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Abstract 20 

Stunting is a significant global public health problem caused by long-term dietary deficits that 21 

affect many children worldwide. Both environmental and genetic factors, including variants in 22 

the GHSR gene, play a crucial role in stunted growth. This study used an artificial recombinant 23 

plasmid DNA method to evaluate two primer set combinations for identifying DNA variants 24 

in the GHSR gene. Selecting suitable primer sets for identifying GHSR genetic variants linked 25 

to stunting is essential, as evidenced by PCR and sequencing techniques. The target gene, based 26 

on the GHSR reference sequence, consists of eight DNA variations (ΔQ36, G57G, P108L, 27 

L118L, R159R, C173R, D246A, and A277P). A recombinant plasmid was created by inserting 28 

a 1000 bp fragment of the GHSR gene into the pUC57 backbone. Primer sets were chosen 29 

based on their capacity to amplify these eight genetic variations and were optimized and 30 

validated using PCR methods. PCR and bi-directional sequencing verified the existence 31 

of surrounding DNA and specific single nucleotide variants (SNVs). In our study, we 32 

discovered four changes in the DNA sequence (R159R G>A, C173R T>C, D246A A>C, and 33 
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A277P G>C) using the E1_F2/E1_R3 primer pair. Additionally, a new combination of primers 34 

(E1_F1/E1_R3) effectively detected seven DNA sequence mutations (ΔQ36 del CAG, G57G 35 

C>T, P108L C>T, L118L C>T, R159R G>A, C173R T>C, and D246A A>C). We have 36 

developed a new combination of forward and reverse primers to identify seven SNVs in the 37 

GHSR gene, which could serve as a diagnostic tool in clinical laboratory settings. 38 

Keywords: DNA variant; GHSR gene; Primer set, PCR-sequencing; Stunting. 39 

 40 

Introduction 41 

Stunting continues to become a significant global health concern attributable to 42 

persistent malnourishment. In 2020, the World Health Organization (WHO) reported that 43 

nearly 149 million of under-five children globally experienced stunting [1]. Moreover, the 44 

stunting prevalence rate in Indonesia in 2022 remains high at 21.6%, affecting an estimated 4.7 45 

million children based on the latest national survey [2].  This rate surpasses the WHO threshold 46 

of 20%, highlighting the urgency to address this issue.  47 

Stunting is caused by two significant factors, including genetic and environmental 48 

factors (socio-economic status, education, and nutrition) [3],[4] [5] [6] [7]. Genetic factors have 49 

been taken an attention as several previous studies reported the significant correlation with 50 

stunting. For instance, research in Brazil revealed that 76.9% of malnourished toddlers were 51 

born from short mothers (height <145 cm) [8]. Furthermore, there is a strong genetic correlation 52 

due to the incidence of stunting tied to the height of both parents [4]. GHSR, GH1, GHRHR, 53 

STAT5B, IGF1, and COMP gene are believed to be linked to stunting [6]. Moreover, various 54 

studies have revealed the association of genetic variation factors with stunting incidence in 55 

children [6], with particular attention paid to the presence of eight DNA variations in exon 1 56 

of the GHSR gene. These variations comprise ΔQ36, G57G, P108L, L118L, R159R, C173R, 57 

D246A, and A277P [9]. 58 

Biomolecular-based methods are widely recognised as robust method of detecting 59 

genetic variation. PCR and direct sequencing techniques have undergone extensive testing for 60 

multiple purposes of genetic variation analysis, including the analysis of genetic variation 61 

linked to antibiotic resistance [10], the detection of cancer-associated genetic variation [11], 62 

and the identification of genetic variation in pathogenic organisms [12]. However, the 63 

advancement of PCR for identifying gene variations linked to stunting is currently in a 64 

preliminary phase of investigation. In addition, the exploration for primer set pairs capable of 65 

amplifying eight genetic variations in GHSR genes ΔQ36, G57G, P108L, L118L, R159R, 66 
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C173R, D246A, A277P is not widely documented while these variations come from Japanese 67 

population. 68 

This study aims to identify a set of primer combinations that can be a validated protocol 69 

for amplifying GHSR gene variations, namely ΔQ36, G57G, P108L, L118L, R159R, C173R, 70 

