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THE CONTROL REGION OF MITOCHONDRIAL DNA 
AS A SPECIFIC MOLECULAR MARKER OF WHALE 

SHARK (Rhincodon typus).



RhincodonRhincodon typustypus ((SmithSmith, 1829), 1829)

PhyllumPhyllum ChordataChordata

SubphyllumSubphyllum VertebrataVertebrata

ClassClass CondrichthyesCondrichthyes

SubclassSubclass ElasmobranchiiElasmobranchii

OrderOrder OrectolobiformesOrectolobiformes

FamilyFamily RhincodontidaeRhincodontidae



OrectolobiformesOrectolobiformes

•• HemicylliidaeHemicylliidae GillGill, 1862, 1862

•• OrectoloboidaeOrectoloboidae JordanJordan y y FowlerFowler, 1903, 1903

•• BrachaeluridaeBrachaeluridae ApplegateApplegate, 1972, 1972

•• ParascyllidaeParascyllidae GillGill, 1862, 1862

•• GinglymostomatidaeGinglymostomatidae GillGill, 1862 , 1862 

•• StegostomatidaeStegostomatidae
CompagnoCompagno, 1977, 1977



•• TheThe WS has a WS has a ““KK”” selectedselected lifelife
historyhistory thatthat makesmakes itit vulnerable vulnerable toto
explotationexplotation..

•• The WS is a specie that has The WS is a specie that has 
suffered because of fisheries.suffered because of fisheries.



NATIONAL PROTECTION NATIONAL PROTECTION 
–– In Australia it has total protection.In Australia it has total protection.
–– In the USA it has total protection.In the USA it has total protection.
–– In Belize it is protected since 2000 (DecreeIn Belize it is protected since 2000 (Decree

No.68).No.68).
–– In Honduras it is protected since 1999 In Honduras it is protected since 1999 

(Presidential decree, No. 321(Presidential decree, No. 321--900).900).
–– In India it is protected since 2001 by the Indian In India it is protected since 2001 by the Indian 

Ministry of Environment and Forests.Ministry of Environment and Forests.
–– In Mexico it has total protection (NOMIn Mexico it has total protection (NOM--029029--PESCPESC--

2000).2000).
–– In Maldives it is protected since 1995 by the In Maldives it is protected since 1995 by the 

Environment Law (4/93).Environment Law (4/93).
–– In Philippines it has full protection since 1998 In Philippines it has full protection since 1998 

Administrative Order No. 193.Administrative Order No. 193.
–– In South Africa it has total protection.In South Africa it has total protection.
–– In Taiwan it is protected since 2002 by The Whale In Taiwan it is protected since 2002 by The Whale 

Shark Harvest Reporting System.Shark Harvest Reporting System.
–– In Thailand it is protected since 2000 through the In Thailand it is protected since 2000 through the 

Fishing Act B.E. 2490.Fishing Act B.E. 2490.
(Norman, 2004)(Norman, 2004)

FISHERIES FISHERIES 

–– MaldivesMaldives, China, , China, TaiwanTaiwan, India, , India, PakistanPakistan, , JapanJapan, Indonesia, , Indonesia, PhilippinesPhilippines
andand Senegal Senegal 

JoungJoung et alet al. 1996. 1996



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 III 
and in the 12th Conference of Parties appendix 
number II in 2002.

– NGO participation in the WS conservation  



• Genetic analysis is a very useful tool to 
support the conservation of species.

• 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.   

• The present study pretends to implement 
a molecular technique capable of 
identifying any WS tissue.



•• In other In other SelachiiSelachii::
––HoelzelHoelzel (2001) developed a (2001) developed a 

forensic technique for the forensic technique for the 
identification of the shark identification of the shark 
CetorhinusCetorhinus maximusmaximus with the with the 
cytochromecytochrome b b mtDNAmtDNA as the as the 
molecular marker molecular marker 

•• Norman (2004) talked about the Norman (2004) talked about the 
necessity of the DNA analysis to necessity of the DNA analysis to 
identify of fins, liver oil, meat, identify of fins, liver oil, meat, 
stomach, intestine, cartilage and stomach, intestine, cartilage and 
skin. 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
• To demonstrate the specificity of the primers which 

amplifies the control region hypervariable fragment 
mtDNA in WS 

Particular objectives
• To Know the optimal conditions of this fragment  

amplification in WS

• To introduce an accessible and economical forensics 
method to identify WS products

• 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


METHODOLOGY

Tissue obtention Laboratory

DNA Isolation

Electrophoresis

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.



