA database of the branchiopods in Siangtian
Pond, and identified these organisms based on 12S rDNA, 16S rDNA and COI DNA
sequences, with morphological evidences as well.
Il. Methods

The branchiopods were collected from Siangtian Pond when it was filled with
water, or cultured from the egg-cyst containing soil in laboratory. Each organism was
immersed in single eppendorf tube with 300~500 ul alcohol. Total DNA was extracted
and purified from each individual using the Purification Kit of Violet BioScience Inc.
Mitochondrial 12S rDNA, 16S rDNA, and COI (cytochrome c oxidase 1) DNA were
PCR (polymerase chain reaction) amplified following manufacture’s instruction. The
PCR product is about 340 bp for 12S rDNA, 500 by for 16S rDNA, and 780 bp for
COI. All amplicons were checked by electrophoresis and sent to the company
“Genomics BioScience Technology, Taiwan” for automatic DNA sequencing. All

sequences were analyzed by Contig Express 4= Ultra Edit from the computer. The

branchiopod DNA sequences obtained from the Genbank were aligned and pairwised
for the calculation of genetic distance and the construction of phylogenetic tree.
I11. Results
(A) The flat clam shrimp in Siangtian Pond is identified as Eulimnadia
braueriana Ishikawa, 1895
In 12S rDNA, 16S rDNA, and COI analysis, the flat clam shrimp in Siangtian
Pond showed the minimum genetic distances from the clam shrimp of Japan.
Combined with the molecular and the morphological data, we identify the flat clam
shrimp in Siangtian Pond as the same species of Eulimnadia braueriana Ishikawa,

1895.

XV



Abstract

(B) The round clam shrimp in Siangtian Pond is identified as Lynceus biformis

(Ishikawa, 1895)

In 12S rDNA, 16S rDNA, and COI analysis, the round clam shrimp in Siangtian
Pond showed the minimum genetic distances from the clam shrimp of Japan.
Combined with the molecular and the morphological data, we identify the round clam
shrimp in Siangtian Pond as the same species of Lynceus biformis (Ishikawa, 1895).
IV. Discussion and suggestions
(A) The round clam shrimp showed closer phylogenetic relationships to the

species in Northern Europe and Northern Americas than which in Australia

The phylogenetic tree based on 12S rDNA analysis demonstrated the closer
phylogenetic relationships and later speciation event between the lynceiids in
Siangtian Pond and the lynceiids in Northern Europe or Northern Americas. However,
the exact period of each divergent-evolution needs more molecular evidences or fossil
record to proof.

(B) The flat clam_shrimp in Kinmen might be the same species as Eulimnadia
brauerian in Japan

The flat clam shrimp cultured from the soil of Kinmen in 2008 was
morphologically similar to Eulimnadia braueriana of Siangtian Pond. There were no
genetic differences between the two populations in Kinmen. The genetic distances
among the limnadiids in Kinmen, Siangtian Pond, and Japan were very tiny and even
smaller than any inter-specific genetic distances. Combined morphological data like
SEM might confirm it as the same species as Eulimnadia brauerian in Japan.

(C) The clam shrimp of Siangtian Pond and Kinmen showed the low
intra-specific genetic diversity

The very few haplotypes of the clam shrimp in either Siangtian Pond or Kinmen
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demonstrated the low intra-specific genetic diversity. The genetic diversity was prone
to the number of individuals, the generation, and the sampling site. The DNA
sequence comparisons with sample size increase from contemporaries to localities
would be included to clarify the genetic diversity. This might contribute to the issue of
the migration and evolution for the clam shrimps from Siangtian Pond, Kinmen, and
Japan.

(D) More evidences are needed to infer the phylogenetic relationships of the clam

shrimp among Asian, Americans, and Africa

The 12S rDNA analysis has proved the very close phylogenetic relationships of
the Asian clam shrimp in Siangtian Pond, Kinmen, and Japan. The relatively far
relationships to the clam shrimp in Americas and Africa revealed the positive
correlation between the evolution and geographical distribution.

The Eulimnadia cf. magdalenensis found from Siaolanyu Island in 2009 further
demonstrated the close phylogenetic relations between the species in Asia and
Americas. However, -our. COI analysis presented the very small genetic differences
between the species,in Asian and Africa. In the very near future, the nuclear DNA
database and complete mitochondrial DNA sequences are expected to be constructed
for further research on the phylogenetic and phylogeographic relations of the clam
shrimps from Asia, Americas, and Africa.