D246A, A277P using Indonesian samples. Prior to direct testing on samples of stunted 71 

children, an artificial recombinant pUC57 plasmid containing a synthetic GHSR partial gene 72 

was employed as an amplification target. PCR optimization using the engineered synthetic 73 

plasmid facilitated the enumeration of target DNA copy numbers, which is pivotal for 74 

validating protocols under regulated conditions. We inspected the identification limit of 75 

standard plasmid detection and evaluated its performance on several blood samples.  76 

Nevertheless, to our best knowledge it's the very first report comparing several primer 77 

set combinations to identify variations in the GHSR gene by using artificially recombinant 78 

plasmid DNA. The results emphasized the significance of selecting the appropriate primer set 79 

combinations and bi-directional sequencing for the detection of eight GHSR genetic variations, 80 

which have been linked to stunting incidence. As a result, this research has the potential enable 81 

cost-effective testing of multiple genetic variations.  82 

 83 

Materials and methods 84 

Materials 85 

This research utilized nine blood samples from stunted and non-stunted children aged 86 

1-5 years, collected from the villages of Cipicung and Sukatani in the Purwakarta Regency. 87 

Ethical approval for this study was provided by the Health Research Ethics Committee (KEPK) 88 

of Dr. Cipto Mangunkusumo National Central General Hospital and the Faculty of Medicine, 89 

University of Indonesia with number KET-43/UN2.F1/ETIK/PPM.00.02/2024. Analysis was 90 

conducted at the Laboratory of Microbial Biotechnology, UPA Laboratorium Dasar, University 91 

of Singaperbangsa Karawang, from September to November 2023. The materials utilized in 92 

this study include Genomic DNA Mini Kit (Blood/Cultured Cell) (Geneaid, Taiwan), PCR 93 

MyTaq™ master mix (Bioline, USA), recombinant plasmid pUC57 (Genescript Biotech, 94 

Nanjing China), TE Buffer (Himedia, India), Nuclease-Free Water (NWF) (Himedia, India), 95 

Primer Forward and Primer Reverse (Macrogen, South Korea), Agarose Gel (Vivantis, 96 

Malaysia), and GelRed (Biotium, California). 97 Acc
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 98 

Figure 1. Schematic representation and experimental flowchart illustrating the comparison of 99 

dual primer set combinations to identify DNA variations within the GHSR gene. 100 

 101 

Methods 102 

Schematic representation in this experimental 103 

In our research, we proceeded by selecting the reference sequence of the GHSR gene, 104 

which contains eight DNA variants (ΔQ36, G57G, P108L, L118L, R159R, C173R, D246A, 105 

and A277P, respectively). The steps in determining primer combinations to produce the best 106 

primer set are detailed in the schematic in Figure 2. This process involves in silico analysis, 107 

validation in laboratory experiments, evaluation of samples using diverse study matrices, and 108 

analysis of the results of the selected primer combinations. In this study, these steps were 109 

carried out comprehensively with the main goal of achieving optimal result quality. These steps 110 

were directed at improving the ability of the primer set to identify a large number of SNV 111 

variants in the GHSR gene. In silico analysis aimed to evaluate the match of primers with target 112 

sequences as well as specificity towards targeted DNA variants. Experimental validation in the 113 

laboratory was conducted to confirm the amplification efficiency and detection specificity of 114 

the selected primers. Evaluation of clinical samples aims to assess the performance of primer 115 

performance in detecting GHSR gene variation sequences. Analysis of primer combination 116 
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results was conducted to select the most effective primer combination in identifying SNVs in 117 

the gene. With a comprehensive and integrated approach, the steps in this study can make a 118 

significant contribution by improving the ability of the primer set to better identify GHSR gene 119 

variants [9]. 120 

 121 

In-silico Construction of Recombinant Plasmids  122 

Recombinant plasmid construction is performed in silico approach. The GHSR gene 123 

sequence was obtained from the National Center for Biotechnology Database (NCBI) with 124 

accession number NG_021159 which was then used as a reference sequence. Backbone 125 

plasmid pUC57 with a base length of 2,710 bp (base pairs) was obtained from Addgene 126 

(www.addgene.org). Recombinant plasmid construction and gene insert annotation were 127 

performed using Snapgene Viewer software (www.snapgene.com). The Multiple Cloning Sites 128 

