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Abstract
The synthesis of small RNA (sRNA) were extracted from Glaciozyma Antarctica PII2 (G. Antarctica) yeast using the 
Next-Generation Sequencing (NGS) technology. Statistical approach is used in this study to analyze sRNA from G. Antarctica 
in order to increase the production of this yeast given in biological conditions such as temperature, time and medium of 
growth. Hence, this study uses the analysis of variance (ANOVA) with F-test statistic (FANOVA) and shrinkage F-test (FS) to 
analyze the NGS data in identifying factors affecting the differential expression level of genes from G. Antarctica. FANOVA sta-
tistics are computed on a gene-by-gene basis from the residual sum of squares (SSE). Whereas FS-test refers to the shrink-
ing of variance estimators from the variance estimators of the gene-by-gene (σ g

2 ) F-value obtained from ANOVA. Then, the 
analysis results between FANOVA-test and FS-test are compared in order to identify which statistical test is best in analyzing 
significantly differentially expressed gene based on accuracy value and area under the Receiver Operator Characteristics 
(ROC) curve. The statistical test with higher accuracy value and has a larger area under the ROC curve is the best statistical 
test. We found that both FANOVA and FS tests show that the majority of genes that are significantly differentially expressed are 
most affected by the main effects temperature (A) and time (B) and the interaction effect between temperature and time 
(AB). As for the best test, we found that FS-test is the best statistical test compared to FANOVA-test in this study of identifying 
significantly differentially expressed genes in G. Antarctica.
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1.  Introduction

The seven years since the introduction of the Next- 
Generation Sequencing (NGS) technology have seen a 
major transformation in the way scientists extract genetic 
information from biological systems, revealing limitless 
insight in the analysis of transcriptome data. Transcriptome 
is a set for all the molecules of RiboNucleic Acid (RNA) 
that consists of Messenger RNA (mRNA), ribosome RNA 
(rRNA), transport RNA (tRNA) and small RNA (sRNA). In 
this study, the sRNA is extracted from the G. Antarctica yeast 
using the NGS technology. 

Majority of studies are primarily focus on the diversity 
of the yeasts from Antarctica and its potential in the field 
of biotechnology. The Glaciozyma Antarctica yeast, also 
known as G. Antarctica is widely used in the application 
of biotechnology, in areas such as food technology and 
pharmaceutical7. The continent of Antarctica which occu-
pies an area of 14 million square kilometers is a major cold 
habitat, of which about 99% is covered by ice and snow9. 
Apart from being very cold, this continent is considered 
to be very extreme habitat due to the fact that it is also the 
driest, windiest and iciest of all known habitats of the world 
with high solar radiation at least during summer season10. 
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The microorganisms that thrive in the extreme 
environment of Antarctica are cold loving and are 
referred to as psychrophiles. Psychrophillic yeasts have 
an optimum temperature for growth about 15°C or lower, 
a maximum up to 25°C but are still capable of growing 
at 0°C or below2. Yeasts are versatile group of eukaryotic 
microorganisms which are heterogeneous in the nutri-
tional abilities and are capable of surviving in a range of 
habitats such as in deep sea, moist and uneven surfaces 
including polluted waters16.

2.  Data and Materials 

This study involves three factors: A: temperature (-12°C, 
0°C, 12°C), B: time (6 hours, 12 hours) and C: medium 
of growth (DOC, YPD) to test the differential level of 
gene expression in G. Antarctica given in different bio-
logical conditions. DOC refers to drop out concentration 
whereas YPD refers to yeast peptone dextrose. Figure 1 
shows the classification of data for this study.

Many experiments involve in the study of effects of two 
or more factors. In general, factorial designs are most effi-
cient for this type of experiment. A factorial design means 
that each complete trial or replication of the experiment 
all possible combinations of the levels of the factors are 
investigated. When factors are arranged in a factorial 
design, they are often said to be crossed14. This study uses 
3 2 2× ×  factorial design. The observations in a factorial 
experiment can be described by the following model
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whereis the overall mean effect, τ i is the effect of ith 
level of temperature factor, β j 

is the effect of the jth level 
of time factor, yk is the effect of the kth level of medium 
of growth factor, τβ( )ij

 is the effect of interaction between 
temperature and time, τγ( )ik 

is the effect of interaction 
between temperature and medium of growth βγ( ) jk  

is 
the effect of interaction between time and medium of 
growth, τβγ( )ijk 

is the effect of interaction between tem-
perature, time and medium of growth, and ε ijkl 

is the ran-
dom error component.

