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1
Introduction
The report considers 4 plasma sample collection protocols, and makes comparisons of these protocols in order to determine a reliable and optimal protocol from clinical point of view. Several different factors like temperature, tube type, and centrifugation influenced the protocols, 

and the task was to see if those factors were more influential in some protocols, and whether it would be practical to use certain protocols in the clinical conditions. The ultimate test to find the “optimal'' in some sense protocol would be to compare the protocols from the point of view how good they are in classification of control and case individuals. However, this will be addressed in our future studies.
2 
The Protocols
25 healthy women volunteers were recruited to participate in this study and the plasma samples were collected using four different collection protocols [1] -see Table 1. 

The main variables being explored in the study are:
· Wet ice vs room temperature before centrifugation (Transport)

· Delayed centrifugation 1, 3 or 6 hours

· Effect of strawing
· Tube type EDTA vs. BD P100 tube

	
	
	In Clinic
	
	In
	Lab

	Protocol
	Tube Type
	Mixing
	Transport
	Centrifuge
	Immediate Storage in 

-80C then aliquoting in Lab

	3a
	EDTA tube
	Slowly invert 5 times
	Wet Ice
	Within 3 hours
	Straws at room temp after one freeze thaw

	3c
	EDTA tube
	Slowly invert 5 times
	Wet Ice
	Within 6 hours
	Straws at room temp after one freeze thaw

	3d
	BD P100 tube
	Slowly invert 8-10 times
	Room temp
	Within 1 hour
	Straws at room temp

	3f
	BD P100 tube
	Slowly invert 8-10 times
	Room temp
	Within 6 hours
	Straws at room temp


Table 1: Four plasma sample collection protocols
For the mass-spectrometry (MS) experiments the samples were de-frozen and fractionation and different ProteinChip types were applied to each sample - see Table 2. From each fractionated sample three samples were prepared for three repeated measurements to improve accuracy of the experiments. 

The fractionation procedure produces 6 fractions on the basis of pH values (9, 7, 5, 4, 3 and organic washing, respectively).
	Fractionation
	1
	2
	3
	4
	5
	6

	ProteinChip Type
	CM10 IMAC
	CM10 IMAC
	CM10 IMAC
	CM10 IMAC
	CM10 IMAC
	CM10 IMAC H50


Table 2: Fractionation and ProteinChip type used in experiments 
3
Mass Spectrometry 
The prepared samples were then analysed by Ciphergen PCS 4000 system.  For each sample, two spectra files were obtained.  The first file covers low mass weight range [3000, 20000].   The second file covers high mass weight range [20000, 200000].  Both files have two columns: m/z value versus the corresponding intensity.  The spectra were processed by using CiphergenExpress 3.0 software, and peaks identified and aligned.
4
The protocol comparisons
First of all, we present here results of comparisons of the protocols when a chip/fractionation type is fixed; in this report we begin with analysis of the protocols with the CM10 ProteinChip and fractionation type 1 (ph=9). Then we present a summary table  to make more reliable conclusions. In the Appendix 1 one can find the results for each of the 13 chip/fraction type tables (Table 8 – Table 20).
4.1. The final number of successfully analysed samples for each protocol is:
	Protocol
	No of prepared samples
	No of individuals processed

	3a
	93
	25

	3c
	99
	25

	3d
	99
	25

	3f
	96
	24


Table 3: Number of MS-samples and individuals in different protocols

If all initial samples from 25 women were used, then the total number of MS-samples would be 75 for each protocol given that there were three repetitions for each sample. But not all experiments were successful, and in several cases there were 6 measurements related to an individual, therefore each protocol had a different number of MS-samples –see Table 3. 