(MCS) pUC57 was selected as the partial insertion site for the GHSR gene. The restriction 129 

enzyme EcoRV was the cutting site of the pUC57 plasmid for the insertion site of the GHSR 130 

target gene (Figure 1). The recombinant plasmid as synthesized from Genescript Biotech 131 

(Nanjing, China). This plasmid has been designed as control to determine the optimization 132 

combination of primer set and the inserted gene is employed as DNA standard in this internal 133 

validation. 134 

 135 

Figure 2. Plasmid mapping and DNA sequence annotation of pUC57 with partial insertion of 136 

GHSR gene, including the flanking DNA containing the ΔQ36, G57G, P108L, L118L, 137 

R159R, C173R, D246A, A277P variations. 138 
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Primers analysis and evaluation 139 

The GHSR gene, containing eight points of genetic variation (ΔQ36, G57G, P108L, 140 

L118L, R159R, C173R, D246A, A277P), was used as the target gene with gene bank accession 141 

number NG_021159 (NCBI). Primers sequences used in this study are shown in Table 1 [9]. 142 

Both primer sets were synthesised by Macrogen (Seoul, Korea). 143 

 144 

Table 1. DNA sequence of oligonucleotides used in this study 145 

No 
Primer 

Name 
DNA Sequence Of Oligonucleotides 

Amplicon 

Length 

Primer 

Combination 

1. 

E1_F2 
5’-CAGTGAGAGCTGCACCTACG-

3’ 
536 bp 

F/R; Existing 

[9] 
E1_R3 

5’-TAGCGACTCAGGGGGAAATA-

3' 

2. 

E1_F1 5’-GTCCCAGAGCCTGTTCAGC-3’ 

932 bp 

F/R; New 

combination 

[9] 
E1_R3 

5’-TAGCGACTCAGGGGGAAATA-

3' 

 146 

Analysis of primer quality was conducted using the NetPrimer online tool 147 

(https://www.premierbiosoft.com/netprimer/). Successfully evaluated primers were 148 

subsequently mapped using SnapGene viewer software to display primer attachment and 149 

polymorphism points/SNVs position. 150 

 151 

DNA Plasmid Copy number Preparation 152 

The recombinant plasmid pUC57 (Genescript Biotech, Nanjing, China), which inserted 153 

the GHSR target gene, was employed as standard DNA in the internal validation. Lyophilized 154 

pUC57 plasmid DNA was reconstituted prior to any use. To compute plasmid DNA copy 155 

number, a total of 4 µg lyophilized recombinant pUC57 was dissolved in 100 µl of non-156 

flocculent water (NFW) to obtain 4 ng/µl. The tube was centrifuged and placed at room 157 

temperature for 5 minutes. A stock concentration of 40 ng/µl of pUC57 was then referred to as 158 

the stock plasmid. The tube was vortexed and swirled for 5 seconds each to ensure that the 159 

solution was homogenized and collected at the bottom of the tube. A 10x dilution was 160 

performed to obtain a working solution 4 ng/µl with total volume 100 µl. Estimated plasmid 161 

copy number was calculated based on Avogadro's number and the molecular weight of each 162 
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nucleotide, (NA × C)/MW, where NA is the Avogadro constant expressed in mol-1, C is the 163 

concentration expressed in g/µL, and MW is the molecular weight expressed in g/mol [13]. 164 

 165 

Primer Optimization 166 

Two optimization tests were conducted, specifically for optimizing annealing 167 

temperature and primer concentration using pUC57 plasmid. During the optimization test for 168 

annealing temperature, eight different temperatures were applied, namely 67°C, 66.1°C, 169 

64.6°C, 63.3°C, 59.6°C, 57.3°C, 55.9°C and 55°C. Conventional PCR was performed using a 170 

T100 thermocycler (Bio-Rad, USA). In PCR machine, the gradient program was entered to 171 

allow for variation in annealing temperature. PCR composition was conducted by preparing 172 

the reagent with a final volume of 20 μL, consisting of 10 μL of MyTaq™ Master mix (Bioline, 173 

USA), 1 μL of each of forward and reverse primers (final concentration of 500 nM), 1 μL of 174 

pUC57 plasmid (105 copy number/reaction) and 7 μL of nuclease-free water per PCR tube. The 175 

amplification method started with a predenaturation at 94°C for 5 min. This was followed by 176 

