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Allelic Patterns across Populations
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Multidimensional Scaling Plot of the 
Proportional of Shared Alleles Distances
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Multidimensional Scaling Plot of the 
Proportional of Shared Alleles Distances
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James River Comparison
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York River Comparison
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Hudson/James/York River 
Comparison
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Chord Distance
N‐J TreeN J Tree
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The evolutionary relationships of eight collections of Atlantic sturgeon surveyed at 12 microsatellite DNA 
markers inferred using the Neighbor-Joining method.  The optimal tree, with bootstrap support after 5,000 
permutations, is shown.  Tree is drawn to scale with the branch lengths in chord distance units.   



Assignment Testing

Collection St. John Kennebec Hudson James Albemarle Savannah Ogeechee Altamaha
Assign to 
Collection

Collection

St. John 29 2 93.5% St. John

Kennebec 3 28 3 82.4% Kennebec

Hudson 3 49 1 92.5% Hudson

James 1 105 99.1% James

Albemarle 1 33 1 94.3% Albemarle

Savannah 1 2 22 9 64.7% Savannah

Ogeechee 2 35 94 6% OgeecheeOgeechee 2 35 94.6% Ogeechee

Altamaha 7 1 41 83.7% Altamaha

Assign to 
DPS

93.5% 82.4% 92.5% 99.1% 94.3% 97.5%
90.2% 

95.3%

DPS Canadian GOM NY Bight Chesapeake Carolina South Atlantic

Overall Assignment Success:  Collection‐ 90.2%   DPS‐ 95.3% 

Incorrect  assignments are distributed horizontally and are highlighted in yellowyellow.  



Grunwald et al. 2007 Haplotype Network

UPGMA Tree of Genetic Distances

UPGMA tree
(1) St. Lawrence, Saint John, and Kennebec, (2) Hudson and
D l (3) J d S h (4) Alb l (5) Edi tDelaware, (3) James and Savannah, (4) Albemarle, (5) Edisto
and Combahee, (6) Ogeechee, and (7) Altamaha rivers.

AMOVA
(1) St. Lawrence, St. John, and Kennebec, (2) Hudson, 
(3) Delaware, (4) James, (5) Albemarle,(3) Delaware, (4) James, (5) Albemarle, 
(6) Combahee and Edisto, (7) Savannah, (8) Ogeechee, and 
(9) Altamaha



Mantel Test 
Comparing Estimates of Pair‐wise Population 

Differentiation (F ) between mtDNA and nDNA
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Scatterplot depicting the Mantel  analysis comparing the mtDNA FST values for eight Atlantic coast 
collections of Atlantic sturgeon and the pair‐wise microsatellite DNA FST values for the same collections 

d t 12 i t llit DNA l i (M t l t t 0 45 t 2 25 P 0 021)surveyed at 12 microsatellite DNA loci (Mantel test: r = 0.45; t = 2.25; P = 0.021).



Shortnose Sturgeon



Overview
• A. brevirostrum listed under ESPA (predecessor to ESA) in 1967 

• 1998 recovery plan recommended that all 19 estuaries should be managed as DPSs 
(no genetics information available at the time); status currently under review; 

• 96 polysomic microsatellite DNA markers have been developed for A. brevirostrum
• Markers tested for inheritance among 7 families

• No markers have been found that appear to be disomic

• 11 markers surveyed in 561 fish sampled from 17 rivers/embayments

• A series of analyses have been performed in which the allelic patterns observed at these
these loci were treated as dominant (i.e., presence/absence) markers

• A dataset of 561 animals surveyed for 220 alleles was generatedy g

• Unique alleles observed in many collections

• Comparison between distance measures – Jaccard vs ΦPTp PT 
• Mantel test indicates the two distance are nearly identical (r=0.98; P<0.0001)

• Other analyses: PCA, ANOSIM, N-J cluster, STRUCTURE, AMOVA, assignment, 



Shortnose sturgeon 
(Acipenser brevirostrum) 

St. John R. (25)
Penobscot R. (39)

Kennebec R.  (24)
Androscoggin R.  (23)

Merrimac R. (22)

Connecticut R.  (47)

Hudson R.  (45)

Delaware R.  (39)

Chesapeake Bay (34)
(includes Potomac R.(2))

General Collection Localities 
(Sample Sizes)

Savannah R.  (34)

Santee-Cooper (42) / L. Marion (33) 
Edisto (33)

Cape Fear (3)
Winyah Bay (47)

(Sample Sizes)

Ogeechee R.  (35)
Altamaha R.  (35)



Range-wide PCA
with 95% ellipses
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Northeast PCA
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Mid-Atlantic PCA
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Southeast PCACape FearCape Fear
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St. John
M i

N-J Tree

Penobscot
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Evolutionary relationships of 17 taxa 
The evolutionary history was inferred using the Neighbor-Joining method [1]. The optimal tree with the sum of branch length = 0.41323750 is shown. 
The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. PhylogeneticThe tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. Phylogenetic 
analyses were conducted in MEGA4 [2]. 

1. Saitou N & Nei M (1987) The neighbor-joining method: A new method for reconstructing phylogenetic trees. Molecular Biology and Evolution 4:406-425.
2. Tamura K, Dudley J, Nei M & Kumar S (2007) MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) software version 4.0. Molecular Biology and 
Evolution 10.1093/molbev/msm092.