(E) Suggestions

(1) Immediate actions: conservation of Siangtian pool in Yangmingshan

Siangtian Pond is a very popular hiking spot for Taipei citizen. Many visitors
swim or wash in the pond, and even take some branchiopods away. These could
change the population size and community structure of the branchiopods. In addition,

some visitors come here for natural worship and discard burnt or half-used scents in
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the pool. These could lower the quality of water, the survival rate of branchiopods,
and even the intra-specific genetic diversity. We recommend more regulations to curb
all these behaviors, protecting the water quality of the pond for the conservation of the
rare species of branchiopods.

(2) Long-term recommendations: values in education and future research

This project established the first DNA database of branchiopods in Siangtian
Pond, which demonstrated the very close phylogenetic relationships to the clam
shrimps in Japan. There is prospect for more research on phylogeography, gene flow,
and evolution. These molecular studies will provide the very high potential in

academic in future.
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Lynceus biformis (Ishikawa, 1895) -
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(A) (B)

45 SBBmnm 14 /N0 /86 14/N0U /86

(D)

(®)

Carapace

Frontal organ
Compound.eyes

Telson

First antennae gal furcae

Second antennae
(E) Claspers

Thracopods

Carapace
Frontal organ

Cysts

Compound eyes Telson

First antennae dal furcae

Second antennae
(3] Thoracopods
W2 EPEd
(A)ieit CEBEAET) (T2 =1 mm) (Bupl (REE&ED) (£ =1
mm) (C)#dt (T Hack) (Oppi (T HakR) (E)Riait P
(Fepicne & #ax
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BB PAI T et 2% [l =3 Rl A P s DNA BE7E

125ai EK01 GM

i ; 12Sai EK02 GM
Eulimnadia 12Sai EKO3 GM
12S rRNA 12Sai EKO4 GM

12Sai EK05 GM
(NJ/ML) 12Sai EKO6 GM

12Sai EKO7 GM
128ai EK08 GM
128ai EK09 LC
128ai EK10 LC
128ai EK11LC
12Sai EK12 LC
12Sai EK13 LC
12Sai EK14 LC
128ai EK15 LC
99/100 | 12Sai EK16 LC
128ai EK17 LC
128ai EK18 LC
128ai EK19 LC
128ai EK20 LC
128ai EK21LC
128ai EK22 LC
128ai EK23 LC
12Sai EK24 LC
12Sai EK25 LC
12Sai EK26 LC
125ai EK27 LC
128ai EK28 LC
128ai EK29 LC
128ai EK30 LC
12Sai ES09
12Sai ES10
12Sai ES11
12Sai ES12
12Sai ES16
128ai ES22
12Sai ES23
12Sai ES24
12S5ai ES25
12Sai ES26
12Sai ES27
12Sai ES28
12Sai ES29
12Sai ES30
12Sai ES31
1112Sai ES32
12Sai ES33
12Sai ES34
’I123ai ES35

167 |

9819

=

12Sai ES43
12Sai ES47
12Sai ES36
12Sai ES37
12Sai ES38
55/82] | 125ai ES39
12Sai ES40
12Sai ES41
-194 12Sai ES42
| 12Sai ES44
12Sai ES45
12Sai ES46
12Sai ES48
- E. braueriana EF189599 Japan

66[40

E. magdalenensis AY779646 Venezuela

E. magdalenensis AY779681 Venezuela

I £ diversa AY779678 AZ US

7981 | £ diversa AY779664 AZ US

1ei08] E. columbiensis AY779645 Venezuela

43/90 E. cylindrova AY779644 Venezuela

E. cylindrova AY779669 Galapagos Ecuador
E. cylindrova AY779670 Galapagos Ecuador
E. cylindrova AY779647 Mexico

E. cylindrova AY779650 Mexico

-[ E. magdalenensis AY779643 Venezuela
1

-/100

E. texana AY779674 NM US
E. texana AYTT9667 NM US
E. texana AYT79680 NM US
E. packardiana AY779679 Japan
E. mauritiana AY779675 Mauritius
L. lenticularis AY779682 FL US
SW[ L. lenticularis AY779655 FL US
L. lenticularis AY779654 FL US

(A) N
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(B)

Eulimnadia

16S rRNA
(NJ/ML)