35 cycles of denaturation at 94°C for 30 seconds and annealing for 1 minute using a previously 177 

determined gradient temperature. Extension was carried out at 72°C for 2 minutes and final 178 

extension was carried out at the same temperature for 5 minutes [14], [15]. 179 

While optimizing the primer concentration, four different concentrations were tested: 180 

300 nM, 500 nM, 700 nM and 900 nM. The number of primers in the reagent was adjusted 181 

according to the primer concentration used. Each tube had a final volume of 20 µL, which was 182 

optimised for the annealing temperature. The PCR amplification protocol remained unchanged 183 

from the temperature optimization stage, and the annealing temperature was determined using 184 

the optimal temperature achieved during the annealing temperature optimization process [16]. 185 

 186 

PCR procedure 187 

A total of 20 µl of optimized reaction mix containing 10 µl of MyTaq™ ace blend 188 

(Bioline, USA), 1 µl of DNA template (105 copy number/reaction), 1 µl of direct/reverse 189 

primer (final concentration, 500 nM) and nuclease-free water in the desired final volume. The 190 

amplification protocol began with 2 initial denaturation runs at 95°C, followed by 35 cycles of 191 

denaturation at 95°C for 15 seconds, annealing at 57°C for 30 seconds and extension at 72°C 192 

for 30 seconds and final extension at 72°C for 3 min. A control without template was included 193 

in each run and all runs performed were measured in three replicates. PCR amplification was 194 

performed using the T100 PCR system (Bio-Rad, USA) 195 

 196 
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Evaluation Limit of Detection  197 

The recombinant pUC57 plasmid was used to assess the limit of detection (LOD) in the 198 

PCR system. Serial dilutions were performed on the target plasmid, consisting of 105, 104, 103, 199 

102, 101 and 100 ccopies for LoD examination. Serial dilutions were made using TE as a buffer 200 

(Himedia, India). Target amplification was determined according to the PCR protocol outlined 201 

in the PCR procedure section. 202 

 203 

Primer Performance test with artificial recombinant plasmid 204 

In order to detect genetic variations in the GHSR gene, primer combinations 1 and 2 205 

(as shown in Table 1) were analyzed using artificial recombinant plasmids carrying the target 206 

genetic variations. The PCR procedure section was followed for target amplification using a 207 

composition mix and PCR protocol. Negative controls were included in each run to ensure 208 

accuracy. Furthermore, the presence of PCR products of appropriate size were separated by 209 

electrophoresis at 70 volts for 45 minutes (Mupid-exu, Japan) using 1% agarose gel (Vivantis, 210 

Malaysia). Band visualization was performed using a UV transilluminator (Accuris-211 

Benchmark Scientific, USA). Single band PCR products were then sequenced using Sanger 212 

sequencing capillary electrophoresis (Macrogen, Korea). 213 

Primer Performance test with multiple sample 214 

F/R primer combinations and predefined protocols were designed to detect eight genetic 215 

variations of the GHSR gene (ΔQ36, G57G, P108L, L118L, R159R, C173R, D246A, A277P) 216 

using various sample types. The effectiveness of the primers was assessed in routine 217 

inspections by analyzing blood samples obtained from stunted and non-stunted children. 218 

Sampling procedures followed established ethical guidelines and used standardized protocols 219 

performed by medical professionals. Genomic DNA extraction was performed using the 220 

Genomic DNA Mini Kit (Blood/Cultured Cell) (Geneaid, Taiwan) following the 221 

manufacturer's procedures. DNA concentration was measured using a Nanodrop Microplate 222 

Reader Epoch 2 (BioTek, USA). Target amplification was performed following the mixture 223 

composition and PCR protocol specified in the PCR procedure section. A negative control was 224 

included in each run. PCR products of appropriate size were separated by electrophoresis at 70 225 

volts 45 min (Mupid-exu, Japan) using 1% agarose gel (Vivantis, Malaysia). Band visualization 226 

was performed using a UV transilluminator (Accuris-Benchmark Scientific, USA). Single band 227 