Allocation to DPS - 5 Segment Model

225

250
Overall success rate – 99.1% (556/561)

150

175

200

75

100

125

0

25

50

allocated to Northeast Connecticut Hudson Delaware/C. Bay Southeast

Northeast Connecticut Hudson Delaware/C. Bay Southeast
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The mtDNA Perspective
(Wirgin et al. 2005)

St John

The nDNA Perspective
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Neighbor-Joining tree illustrating the structure in the
ΦPT distance matrix generated from 11 polysomic
microsatellite DNA loci surveyed in A. brevirostrum
from 17 Atlantic coast collections.



SummarySummary

• Principle components analysis (PCA) of these data indicated the presence of 3Principle components analysis (PCA) of these data indicated the presence of 3 
major (regional) groupings among the 17 surveyed river/bay systems.  These regional 
groupings are:

1. Northeast which includes the rivers from the Gulf of Maine1. Northeast which includes the rivers from the Gulf of Maine
2. Mid-Atlantic which includes the CT, Hudson, and DE Rivers
3. Southeast including the Cape Fear, Winyah Bay, Santee-Cooper system, 

Edisto, Savannah, Ogeechee, and Altamaha Rivers

• Regional PCA suggests the three Mid-Atlantic rivers may contain distinct populations
of A. brevirostrum; the Southeastern PCA suggests much overlap; the northern-
(Santee-Cooper) and southern-most (Altamaha) collections show the least overlap 

• Hierarchical STRUCTURE results were consistent with PCA analyses as K (clusters) was 
estimated to be 5: three major clusters with the mid-Atlantic cluster consisting of three 
sub-clusters.

• Neighbor-Joining tree is consistent with PCA, STRUCTURE analysis 



Information Per Marker/Method

Next-Generation Conservation Biology – Comparative Population Genomics
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Newer Technologies

•Next Generation Sequencing
M i l  ll l i–Massively parallel sequencing

•Roche 454 
•Applied Biosystems SOLID system•Applied Biosystems SOLID system
•Solexa’s Illumina Genome Analyzer
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G i f th A i idGenomics of the Acipenseridae

Transcriptome AssemblyTranscriptome Assembly
All RNA molecules, including mRNA, rRNA, tRNA, and non-coding RNA 

The term can be applied to the total set of transcripts in a given organismThe term can be applied to the total set of transcripts in a given organism, 
or to the specific subset of  transcripts present in a particular cell type.

Marker DevelopmentMarker Development
Microsatellite DNA
Single Nucleotide Polymorphisms (SNPs)

Mitogenomics
Study of the complete mitochondrial genome; More accurately 
assess phylogenetics phylogeography and estimate divergenceassess phylogenetics, phylogeography and estimate divergence 
times 



G i f th A i idGenomics of the Acipenseridae

Transcriptome Assembly >2 000 000 readsTranscriptome Assembly >2,000,000 reads
Acipenser oxyrinchus
Acipenser brevirsotrum
Scaphirhynchus albus
Scaphirhynchus platorynchus

Marker Development
Microsatellite DNA  > 66,000 potential markers
SNP > 70 000 t ti l kSNP > 70,000 potential markers



G i f th A i idGenomics of the Acipenseridae

Transcriptome Assembly >2 000 000 readsTranscriptome Assembly >2,000,000 reads
Acipenser oxyrinchus
Acipenser brevirsotrum
Scaphirhynchus albus
Scaphirhynchus platorynchus

Marker Development
Microsatellite DNA  > 66,000 potential markers
SNP > 70 000 t ti l kSNPs > 70,000 potential markers



Mitogenomics

Five complete Acipenser mtDNA genomes are in GenBank
(A gueldenstaedtii A dabryanus A sinensis A stellatus(A. gueldenstaedtii, A. dabryanus, A. sinensis, A. stellatus, 
and A. transmontanus)  

Compiled a contig of 375 sequences from GenBank and new
sequences resulting from transcriptome assemblyq g p y



Acipenser mtDNA molecule ~17,750 base pairs

COI
Cyt b



Mitogenomics

Long-range PCR of two regions (COI and Cyt b)

Long read massively parallel sequencing  (e g  454 Roche) Long-read massively parallel sequencing  (e.g., 454 Roche) 
for the sequence, assemble, and phylogenetic comparison 

Coding genes of the mtDNA may evolve under selection 
owing to metabolic requirements.
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Functional Genomics

Goal: Use powerful tools (e.g., RNA-seq) to  p f ( g , q)
investigate the evolutionary processes of 
adaptive divergence among natural populations.

Research Question - Does the genetic divergence 
observed among wild population observed with 
neutral markers show adaptive significance (i e  neutral markers show adaptive significance (i.e., 
or is differentiation due to divergent natural 
selection)?



Information Per Marker/Method

Next-Generation Conservation Biology – Comparative Population Genomics
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Next Generation Sequencing
M i l  ll l iMassively parallel sequencing



De novo Transcriptome Development



Restriction-site Associated DNA (RAD) Tags



120 chromosomes

250 chromosomes

370 chromosomes370 chromosomes
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Unique Demographic Perspective
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Posterior distribution of Log(T)

1. Little indications of any difference in T between populations.  

2 Old d li i l ti ith ti i fl2. Old decline in populations with continuing gene flow. 

3. A decline in the central range which over time have lead to a decline in Ne 
in adjacent populations as the genetic variation in the incoming migrants 

d ll l dwas gradually lowered.

4. Concordant with shallow mtDNA gene genealogy. 


