International Whale Shark Conference 2008

THE CONTROL REGION OF MITOCHONDRIAL DNA
AS A SPECIFIC MOLECULAR MARKER OF WHALE
SHARK (Rhincodon typus).

a Universidad Autobnoma de Baja California Sur, Department of Marine Biology
b Centro de Investigaciones Bioldgicas del Noroeste, Laboratory of Biotechnology of

Marine Organisms

=
—

=

Estrella Navarro-Holm &P

@ Deni Ramirez-Macias ®
Ricardo Vazquez-Juarez




RilRcoden typus (Snmiua;, 1629)

Phayiltim Cherdata
Stbphylitm Veriehrata
Class Condrichtiayes
Sulclass Elasmoebranchii
Order Orectolobiformes
Family Rhincedontidae




Orectolobiformes

Hemicylliidae Gill, 1862

Orectelohoidae Jerdan; Fowle.r‘,“1903

Brachaeluridae Applegate, 1972

Parascyllidae Gill; 1662

ARKivE

Stegostomatidae

Compagno, 1977
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e The WS has a "‘K;’:'-*"selected ife
history that makes It vulnerable to

explotation. ik

-

s he WS Is a specie that has
suffered because of fisheriesl. .




FISHERIES

— Maldives, China, Taiwan, India, Pakistan, Japan, Indonesia, Philippines
and Senegal . —

NATIONAL PROTECTION
— In Australia it has total protection.
— In the USA it has total protection.

— In Belize it i1s protected since 2000 (Decree
No.68).

— In  Honduras it is protected since 1999
(Presidential decree, No. 321-900).

— In India it is protected since 2001 by the Indian
Ministry of Environment and Forests.

— In Mexico it has total protection (NOM-029-PESC-
2000).

— In Maldives it is protected since 1995 by the = igf
Environment Law (4/93). Jf’.’f‘#

— In Philippines it has full protection since 1998 :"-f'_-";'-s. o
Administrative Order No. 193. -.-y“*r

— In South Africa it has total protection. # ; |

— In Taiwan it is protected since 2002 by The Whale .. : :
Shark Harvest Reporting System. S e . i

— In Thailand it is protected since 2000 through the “*“===iuJdouig.ctal. . 1996
Fishing Act B.E. 2490.

(Norman, 2004)



INTERNATIONAL PROTECTION

— The FAO in 1999 made an international action plan
for the conservation and management of sharks.

— The WS is listed in the United Nations Fish Stocks
Agreement and in the UN Convention of Law of the
Sea.

— The International Union for the Conservation of
Nature (IUCN) includes the WS as a vulnerable
specie.

— The WS is listed in the CITES appendix number Il
and in the 12th Conference of Parties appendix
number 1l in 2002.

— NGO participation in the WS conservation



e Genetic analysis Is a very useful tool to
support the conservation of species.

e The use of forensics applications and the
expansion of the use of genetic tools for
the acquirement of data from tissue
examination has assisted the decision
taking In the management of protected
species.

e The present study pretends to implement
a molecular technique capable of
Identifying any WS tissue.
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= Norman (2 ﬁ | ta'l-ke about the
necessity ofi\ the DNa¥ ar alysis to
identify of S diVer oil,  meat,
stomach, Intestiney, cartilage and

skin.




RATIONALE

Because of its selected life history the WS is
vulnerable to fisheries

Furtive fishing persistence

Forensic techniques are useful for the
identification of species and means a support for
the governments that are Interested In
combating furtive fishing.

*

With a specific molecular marker of WS it Is
possible to distinguish WS products from others
of different species



HYPOTHESIS

The amplification product of the
control region hypervariable
fragment mtDNA Is specific for
Whale Shark



OBJECTIVE

General objective

e To demonstrate the specificity of the primers which

amplifies the control region hypervariable fragment
MtDNA in WS

Particular objectives

e To Know the optimal conditions of this fragment
amplification in WS

e To Introduce an accessible and economical forensics
method to identify WS products

e To reject a possible crossed amplification in other
Important commercial species


http://mx.wrs.yahoo.com/_ylt=A0oGku.5h2VGkYYA8FXF8Qt.;_ylu=X3oDMTB0OGZxNm9oBHBvcwM5NQRzZWMDc3IEdnRpZANNWDAyNjVfMjY1/SIG=1eoq5juaj/EXP=1181145401/**http%3A//mx.search.yahoo.com/search/images/view%3Fback=http%253A%252F%252Fmx.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dprimers%25252C%252BPCR%2526ei%253DUTF-8%2526fr%253Dyfp-t-340%2526b%253D81%26w=231%26h=150%26imgurl=www.alldvd.be%252Fimages%252F1_02.jpg%26rurl=http%253A%252F%252Fwww.alldvd.be%252Fb7_dc_sybr_primers_pcr_mice.php%26size=23.7kB%26name=1_02.jpg%26p=primers%252C%2BPCR%26type=jpeg%26no=95%26tt=752%26oid=85768b6695ddcdb2%26ei=UTF-8