PCR products were then proceeded for sequencing process using sanger sequencing capillary 228 

electrophoresis (Macrogen, Korea). 229 

 230 
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Data Analysis 231 

Sequencing data was analyzed using specific software. Electropherograms were 232 

analyzed using Seq Scanner 2 software (Applied Biosystems, USA). Quality base calling 233 

analysis was performed using Snapgene viewer software. Trimming and consensus generation 234 

were performed using Bioedit software. Flanking DNA analysis and SNP calling obtained were 235 

evaluated using Snapgene viewer software. 236 

 237 

Results and Discussion 238 

In-silico Construction of Recombinant Plasmid 239 

Recombinant plasmid construction was performed using in-silico approach. The 240 

backbone plasmid pUC57 has a total length of 2,710 bp [17]. A 1000 bp long gene insert 241 

containing wild-type DNA sequences ΔQ36, G57G, P108L, L118L, R159R, C173R, D246A, 242 

A277P was successfully produced and inserted through the EcoRV cutting site located between 243 

the M13 forward and reverse primers. As a result, a recombinant plasmid pUC57+insert MT 244 

gene was obtained with a length of 3,710 bp (Figure 3). The use of SnapGene Viewer software 245 

made it possible to simulate the gene insertion at the EcoRV site and confirm the compatibility 246 

of the target gene sequence ligated into the pUC57 plasmid [13], [18]. The results obtained 247 

were then used as a starting point for the primer optimization and validation process at a later 248 

stage. 249 

 250 

Primers analysis and evaluation 251 

The primer set combinations were selected based on the ability to amplify eight genetic 252 

variants revealed in the GHSR gene. The primer sets were selected based on the DNA 253 

sequences provided by Inoue et al. (2011). In this study, the comparison of the two primer sets 254 

tested consisted of existing primers and new primer combinations with the names 255 

E1_F2/E1_R3 and E1_F1/E1_R3, respectively. The E1_F2/E1_R3 primer targets four genetic 256 

variants in the GHSR gene namely R159R, A277P, D246A, and C173R (Figure 4A). These 257 

primers generated a 536-bp-long fragment located between positions 5409–5428 and 5925–258 

5944. On the other hand, the E1_F1/E1_R3 primer set was designed to detect eight genetic 259 

variants, including ΔQ36, G57G, P108L, L118L, R159R, C173R, D246A, and A277P (Figure 260 

4B). These primers amplified a 932-bp-long fragment of the GHSR gene, specifically within 261 

the binding region between positions 5013–5031 and 5925–5944. Results of mapping analysis 262 

of two primers are presented in Figure 4. The result of the evaluation of primer characteristics 263 
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using Netprimer and Snapgene software on %GC, Tm value, amplicon length, and number of 264 

SNVs that can be detected are shown in Table 2. 265 

 266 

 267 

Figure 3. Mapping the construction of recombinant plasmid containing wild-type DNA 268 

sequences of ΔQ36, G57G, P108L, L118L, R159R, C173R, D246A, A277P using partial 269 

GHSR gene. 270 

 271 

 272 

Figure 4. Position mapping of forward/backward primer attachment to partial GHSR gene. 273 

(A) Existing primer which produces a 536 bp amplification size; (B) New primer 274 

combination which produces a 932 bp amplification size 275 
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Table 2. Evaluation of two primers set 276 

No Primer Sequence (5’-3’) 
Sequence variant 

detected 

Tm 

(℃) 

GC 

(%) 

Amplicon 

size (bp) 

1. 

E1_F2 
CAGTGAGAGCT

GCACCTACG R159R, A277P, 

D246A, C173R 

56 60 

536 

E1_R3 
TAGCGACTCAGG

GGGAAATA 
57 50 

2. 

E1_F1 
GTCCCAGAGCCT

GTTCAGC 

ΔQ36, G57G, 

P108L, L118L, 

R159R, C173R, 

D246A, A277P 

57 63 

932 

E1_R3 
TAGCGACTCAGG

GGGAAATA 
57 50 

 277 

Primer Optimization 278 

The effectiveness of PCR is greatly dependent on the precise binding of a primer to its 279 

intended target sequence while avoiding any binding to non-target sequences. Therefore, it is 280 

crucial to improve the molecular interaction in order to reach this specificity [19]. The 281 

annealing temperature (Ta) and concentration are key factors to optimize primer [20] [21]. 282 

