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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a new virus responsible for the COVID-19 pandemic. The 
emergence of the new SARS-CoV-2 has been attributed to the possibility of evolutionary dynamics in the furin cleavage site 
(FCS) region. This study aimed to analyze the sequence of the FCS region in the spike protein of SARS-CoV-2 isolates that 
circulated in the Special Region of Yogyakarta and Central Java provinces in Indonesia. The RNA solution extracted from 
nasopharyngeal swab samples of confirmed COVID-19 patients were used and subjected to cDNA synthesis, PCR amplification, 
sequencing, and analysis of the FCS region. The sequence data from GISAID were also retrieved for further genome analysis. 
This study included 52 FCS region sequences. Several mutations were identified in the FCS region, i.e., D614G, Q675H, Q677H, 
S680P, and silent mutation in 235.57 C > T. The most important mutation in the FCS region is D614G. This finding indicated 
the G614 variant was circulating from May 2020 in those two provinces. Eventually, the G614 variant totally replaced the D614 
variant from September 2020. All Indonesian SARS-CoV-2 isolates during this study and those deposited in GISAID showed 
the formation of five clade clusters from the FCS region, in which the D614 variant is in one specific cluster, and the G614 vari-
ant is dispersed into four clusters. The data indicated there is evolutionary advantage of the D614G mutation in the FCS region 
of the spike protein of SARS-CoV-2 circulating in the Special Region of Yogyakarta and Central Java provinces in Indonesia.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the cause of the novel coronavirus disease 2019 
(COVID-19), has become the third pathogenic zoonotic 

disease outbreak caused by β-coronavirus, after SARS-
CoV and the Middle East respiratory syndrome coro-
navirus (MERS-CoV) that emerged in 2002 and 2012, 
respectively (Zumla et al. 2016; Graham and Baric 2010; 
Gorbalenya et al. 2020). COVID-19 was first reported in 
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China in December 2019 (Zhou et al. 2020) and spread 
rapidly causing a pandemic around the world.

The distinct characteristics of SARS-CoV-2 have 
not been clearly elucidated yet in comparison to the 
former SARS-CoV which was responsible for the 
previous SARS epidemic back to 2003, especially 
the nature of SARS-CoV-2 that makes it more con-
tagious. It was previously speculated that PRRAR, 
a unique furin-like cleavage site (FCS) in the spike 
(S) protein, which is absent in SARS-CoV, is respon-
sible for the high infectivity and transmissibility of 
SARS-CoV-2 (Coutard et  al. 2020). A study in bat 
CoV in China identified the presence of these resi-
dues (RmYN02), suggesting a possible natural acqui-
sition of the FCS (Zhou et al. 2020). However, the 
speculation that this unique FCS contributes to the 
improved ability of the SARS-CoV-2 to enter the host 
cells was not supported with the later evidence show-
ing that the FCS did not contribute to the high fusion 
capacity of SARS-CoV-2 (Xia et al. 2020; Papa et al. 
2021). Indeed, it remains important to further study 
the critical role of the FCS region in the evolutionary 
dynamics of SARS-CoV-2.

One of the most important mutations in the FCS 
region is D614G, which is reported to spread globally 
and responsible for the rapid and massive transmission 
of SARS-CoV-2 (Korber et al. 2020). The study of the 
biological effect of D614G mutation was facilitated 
by the development of SARS-CoV-2 pseudoviruses, in 
which the core (backbone) virus (such as retrovirus) was 
manipulated to express the S protein of SARS-CoV-2 
(Chen and Zhang, 2021). Pseudoviruses carrying G614 
variants can enter ACE2-expressing cells more effi-
ciently than that of D614 variants, which was corre-
lated with less S1-domain shedding and higher S protein 
incorporation into the virion (Zhang et al. 2020). The 
G614 variant enhances viral replication in human lung 
epithelial cells by increasing the infectivity and stability 
of the virions (Plante et al. 2021). Moreover, the impor-
tance of D614G mutation in the evolutionary dynamics 
of SARS-CoV-2 is supported by the evidence that the 
increased proportion of G614 variant is consistent with 
an evolutionary selective advantage of the virus (Volz 
et al. 2021).

