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Activities on this project during the first quarter can be divided into three categories: (I) planning and coordination of collecting trips, (II) sampling of Colorado River mainstem populations, and (III) laboratory work. Each category is dealt with below.

I. PLANNING AND COORDINATION OF SAMPLING: As outlined in the proposal, collection of tissue samples from Gila cypha populations would be a collaboration with other researchers working with the study species. Sampling for the current field season was still ongoing when this report was prepared, and a full account of samples collected during 2001 will be provided in the second quarterly report.

Lower basin collecting efforts were coordinated with U.S.F.W.S. (Lew Coggins, P.I. -- Flagstaff, AZ). The latter were monitoring the G. cypha population in the lower 15 river-kilometers of the Little Colorado River. We also coordinated with SWCA (Melissa Trammel, field supervisor -- Flagstaff, AZ) to obtain samples from the confluence area of the Little Colorado River. Further, Colorado State University (CSU) coordinated a collecting trip with GCMRC (Carol Fitzinger, logistics coordinator -- Flagstaff, AZ) to sample G. cypha from mainstem Colorado River locations 

Collecting efforts for upper basin populations were coordinated with U.S.F.W.S. (Tim Moody -- Vernal, UT) and Southern Mississippi University (Steve Ross -- Hattiesburg, MS) to sample Yampa River population of G. cypha, and with U.S.F.W.S. (Frank Pfeifer -- Grand Junction) to collect tissues from the Black Rocks population.

II. SAMPLING OF COLORADO RIVER MAINSTEM POPULATIONS:.CSU undertook a 19 day river trip through Grand Canyon to sample mainstem populations of G. cypha. Principal investigators were assisted by biologists Dr. Steve Ross (Hattiesburg, MI) and Bill Montgomery (Austin, TX). Technical assistance was provided by senior boat operator Stuart Reeder, boat operator Dennis Harris, and logistic boat operator Brent Berger. Steven Carothers (SWCA, Flagstaff) kindly amended his federal permit to allow sampling of G. cypha during this trip. Since then, the endangered species permit for CSU has been approved. Thus, specimens captured and sampled during the 2001 CSU trip will be reported under the SWCA federal permit.

Gear types used were trammel nets deployed in the mainstem from 16 foot sports boats, hoop nets of various sizes, and minnow traps. Two netting crews set 3-5 trammel nets each evening during the crepuscular period, and nets were fished for two hours. Traps were set in late afternoon and checked the following morning. Our approach was to choose fishing sites opportunistically so as to maximize the potential to capture G. cypha. Fishing effort focused on mainstem localities that were known to have consistently yielded samples of G. cypha over the last 10 years. These localities and their fishing efforts were as follows: (1) area around 30-Mile warm springs (5 nights); (2) Shinumo Creek confluence area (2 nights); (3) Middle Granite Gorge area (5 nights); (4) Havasu Creek confluence (2 nights); and (5) Western Grand Canyon (2 nights). 

A total of 103 trammel net sets and 179 trap sets were fished during the 19-day trip, and a total of 261 fishes were captured, with non-natives constituting 82.8% of total catch, while four indigenous species made up 17.2%. Gila cypha (n=17) were only captured in trammel nets. Most notably, three individuals were captured at 30-Mile warm springs area, the only site upstream of the LCR confluence. Overall species composition for the trip consisted of: 188 Oncorhynchus mykiss (72% of total catch); 21 Catostomous latipinnis (8%); 16 Ictalurus punctatus (6%); 5 Salmo trutta (2%); 5 Cyprinus carpio (2%); 4 Pantosteus discobolus (1.5%); 3 Rhinichthys osculus (1.2%); and 2 Morone saxatilis (0.8 %). Gila cypha, with 6.5% of total catch, was the third most abundant species and indicated that our fishing approach was largely successful in yielding a reasonable number of the target species. Thus a similar sampling approach will be followed during the next field season.

To assist AGFD in their efforts to monitor trout populations, S. trutta were scanned for evidence of recapture, and unmarked specimens were PIT tagged. Oncorhynchus mykiss were also checked for recapture marks (i.e., clipped adipose fin). One recaptured individual was sacrificed and its head preserved in 100% EtOH. This specimen was provided to AFGD for verification of coded wire tag marking. Immediately upon completion of the trip, field data logs were handed over to GCMRC, and CSU was subsequently provided xerox copies of these data. Thus, information more detailed than that included in this report should be available to GCMRC.

