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Summary of events
• Highlights – genetic studies

• 1997 – Genetic monitoring 
initiated

• 2005 – Studies of mtDNA shows 
genetic variation maintained

• 2007 – First estimate of the 
effective number of breeders

• 2010 – Introduction 
microsatellites

• 2010 – Initiate backwater studies
• 2014 – Comprehensive genetic 

and demographic study published
• FY2017 – Development of single 

nucleotide polymorphism (SNP) 
panel initiated

From Marsh et al. 2015



Complete genome
• Needed to generate a map of 

the razorback sucker genome
– Map sites of markers to insure 

independence
– Identify region of sex 

determination
• Full genome 2.4 gigabases (GB)

– Human genome = 2.9 GB
• 60X coverage (copies of each 

sequence) with multiple 
methods

• All 50 chromosomes assembled
– Tetraploid – 2x as many 

chromosomes as zebrafish
Zebrafish genome
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What are SNPs?

• Single Nucleotide 
Polymorphisms – changes in 
the DNA sequence

• 1000s of SNP markers available
‒ Much increased statistical power
‒ Independence of markers
‒ Some functional others neutral



• Genetic diversity
• Inbreeding
• Sex specific markers

– Variation in sex ratios 
• Parentage analyses

– Variation in individual 
reproductive success in 
backwaters

• Identify hybrids between 
razorback and flannelmouth
suckers

Why develop a SNP panel for genetic monitoring? 



Ellis 1914

Restriction site-associated DNA sequencing 
(RAD-seq)

• 64 adult males
• 64 adult females

– Sex determined phenotypically 
and by known reproduction

– All contributed offspring 
(microsatellite parentage 
analysis)

• 40 larvae (10 larvae x 4 families)
• 24 flannelmouth sucker



SNP panel development
• 394 loci tested to date

– 205 loci optimized 
• Filtered
• Amplify well with each other
• Average coverage >5x
• All in Hardy-Weinberg equilibrium

• Parentage analyses
– Developing computational methods to 

use all SNPs in the fragment
– More than two alleles per locus = 

greater statistical power



What about SNPs and the genome?
• Selected SNPs 

scattered throughout 
the genome

Range: 1 – 16/chromosome
Mean: 6.5/chromosome
Median: 6/chromosome



Sex-specific presence-absence markers





Group Marker 1 Marker 2 Marker 3 Overall
Adult females 0/63 

0%
0/64
0%

0/64 
0%

0/64 
0%

Adult males 50/62 
80.1%

52/64
81.3%

51/63
81.0%

52/64
81.3%

Male-Specific Markers:  
PCR Validation (RAD samples)

Razorback sucker: 90.6% correctly sexed
(116 of 128 known adults)

12 phenotypic males without the male-specific markers



Phenotypic sex N Marker 1 Marker 2 Marker 3 Overall
Adult females 71 2/65 

3.0%
2/66
3.0%

2/68 
2.9%

2/68
2.9%

Adult males 68 55/64 
85.9%

57/66
86.4%

57/66
86.4%

58/67
86.6%

Male-Specific Markers: PCR Validation 
(Lake Mohave samples: 1997-2017)

91.9% (124 of 135 known adults) correctly sexed

• Two unusual females were fish that had been re-tagged
• Nothing unusual about the nine odd males

• Why do some males lack the male-specific markers? 



Temporal variation
• Unusual males and females (mismatched between phenotype and 

genetic identification) scattered across time
– Sampled in 1993, 1998, 1999(3), 2004, 2007(2), 2009, 2015, 2017

• Distribution of males and females structured over time
– 68 males, 71 females

Test pre-2008 vs post 2007
G-test
G = 41.0
Df = 1
P < 0.0001



Group Marker 1 Marker 2 Marker 3 Overall
Larval females 24 24 24 24

Larval males 23 23 23 23

Male-Specific Markers: Unknowns
(Lake Mohave larvae: 2018)

48 larvae from six locations, January - April

1:1 sex ratio in larvae

Odd results for adults reflect hatchery operations?



Group Number Ave.
length

Females 55 436

Males 41 412

Male-Specific Markers: Unknowns
(Achii-Hanyo samples: 2016)

Stocking more 
females than males

Females significantly 
larger than males



Summary – SNP results
• Many SNPs optimized

– Starting application in parentage analyses

• Male-specific markers consistent with phenotypes in >92% of 
all individuals tested

• Sex appears to be polygenic (loci on several chromosomes) 
and environmentally determined

– Environmental sex determination similar to what we know from work with 
goldfish and other fishes

– For goldfish, sex sensitive to environment up to 22 days with females 
becoming males at higher temperatures (> 23 C)

• Why is this important?



What about sex specific markers and the genome?

• Difficult to place 
because of their 
short length and 
structure
– MM1 = chr 34
– MM2 = chr 6
– MM3 = chr 1 or 11?

• Sex is polygenic as well 
as environmentally 
determined?



Why are sex ratios important? 



Sex ratios and effective population size 

• Any deviation from a 
50:50 sex ratio reduces 
effective number of 
breeders

• Reduces levels of 
genetic variation

• Therefore, important 
to consider such 
effects as thinking 
about conservation
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