We analyzed the sequence of FCS region in the Spike 
protein of SARS-CoV-2 that circulated in the Special 
Region of Yogyakarta and Central Java provinces, which 
are two different geographic locations in Indonesia, and 
compared the samples to the SARS-CoV-2 sequence data-
base deposited in GISAID. Our work showed that D614G 
was transmitted massively in Indonesia and might involve 

the founder effect of SARS-CoV-2 and be responsible for 
the high prevalence of COVID-19 in Indonesia.

Materials and methods

Specimens, ethical clearance, sequence data, 
and mutation analysis

A total of 52 RNA specimens from confirmed COVID-19 
patients were obtained from RNA collection at the COVID 
Diagnostic Laboratory, Faculty of Medicine, Public Health 
and Nursing, Universitas Gadjah Mada, Yogyakarta. The 
samples originated from the Special Region of Yogyakarta 
and Central Java Provinces, collected from May to October 
2020.

A total of 327 whole genome sequences of SARS-CoV-2 
that originated from Indonesia were obtained from GISAID 
(https:// www. gisaid. org/) (downloaded until February 7, 
2021) (Elbe and Buckland-Merrett 2017) . The D614G Hot-
spot-FCS Region (amino acid position = 600–700 [spike]; 
nucleotide position = 23,360–23,662 [Wuhan-Hu-1 NCBI 
Reference Sequence: NC_045512.2]) was extracted for fur-
ther analysis. Sequences containing ambiguous bases (e.g., 
N) in the previously mentioned region were removed from 
the dataset using Python Script, resulting in 323 cleaned 
sequences.

Overall mutations were analyzed using CoVsurver: 
Mutation Analysis of hCoV-19 (https:// www. gisaid. org/ 
epiflu- appli catio ns/ covsu rver- mutat ions- app/). Silent 
mutations were identified using BioEdit (v7.2.5) (Hall 
1999). Statistical data were processed using Microsoft 
Excel 2016 and graphs were created using GraphPad 
Prism 8 (www. graph pad. com). The research protocol 
was approved by the Medical and Health Research Ethics 
Committee, Faculty of Medicine, Public Health and Nurs-
ing, Universitas Gadjah Mada/Dr. Sardjito General Hospi-
tal, Yogyakarta, Indonesia (Ref: KE/FK/0511/EC/2020).

cDNA synthesis and polymerase chain reaction

First strand cDNA was synthesized using Reverse Transcrip-
tion Kit II (ExcelRT™ series, Smobio), following the manu-
facturer’s instructions. A total of 20 µl reverse transcription 
reactions, containing 9 µl of RNA samples that has been 
previously incubated with 1 µl primer mix (50 μM oligo 
(dT)20 and 100 μM random hexamers) at 70 °C for 5 min 
and on ice for at least 1 min, along with 4 µl RT Buffer and 
1 µl RTase, were incubated at 20 °C and 50 °C for 10 and 
60 min, respectively, followed by 5-min incubation at 85 °C 
to terminate the reaction.
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One primer pair targeting D614G Hotspot-FCS Region 
was designed for the polymerase chain reaction (PCR): 
F3.CoV-2.S, 5′-CTG TCC GTG ATC CAC AGA CACT-3′; 
R3.CoV-2.S, 5′- GCA CCA AGT GAC ATA GTG TAGGC-3′. 
The PCR was conducted in a 25 µl-reaction mix of GoTaq 
® Green Mastermix (Promega), consisting of 12.5 µl GoTaq 
Green Mastermix (2 ×), 0.5 µl of each primer (10 µM), and 
2 µl cDNA template. Amplification steps were conducted 
as follows: 95 °C for 3 min; followed by 35 cycles of 95 °C, 
60 °C, and 72 °C for 30 s, 45 s, and 45 s, respectively; and 
final extension was 2 min at 72 °C.

Sequencing

All PCR products were prepared for sequencing using 
Sanger methods. Sequencing procedure was conducted by 
DNA Sequencing Services (Genetika Science, Indonesia; 
 1st Base, Singapore) using BigDye® Terminator v3.1 Cycle 
Sequencing Chemistry Kit (Applied Biosystems).

