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Importance of Hybridization

Evolution — Genetic diversity & speciation
African cichlids (Cichlidae family)
— Ancestral hybridization
— Model of rapid speciation

— Species-rich group
— Intraspecific variation

Speciation Reversal Theory (Seehausen et al. 2007)

— Speciation occurs by way of divergent adaptation in
heterogeneous environments

— Loss of habitat heterogeneity allows for more
Interspecific gene flow

— Genetic homogenization reduces biodiversity
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Why study hybridization?
Hybridization is important in evolutionary process where it is believed to be important mechanism for creating genetic diversity leading to speciation.
hybridization may have played an important part of generating diversity are African Chiclids.  
Here is a model for rapid evolution of a speciose group with large amounts of intraspecific variation.  
 Not  unlike Sebastes.

A theory put out in a paper by Ole Sleehausen and others predicts speciation reversal with genetic introgression.
Where spiciation happens by way of divergent adaptation in a het envir.  
Then loss of this het. Allows more geneflow – therefore loss of number of species.

Hybridization can reverse the effects of genetic diversity by genetic homogenization which is a biodiversity conservation concern.


Importance of Hybridization

Conservation

—Introduced species
« Secondary contact of introduced species

» Native Cutthroat Trout (Oncorhynchus clarki) — endangered native
populations

* Rainbow trout (O. mykiss) - out of basin hatchery stocking

e
A

—Altered habitats
» Mississippi River dikes changed natural water flow
« Pallid sturgeon (Scaphirhynchus albus) - endangered
» Shovelnose sturgeon (S. platorynchus) — large abundance
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More specific examples of fish hybridization as conservation issue. 

Native west slope cutthroat trout in Montana are threatened by the stocking of out of basin rainbow trout.  These 2 species hybridize which mpacts the recovery of majorly depleted DPS of cutthroat trout.  
RT hybridization is a huge treat to Cutthroat diversity in other populations.

An example of altered habitats that impact species contact are the Southeastern sturgeon.
In the lower Mississippi River dikes and dams changed the natural flow rate and depth of water. 
Contemporary water flow changes have created new areas of overlap for Pallid and shovelnose sturgeon.
Pallid is endangered and prefers faster water than shovelnose sturgeon


Research Organisms

» Closely related species
 Demersal adults associated with
substrate structure

* Near shore species

* Long lived (30-55 yrs.)

e Pelagic juvenile life history

e Internal fertilization & live bearers

Photos: http://wwww.jongrossphotography.com
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Genetic Phylogeny
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eSebastes Is a species-rich group
with over 65 species in the NE
Pacific Ocean

o Copper, quillback, and brown
rockfish closely related (Pteropodus

sub genus) J Hyde & R Vetter 2007
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Partial phylogeny from a publish mtDNA consensus tree.
Previous genetic work show that copper, brown, quillback are distinct species.
Here we can see their phylogenetic relationships based on a consensus tree published by John Hyde.
They  are  part of the Sub-genus Pteropodus.
Copper and Quillback are sister species.




* Previous genetic work identified hybrids in Puget Sound
(L. Seeb, V. Buonaccorsi, and others)

e Puget Sound is a unigue and changing environment
where a species interaction such as hybridization is
Important to quantify
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In Puget Sound, these species have been known to hybridize as reported by 
Although each of many of these studies had limited geographic sampling in the Puget Sound.



Research Questions

e Where and how much
hybridization is going on In
Puget Sound copper, quillback, &
brown rockfish ?

e |Is there a direction to
mterspelelc INntrogression
— Is there a species bias in hybrids?

— Is there evidence of female (or
male) mediated gene flow?

e Can we estimate the timing of
hybridization events?
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The third objective will not be addressed in this talk


Coastal
Samples

e SWFSC collection

 Coastal range
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We obtained fin clip samples from copper, quillback, and brown rockfish on the coast.
Quillback and copper overlap north and south of puget sound
Quillback distribution into Alaska
Brown are all south of Puget Sound.  


Puget Sound Samples

Species | N

Quillback

North Puget Sound (NPS)
Whidbey Basin (WB)

Hood Canal (HC)

Central Puget Sound (CPS)
South Puget Sound (SPS)

Morphological species ID

2002 WDFW Groundfish Survey —
Wayne Palsson
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We obtained data from 97 fin clips from Adults collected during the 2002 WDFW Groundfish survey. 
Species ID was based on known morphological characters and coloration
This map shows the sampling areas  -
Quillback and Copper were sampled in all Puget sound regions here.
There were no Brown rockfish in our collection from NPS or WB



Analysis Methods

e Sequence 5 DNA markers

» One mMtDNA (maternally inherited) & 4 nuclear
DNA markers (bi-parentally inherited)

e Phylogenetic analysis using mutation
model implemented maximum likelihood
(ML)

» ML haplotype trees used to identify species
specific groups (clades)

e |dentification of hybrid:

» Mismatch of DNA & morphological ID at one
or more markers


Presenter
Presentation Notes
A fish is called a hybrid if it is an outlier at any one locus & A fish can be a hybrid at more than one locus.