99/83

— 16Sa EK09 LC
|—16Sa EK10 LC
[—168a EK11LC
[—16Sa EK12 LC
|- 16Sa EK13 LC
|- 16Sa EK14 LC
|—16Sa EK15 LC
|- 16Sa EK16 LC
[— 16Sa EK17 LC
|- 16Sa EK18 LC
|- 16Sa EK19 LC

[—168a EK20 LC
[— 16Sa EK21 LC
|- 16Sa EK22 LC
|- 16Sa EK23 LC
|—165a EK24 LC
|—16Sa EK25 LC
[— 16Sa EK26 LC
|- 16Sa EK27 LC
|—16Sa EK28 LC
|- 165a EK29 LC

— 16Sa EK30 LC

100/100

E PO

— 165a ES09
[—168a ES10
|—165a ES11
[— 168a ES12
[— 165a ES16
|— 165a ES22
|—168a ES23
|— 165a ES24
[— 168a ES25
|- 165a ES26
— 168a ES27
|— 165a ES28
[— 16Sa ES29
[— 165a ES30
[— 168a ES31
[— 165Sa ES32

-/68

03

99/94 = E. braueriana DQ470602 M&O&S Japan
E. braveriana EF189604 Biwa Japan

|— 165a ES33
[— 165a ES34
|- 165a ES35
|— 165a ES36
|— 165a ES37
|— 165a ES38
|— 16Sa ES39
[— 168a ES40
|— 165a ES41
|— 165a ES42
[— 16Sa ES43
|- 165a ES44
[— 168a ES45
[— 165a ES46
|— 165a ES47

— 16Sa ES48

L. lenticularis EF189609 Morava Austria
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BB PAI T et 2% [l =3 Rl A P s DNA BE7E

LCO1490 ES11

Eulimnadia LCO1490 ES12

LCO1490 ES15
CcOl LCO1490 ES16
(NJ/ML) LCO1490 ES19

LCO1490 ES22
LCO1490 ES23
LCO1490 ES24
LCO1490 ES25
LCO1490 ES26
LCO1490 ES27
LCO1490 ES28
LCO1490 ES29
LCO1490 ES30
LCO1490 ES31
100/82 | LCO1490 ES32
[ |LcO1490 ES33
LCO1490 ES34
LCO1490 ES35
LCO1490 ES36
LCO1490 ES37
LCO1490 ES38
LCO1490 ES39
LCO1490 ES40
LCO1490 ES41
LCO1490 ES42
LCO1490 ES43
LCO1490 ES44
LCO1490 ES45
LCO1490 ES46
LCO1490 ES47
LCO1490 ES48
)55 E. africana FJ499195 Botswana
100/90 _LEE. africana FJ499220 Botswana
E. africana FJ499202 South Africa
—— E. braueriana EF188667 Japan
LCO1490 EK11 LC
b LCO1490 EK16 LC
LCO1490 EK17 LC
100798 LCO1490 EK20 LC
LCO1490 EK21 LC
LCO1490 EK26 LC
LCO1490 EK30 LC
E. cylindrova FJ499138 Japan

(©)
W3 EPigad 82 B (NJ/ML phylogenetic trees)
(A)12S rDNA & 5]4 4 (B)16S rDNA A 7|2 45 (C)COI & 5|4 4%
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(A) ®)

14 /NOU/BE

14 /NOU/BE

(©)

Fornix

First antennae
Thoracopods

Claspers

Carapace

Fornix -

Telson
First antennae

Thoracopods

Second antennae

Compound eyes

(F)

B4 REiEd

(A)ieit CEBEAET) (T2 =1 mm) (Bupl (REE&ED) (£ =1
mm) (C)#dt (T Hack) (Oppi (T HaER) (E)Riait P
(F)eptting & ik
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BB PAI T et 2% [l =3 Rl A P s DNA BE7E

Lynceus
12S rRNA
(NJ/ML)

12Sai LS01
12Sai LS02
12Sai LS03
12Sai LS04
12Sai LS05

12Sai LS06

12Sai LS07

12Sai LS08

12Sai LS09

12Sai LS10

12Sai LS11

12Sai LS12

12Sai LS13

12Sai LS14

12Sai LS15

12Sai LS16

12Sai LS17

12Sai LS18

12Sai LS19

12Sai LS20

2539 12Sai LS21

12Sai LS22

12Saj LS23

12Sai LS24

12Sai LS25

12Sai LS27

63/- 12Sai LS28

- | . biformis AF494481 Biwa Japan
L. brachyurus AF494480 Denmark

L. tatei AF494479 NSW Australia

C. hislopi AF494478 NT Australia

99/100

s

(/\) 0.07
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(B)

