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Abstract. The accuracy of protein quantification is essential in analysis of biological system. However, it is
unenviable that some excrescent data causing the wrong results. So in order to ensure the accuracy of protein
quantification, we apply Grubbs test, Ronser test and Med_FD test for analysis the excrescent data in protein
quantification. And then we compare several results in which we have analysis with these methods
respectively. The results indicate that Grubbs test possesses accuracy effects better than the others.
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1. Introduction
In the post-genomic era, protein quantification analysis has become an interested topic in the field of
biological system. It has been shown that the different level of protein expression is closely related to the
development of disease, such as cancer [1], viral and bacterial infections [2], and heart disease [3]. So protein
quantitative information will help us to explore factors in protein which related to disease.
During the last decade there is a lot of protein quantification techniques have been developed, such as
stable isotope labeling of amino acids in cell culture (SILAC), tandem mass tagging (TMT), isobaric tags for
relative and absolute quantification (iTRAQ). The development of isotopic labeling technique can reduces
the sample’s complexity and the relative proteins’ quantity can be determined by those corresponding
peptides quantity in which comparing the summed peak’s intensity. In this paper we used itraq-labeling
techniques and this labeling technique is based on a set of four isobaric reagents, each of it comprises three
groups: reporter, balance, and reactive groups. The report groups with signature ions at m/z 114, 115, 116,
and 117 respectively, the balance groups with m/z 31, 30, 29, and 28 respectively, so there is no increased
complexity at the MS level.
In protein quantification, there is a lot of error resulted from operation and equipment inaccuracy [4]. In
this study, we find that there existed some abnormal data caused from errors. However, we should note that it
is not easily removed from data; it might be results to the wrong results. From this analysis, we applied an
efficient statistics approach to eliminate the excrescent data for the accuracy of the results.

2. Materials and Normality Test
This sample’s organism is Leptospira interrogans and it was prepared with the following way:
leptospiras were exposed to starvation, heat shock 42 deg 1 hour or treated with antibiotics (cipro) for 24
hours or untreated (control). The cells were harvested and the extracted proteins were digested. The peptides
were then itraq labeled according to the following 114-control, 115-starvation, 116-heat shock and
117-antiobotic. The samples were then combined and cleaned up before analyzed by LC-MADEL-MS/MS.
The sample was injected 5 times mzXML files were created by the ‘Michigan software’ and database search
was done accordingly: Mass accuracy of 1 Da for the precursor mass. For the searched I used fixed Lysine
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and Cysteine modification (114.10 @ K, 45.9877 @ C), variable modification on Methionine (15.9949 @ M)
and a fixed modification on the N-term (+114.1). This is contributed by Johan Malmstroem.
We proposed to select the unique peptides corresponding to each protein in protein quantification for our
investigation. When the number of peptides in one protein is large enough, the data is consistent with the
log-normal distribution [5]. Such as 0.63841, 1.07309, 1.9324, 1.1127, 1.3579, 0.8508, 0.7702, 1.0422,
0.9075, 0.7288, 0.7355, 0.6704, 0.4919, 0.3903, 0.7167, 0.2427, and 3.1176 which come from protein
“DNA-directed RNA polymerase beta subunit”.

Fig. 1: Data

In Fig.1, the x-axis denotes the inverse function of the normality and the y-axis represents the sorted data.
As seen from Fig.1, the log-transformed data is nearly in a straight line. In addition to measuring the data
normality with the graphical methods, we also apply Shapiro-Wilk test to measure departure from normality
[6], we selected the significance level of α =0.05 in which against the data from Fig.1, and we get the result
of statistic W =0.9502 > W (17,0.05) =0.892. This indicates the log-transformed data are log-normal
distributed.
Basing on the premise of the data normally distributed, we analyses the data and verify the existence of
excrescent data, and then we proposed three efficient methods for eliminating the excrescent data
respectively.

3. Methods
3.1. Grubbs test
Early in 1950 Grubbs test method had been [7] proposed. This approach has a very good effect on tests
whether there is excrescent data exists in a set of experimental data.
It is assumed that there are n independent variables X 1 ≤ X 2 ≤ L ≤ X n , from the same normal

distribution N ( μ i , σ 2 ) respectively, where i = 1, 2, L , n . The assumption as follows:
Null hypothesis H 0 ： μ1 = μ2 = L = μn
Nonnull hypothesis

H1 : μ1 < μ 2 = L = μn
H n : μ1 = μ 2 = L < μn

Therefore, to test the outlier is to test the H 0 when nonnull hypothesis is H1 or H n . For the null
hypothesis unsubstantiated, then the minimum or maximum value in the data is treated as outliers. The
calculation of statistics as follows:
T1 =

X − X1
S

If X 1 is excrescent value
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(1)

Tn =

Xn − X
S

(2)

If X n is excrescent value
1

n
n
⎧
⎫⎪
Where X = 1 ∑ X i , S = ⎪⎨ 1
( X i − X ) ⎬ . The corresponding critical value is:
n i =1
⎩⎪ n − 1 i =1
⎭⎪
2

∑

2

tα2 ( N − 2)
( N − 1)
N
T (α , N ) =
2
tα ( N − 2) + N − 2
N

(3)

N

Where tα ( N − 2) is the function value of t-distribution at significance level of α
2

N

N

and freedom of N − 2 .