=
Using trees to evaluate DNA

introgressive hybridization

— More DNA markers are required to detect @ Quiliback
later generation hybrids
— Misidentified specimen : All DNA markers @ Brown
= morphology @ covver
— Hybrid : on or more DNA marker =
morphology
Outgroup

e Partial tree results from one DNA
marker

 Individual fish in tree is color
coded by morphological ID at
collection

B CoCoQCO002
B CoCoQCO005
B CoNPS084
Kelp

B QuCoNCO001

B QuCoNCO002
B CoSPS045
B QuNPS105

calico
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Bl BrNPS001
GrnStrp
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Here is a simplified tree (close up to the data to better explain how we ID hybrids from a phylogeny.
Each sample is color coded by the ID at collection:   Red – Q, Blue – Brown, Purple – copper

 next few slides show phylogenetic tree results (only show 3 most informative loci)
The phylogenetic results are shown as maximum likelihood haplotypes trees.    
These trees contain a lot of data but the focus shown with highlights are the species specific clades & the species outliers which are called a hybrid.






Results: Hybrid counts

Hybrids by Species

brown brown copper copper quillback quillback

Puget Sound Coastal Puget Sound Coastal Puget Sound Coastal

Species (Puget Sound vs. Coastal)

v'36 hybrids were identified in Puget Sound

v'"Most were collected as copper or brown

v'2 quillback hybrids were identified on the coast

v'Fewer Puget Sound quillback were identified as hybrids



Presenter
Presentation Notes
Here is  summary of results of hybrid counts by species.  
This is based on the species ID at collection of the fin clip. 
The bars for each species have one one for PS and one for the coast.

We see significantly more hybrids in puget sound brown and copper rockfish and less in quilback.
Yet we see some hybrids in coastal quillback were in copper and brown coastal samles w do not.
  
Quillback show a similar level of hybrids between PS and the coast. 


Results:
Hybrid counts by region - 3
species combined

v North Puget Sound - fewer hybrids

v North Puget Sound ~ coastal

v No differences among PS regions

v'~1/2 to 1/3 of samples were hybrids south
of Admiralty Inlet
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Here are the results of our hybrid counts by region.
This shows the data summarized for all species.   
Left to right is south sound to north sound and out to coast.  
SPS ~1/2 and the other basins ~1/3 
There is a similar ratio of hybrid in NPS and the coast.


Results

Brown
Rockfish

46% of Brown
Rockfish in Puget
Sound were
hybrids (N = 24)

Zero from the coast
(N=13)
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The next three slides are a graphical representation of the species per PS region on a map. 
 The pie chart size is relative to sample size


Results

Copper
Rockfish

61% of Copper
Rockfish in Puget
Sound were
hybrids (N = 33)

Zero from the coast
(N =12)




Results

Quillback
Rockfish

14% of Quillback
Rockfish from

Puget Sound were
hybrids (N = 40)

13% from the Coast
were hybrids
(N=16)




Detailed Results for hybrids

Species direction of hybridization
*Species bias in hybrids

ID
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ETS

S7

H HEEEEEEENEEEENEEEEEEEEEEENEEEEEN ver
L . A HEEEEN vo-

Male/Female direction of hybridization
* sex bias in hybrid mating (mtDNA # nDNA)

MmtDNA

ETS

S7
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Here are the detailed results of hybrids in Puget Sound. This graph is color coded by species to follow geneflow between species.
Each column is an individual.  Each row is a DNA result.
The top graph shows the data from all 36 hybrid individuals detected in puget sound by our 5 loci.  
The top line is the species ID at collection
The gray is the DNA cannot resolve those species and the yellow is the DNA did not match the collected species ID.
We found no mis ID’s but we found 36 samples where the DNA did not match the species it was collected at for at least one locus.
When you look at these patterns you see the greater number of samples collected as copper are hybrids as we saw in the histograms shown earlier.
You also see that there is more quillback introgression into samples collected as copper than brown
The second graph:
When we take away the first row and look at just 3 DNA markers (remove the ID at collection) we get a better look at the DNA introgression.
The hybrid fish are oriented by their mtDNA (maternal inheritance) to visualize discordance between mtDNA and nuclear DNA (which is bi parentally inherited).  
Quillback alleles introgressed into brown in copper is balanced in both mt and nuDNA.
Perhaps copper/quillback hybrids look more copper than quillback??




Summary of Results

- One third of our Puget Sound copper, quillback,
and brown rockfish samples were hybrids

- All hybrids were later generation hybrids (no F1s)

- A few hybrids were found with mixed ancestry
from 3 species

- No hybridization in coastal copper and brown
rockfish were detected.

- Both coastal quillback and Puget Sound quillback
samples had a lower incidence of hybrids.

— Most of the hybridization is between
copper/quillback

- No evidence of sex bias in hybrid mating



What does this mean?

Management - How do we protect species

hybrids or species with hybrids?
Evolution - Hybridization may be a natural

process in post glacial fjord populations.
Conservation - Impact of hybrids on depleted

stocks and their ability to recover

- Do nearshore habitat alterations impact
species hybridization?

- Is there a potential for speciation reversal?
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