III. LABORATORY WORK: Due to delays in the completion of laboratory renovations at CSU, DNA extraction and genetic assessment of collected samples could not be initiated during this quarter. The CSU molecular laboratory is scheduled to be operational in November, 2001 at which time analyses will commence. 
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Activities on this project during the second quarter can be divided into two categories: (I) Initiation of laboratory work, and (II) evaluation of protocols. Each category is dealt with below.

I. Initiation of laboratory work: By the end of November, renovation of the molecular genetics lab in the basement of Wagar Hall (CSU campus) had finally progressed to a point where laboratory equipment could be set up and work initiated.  However, continued construction work on ventilation and lighting systems produced high levels of dust and debris in the lab, which are incompatible with molecular procedures. Progress was thus hampered in spite of the lab being functional. Nevertheless, extractions of DNA from collected tissues, and preliminary tests for PCR amplification of target genes were initiated during this quarter.

II. Evaluation of protocols: Protocols for PCR amplification of mtDNA genes, previously established and successfully employed by the PIs at Arizona State University, had to be re-tested and re-optimized for new environmental and water quality conditions. Amplifications yielded inconsistent quantities of the target genes and PCR reactions appeared to be population- or individual-specific. Thus, to successfully sequence a subsample of individuals from each population, PCR conditions will have to be constantly evaluated and adjusted.

Unfortunately, installation of the ABI Prism 3100 DNA Sequencer was also delayed, and evaluation of sequencing protocols could not be initiated during this second quarter. Installation of the sequencer was initially scheduled for December 2001, but was then re-scheduled by the manufacturer for January 7. Once sequencing analyses can be initiated (i.e., early January) steady progress should ensue.
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Activities on this project during the third quarter can be divided into two categories: (I) DNA extraction and (II) initiation of sequencing. Each category is dealt with below.

I. DNA extraction: Samples collected by collaborators were received at CSU and compiled to initiate DNA extraction. Using the Purgene Kit (Gentra Systems), genomic DNA was extracted from all samples available to date. These include collections made by Dr. Lew Coggins and his crew (USFWS, Flagstaff) during spring and autumn 2001 from the Little Colorado River, as well as samples obtained by Melissa Trammel and crew (SWCA, Flagstaff) from the same population in late summer, 2001. Because several age-class cohorts are represented in these collections, effective population size (Ne) of the LCR population can be computed by using the temporal method.

II. Evaluation of protocols: The ABI Prism 3100 sequencer was installed and calibrated on 8 January 2002, which enabled laboratory personnel to successfully sequence amplified target genes during this third quarter. As with PCR protocols, sequencing protocols required evaluation and modification of each separate gene.

PCR products were purified with GeneClean Turbo PCR kits (Q-biogene Inc.). Cycle sequencing was tested using BigDye (Version 3) Terminator Dye chemistry (ABI) and sephadex column purifications. Sequencing products were run using standard sequencing electrophoresis parameters, and raw sequencing data were analyzed with Sequencing Analysis software (ABI). 

Initial tests yielded clean, unambiguously readable sequences up to 630 bp in length for the ATP 8 and 6 region of the mitochondrial genome. This considerably exceeded the expected length of readable sequence for a single run. In addition, further tests showed that samples produced by weak amplifications would still successfully sequence, thanks to the superior resolving power of the capillary sequencer. Thus, while PCR protocols still must be evaluated for each target population, suboptimal amplifications can be subjected to downstream analysis without jeopardizing quality of our data.
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Activities on this project during the fourth quarter can be divided into three categories: (I) DNA extraction, (II) Sequencing optimization, and (III) Sampling Grand Canyon populations. Each category is dealt with below.

I. DNA extraction: Samples collected by collaborators from the Upper Colorado River basin were received at CSU and compiled to continue DNA extraction. These include collections made by Frank Pfeifer and Chuck McAda from Blackrocks Cn (USFWS, Grand Junction CO), samples collected by Steve Meismer and Julie Jackson from Westwater Cn and Desolation Cn (UDWR, Moab UT), as well as samples obtained by Drs. Steve Ross (University of Southern Mississippi) and Tim Moody (USFWS, Vernal UT) from the Yampa River. While target sample size for the Blackrocks Cn and Westwater Cn populations are met, additional samples from the Yampa River are needed. Sampling in Cataract Cn did not occur due to drought condition and thus remain to be collected. Again, Purgene Kit (Gentra Systems) was used to extract genomic DNA from all samples available to date.