3.  Methods

3.1 ANOVA Test (FANOVA)
A procedure for constructing statistical tests by parti-
tioning the total variance into different sources of vari-
ance. Statistical tests towards these sources of variance 
are then tested whether they are statistically significant 
or otherwise. In general, the purpose of analysis of vari-
ance is to test whether the means between treatments are 
significantly different or not.

With the assumption that the model in equation (1) is 
adequate and that the error terms ε ijkl are normally and 
independently distributed with constant variance σ², then 
each of the ratios of mean squares of each treatment to 
the mean square of error MSA/MSE, MSB/MSE, MSC/MSE, 
MSAB/MSE, MSAC/MSE, MSBC/MSE and MSABC/MSE is 
distributed as F14. 

Hence, the variance estimators for each gene g G=1 2, ,...,  
in G. Antarctic yeast are

σ g MSEError g
SSE
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Analysis of variance using FANOVA test statistic was 
conducted on each gene (gene ID) g G=1 2, ,...,  of the 
G. Antarctic yeast. This allowed us to identify genes that are 
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Figure 1. Classification of Data.
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significantly differentially expressed given in different treat-
ments and factors that affect the level of gene expressions.

3.2 F-Shrinkage Test (FS)
Cui et al.4 constructed improved estimators of variance 
from an ensemble of individual variance estimators by 
shrinking them toward their common corrected geometric 
mean. Shrinkage estimators pull individual error estimates 
toward shrinking targets, with the amount of shrinkage 
depending on the variability of individual error estimates3.

The shrinkage estimators effectively pool these esti-
mates when the individual variance estimates are sim-
ilar where this indicates homogeneity. In addition, the 
shrinkage estimator gives greater weight to the gene spe-
cific contributions when the individual variance estimates 
are dispersed, indicating heterogeneity. The result is in the 
expression as in the equation (3) 
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where Xg is the residual sum of squares (SSE), 

ln ln ,Xg G
Xg= 





∑1  and B m= −exp( ) is a bias cor-

rection. The values of B and V depend on ν degrees of 

freedom. 
Similar to FANOVA, FS is also conducted on each gene 

(gene ID) g G=1 2, ,...,  of the G. Antarctic yeast which 
allowed us to identify genes that are significantly differen-
tially expressed given in different treatments and factors 
that affect the level of gene expressions.

3.3 Comparing FANOVA and FS

The performance of genes selection can be calculated in 
terms of specificity and sensitivity. Specificity refers to 
the true positive rate whereas sensitivity refers to the true 
negative rate. In the case of binary result which are either 
genes are significantly differentially expressed and genes 

are not significantly differentially expressed, the results 
can be divided into four categories which are True Pos-
itive (TP), False Positive (FP), False Negative (FN) and 
True Negative (TN)5.

Accuracy = TP + TN
N

 (4)

The F-test with a higher accuracy value in equation (4) 
shows a better F-test. The perfect method would be a 
method that produces sensitivity = specificity = 1.

4.  Results and Discussion

4.1 Results of FANOVA

The overall results of FANOVA analysis found that 214 out of 
247 genes are significantly differentially expressed given 
in different conditions. Table 2 shows the number of genes 
with factors that are significant in influencing the level of 
gene expression when the analysis of variance using the 
FANOVA is conducted.

From Table 2, we found that the majority of genes 
that are significantly differentially expressed are of main 
effects temperature (A), time (B) and interaction effect 
temperature and time (AB).

Table 1. Definition of specificity and sensitivity

Test outcome
Condition

Positive Negative
Positive TP FP
Negative FN TN

Sensitivity

=
+

TP
TP FN

Specificity

=
+

TN
TN FP

Table 2. Comparison between the number of genes 
with factors that are significant in influencing the level of 
gene expression with FANOVA

Factors Number of significantly 
expressed genes

A: Temperature 104
B: Time 164
C: Medium of growth 8
AB 118
AC 6
BC 7
ABC 6
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4.2 Results of FS

The overall results of FS analysis found that 220 out of 247 
genes are significantly differentially expressed given in 
different conditions. Table 3 shows the number of genes 
with factors that are significant in influencing the level of 
gene expression when the analysis of variance using the 
FS is conducted.