The determination is that: for X 1 ≤ X 2 ≤ L ≤ X n , We selected the significance level α > 0 and the

number of data N , when
T1 > T (α , N ) rejected H 0 , and determinate the X1 is excrescent data,
otherwise we can not judge the data is excrescent value. So does the X n .

3.2. Rosner test

Rosner test [8] is a multiple excluded values testing methods in a single test. For
date X 1 ≤ X 2 ≤ L ≤ X n , we firstly set a upper limit value k for suspicious excrescent data, which is the
maximum number of excrescent data. The maximum number k can be removed from the data set of
sizes n .
It is also assumed that there are n independent variables X 1 ≤ X 2 ≤ L ≤ X n from the same normal

(

distribution N μi , σ 2

)

respectively, where i = 1, 2, L , n . The assumption as follows:

Null hypothesis H 0 : No excrescent values in the data
Nonnull hypothesis H l : l excrescent values in the data at least
This method is based on statistics R1 , R2 , L , Rk , and defined as:

R1 = (max | X i − X |) / S

(4)

1

2
⎧⎪ 1 n
⎫⎪ 2
1 n
Where X = ∑ X i ; S = ⎨
(
)
X
X
−
⎬ .
∑ i
n i =1
⎪⎩ n − 1 i =1
⎭⎪
The definition of R2 like R1 , but the size of data is n − 1 , that is because it’s exclude the excrescent data

in R1 . We can also define R3 , L , Rk respectively. The critical value of Ronser methods as follows:

λl =

t p ,k −l −1 ( n − l )
{[n − l − 1 + t p2 ,k −l −1 ](n − l + 1)}

1

(5)
2

α

, l = 1, 2, L, k . t p ,d represents the function value of t-distribution at significance
2(n − l + 1)
level of p and freedom of d .
Where p = 1 −

The determination rule is: when Ri > λi , i = 1, 2, L , k , the X i in Ri = (max | X i − X |) / S is
excrescent data, otherwise there is no excrescent data.

3.3. Med_FD test

Med_FD test [9] is a simple and robust method which based on the median value and quartile deviation,
and it is not sensitive to the data size. The most feature of this approach is not based on hypothesis testing.
The process of this method is that: calculate the median value and quartile deviation for data
sets X 1 ≤ X 2 ≤ L ≤ X n , and then set the acceptable region. If there have data beyond the acceptable region,

it can be removed as excrescent data. The acceptable region defined as follows ( kl = ku = 2 ):
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X i ∉ [ Med − kl * FD, Med + ku * FD]

(6)

4. Results and Comparison
We selected five proteins and a total of 15 quantitative data sets for this study. We test its normality first
(Those data which value size is 0 means do not follow the log-normal distribution). In the condition of
normal distribution we applied three methods to test the excrescent values respectively. The results are
shown as follows (table 1):
Table. 1: Data
Methods
Protein name

DNA-directed
RNA polymerase
beta subunit

elongation factor
EF-2

succinyl-CoA
synthetase beta
subunit

Tax_Id=9606
Keratin 10

Tax_Id=9606
keratin 1

Acc.no

Data

Size

Grubbs

Ronser

Med_FD

115:11
4

17

no

0.2423

0.2423,3.1126

YP_000733

116:11
4

17

no

no

0.5166

17

1.5992

1.5992

1.5992

12

no

no

no

YP_000262

117:11
4
115:11
4
116:11
4
117:11
4
115:11
4

0

---

---

---

12

1.4264

1.4264

1.4264

12

no

0.1254

no

YP_002497

IPI00383111

IPI00220327

116:11
4
117:11
4
115:11
4

0

---

---

12

no

1.0795

1.0795

12

no

0.7493

1.8951,0.749
3

116:11
4

12

no

0.5960

no

0

---

---

---

11

no

0.6508

0.6508,1.869
2

11

no

0.5887

0.5887

11

no

no

no

117:11
4
115:11
4
116:11
4
117:11
4

---

It is not difficult to find that the datasets is generally relatively small in quantitative from table 3, that is
because when we select the value of peptide quantitative information that only select the unique peptide
corresponding to the protein in order to obtain the accurate results, the non-unique peptides are in the process
of protein identification alone. We applied Grubbs methods to detect the small data sets, and only find two
excrescent values which are also found in the other methods. Grubbs method is a subset of the other methods.
This result indicates that the two values which have been detected must be noise data from errors in protein
quantification, so they must be rejected. Compared with Grubbs methods, we found that we remove more
values by Ronser test and Med_FD test in small samples. This maybe gets the wrong results for removing
too many values. We also could take Grubbs test in big samples and with human experience to ensure the
accuracy of results. From above analysis, it indicates that Grubbs test are more suitable for detecting
excrescent values in protein quantification.
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