Phylogenetic analysis

The maximum likelihood (ML) tree was constructed for 
both viral-specific and species-specific approaches. For 
the SARS-CoV-2-specific ML tree, initially the redundant 
sequences with 100% identity were removed from 323 
Indonesian origin SARS-CoV-2 sequences obtained from 
GISAID. The dataset which previously consisted of 52 
fresh samples, NCBI reference sequence (NC_045512.2), 
and the non-redundant Indonesian origin database sequences 
was completed by adding several sequences from impor-
tant SARS-CoV-2 variants, such as the first reported 
G614 variant (EPI_ISL_451345), B.1.429/452R.V1 
(EPI_ISL_915439), B.1.1.7/501Y.V1 (EPI_ISL_601443), 
B.1.351/501Y.V2 (EPI_ISL_712081), P.1/501Y.V3 (EPI_
ISL_833137), and Mink Cluster (EPI_ISL_616695). A 
total of 92 sequences were used to construct the ML tree 
using RaXML v.8.2.10 with 1000 bootstraps (Silvestro and 
Michalak 2012). For every dataset in this study, multiple 
sequence alignment was performed using MAFFT (v7.471) 
with L-INS-i algorithm (Katoh et al. 2005; Katoh and Stand-
ley 2013). The ML tree was viewed and annotated using 
MEGA (v10.1.1) (Kumar et al. 2018).

Phylogenetic analysis by Bayesian Markov Chain 
Monte Carlo (MCMC) method was conducted using 
BEAST (v1.10.4) (Suchard et al. 2018). Three independ-
ent datasets, comprised of Indonesia (n = 371), Yogya-
karta (n = 68), and Central Java (n = 43), were analyzed 
separately. Parameters for BEAST analysis were generated 
using Beauti (v1.10.4) (Drummond et al. 2012). The sub-
stitution model of HKY + Γ with 2 partitions ((position 

1 + 2), 3) was used for MCMC analysis, in addition to the 
strict molecular clock and the constant coalescent tree prior 
parameter (Drummond et al. 2002; Kingman 1982). The 
MCMC estimation for Indonesia, Yogyakarta, and Central 
Java was independently run with the chain length 5 × 100, 
1 × 50, and 1 × 30 million, respectively, and sampling every 
100, 10, and 10 thousand, respectively. Burn-in 10% was 
used for further analysis of log files in Tracer (v1.7.1) 
(Rambaut et al. 2018). We ensured that every parameter 
had effective sample size (ESS) value that was no less than 
100. The maximum clade credibility (MCC) tree was gen-
erated using TreeAnnotator (v1.10.4) (Drummond and 
Rambaut 2007). MCC tree visualization and annotation 
were done using FigTree (v1.4.4) (Rambaut 2018).

Results

The distribution of D614G mutation in Indonesia

The FCS region of the S protein derived from 52 SARS-
CoV-2 isolates which were circulated in the Special Region 
of Yogyakarta (27 sequences) and Central Java provinces 
(25 sequences) Indonesia from May to October 2020 were 
sequenced during this study (Fig. 1).

D614G is the most frequent mutation in the FCS region 
of S protein of SARS-CoV-2 found in this study. There 
were 26 G614 variants (96.3%) and only one D614 vari-
ant (3.7%) of SARS-CoV-2 that circulated in the Spe-
cial Region of Yogyakarta and all samples obtained from 
Central Java were the G614 variant (100%) (Fig. 1). The 
dominant proportions of the G614 variant in those two 
provinces were also observed when our data was com-
bined with the sequence data obtained from the GISAID 
data base. In total, 52 SARS-CoV-2 FCS sequence data 
obtained from those two provinces were available from 
this study and GISAID database (Fig. 1). However, the 
frequency of G614 in those two provinces were more fre-
quent compared to all SARS-CoV-2 isolates from Indo-
nesia which have been deposited in GISAID (Fig. 1). 
The GISAID data showed that geographically the G614 
variant has spread to 25 of 34 provinces in Indonesia, in 
contrast to the D614 variants which were reported in 11 
provinces (Fig. 2).

The phylodynamics of D614G mutation in Special 
Region of Yogyakarta and Central Java

The time dynamics of D614G mutations among SARS-
CoV-2 that circulated in the two provinces were also ana-
lyzed. The first G614 variant was detected in Yogyakarta on 
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May 6, 2020 and in Central Java on May 12, 2020. Although 
we cannot exclude the possibility that G614 variants had 
been circulating before May 2020, the latest D614 variant 
was isolated in Yogyakarta in August 2020 (Fig. 3). This 
finding is parallel with the time dynamics of D614G in 
Indonesian SARS-CoV-2 isolates. The data obtained from 
this study (52 isolates) in combination with all Indone-
sian SARS-CoV-2 isolates documented in GISAID data-
base (323) demonstrated that the D614 variant was totally 
replaced by the G614 variant from September 2020 (Fig. 4).