Electrophoresis

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- Macías 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.

Universal primers annealing temperature optimization

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).



Cephaloscyllium ventriosum
Rhizoprionodon longurio
Carcharhinus falciformis
Carcharhinus limbatus

Carcharhinus leucas
Carcharhinus perezi

Prionace glauca
Mustelus henlei

Carcharodon carcharias
Isurus oxyrinchus

Sphyrna lewini
Sphyrna zygaena

Squatina californica
Ginglymostoma cirratum
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Inclusion criteriaInclusion criteria

•• Only Sharks were included Only Sharks were included 

•• It was necessary to be certainIt was necessary to be certain ofof
speciesspecies

•• All the sharks DNA tested in the All the sharks DNA tested in the 
specificity probe should have passed specificity probe should have passed 
the  control region amplification with the  control region amplification with 
the universal primers.the universal primers.



RESULTS AND DISCUSSIONRESULTS AND DISCUSSION



DNA Evaluation, 18S Gene 
Amplification in WS

1         2       3        4        5       6       7         8LANES
1. MWM PHIX174
2. WS 1
3. WS 2
4. WS 3
5. WS 4
6. + CONTROL CUL123
7. - CONTROL 
8. MWM PHIX174

PCR CONDITIONS
1X    96OC  3 MIN

35X    94OC  1 MIN
57OC  1 MIN
72OC  1 MIN

603 pb



Control region mtDNA WS Amplification
with the Universal Primers, 

in positive control

LANES
1. WS 2
2. WS 3
3. WS 4
4. + CONTROL
5. - CONTROL 
6. MWM 



PCR conditions for the Universal Primers 
Standardization

LANES OC
1. 62
2. 61.5
3. 60.3
4. 58.4
5. 55.9
6. 54.1
7. 52.8
8. 52.0
9. MWM

PCR CONDITIONS
1X    96OC  3 MIN

35X    94OC  1 MIN
52OC  1 MIN
72OC  1.5 MIN



Orectolobiformes control region
amplification, in positive control

1000 bp

1   2  3 4  5  6   
LANES

1 MWM

3 G. cirratum 1

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
7.   C. limbatus
12. M. henlei 1

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, in positive control

1   2   3    4   5   6  

Right up        Down
1. P. glauca 1
2. P. glauca 2
3. P. glauca 3
4. C. perezi MWM 
5. MWM             S. zygaena 1
6. C. perezi 2     S. zygaena 2
7. S. zygaena 3

Middle up             
1. MWM             S. lewini 1
2. C. falsiformis S. lewini 2
3. MWM

Left
1. MWM
2. C. leucas 1
3. C. leucas 2
4. R. longurio
6. C. ventriosum

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. I. oxyrhinchus 1
3. I. oxyrhinchus 2
4. I. oxyrhinchus 3

Right
1. MWM 100pb
2. C. charcharias 1
3. C. charcharias 2
4. C. charcharias 3

1  2  3    

1   2   3    4    

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


Squatiniformes control region
amplification, in positive control

There was positive 
amplification with one
individual of this order.

1   2

1000 pb

800 pb

1 S. californica 1

2 MWM 100 pb

Pb= Base pairs

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


GRADIENT PCR SPECIFIC PRIMERS GRADIENT PCR SPECIFIC PRIMERS 
AMPLIFICATIONAMPLIFICATION

1    2     3    4    5    6    7    8    9   101    2     3    4    5    6    7    8    9   10LANESLANES OOCC
1.1. 6262
2.2. 61.561.5
3.3. 60.360.3
4.4. 58.458.4
5.5. 55.955.9
6.6. 54.154.1
7.7. 52.852.8
8.8. 52.052.0
9.9. PHIX174PHIX174
10.10.NEGATIVONEGATIVO

The implementedThe implemented PCR conditions were similar to those 18S PCR conditions were similar to those 18S 
genegene amplification, except by the annealingamplification, except by the annealing temperature, temperature, 
which was made in gradient.which was made in gradient.