II. Sequencing Optimization: PCR conditions for target mtDNA regions were further evaluated. It appears that each population (or collection) requires specific PCR optimization to obtain satisfying amplification. PCR products were purified with GeneClean Turbo PCR kits (Q-biogene Inc.) and cycle sequenced using BigDye v3.0 Terminator Dye chemistry (ABI). Sequence products were purified using sephadex columns and run on the ABI 3100 using standard electrophoresis parameters. Raw sequencing data were analyzed with Sequencing Analysis software (ABI). 

Overall, high quality sequence data are obtained with unambiguously readable sequences up to 750 bp in length for the ATP 8&6 region, 680 bp for the ND2 region and 630 for the non-coding D-loop region of the mitochondrial genome. Thus, optimization of PCR protocols for each population is justified with superior quality data gained in downstream analysis.

II. Sampling: With logistic support provided by GCMRC and with the assistance of CSU students, PIs sampled populations from Colorado River mainstem populations from 12-27June 2002. Focus was on 30-Mile, Shinumo Ck, and Havasu Ck populations. A total of five Humpback Chub were captured: three important specimens from the 30-Mile population and one from the Havasu Ck population (data provided in Table 1). Both of these areas are considered critical in that they are a considerable distance up- and downriver (respectively) from the LCR population. However, additional samples are necessary to achieve meaningful statistical analyses. Thus, collecting trips for 2003 and potential 2004 are planned.
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Activities on this project during the fifth quarter can be divided into three categories: (I) Processing of samples, (II) Database compilation, and (III) Microsatellite loci evaluation. Each category is dealt with below.

I. Processing of samples: All tissue samples to date were subjected to Genomic DNA extraction using Purgene Kit (Gentra Systems). PCR amplification and cycle sequencing of target mtDNA regions were continued. As previously reported, PCR conditions must be optimized for each population to achieve satisfactory results. Sequencing reactions were preformed for each specimen using the 5’ primer. Sequence data were manually inspected and re-sequenced if deemed unsatisfactory. Randomly selected specimens were sequenced from the 3’ end to verify accuracy of base calling. Due to the low numbers of base substitutions, it is not necessary to verify accuracy in all specimens by sequencing in both directions. 

After manual inspection of sequence signals, unsatisfactory data were re-sequencing. If data remained unsatisfactory, PCR amplifications, purification and cycle sequencing reactions were repeated until satisfactory data were obtained. 

II. Database compilation: Sequence data were converted into electropherogram output files in Sequencing Analysis software and uploaded into Sequencher software. Using Sequencher, sequence data of a single gene were aligned across all individuals of a population, then trimmed and verified for ambiguous base calls. Individual sequences were converted into EMBL standard data files and uploaded into SeqPup32 so as to compile the database containing all Humpback Chub populations to date. Currently two separate databases are maintained: one for ATP6 and ATP8 genes, and another for ND2 gene. SeqPup32 allows flexible handling of large of data sets, particularly because of its implemented file conversion algorithms. These will be employed to prepare data sets for various statistical analyses.

II. Evaluation of microsatellite loci: Primers were designed for positives clones in the genomic library generated by the PIs. Clones with high repeat numbers were selected because these are most likely to reveal  high levels of polymorphism. Furthermore, additional primers that have been published in the literature were also ordered and assessed as well.  Success of PCR amplification was tested using agarose gel electrophoresis. Each microsatellite locus was tested individually across 8 specimens. PCR conditions were optimized to achieve clean amplifications. Using this procedure, 15 microsatellite loci have now been identified to date as being usable in our analyses. 
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Activities on this project during the seventh quarter can be divided into three categories: (I) Continued sequencing of mtDNA genes, (II) Continued database compilation, and (III) Presentation of preliminary results on Upper Colorado River Recovery Program Annual Researchers Meeting. Each category is dealt with below.

I. Continued sequencing of mtDNA genes: PCR amplification and cycle sequencing of target mtDNA regions were continued. As reported previously, target mtDNA regions for Randy’s Rock and Black Rock Canyon populations are difficult to amplify. This is puzzling since DNA from specimens of these two populations was extracted with the same protocol as all other populations. Special efforts were made to obtain good amplifications and high quality sequences for these specimens, even if numerous PCR amplifications were required. 