The mutations and clusters distribution of FCS 
region in the Indonesian sample

We detected several mutations accompanying the D614G 
variant, i.e., Q675H, Q677H, S680P, and silent mutation in 
23,557 C > T. Two sequences (3.85%) came from Yogya-
karta containing Q677H mutation as of August 2020. Other 
variants S680P and Q675H were observed from Central 
Java with 1.92% of each in June and October 2020, respec-
tively. The silent mutation was detected with 1.92% from 

Fig. 1  The geographical distribution of the D614G variants reported 
in Indonesia from April 2020 to January 2021. The GISAID data-
base showed that the D614 variant has been found in 25 provinces in 
Indonesia and it was subsequently replaced by the new G614 variant, 
including in the Special Region of Yogyakarta and Central Java prov-
inces (inset). Sequence data from this study showed that during May 

to October 2020, the D614 variant remained circulating in Special 
Region of Yogyakarta in exceedingly small numbers (the last date 
of collected sample was August 2020), while all analyzed samples in 
Central Java were the G614 variant. Blue dots: D614 variants, Orange 
dots: G614 variants
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Yogyakarta. These mutations are co-segregated with D614G 
(Fig. 5).

Analysis of the MCC Tree from the data obtained during 
this study and all Indonesian SARS-CoV-2 isolates depos-
ited in GISAID showed the formation of five clade clusters 
from the FCS region, in which the D614 variant is in one 
specific cluster, and the G614 variant is dispersed into four 
clusters (Fig. 6).

Discussion

The G614 variant emerged in Europe since February 2020 and 
has spread rapidly throughout the world (Korber et al. 2020; 
Volz et al. 2021). This study indicated that the G614 variant 
was detected as the most dominant variant as early as May 
2020 in the Special Region of Yogyakarta and Central Java.

The variant analysis of SARS-CoV-2 obtained from the 
Special Region of Yogyakarta and Central Java between 
May and October 2020 found only one D614 variant in Yog-
yakarta in August 2020, while in Central Java province there 
were no D614 variants identified (Fig. 1). Although these 
data cannot represent the overall incidence of SARS-CoV-2 
infection of D614 and G614 variants in both provinces, it 
is clear that there was a shift in the SARS-CoV-2 variants 
circulating in Indonesia (Fig. 4). The same incidence was 
reported in London, where D614 was the most common vari-
ant at the early phase of the pandemic and the transition to 
G614 surpassed D614 at the end of March 2020 (Volz et al. 
2021).

The data of the present study showed the existence of 
the G614 variant in Yogyakarta and Central Java since May 
2020, earlier than the samples reported in GISAID in July 
2020. This pattern means that 3 months after the G614 

Fig. 2  The location of the D614G mutant variant reported in Indonesia from April 2020 to January 2021. The D614G mutant variant has been 
found in 25 provinces in Indonesia based on this study and GISAID data
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variant was found in Europe, this G614 variant had been 
circulating in Yogyakarta and Central Java, Indonesia.

The spread of G614 was very fast and massive, because 
the nature of the G614 variant has higher transmissibil-
ity and greater competitive fitness than the wild-type 
virus (Korber et al. 2020; Hou et al. 2020). This massive 
spread is further supported by the human travelling pat-
terns and highly extensive transportation system all around 

the world. Although many countries have specific border 
restriction policies, the viral spread has not been effec-
tively contained (Mallapaty 2021).

The G614 variant has completely replaced the D614 
variant since September 2020 in all Indonesian regions 
(Fig. 4). This finding may correlate with a significant 
increase of confirmed COVID-19 cases in Indonesia dur-
ing that particular period and the following months. The 

Fig. 3  The phylodynamic of 
D614G mutant in the Special 
Region of Yogyakarta and 
Central Java provinces. The 
G614 mutation was found in the 
Special Region of Yogyakarta 
as early as in May 6, 2020 (A) 
and May 12, 2020 in Central 
Java (B)
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first case of COVID-19 in Indonesia was announced on 
March 2, 2020. In September 2020, the reported confirmed 
cases were less than 400,000 cases and increased rapidly 
to 1.4 million cases by early March 2021 (World Health 
Organization 2021). There are many factors that can con-
tribute to the increase of COVID-19 cases in Indonesia. 
However, the role of mutations in the circulating virus 
characteristics should not be underestimated (Hou et al. 
2020).