603 603 pbpb
872 872 pbpb

194pb194pb
234 234 pbpb



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

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

PCR CONDITIONS
1X    96OC     3 MIN

35X    94OC     1 MIN
54.1OC 1 MIN
72OC     1 MIN

LANES
1 MPM 
2 WS 
3 C. falsiformis
4 P. glauca 1  
5 P. glauca 2  
6 P. glauca 3 
7 M. henlei 4

1   2  3   4   5  6   7   8  9  10 11 12 13 14



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

1   2   3   4   5   6   7   8   9  10  11 

PCR CONDITIONS
1X    96OC     3 MIN

35X    94OC     1 MIN
54.1OC 1 MIN
72OC     1 MIN

LANES
1 MWM
2 WS    
3 C. charcharias 1
4 C. charcharias 2 
5 I. oxyrhinchus 1
6 I. oxyrhinchus 2 
7 I. oxyrhinchus 3 
8 S. californica 1
9 G. cirratum 1

10 C. perezi 1
11 C. perezi 2



Genetics nearness and crossed amplification

ParascyllidaeParascyllidae ((GillGill, 1862), 1862)

BrachaeluridaeBrachaeluridae ((ApplegateApplegate, 1972), 1972)

OrectoloboidaeOrectoloboidae ((JordanJordan y y FowlerFowler, 1903), 1903)

HemicylliidaeHemicylliidae ((GillGill, 1862), 1862)

GinglymostomatidaeGinglymostomatidae ((GillGill, 1862)., 1862).

Stegostomatidae

Rhincodontidae (Smith, 1929)

Compagno, 1977
Goto, T., 2001. Mem. Grad. Sch. Fish. Sci. Hokkaido Univ. 48(1):1–100.

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


Genetics nearness to the WSGenetics nearness to the WS. . Distribution Distribution 
and commercial importanceand commercial importance

StegostomaStegostoma isis takentaken in in 
PakistanPakistan, India, , India, ThailandThailand, , 
MalaysiaMalaysia, , TaiwanTaiwan
((ProvinceProvince ofof China), China), andand
elsewhereelsewhere wherewhere itit
occursoccurs (www. fao. org)



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

PCR CONDITIONS
1X    96OC     3 MIN

35X    94OC     1 MIN
60.3OC  1 MIN
72OC     1 MIN

LANES °C
•• 6262
•• 61.561.5
•• 60.360.3
•• 58.458.4
•• 55.955.9
•• 54.154.1
•• 52.852.8
•• 52.052.0
•• PHIX174PHIX174

1 MWM 100bp

2 G. cirratum 1

3 WS

4 Negativ

1         2         3 4 
1    2     3    4    5    6    7    8    9   101    2     3    4    5    6    7    8    9   10



Underwood 2006

Genetics nearness and crossed amplification



CONCLUSIONSCONCLUSIONS

•• The primers that amplified the control region The primers that amplified the control region 
hypervariablehypervariable fragment in WS are specific for the fragment in WS are specific for the 
WS under the following conditions: WS under the following conditions: initialinitial
denaturationdenaturation atat 9696°°C C forfor 3 min. 3 min. FollowedFollowed by 35 by 35 cyclescycles ofof
alternancyalternancy ofof TT°°:1 min. :1 min. atat 9494°°C, 1 min. C, 1 min. atat 60.360.3°°C C andand 1 1 
min. min. atat 7272°°C.C.

•• NonethelessNonetheless, , thethe primersprimers shouldshould be be testedtested withwith thethe mostmost
closelyclosely relatedrelated speciesspecies ofof comercial comercial importanceimportance..

•• The control region of The control region of mtDNAmtDNA may be used as a may be used as a 
specific molecular marker of WS. Also, it could specific molecular marker of WS. Also, it could 
mean a support for the governments that are  mean a support for the governments that are  
interested in combating furtive fishing of WS for interested in combating furtive fishing of WS for 
its conservation.its conservation.
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