Lynceus
16S rRNA
(NJ/ML)

100/100

66/80

99/100

16Sa LS28
16Sa LS01
16Sa LS02
16Sa LS03
-16Sa LS04
16Sa LS05
- 16Sa LS06
16Sa LS07
16Sa LS08
16Sa LS09
16Sa LS10
16Sa LS11
16Sa LS12
16SaLS13

99/96

100/100

16Sa LS14
16Sa LS15
16SaLS16
16Sa LS17
16Sa LS18
16Sa LS19
16Sa LS20
168a LS21
16Sa LS22
16Sa LS23
16Sa LS24
16Sa LS25
16Sa LS26

16Sa LS27

B

1= ﬁ,[ ZIJJI?}[‘C;\:LFI %l\[

L. biformis DQ467712 Japan
QBIEEF" biformis DQ467713 Japan

L. biformis EF189611 Japan
100/100 L. gracilicornis DQ467710 FL US

oo

L. gracilicornis DQ467711 FL US

0.07

L. brachyurus GQ328954 NA
g6/861 C. hislopi DQ470596 NT Australia
C. hislopi EF189603 NT Australia
C. hislopi DQ310671 NT Australia
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BB PAI T et 2% [l =3 Rl A P s DNA BE7E

Lynceus

Col

(NJ/ML)

-/100

100/100

LCO1490 LS28
LCO1490 LS01
LCO1490 LSO3
LCO1490 LS04
LCO1490 LSO5
LCO1490 LS06
LCO1490 LSO7
LCO1490 LS08
LCO1490 LS12

95/100

100/100

LCO1490 LS13
LCO1490 LS17
LCO1490 LS18
LCO1490 LS20
LCO1490 LS21
LCO1490 LS22
LCO1490 LS23
LCO1490 LS24
LCO1490 LS25
L. biformis EF189672 Biwa Japan
94/85 L. macleyanus DQ467679 WA Australia
-151|' L. macleyanus DQ467680 WA Australia
ng.Omac.‘eyanus DQ467702 WA Australia
. macleyanus DQ467703 WA Australia
L. maeleyanus DQ467690 WA Australia
L Bmac!eyanus DQ467694 WA Australia
98/99 e macleyanus DQ467695 WA Australia
L. macleyanus DQ467704 WA Australia
L. macleyanus DQ467705 WA Australia
L. macleyanus DQ467691 WA Australia
io macleyanus DQ467697 WA Australia
mac.‘eyanus DQ467699 WA Australia
DL@mac!eyanus DQ467693 WA Australia
f macleyanus DQ680815 NA
L. macleyanus DQ467686 WA Australia
187 L macleyanus DQ467692 WA Australia
Ly mac!eyanus DQ467698 WA Australia
L. macleyanus DQ467696 WA Australia
— L. macleyanus DQ467681 WA Australia
L. macleyanus DQ467687 WA Australia
orbd-- Macleyanus DQ467688 WA Australia

38/74

89/100

-/81

L. macleyanus DQ467689 WA Australia
L. macleyanus DQ467683 WA Australia
L. macleyanus DQ467684 WA Australia
L. macleyanus DQ467685 WA Australia
L. macleyanus DQ467700 WA Australia
L. tatei EF189673 NSW Australia
— L. macleyanus DQ467701 WA Australia

100/98]

86/97

ﬂl— L. tatei DQ467682 WA Australia
L. macleyanus DQ4677068 WA Australia
100/100 L. macleyanus DQ467707 WA Australia
99/100 L. macleyanus DQ467709 WA Australia
L. macleyanus DQ467708 WA Australia
L. tatei DQ467678 WA Australia
100/100y C. hislopi DQ310631 NT Australia

(®)