Temperatures for primer annealing may vary between 55°C and 72°C and are dependent upon 283 

both the base composition and the sequence length. The guanine-cytosine (G-C) base pair is 284 

characterized by the existence of three hydrogen bonds, while the adenine-tin (A-T) base pair 285 

has only two hydrogen bonds. Therefore, DNA sequences with a larger proportion of G-C 286 

content would exhibit elevated melting temperatures and annealing temperatures. A 287 

temperature difference of 1-2 °C might lead to non-specific amplification [20] [22].   288 

For the optimization of Ta, control samples were prepared using recombinant pUC57 289 

as standard DNA, which contained specific single nucleotide variants (SNVs) including ΔQ36, 290 

G57G, P108L, L118L, R159R, C173R, D246A, and A277P. The concentration of the standard 291 

DNA was 9.8 × 105 copies/μL. The annealing temperature (Ta) investigations were performed 292 

using a gradient PCR machine. Ta values ranging from 55 to 67°C were tested during the 293 

optimization process. The optimization results indicate that the optimal annealing temperature 294 

(Ta) for the existing primers and the new primer combinations (E1_F2/E1_R3 and 295 

E1_F1/E1_R3) was found to be 57°C despite the positive controls that were tested showed no 296 

significant variation in the thickness of the bands at annealing temperatures of 59.6°C, 57.3°C, 297 

55.9°C, and 55.0°C, indicating that both sets of primers were robust (Figure 5). 298 
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 299 

Figure 5. Optimization of two different primer sets in GHSR-PCR. M= DNA marker, A 300 

67,0°C, B 66,1°C, C 64,6°C, D 62,3°C, E 59,6°C, F 57,3°C, G 55,9°C, H 55,0°C, NTC= 301 

negative control. (A) PCR amplification of E1_F2/E1_R3, amplicon length = ± 536 bp (B) 302 

PCR amplification of E1_F1/E1_R3 amplicon length = ± 932 bp. 303 

 304 

Subsequently, further optimization stages were conducted to determine the optimal 305 

quantity of primer required to generate a sufficient amount of starter for DNA template 306 

amplification. The concentration range tested was 300 to 900 nM. The optimal primer 307 

concentration, which resulted in the highest quality DNA band with minimal or no primer 308 

dimers, was determined (Figure 6). Primer dimers occur due to self-annealing or annealing of 309 

primers to each other [23]. The result showed consistent band thickness through annealing 310 

temperatures of 500 nM, and 700 nM, suggesting that both primers were highly reliable [24]. 311 

For the E1_F2/E1_R3 primer pairs, a primer concentration of 500 nM demonstrated sufficient 312 

results in producing a solid band. On the other hand, for the E1_F1/E1_R3 primer pairs, the 313 

optimal concentration was found to be 700 nM, resulting in reduced formation of primer 314 

dimers. 315 

 316 

Primer Validation 317 

When considering the suitability for detecting GHSR genetic variation, determining 318 

should be based on PCR SNP genotyping. Thus, it is important to develop a set of primer 319 

combinations that can consistently detect the target DNA as low as possible. Plasmids were 320 

counted based on Avogadro's method and 10-fold serial dilutions were performed. Therefore, 321 

it is important to check the accuracy of the dilution, as the quality of the sample dilution is 322 

critical in determining the results. Based on the pattern of decreasing bandwidth of each lane. 323 

The detection limit for the specified conditions for the E1_F2/E1_R3 primer pair is 10 copies 324 
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per reaction. In contrast, the E1_F1/E1_R3 primer pair showed a limit of detection of 100 325 

copies per reaction. Data are presented in Table 3.  326 

 327 

 328 

Figure 6. Primer concentration optimization for GHSR genes. Each lane on the agarose gel 329 

represents different primer concentrations. M = DNA marker 1 kb; NTC = negative control. 330 

(A) PCR amplification of E1_F2/E1_R3, amplicon length = ± 536 bp (B) PCR amplification 331 

of E1_F1/E1_R3 amplicon length = ± 932 bp 332 

 333 

In this study, the two primer pairs showed different performances. Although there is an 334 

alteration in the forward primer, all other components remain constant. Several factors 335 

associated with primer usage in PCR can affect the limit of detection. Primers that exhibit high 336 

specificity can bind to target DNA even at low concentrations by preventing cross-reactivity 337 

with non-specific sequences. PCR conditions may also influence binding efficiency to target 338 

sequences, particularly the optimal annealing temperature for primers [25] [26]. 339 