I\/IETHODOLOGY

I \ jé- 1
W

" Tissue obtention \ Labo rato ry

J

Electro horeS|s

The 18S Gene rDNA PCR, as first positive control
The PCR conditions has an initial denaturalization at 94°C
for 3 min. Followed by 35 cycles of alternancy of T°:1 min. at

94°C, 1 min. at 57°C and 1 min. at 72°C.

o




Universal Primers PCR, In positive control

ThrFTB Forward — CTT GTA AGR CGA AGAS CTG GAG and 12 Srev 326 ACT CGT ATA ACC GCG
GTG GCT ( Sandoval-Castillo et al., 2004).

.\ | N
Universal primers annealing temperature optimization
AL NN

Electrophoresis | } |
S - )

Specificity test of the primers that amplify the mtDNA

Control Region Hypervariable Fragment in WS

TB31F-5"- TGCATGGTTTTATGTACGTC-3"~ and RC-TB3R
| 5" -GGCAGGTGTCGGAGCTT-3" Ramirez- Macias et al, (2007).

The PCR conditions were: The initial denaturation was at 96°C

for 3 min. Followed by 35 cycles of alternancy of T°:1 min. at 94°C,
1 min. at 60.3°C and 1 min. at 72°C.

TANCZIOS



Cephaloscyllium ventriosum #7.

M Rhizoprionodon longurio

Carcharhinus falciformis

Carcharhinus leucas™~
~
- Carcharhinus perezi

Prionace glauca m

" Mustelus henlei

Carcharodon carcharias

Isurus oxyrinchus
== Sphyrna lewini [
oid Sphyrna zygaena

Squatina californica -
D] - - - 2
' Ginglymostoma cirratum



http://www.fishbase.org/Photos/ThumbnailsSummary.php?ID=868
http://www.fishbase.org/Photos/ThumbnailsSummary.php?ID=874
http://www.fishbase.org/Photos/ThumbnailsSummary.php?ID=873
http://www.fishbase.org/Photos/ThumbnailsSummary.php?ID=879
http://cache.eb.com/eb/image?id=65379&rendTypeId=4
http://www.scubaportal.net/img/biology/white_shark/7.jpg
http://images.google.com.mx/imgres?imgurl=http://i71.photobucket.com/albums/i147/GhillieGuy/sandyshore_proj_main.jpg&imgrefurl=http://groups.myspace.com/index.cfm%3Ffuseaction%3Dgroups.groupProfile%26groupID%3D103856445%26MyToken%3D2909ceb7-1c21-4d18-ac4c-17d5a3986327&h=152&w=193&sz=13&hl=es&start=5&tbnid=kakMueOZszHMuM:&tbnh=81&tbnw=103&prev=/images%3Fq%3DMustelus%2Bhenlei%2B%26gbv%3D2%26hl%3Des
http://images.google.com.mx/imgres?imgurl=http://www.sdnhm.org/kids/sharks/shore-to-sea/images/blueshark.jpg&imgrefurl=http://www.sdnhm.org/kids/sharks/shore-to-sea/blue.html&h=177&w=350&sz=16&hl=es&start=9&tbnid=GiHSYTGq1dktMM:&tbnh=61&tbnw=120&prev=/images%3Fq%3DPrionace%2Bglauca%26gbv%3D2%26hl%3Des
http://images.google.com.mx/imgres?imgurl=http://www.worldofsharks.net/images/pacific-sharpnose-shark.jpg&imgrefurl=http://www.worldofsharks.net/glossary_p.htm&h=90&w=220&sz=4&hl=es&start=3&tbnid=AQDTNML_8unjIM:&tbnh=44&tbnw=107&prev=/images%3Fq%3DRhizoprionodon%2Blongurio%26gbv%3D2%26hl%3Des
http://images.google.com.mx/imgres?imgurl=http://zivazeme.cz/images/macka-kalifornska02.jpg&imgrefurl=http://zivazeme.cz/atlas-paryb/macka-kalifornska&h=768&w=1024&sz=622&hl=es&start=9&tbnid=edjyGSktz2NsjM:&tbnh=113&tbnw=150&prev=/images%3Fq%3DCephaloscyllium%2Bventriosum%26gbv%3D2%26hl%3Des
http://www.fishbase.org/Photos/ThumbnailsSummary.php?ID=912
http://images.google.com.mx/imgres?imgurl=http://www.maneatingsharks.com/Images/Hammerhead/hammerhead2.jpg&imgrefurl=http://www.maneatingsharks.com/Hammerhead_Shark_Information.htm&h=375&w=525&sz=37&hl=es&start=1&tbnid=GEip2gLEXaLv9M:&tbnh=94&tbnw=132&prev=/images%3Fq%3DSphyrna%2Bzygaena%2B%26gbv%3D2%26hl%3Des
http://www.fishbase.org/Photos/ThumbnailsSummary.php?ID=729
http://images.google.com.mx/imgres?imgurl=http://www.wildlifeonline.me.uk/images/graphics/Nurse_Shark.jpg&imgrefurl=http://www.wildlifeonline.me.uk/british_carcharodon.html&h=230&w=307&sz=10&hl=es&start=13&tbnid=1bwYm509l9LGyM:&tbnh=88&tbnw=117&prev=/images%3Fq%3DGinglymostoma%2Bcirratum%26gbv%3D2%26hl%3Des