4.2. In order to compare the protocols, we present a table of pairs of protocols with a number of individuals whose samples were processed according to the two protocols:

	Protocol
	3a
	3c
	3d
	2f

	3a
	25
	25
	25
	24

	3c
	25
	25
	25
	24

	3d
	25
	25
	25
	24

	3f
	24
	24
	24
	24


Table 4: Mass-spectrometry of individuals for each pair of protocols

4.3. Different combinations of chips and fractions have different number of peaks – the Table 5 gives the number of peaks in each combination.
	Chip / Fraction(FR) Type
	Number of peaks

	CM10 FR1
	125

	CM10 FR2
	165

	CM10 FR3
	142

	CM10 FR4
	127

	CM10 FR5
	161

	CM10 FR6
	166

	IMAC FR1
	108

	IMAC FR2
	177

	IMAC FR3
	141

	IMAC FR4
	132

	IMAC FR5
	166

	IMAC FR6
	175

	H50 FR6
	157


                  Table 5: Number of peaks found for each Chip/Fraction type combination.

5
Statistical tests
To compare any two protocols (e.g. 3a vs 3c), the following procedure was used.  We choose one of most frequent peaks (pre-processing and the list of most frequent peaks, N, was obtained by using CiphergenExpress 3.0 software. For each chip/fraction type there are different number of peaks as found by the Ciphergen software (see Table 5).  For each woman we look for the intensity value from the processed data obtained from each protocol.  Since each individual was measured three times, we take the median value of the three measurements.  A list of the value pairs is formed containing 25 pairs (or less, if one of the protocols failed).  Then in order to test our null-hypothesis that there is no difference between the protocols, we calculate p-value for this particular peak using Wilcoxon sign test.  This is done for all N peaks. A listing of all 125 peaks for CM10 FR1 is given in Appendix 2. 

Let Pmin be the minimum p-value of all n values.  In order to find a measure of agreement between the two protocols we calculate the corresponding “conservative” p-values:   

min (n•Pmin;1)                                                                                                                      (1)               
where n=125 is the total number of the peaks tested for Chip/Fraction type CM10 FR1.


The resulting p-values for CM10 FR1 are given in the Table 6.
	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	0.20317
	0.001542
	0.000104

	3c
	0.20317
	1
	0.000142
	7.45E-05

	3d
	0.001542
	0.000142
	1
	0.005528

	3f
	0.000104
	7.45E-05
	0.005528
	1


Table 6: Agreements between the protocols for CM10 FR1
Results for all 13 Chip / fractions types are included in Appendix 1. 

We now wish to create a summary table to characterise the combination of all 13 chip/fraction types as given in Appendix 1. To do this we take the smallest p-value in each of 13 entry/protocol pairs and apply the adjustment (1), where n=13 (the number of p-values). Table 7 gives the resulting p-values:

	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	0.190132
	0.000122
	0.001356

	3c
	0.190132
	1
	0.001703
	0.000969

	3d
	0.000122
	0.001703
	1
	0.071868

	3f
	0.001356
	0.000969
	0.071868
	1


Table 7: Agreements between the protocols for all Chip / Fraction types
A simple procedure to do these calculations is given in the previous report.
We can make the following conclusions from Table 7. The hull hypotheses for protocol 3a and protocols 3d is rejected since  p-value is significant at the 5% level.  The same conclusion (reject null hypothesis) can be reached between 3a and 3f protocol.  We also reject the hull hypotheses for protocol 3c and protocols 3d and 3f at the 5% significance level. We can’t, however, reject the null hypothesis between protocols 3a and 3c – in other words, there is good agreement between 3a and 3c. There is also a weaker agreement between protocols 3d and 3f with p-value slightly above 5%. 
These results can be presented in the form of a tree in the figure below:


[image: image1]
              Figure 1: agreements between the protocols: a double line ══ indicates that the difference between the corresponding protocols is not significant (protocols are in good agreement: p-value above 10%);  a single solid line ———— indicates that it is “borderline” significant (in agreement: p-value between 5% and 10%);space between protocols indicates that the difference is highly significant (no agreement: p-value below 1%).