 340 

Table 3. The evaluation of limit of detection E1_F2/E1_R3 and E1_F1/E1_R3 primer sets 341 

using pUC57 recombinant plasmid. 342 

Assigned copy numbers per 

reaction 

Existing Primer New Primer Combination 

E1_F2/E1_R3 E1_F1/E1_R3 

9.8 × 105 + + 

9.8 × 104 + + 

9.8 × 103 + + 

9.8 × 102 + + 

9.8 × 101 + - 

9.8 × 100 - - 

H2O - - 

Note : (+) Detected, (-) Undetected 343 
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SNP Genotyping Verification using DNA standard (recombinant pUC57) 344 

Prior to evaluating clinical samples, control samples were performed using pUC57 106 345 

copy/µL as the standard DNA, which contained a reference DNA (wild-type) of single 346 

nucleotide variants (SNVs), including ΔQ36, G57G, P108L, L118L, R159R, C173R, D246A, 347 

and A277P. Analysis of base calling was conducted using conventional Polymerase Chain 348 

Reaction (PCR) and bi-directional sequencing. The result showed that existing primers 349 

E1_F2/E1_R3 produce an amplicon fragment of approximately 536 bp and successfully 350 

identify four DNA wild-type sequence variants, specifically R159R, C173R, D246A, and 351 

A277P. In contrast, the new combination E1_F1/E1_R3 generated an amplicon fragment of 352 

approximately 932 bp that was able to identify seven DNA wild-type of sequence variants, 353 

namely ΔQ36, G57G, P108L, L118L, R159R, C173R, and D246A (Table 4). The results of 354 

PCR and electropherogram of existing E1_F2/E1_R3 and new combination E1_F1/E1_R3 355 

primers are shown in Supplementary 1 and 2, respectively. Based on the sequence data, the 356 

new combination primers as a new set of alternative primers showed strong performance with 357 

perfect base calling matches. 358 

 359 

Table 4. The evaluation variant calls E1_F2/E1_R3 and E1_F1/E1_R3 primer sets using 360 

pUC57 recombinant plasmid 361 

 8 GHSR Variant Sequence 

ΔQ36 
G57

G 

P108

L 

L118

L 

R159

R 

C173

R 

D246

A 

A277

P 

New 

Combination 

Primers 

E1_F1/E1_R

3 

+ 

CAG/CA

G 

+ 

C/C 

+ 

C/C 

+ 

C/C 

+ 

G/G 

+ 

T/T 

+ 

A/A 

- 

 

Existing 

Primers 

E1_F2/E1_R

3 

- - - - 
+ 

G/G 

+ 

T/T 

+ 

A/A 

+ 

G/G 

Note : (+) Detected (Wildtype), (-) Undetected 362 

 363 

 364 
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Assessment of Primer PCR using Clinical Samples 365 

An evaluation of the suitability of primer sets was conducted by employing PCR and 366 

bi-directional sequencing on nine samples with an average DNA concentration of 35-45 ng/ul 367 

(Supp 3). All extracted genomic DNA samples showed high quality, with no smear banding 368 

pattern seen (Supp 4). Subsequent to applying of both existing primers and novel primer 369 

combinations, successful amplification was obtained for all samples, which produced amplicon 370 

lengths 536 bp and 932 bp for E1_F2/E1_R3 and E1_F1/E1_R3 primer sets (Figure 7). 371 

Further performance testing was conducted for this primer using SNP genotyping by 372 

Sanger sequencing. All tested samples were confirmed positive and contained a flanking DNA 373 

of sequence variant (wild-type or mutant). Existing primers E1_F2/E1_R3 successfully 374 

identified four sequence variants, specifically R159R, C173R, D246A, and A277P. In contrast, 375 

the new combination E1_F1/E1_R3 was able to identify seven DNA wild-type sequence 376 

variants, namely ΔQ36, G57G, P108L, L118L, R159R, C173R, and D246A (Table 6). 377 

Repeated testing of individual samples indicated 100% identity of variant calls, as evidenced 378 

by electroferograms in the same region of the DNA flanking region. In addition, the genotyping 379 

results of the standard recombinant DNA plasmid pUC57 and human clinical samples were in 380 

excellent agreement for the wild-type and mutant genotypes of the tested sample pairs (Table 381 