From Table 3, we found that the majority of genes 
that are significantly differentially expressed are of main 
effects temperature (A), time (B) and interaction effect 
temperature and time (AB).

4.3 Comparing FANOVA and FS

From Table 4, we can conclude that both methods of the 
F-test statistics shows somewhat similar results where we 
can see that genes expression are most influenced by the 
main effects time (B) and temperature (A) and the inter-
action effect between temperature and time (AB) and are 
less affected by medium of growth (C) and the interac-
tion effects between temperature and medium of growth 
(AC), time and medium of growth (BC) and temperature, 
time and medium of growth (ABC).

To identify which F-test is best, we will apply the 
method in Table 1, Table 5 and Table 6 show the val-
ues of TP, FP, FN and TN that can be obtained by using 
the graph of p-value distribution from Figure 2 and  
Figure 3. 

From Table 5 and Table 6, we can calculate the accu-
racy value from equation (4) for both FANOVA and FS test 
statistics respectively as follows

Table 4. Comparison between the number of genes 
with factors that are significant in influencing the level of 
gene expression with FANOVA and FS

 FANOVA FS

No of genes % No of genes %
A : Temperature 104 42.11 95 38.46
B : Time 164 66.40 162 65.59
C :  Medium of 

growth
8 3.24 6 2.43

AB 118 47.77 112 45.34
AC 6 2.43 5 2.02
BC 7 2.83 7 2.83
ABC 6 2.43 4 1.62

Table 5. TP, FP, FN and TN values from FANOVA test 
statistic

Test outcome
Condition

Differentially 
expressed

Not differentially 
expressed

Differentially 
expressed 136 5

Not differentially 
expressed 58 48

Sensitivity = 0.70 Specificity = 0.91

Table 6. TP, FP, FN and TN values from F-shrinkage 
test statistic

Test outcome
Condition

Differentially 
expressed

Not differentially 
expressed

Differentially 
expressed 144 5

Not differentially 
expressed 49 49

Sensitivity = 0.75 Specificity = 0.91

Figure 2. p-values distribution from FANOVA test statistic.
     

True positive (TP) 

False positive (FP) 

False negative (FN) 

True negative (TN) 

Table 3. Comparison between the number of genes 
with factors that are significant in influencing the level of 
gene expression with F-shrinkage test 

Factors Number of significantly  
expressed genes

A: Temperature 95
B: Time 162
C: Medium of growth 6
AB 112
AC 5
BC 7
ABC 4
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Accuracy (FANOVA) = 136 48
247

0 74+
= .

Accuracy (FS) = 144 49
247

0 78+
= .

Since Accuracy ( ) % Accuracy ( ) %,F FS ANOVA= > =78 74  
we therefore select FS as the best test statistic for this study.

Figure 4 shows the relationship between genes that are 
correctly identified as differentially expressed (TPR) on 
the y-axis and genes that are falsely identified as differ-
entially expressed (FPR) on the x-axis. The Area Under 
the Curve (AUC) shows the ability of the overall tests 
to differentiate genes that are significantly differentially 
expressed and the genes that are not significantly differ-
entially expressed. A perfect test would be a test that has 
the AUC that is equal to 16. This means that AUC that are 
closer to 1 results as the best test statistic. From Figure 4, 
we found that AUC . AUC .F FS ANOVA

= > =0 9835 0 9621, this 
concludes that FS test is the best test statistic when com-
pared to FANOVA test.

Based on the Figure 5 (a), the genes are most sig-
nificantly differentially expressed at temperature 

-12oC, while in Figure 5 (b), the genes are most signifi-
cantly differentially expressed when exposed at time 12 
hours. The genes are majority significantly differentially 
expressed in medium of growth as shown in Figure 5 (c). 
When measuring in interaction effect, the F-shrinkage 
shows that majority of the expression level of genes are 
influenced by the interaction effect of temperature and 
time (AB) at 0°C and 12 hours as shown in Figure 5 (d). 
Figure 5 (e) shows the interaction effect of temperature 

Figure 3. p-values distribution from FS test statistic.
          

True positive (TP) 

False positive (FP) 

False negative (FN) 

True negative (TN) 

Figure 5.(a)  Bar graph showing the percentage of the 
significantly differential expressed gene based on tempera-
ture when FANOVA and FS are conducted.