It seems that the difference and similarity between protocols may be explained due to the tube type and the temperature used for transport (wet ice or room temp). For protocols 3a and 3c the EDTA tube is used and transportation was on wet ice.  For protocols 3d and 3f the BD P100 tube is used, transportation is at room temperature.
8   Conclusions
The results of the agreements between the protocols were produced by the described methodology. However, it is conceivable that other methods will produced different, but broadly similar picture of the similarity between the protocols.
For two pairs of protocols ((3a, 3c) and (3d, 3f)), when considering the combination of all fraction / chip types, the null-hypotheses are not rejected: no difference between those protocols was detected, and in this sense they are in a good agreement. However, when considering fraction / chip types individually we notice a lot of variation in terms of conclusions that we can draw (see Appendix 1).  The tables that conflict the most with table 7 are: 8, 11, 14, 15 and 17, these have at least one p-value of 100% where we have observed a p-value less than 5% in table 7. This may be related to the chip/fractionation type, or some experimental problems although no clear pattern has been observed. Perhaps, some additional experiments would clarify this.  
All other tables partially or completely agree with the conclusions given above.
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Appendix 1: p-values for the 13 chip / fraction types
Here we present 13 tables for all chip / fraction types.

	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	0.372118
	0.623849
	1

	3c
	0.372118
	1
	0.019837
	0.260641

	3d
	0.623849
	0.019837
	1
	0.578206

	3f
	1
	0.260641
	0.578206
	1


Table 8: Agreements between the protocols for Fraction 2, Chip CM10

	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	0.014626
	0.003783
	0.015286

	3c
	0.014626
	1
	0.129489
	0.837465

	3d
	0.003783
	0.129489
	1
	1

	3f
	0.015286
	0.837465
	1
	1


Table 9: Agreements between the protocols for Fraction 3, Chip CM10
	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	1
	0.017766
	0.047342

	3c
	1
	1
	0.062163
	0.550551

	3d
	0.017766
	0.062163
	1
	1

	3f
	0.047342
	0.550551
	1
	1


Table 10: Agreements between the protocols for Fraction 4, Chip CM10
	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	1
	0.034921
	0.286509

	3c
	1
	1
	0.261683
	1

	3d
	0.034921
	0.261683
	1
	1

	3f
	0.286509
	1
	1
	1


Table 11: Agreements between the protocols for Fraction 5, Chip CM10

	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	1
	6.93E-05
	0.002177

	3c
	1
	1
	0.000327
	0.061879

	3d
	6.93E-05
	0.000327
	1
	1

	3f
	0.002177
	0.061879
	1
	1


Table 12: Agreements between the protocols for Fraction 6, Chip CM10

	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	1
	0.017529
	0.133703

	3c
	1
	1
	0.026979
	0.519555

	3d
	0.017529
	0.026979
	1
	1

	3f
	0.133703
	0.519555
	1
	1


Table 13: Agreements between the protocols for Fraction 1, Chip IMAC
	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	0.739008
	0.399181
	0.019053

	3c
	0.739008
	1
	1
	1

	3d
	0.399181
	1
	1
	0.100457

	3f
	0.019053
	1
	0.100457
	1


Table 14: Agreements between the protocols for Fraction 2, Chip IMAC

	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	1
	0.182784
	0.678307

	3c
	1
	1
	1
	0.04545

	3d
	0.182784
	1
	1
	1

	3f
	0.678307
	0.04545
	1
	1


Table 15: Agreements between the protocols for Fraction 3, Chip IMAC

	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	1
	0.00011
	0.163414

	3c
	1
	1
	0.083336
	0.184768

	3d
	0.00011
	0.083336
	1
	1

	3f
	0.163414
	0.184768
	1
	1


Table 16: Agreements between the protocols for Fraction 4, Chip IMAC
	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	0.841892
	0.003038
	1

	3c
	0.841892
	1
	0.047651
	1

	3d
	0.003038
	0.047651
	1
	1

	3f
	1
	1
	1
	1


Table 17: Agreements between the protocols for Fraction 5, Chip IMAC

	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	0.317743
	0.003202
	0.006405

	3c
	0.317743
	1
	0.043716
	0.350162

	3d
	0.003202
	0.043716
	1
	1

	3f
	0.006405
	0.350162
	1
	1


Table 18: Agreements between the protocols for Fraction 6, Chip IMAC
	Protocol
	3a
	3c
	3d
	3f

	3a
	1
	0.796247
	9.36E-06
	0.000618

	3c
	0.796247
	1
	0.000131
	0.014262

	3d
	9.36E-06
	0.000131
	1
	1

	3f
	0.000618
	0.014262
	1
	1


Table 19: Agreements between the protocols for Fraction 6, Chip H50
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