6). The data demonstrate the successful combination of the newly developing primers to detect 382 

seven sequence variants in the GHSR gene. 383 

SNPs, also known as single nucleotide polymorphisms, are genetic variations that occur 384 

in more than 1% of the population [27]. These variants are applied in several disciplines such 385 

as pharmacogenomics and as biological markers for genetic diseases. Recent research has 386 

highlighted the significance and efficiency of identifying SNPs. Among the various methods, 387 

PCR-based detection stands out as widely used and primer design is a critical step in PCR 388 

studies. This study aims to compare the primer set combinations used in the previous study 389 

conducted by Inoue et al. (2011) with our newly developed combinations to optimize the 390 

method for identifying GHSR gene mutations associated with stunting in children. In the 391 

previous study, the first set of primers, E1_F2/E1_R3, was used to target four genetic variants 392 

in the GHSR gene. However, the E1_F1/E1_R3 primer set, which was a novel combination in 393 

this study, was designed to find eight genetic variants. Nevertheless, the new primer sets 394 

combination were only capable of amplifying seven SNPs, indicating the necessity for further 395 

enhancements. In order to amplify eight SNPs, it is necessary to identify the right combination 396 

of primers. 397 

 398 
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 399 

 400 

Figure 7. (A) PCR amplification of GHSR partial gene using E1_F2 forward and E1_R3 401 

reverse on human genomic DNA. Amplicon length = ± 536 bp. M = DNA marker 1 kb; A1-402 

B5 = genomic DNA carrying sequence variant; PTC = positive control NTC = negative 403 

control. (B) PCR amplification of GHSR partial gene using E1_F1 forward and E1_R3 404 

reverse on human genomic DNA. Amplicon length = ± 932 bp. M = DNA marker 1 kb; A1-405 

B5 = genomic DNA carrying sequence variant; PTC= positive control NTC = negative 406 

control. 407 
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Table 6. Representative existing and new combination primers evaluation for SNVs identification using 4 clinical samples 408 

Sample 

Sequence Variant 

E1_F2/E1_R3 E1_F1/E1_R3 

R159R C173R D246A A277P ΔQ36 G57G L118L P108L R159R C173R D246A 
A277

P 

A1 
+ 

G/G 

+ 

T/T 

+ 

A/A 
+ 

+ 

CAG/CAG 

+ 

C/C 

+ 

C/C 

+ 

C/C 

+ 

G/G 

+ 

T/T 

+ 

A/A 

- 

- 

A2 
+ 

G/G 

+ 

T/T 

+ 

A/A 
+ 

+ 

CAG/CAG 

+ 

C/C 

+ 

C/C 

+ 

C/C 

+ 

G/G 

+ 

T/T 

+ 

A/A 

- 

- 

A3 
+ 

G/G 

+ 

T/T 

+ 

A/A 
+ 

+ 

CAG/CAG 

+ 

C/C 

+ 

C/C 

+ 

C/C 

+ 

G/G 

+ 

T/T 

+ 

A/A 

- 

- 

A4 
+ 

G/G 

+ 

T/T 

+ 

A/A 
+ 

+ 

CAG/CAG 

+ 

C/C 

+ 

C/C 

+ 

C/C 

+ 

G/G 

+ 

T/T 

+ 

A/A 

- 

- 

Note : (+) Detected (Wildtype), (-) Undetected 409 
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Conclusions 410 

In this research, we conducted a comparative analysis of established and novel 411 

forward/reverse primer combinations for detecting and identifying sequence variants within 412 

the GHSR gene. Our study successfully identified four wild-type DNA sequence variants—413 

R159R, C173R, D246A, and A277P—utilizing E1_F2/E1_R3 as the established primer set and 414 

seven wild-type DNA sequence variants—Q36, G57G, P108L, L118L, R159R, C173R, and 415 

D246A—using E1_F1/E1_R3 as a novel primer combination. Both primer sets were 416 

successfully optimized and validated employing PCR technique. In addition, the existing and 417 

new primers were evaluated for SNVs genotyping using artificial recombinant plasmids and 418 

nine clinical samples, which showed a perfect SNVs calling concordance rate of 100%. This 419 

investigation introduces an innovative forward and reverse primer combination for the 420 

detection and identification of seven SNVs in the GHSR gene, positioning it as a potential tool 421 

for clinical laboratory diagnostics. 422 
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