There are four mutations that appear to occur in the 
G614 variant only. Further analysis showed that G614 
variants developed into four genetics clusters in Indone-
sia, separated from the clusters consisting of D614 variants 
(Fig. 6). All together with the epidemiological data show-
ing the significant increase of COVID-19 cases in Indo-
nesia, this pattern may support the indication that D614G 
variant is a founder effect of SARS-CoV-2 in Indonesia 
(Gunadi et al. 2020). The development of D614G variant 
may be the consequence of an evolutionary advantage of 
the D614G mutation in the FCS region of the S protein of 
SARS-CoV-2 circulating in Indonesia.

Currently, continuous transmission of SARS-CoV-2 
leads to the emergence of novel variants with increased 
fitness advantage and consequently, may have a signifi-
cant impact on the ongoing pandemic, including Indonesia 
(Perez-Gomez 2021). The SARS-CoV-2 variants of con-
cern (VOC), including Alpha, Beta, Gamma, Delta, and 
the latest Omicron variant, have been associated with the 
surge of confirmed COVID-19 cases globally. The mas-
sive increase of COVID-19 cases in Indonesia in July 
2021 was associated with the introduction of Delta vari-
ant in Indonesia. The first confirmed case of Delta vari-
ant in Central Java and Yogyakarta was on May 25, 2021 

and shortly became the most dominant VOC in Indonesia 
(Gunadi et al. 2021). Interestingly, all these VOC har-
bor the D614G mutation, indicating that this mutation is 
positively selected and subsequently drives the dynamic 
evolution of SARS-CoV-2 up to this moment (He et al. 
2021). Thus, D614G mutation provides a selective advan-
tage and increases the transmissibility of SARS-CoV-2 
(Harvey et al. 2021).

We found two other mutations, Q675H and Q677H, 
which were also reported by Begum et  al. (2020) and 
Kim et al. (2020). These two mutations might be impor-
tant because mutations near the S1/S2 cleavage site could 
influence the activity of the protease enzymes with respect 
to the cleavage sites (Begum et al. 2020). One mutation 
before the polybasic cleavage site within the S gene, 
PRRAR (681–685 amino acid) motif was identified as 
S680P which was previously reported by Kim et al. (Kim 
et al. 2020). Learning from evidence that the FCS region 
is important and the potential role of D614G as a founder 
effect of other mutations in this region, further molecular 
epidemiology surveillance of the FCS region mutations 
is important, especially in the area where transmission of 
COVID-19 is still high, such as Indonesia.

In conclusion, we demonstrated here that G614 variant 
was detected in our clinical samples since May 2020 and 
replaced the D614 variant massively. This finding indicated 
that D614G mutation is an evolutionary advantage for the 
SARS-CoV-2 transmission in the Special Region of Yogya-
karta and Central Java provinces of Indonesia. Mutation in 
the FCS region is an important event which may contribute 
to the evolutionary process of virus in particular geographi-
cal area which eventually influence the phenotypic charac-
teristic of the virus, including the transmissibility.

Fig. 4  The proportion of D614G variant in Indonesia based on this 
study and GISAID data. The G614 variant in Indonesia was first 
reported since April 2020 and increasingly found to be the predom-

inant variant. The D614 variant was no longer reported in Septem-
ber 2020 as indicated by this study and GISAID data analyzed from 
March 2020 to January 2021
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Fig. 5  Phylogeny tree of 52 
research samples. maximum 
likelihood (ML) tree from furin 
cleavage site (FCS) region of 
research samples (red dot) with 
several FCS SARS-CoV-2 
strains originating from the 
GeneBank (black dots were 
originated from Indonesia and 
blue dots were from another 
country) showed 4 different 
mutations in the FCS region, 
Q675H, Q677H, one mutation 
near the furin cleavage PRRAR 
was S680P, and one silent muta-
tion in 23,557 C > T
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