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APPENDIX M. FLOW CYTOMETRY DOT PLOTS AND HISTOGRAM SHOWING 
A COMPARISON OF DIFFERENTIAL FLUORESCENCE BETWEEN 
ALEXANDRIUM SUBJECTED TO NA1-DIRECTED FISH AND ALEXANDRIUM 
SUBJECTED TO NO PROBE. 
 

A B

C

D

 
Laboratory cultured Alexandrium subjected to NA1-directed FISH has an 11.8 

times greater fluorescence value than Alexandrium not subjected to NA1-directed FISH 

and enumerated by flow cytometry (dot-plot B and D). 

Alexandrium subjected to NA1-directed FISH shows no difference in forward 

scatter and side scatter signatures while showing great disparity between the Alexandrium 

subjected to NA1-directed FISH and the Alexandrium not subjected to NA1-directed 

FISH with respect to FL1 (FITC) fluorescence.  This amplified the FITC fluorescence 
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signal by labeled cells is caused by NA1 binding specifically to Alexandrium catenella, 

was compared to natural FL1 fluorescence in fixed cells.  In the case of analyzing unfixed 

(Non-FISH) natural samples, the intrinsic FL1 fluorescence of Alexandrium show little 

difference to other phytoplankters in the same sample.  The NA1-directed FISH 

procedure allowed for increased, uniform fluorescence in Alexandrium cells that enabled 

us to in define a region (increased signal to noise ratio) for the purposes setting sequential 

logical gates. 
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APPENDIX N. FLOW CYTOMETRY DOT PLOTS AND HISTOGRAM SHOWING A 
COMPARISON OF DIFFERENTIAL FLUORESCENCE BETWEEN ALEXANDRIUM 
SUBJECTED TO NA1-DIRECTED FISH AND ALEXANDRIUM SUBJECTED TO 
UNIR-DIRECTED FISH. 
 

A B

C
D

 
The Alexandrium subjected to NA1-directed FISH has a 6.0 times greater mean 

fluorescence value than Alexandrium subjected to uniR negative control directed FISH 

using flow cytometry (dot-plot B and box D). 

In this study, the uniR probe acted as a universal control. The sequence of the 

probe is based on prokaryote ribosomal DNA sequences and functions as a control for 

non-specific probe binding.  Alexandrium cells in one sample were subjected to NA1-

directed FISH, and another was stained with uniR-directed FISH. When mixed and 
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analyzed by flow cytometry these two samples showed no difference in forward scatter 

and side scatter values and are indistinguishable (Fig. 13A). They are easily 

distinguishable when the FITC detector was employed (Fig 13 B and C.) 
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APPENDIX O. SENSITIVITY AND SPECIFICITY RESULTS FOR ALL 253 SAMPLES 
FROM MONTEREY BAY AND ELKHORN SLOUGH AS DETERMINED BY NA1-
DIRECTED FLOW CYTOMETRY FISH (TEST) AND EPIFLUORESCENCE 
MICROSCOPY FISH (DEFINITIVE) DATA. 
 
                                                                                                                                                                                                          

  Epifluorescence Microscopy 

  Pos Neg      total 

Flow Cytometry Pos 74 18 92 

 Neg 22 139 161 

 
     
Total 96 157 253 

 
 
Sensitivity = 77.1%     N=253    Specificity = 88.5% 

 
Alexandrium was not demonstrated in 55% of the 253 samples from Elkhorn 

Slough and Monterey Bay, either by flow cytometry or epifluorescent microscopy.  

Alexandrium cells were detected in 114 of the 253 samples (45%) by either flow 

cytometry or epifluorescent microscopy.  Of the 114 samples positive for Alexandrium 

for either flow cytometry or epifluorescent microscopy, in 74 positive samples (65%) 

containing Alexandrium were detected both by flow cytometry and epifluorescent 

microscopy. 

In all the samples, specificity was higher than sensitivity, possibly due to majority 

of the samples having very few (one or two) detected Alexandrium in them in relation to 

more numerous other phytoplankton in the same sample.  The lower sensitivity value 

may be caused by a low signal to noise ratio in sample consisting of a sparse population 

of Alexandrium in a specific sample (one or two Alexandrium cells in a sample), there 

was better agreement in the flow cytometry data and the epifluorescent data in samples 
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with higher numbers of Alexandrium detected.  The decreased specificity value may be 

caused by a low signal to noise ratio in sample consisting the presence of phytoplankters 

other than Alexandrium non-specifically binding to the NA1 probe during FISH, this 

signal to noise problem can be minimized with the use of sequential logical gating.  In 

Elkhorn Slough it is expected not to find Alexandrium in the more inland stations; 

although in very few cases flow cytometry did detect one or two Alexandrium cells, 

where epifluorescent microscopy did not, these detected events may be attributed to noise 

caused by non-specific binding of the NA1 probe to other species. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

 84 

APPENDIX P. COMPARISON OF NA1-DIRECTED FISH FLOW CYTOMETRY 
AND EPIFLUORESCENT MICROSCOPY RESULTS OF SAMPLES FROM CTD 
VERTICAL SAMPLES COLLECTED AT TWO SITES IN MONTEREY BAY (SEE 
FIG. 1A). 
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Monterey Bay samples taken from a cruise on the R/V Point Sur indicate near 

sub-surface populations of Alexandrium in very low concentrations.  Low concentrations 

of Alexandrium (10 -20 cells L-1) was observed at 5 and 10 meters by epifluorescence 

microscopy and flow cytometry while no Alexandrium was detected at the surface; this 

may be due to high irradiance at the surface driving Alexandrium into slightly deeper 

water due to photo-saturation at the surface. 
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APPENDIX Q. COMPARISON OF NA1-DIRECTED FISH FLOW CYTOMETRY 
AND EPIFLUORESCENT MICROSCOPY RESULTS OF SAMPLES FROM 
VERTICAL SAMPLING AT ELKHORN SLOUGH STATION 2 (S1) AND STATION 
3 (S2) (SIMULTANEOUS 0M, 1M AND 2M DEPTH SAMPLE ACQUISITION ) ON 
TWO DIFFERENT DATES. (A= 21 OCTOBER 2008, B= 16 NOVEMBER 2008). 
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Alexandrium was observed at all three depths (0, 1M and 2M) at both stations 

sampled on two different dates.  In some samples Alexandrium was not detected at the 

surface, but was detected at 1 and 2 meters. More Alexandrium was detected at station #3 

than at station #2 and on both dates by flow cytometry and epifluorescent microscopy of 

NA1-directed FISH samples. 

These data indicate that the use of vertical sampling (and not just surface 

sampling) for detection of a specific phytoplankton species may yield a more complete 
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understanding of the trace concentrations at a given sampling site (Grisselson, 2002). 

With the use of only surface samples instead of near surface vertical sampling, the single 

surface sample may yield low or inaccurate results. 
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