0.2

1C. hislopi DQ889093 NA

W5 ®rixdandd k84 8 (NJ/ML phylogenetic trees)
(A)12S rDNA A& 5|44 (B)16S IDNA A 5{A 4 (C)COI A& 5| A 4
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o8 X RGN G

d 12S rDNA e 477 4o 5 X 3 enfypeid B (12Sa LS) 22 p A jypis @

( Lynceus biformis AF494481 Japan ) sk B 4 Bodiit» H =t 5 2 Fprpeiz g (L.
brachyurus AF494480 Denmark) > @ £2;%84' jpeik B (L. tatei AF494479 NSW
Australia ) gr i&( B A )o = & = 4 L. brachyurus = R iZ4 # 304 £ £ 3 (Martin
and Belk 1988) o d p &7 > » X 8 PR IEF B A B ol E B LG M R
T AL E RRE A RN RARG Y g E e LA hE
RS o R Y 4 K f]*uki’ii oA PEA e X PR R R R
FURERG M R B & < B (continental drift) > 2R A o Frtr fd i BER e

MG FPRLSAFNT T ERIGE -

At 2008 E p £ H (24 B 27 4 066 )~ L 45 118 B 19 4 856
#5000 GM £ 5 ) feder (424 B 27 A 534 45 ~ &5 118 & 21 A 406 F) -
LG A7) FERARDY AR AFRTPEA NGNS X8 EPIEHanltd
(EK ; Eulimnadia from Kinmen) » ie §8 3] # + o

d 12S rDNA 4 477 Zos 20 & B Rk Bhe i 22 2 (12Sai EK GM ¥# 12Sai EK
LC) B3 B2 L3 (K2P=0)> P &2 X3 B Pid ~p A2 pigd
(Eulimnadia brauerian) =% i# £ £ %] (K2P =0.029 ~0.033) > /| ** & $ fa 2

Fed @48 (K2P>0060) 37 & il SR 7 i &9 % 2 frp &g @
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BB PAI T et 2% [l =3 Rl A P s DNA BE7E
AR (F3A)-
ARTEF R MR Heldie > FE RS ST IRl BV A

Wiz g ¢ 5 Eulimnadia braueriana Ishikawa, 1895 -

F28 pxBdfrgPERafp 3@ 5

WX Bk B oE g DNA 4459 - A H 12S rDNA 5 £ (12Sai ES)
£ % 348¥ 4 (haplotype )’ 16S rDNA 4= COI DNA % = 5.1 48 & 4| (haplotype ) -
oo Xs Bt p i @ 5 5] o

WS PR B % o DNA A4 ¢ o R H 16SrDNA £ (16SalsS) &
7 3454 4] (haplotype) - 12S rDNA {=COI DNA % = 2 1 8 ¥ 4| (haplotype) -
Bae X Rl fad @5 e ) -

dEFPEwaykd 2P 5 T NE PG A ARRIEANR 2T
E PG b AT % 07 3% 12SrDNA ~ 16S rDNA & COIDNA > ¢ 7 L 14
H 4] (haplotype) > %1 Hi& ] B @ 5 kit o

fapRE@ St ¥ E A (haplotype) #&p 0% > k&7 > @ H )
(haplotype) # P % % S Ptk enB R T 8o F B idcs v pF, 3 4 EF
o] e B 5 R o gt F B Y B A AR 0 A Hp R & ek T
kR RRPT G R ITRp (AR B I EETE AR B
B R PR SRR A R VTR 7 e B i 2R 7 DNA A )

W e X e g P2 R BEETR S il B S R g Bt R

~

A RIS A X v £ p A E R gl 712 0% (gene flow) feig i o
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&

W
e & LTHEPLERTRSM G
d 12SIDNA chs 457 4> 273 P ehp % % B jp9id B (12SaiES)~ £ 2
it B (12Sai EKGM £ 12Sai EKLC) 2 p A& 2 /@it 2 (Eulimnadia braueriana
EF189599 Japan) % Iy W Ejddk B g )t MM AT > 21 SR A g
e g (B 3A)- H =t 5 W E Pt} > ¢ 35 % W E. diversa 4r E. texana
% @ # E.cylindrova ~ £ p 38 & E. magdalenensis 4= E. columbiensis » @ 2L 2

g (#2 & #7 E. mauritiana AY779675 Mauritius ) 7 &7 2 By bx B e sk B TR

,\me

Bk (BI3A) B2 R e Al Ap L .
£H 5 B3AY 5 - fEp x5 #ikp (E packardiana AY779679 Japan)
125 1DNA A 7| % W 5% 3 p il Jenm g B % UM 0 § 2 i & E
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