INnclusion criteria

e Only: Sharks were included

s |t Wasi necessany, ter e certain of
S|PECIES

e All the sharks DNA tested In the
Specificity probe should have passed
the control region amplification with

the universal primers.






DNA Evaluation, 18S Gene
Amplification in WS

LANES 1 2 3 4 5 6 7 8
MWM PHIX174

WS 1

WS 2

WS 3

WS 4 == -

+ CONTROL CUL123 . <+ 603 pb

MWM PHIX174 . ~

8 S Ew P s CON =

PCR CONDITIONS
1X 96°C 3 MIN
35X 94°C 1 MIN
57°C 1 MIN
72°C 1 MIN



Control region mtDNA WS Amplification
with the Universal Primers,
In positive control

LANES
. WS 2
. WS 3
. WS 4
. + CONTROL
. - CONTROL
. MWM

,— 1000 pb
800 pb
700 pb

OO~ WNEPE

500 pb
400 pb

300 pb

= 200 pb

100 pb




PCR conditions for the Universal Primers
Standardization

LANES ©C
. 62

. 61.5

. 60.3

. 58.4

. 55.9

. 54.1

. 52.8

. 52.0
MWM

©O~NOUAWNER

100 pb

PCR CONDITIONS
1X 96°C 3 MIN
35X 94°C 1 MIN
52°C 1 MIN
72°C 1.5 MIN




Orectolobiformes control region
amplification, In positive control

1 23 456
LANES
1 MWM
3 G. cirratum 1 v

1000 bp —

There was positive amplification with one individual of this order



Carcharhiniformes control region
amplification, in positive control

Positive amplification were obtained in 10 species of this order.
Those species are included in 4 families

Right
LANES
1 MWM 100 bp T
7. C. limbatus
12. M. henlei 1

7 8 9 10 11 12

Left
LANES

1. MWM 100 bp
2. M. henlei 2
3. M. henlei 3



http://images.google.com.mx/imgres?imgurl=http://i71.photobucket.com/albums/i147/GhillieGuy/sandyshore_proj_main.jpg&imgrefurl=http://groups.myspace.com/index.cfm%3Ffuseaction%3Dgroups.groupProfile%26groupID%3D103856445%26MyToken%3D2909ceb7-1c21-4d18-ac4c-17d5a3986327&h=152&w=193&sz=13&hl=es&start=5&tbnid=kakMueOZszHMuM:&tbnh=81&tbnw=103&prev=/images%3Fq%3DMustelus%2Bhenlei%2B%26gbv%3D2%26hl%3Des

Carcharhiniformes control region
amplification, Iin positive control

Right up Down

1. P. glauca 1

2. P. glauca 2

3. P. glauca 3 123456
4. C. perezi MWM

5. MWM S. zygaena 1

6. C. perezi 2 |S. zygaena 2

7 S. zygaena 3 el
Middle up o
1. MWM S. lewini 1 w
2. C. falsiformis| S. lewini 2 567

3. MWM — '
eft
. MWM ‘ G
. C.leucas 1 _ e
. C. leucas 2 E N ._ 3 300
. R. longurio . -

. C. ventriosum

O~ WNPEFLT


http://images.google.com.mx/imgres?imgurl=http://zivazeme.cz/images/macka-kalifornska02.jpg&imgrefurl=http://zivazeme.cz/atlas-paryb/macka-kalifornska&h=768&w=1024&sz=622&hl=es&start=9&tbnid=edjyGSktz2NsjM:&tbnh=113&tbnw=150&prev=/images%3Fq%3DCephaloscyllium%2Bventriosum%26gbv%3D2%26hl%3Des