 
Temperature/°C 

 
 FANOVA   FS 

 

Figure 5.(b) Bar graph showing the percentage of the 
significantly differential expressed gene based on time when 
FANOVA and FS are conducted.

 
 

 FANOVA   FS 
 

 

 

Figure 4. Receiver operating characteristic (ROC) curve.
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and medium of growth (AC) and the most genes are sig-
nificantly differentially expressed at temperatures -12°C 
and 0°C with both using the same medium of growth, 
which is the YPD medium. The interaction effect of time 
and medium of growth has shown that the expression level 
of genes increases which shows a significant expression 
level when the time given is 12 hours and using the YPD 
medium as shown in Figure 5 (f). The optimum tempera-
ture, time and medium of growth that most of the genes 
significantly differentially expressed are at temperature 
-12°C with 12 hours of exposure and using the YPD as 
the medium of growth as shown in Figure 5 (g). 

Figure 5. (e) Bar graph showing the percentage of the 
significantly differential expressed gene on the effect of 
interaction between temperature and medium of growth 
when FANOVA and FS are conducted.

 
 

 
 

 
                 
 

 
 

Temperature*Medium of Growth 
 

 FANOVA  FS 

 
-1

2°
C

 (
D

O
C

)  
-1

2°
C

 (
Y

PD
) 

  
0°

C
 (

D
O

C
)   

0°
C

 (
Y

PD
)  

12
°C

 (
D

O
C

) 
  

12
°C

 (
Y

PD
) 

Figure 5. (c) Bar graph showing the percentage of the 
significantly differential expressed gene based on medium of 
growth when FANOVA and FS are conducted.
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Figure 5. (d) Bar graph showing the percentage of the 
significantly differential expressed gene on the effect of 
interaction between temperature and time when FANOVA and 
FS are conducted.
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Figure 5. (f) Bar graph showing the percentage of the 
significantly differential expressed gene on the effect of 
interaction between time and medium of growth when 
FANOVA and FS are conducted.
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Figure 5. (g) Bar graph showing the percentage of the 
significantly differential expressed gene on the effect of 
interaction between temperature, time and medium of 
growth when FANOVA and FS are conducted.
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5.  Discussion

Since FS results as the best test statistic when compared to 
FANOVA, we therefore will make a conclusion on the opti-
mum temperature, time and medium of growth that affect 
the significant genes expression level based on FS test.

From our analysis, we found that the significantly 
differentially expressed genes level for the temperature 
factor are most affected at -12°C, less affected at 0°C and 
least affected at 12°C (Figure 5(a)). For the time factor, 
the significantly differentially expressed genes levels are 
most affected when the time given for the experiment is 
12 hours (Figure 5(b)). Moreover, majority of genes were 
significantly differentially expressed when YPD type of 
medium of growth is given (Figure 5(c)).

For the interaction effects, FS test shows that majority 
of the expression level of genes are influenced by the inter-
action effect AB at 0°C and 12 hours (Figure 5(d)). Other 
than that, the interaction effect of AC shows that most 
genes are significantly expressed at temperatures -12°C 
and 0°C with both using the same medium of growth, 
which is the YPD (Figure 5(e)). In addition, the inter-
action effect of BC has shown that the expression level 
of genes increases which shows a significant expression 
level when the time given is 12 hours and using the YPD 
medium (Figure 5(f)). Lastly, for the three factors inter-
action effect ABC, the optimum temperature is at -12°C, 
with the time given 12 hours and using the YPD as the 
medium of growth (Figure 5(g)).

6.  Conclusion

Both F-test statistics show that the majority of genes in 
G. Antarctica are most affected by the main effects tem-
perature (A) and time (B), and the effect of interaction 
between temperature and time (AB). Most genes are sig-
nificantly expressed when given in those treatments.

However, FS gives a better performance in identi-
fying the significantly differentially expressed genes 
when compared to FANOVA where the accuracy value for 
FS is greater than the accuracy value of FANOVA. In addi-
tion, FS also has a larger AUC and that are closer to 1 
compared to FANOVA.

Since FS results as the best test statistic when com-
pared to FANOVA, we therefore will make a conclusion on 
the optimum temperature, time and medium of growth 

that affect the significant genes expression level based on 
FS test and summarizes all the optimum biological condi-
tions for the significantly differentially expressed genes in 
G. Antarctica yeast in Table 7.
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