II. Continued database compilation: Newly generated sequence data were added to the database as previously described. A separate data file is maintained for each population and mtDNA target region, as well as a master database compiled from all single-population files. Sequences for ATP8 and ATP6 have an overlapping reading-frame, and sequence data are modified to generate a separate data file for each gene [complete ATP8 (169 bp) and partial sequence of ATP6 (473 bp from 5’ end]) as well as a non-overlapping, composite haplotype. A composite haplotype of all three mtDNA genes (ND2, 580 bp) as well as the D-loop region (616 bp) was generated (=1,847 bp). However, genes must be tested for rate heterogeneity prior to the analysis of these data as a single, large composite haplotype. 

III. Presentation of preliminary results: Michael E. Douglas presented preliminary analyses of mtDNA sequence data at the annual meeting of the Upper Colorado River Basin Researchers Meeting in Grand Junction, CO. These analyses were preformed on a subset of the entire database (157 individuals), containing specimens from four locations in the upper basin, and seven in the lower basin. As expected from previous research, haplotype diversity was moderate to high for each mtDNA region, while nucleotide diversity was low. In other words, Gila cypha exhibits a fair number of haplotypes that differ, but genetic variation amongst these haplotypes is only minor (i.e., 1-2% polymorphic sites). Haplotypes are unevenly distributed between upper and lower basins. For each mtDNA region, unique haplotypes were identified, while only one or two haplotypes were shared amongst the two basins. These were, in general, also the most frequently occurring haplotypes. Our results indicate some level of genetic differentiation between upper and lower basin populations. However, these patterns have to be verified with a larger data set and corroborated with additional analyses.
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Activities on this project during the eighth quarter can be divided into three categories: (I) Continued sequencing of mtDNA and database compilation, (II) Further evaluation of polymorphic microsatellite loci, and (III) Coordination of additional sampling in Grand Canyon. Each category is dealt with below.

I. Continued sequencing of mtDNA genes: PCR amplification and cycle sequencing of target mtDNA regions continued during this period. However, the focus was instead on the difficult-to-amplify mtDNA regions in those specimens for which sequence data for other target regions had already been generated. It is desirable to have sequence data completed across all four mtDNA regions for each specimen, since data are pooled into composite haplotypes for most analyses. Thus, those individuals that lack data from one or more genes must be excluded from such analyses. Newly-generated data were added to the separate data files for each mtDNA region as they became available. Sequences were manually aligned and screened for ambiguous sites. This process is still ongoing and will be continued during the next quarter. 

II. Further evaluation of microsatellite loci.  Microsatellite loci were evaluated using high resolution Spreadex 500 Gels on a SEA2000 gel rig from Elchrome to determine levels of polymorphism, size range of alleles and verification of clean PCR amplification. Typically, microsatellite gels show “stutter” bands characteristic for each locus. These are generated by small errors during PCR amplification, such that one or two repeats of the motif are “missed” by the Taq polymerase during extension (i.e., a process called slippage). The “true” band (i.e., fragment size) can usually be identified rather easily by its stronger signal. However, an additional optimization process may need to be implemented if too many stutter-bands appear in the PCR amplifications.

Fluorescently-labeled primers are costly, and it is thus most efficient to determine whether a particular microsatellite locus shows sufficient levels of polymorphism. Further, loci must be tested for their approximate allele size range so that more than four microsatellite loci can be multiplexed within a single reaction. Once this size range is determined, the same fluorescent dye can be used for loci with non-overlapping allele size ranges. A panel is generated where each locus is evaluated over a certain number of individuals that will hopefully represent the full size range of alleles. If overlapping allele size ranges are found for many loci, it may become necessary to re-design primers, with the intent to amplify longer (or shorter) fragments. This process is still ongoing and will be continued the next quarter.

III. Coordination of sampling in Grand Canyon. PIs had requested four collecting trips through Grand Canyon during the 2003 field season. Due to logistic constraints and scheduling conflicts, these were not accommodated. However, SWCA researchers kindly collected tissue samples from specimen encountered during their June monitoring work. To facilitate the collection of samples, vials with 100% ethanol were provided to SWCA (i.e., Lanie Johnston and W. Leibfried), along with instructions on the proper harvesting of tissue samples for genetic analyses. Apparently samples were in fact collected during SWCA’s June trip, but no details are available to date on numbers and sample localities. 
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