Lamniformes control region
amplification, in positive control

Left

1. MWM 100 pb

2. |. oxyrhinchus 1
3. |. oxyrhinchus 2
4. 1. oxyrhinchus 3

123

Right

1. MWM 100pb

2. C. charcharias 1
3. C. charcharias 2
4. C. charcharias 3



http://www.scubaportal.net/img/biology/white_shark/7.jpg

Squatiniformes control region
amplification, in positive control

1 S. californica 1
2 MWM 100 pb
Pb= Base pairs

000 pb
800 pb

There was positive
amplification with one
Individual of this order.



http://www.fishbase.org/Photos/ThumbnailsSummary.php?ID=729

GRADIENT PCR SPECIFIC PRIMERS
AMPLIFICATION

LANES ©C
1. 62
2. 645

3. 60.3

4. 58.4

Sr 9919
6.54.1

7. 52.6

c. 52.0

O. PHIX174
10.NEGATIVO

The implemented PCR conditions were similar to those 18S
gene amplification, except by the annealing temperature,
which was made In gradient.



Primers that amplify the Control Region
Hypervariable Fragment in WS Specificity test

PCR CONDITIONS
1X 96°C 3 MIN
35X 94°C 1 MIN

54.1°C 1 MIN

72°C 1 MIN

g 2. Sasdel it 8- 9 1) a1 o e

LANES

MPM

WS

C. falsiformis
P. glauca 1
P. glauca 2
P. glauca 3
M. henlel 4

NOoO b WNBRE

LANES

8 M. henlei 2

9 M. henlei 3
10 S. lewini 1
11 S. lewini 2
12 S. zygaena 1
13 S. zygaena 2
14 S. zygaena 3




Primers that amplify the Control Region
Hypervariable Fragment in WS Specificity test

PCR CONDITIONS
1X 96°C 3 MIN
35X 94°C 1 MIN

54.1°C 1 MIN

72°C 1 MIN

1 2 3 4 5 6 7 8 9 10 11

LANES

1 MWM

2 WS

3 C. charcharias 1
4 C. charcharias 2
5 I. oxyrhinchus 1
6 |. oxyrhinchus 2
7 |. oxyrhinchus 3
8 S. californica 1
T i gl O G. cirratum 1
10 C. perezi 1

11 C. perezi 2




Genetics nearness and crossed amplification

Bl ON
B i L.:rlr'.lfrlcisc'}:.f.fmuj;n"pnmr.rmz Parascyllidae (Gi”, 1862)
I — Parascyllium variolatum
© —— P coliare -
i cotare Brachaeluridae (Applegate, 1972)
—— P. ferrugineum

Parascyllium sp.

_II'I_|: Orectolobus japonicus

A .[.; G1 O, omatus
i . 0 (?, O. maculatus
_E_ Fi ;H Eucrossorhinus dasypogon
k l';f' Sutorectus tentaculatus
0 K1 P . wardi
i Brachaelurus waddi
I Chiloscyllium plagiosum
i C. hasselti

C. puncitatum

C. indicum

+c
TF!
I-E

M — Hemiscyllium ocellatum

H. trispeculare

H. freycineti

gIL‘: Ginglvmostoma cirraium T
Rhincodon rypus il
' Lo Rhincodontidae (Smith, 1929)

Goto, T., 2001. Mem. Grad. Sch. Fish. Sci. Hokkaido Univ. 48(1):1-100.

é

Compagno, 1977



http://marinebio.org/upload/Stegostoma_fasciatum.jpg

Genetics nearness to the WS. Distribution
and commercial importance

Stegestoma Is, takemn Iin
Pakistan, India, Thailand,

Vialaysia, lanman
(Provinee el China), and
elsewhere \Where It

OCCUrS (www. fao. org)




Specificity PCR conditions of the primers that amplify the
Control Region Hypervariable Fragment in WS

PCR CONDITIONS
1X 96°C 3 MIN
35X 94°C 1 MIN
60.3°C 1 MIN
72°C 1 MIN

1 MWM 100bp
2 G. cirratum 1
3 WS

4 Negativ

LANES °C
62

61.5
60.3
58.4
55.9
54.1
52.8
52.0
PHIX174



Genetics nearness and crossed amplification
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CONCLUSIONS

e The primers that amplified the control region
hypervariable fragment in WS are specific for the
WS under the following conditions: Initial
denaturation at 96°C for 3 min. Follewed by 35 cycles of
alternancy of T%:1 min. at 94°C, 1 min. at 60.3°C and 1
min. at 72°C.

 Nonetheless, the primers should be tested with the most
closely related species ofi comercial importance.

e The control region of mtDNA may be used as a
specific molecular marker of WS. Also, it could
mean a support for the governments that are
Interested In combating furtive fishing of WS for
Its conservation.
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