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Introduction
For long, physical anthropologists and human geneticists have been making attempts to understand 

and explain the biological variations in the human races through various anthropometric, genetic, 
physiological, morphological, and behavioral traits. Ever since the re-discovery of Mendel’s laws of 
genetics, the study of the genetic composition of the human population has become one of the prime 
concerns in physical anthropology. Consequently, population genetics is considered the backbone of 
physical anthropology (Kirk, 1978). Genetic traits like ABO blood groups, PTC taste sensitivity, and 
color blindness are considered biochemical tools in studying human diversity (Pojar, 2018). Environment 
has less influence on these genetic traits and they follow the simple Mendelian inheritance pattern which 
makes them ideal for understanding the evolutionary mechanisms and variability of human species. In 
addition, the knowledge on the distribution of ABO blood groups and Rhesus blood type is of great 
importance in blood transfusion, organ transplantation, migration pattern, paternity disputes, and even 
association of blood group-specific diseases (Nanda et al., 2021; Suresh, et al., 2015).  

All human populations share the same known blood group systems. Yet, the frequency distribution 

Phenotypic and Allelic Distribution of  ABO Blood Groups, 
Rhesus Blood Type, PTC Taste Sensitivity, and Color 
Blindness among the Pnars of  West Jaintia Hills District of  
Meghalaya, India

ABO blood groups, Rhesus 
blood type, PTC taste 
sensitivity, Color-blindness, 
Pnar tribe, Meghalaya, 
Northeast India

The genetic structures of populations belonging to varied races and ethnic groups differ 
considerably in genetic markers distribution and occurrence frequencies. The present study 
is an attempt to describe the genetic composition of the Pnar tribe of Meghalaya, Northeast 
India using four genetic markers viz., ABO blood groups, Rhesus {Rh(D)} blood type, 
phenylthiocarbamide (PTC) taste sensitivity, and color-blindness. Data were collected from 
200 adult individuals, comprising of 100 males and females each. Based on our results, the 
percentage frequencies of A, B, AB, and O blood groups are 58%, 50%, 18%, and 74%, respectively. 
The goodness of fit test revealed significant (p<0.05) deviation of the Pnar population from 
Hardy-Weinberg equilibrium concerning ABO blood groups. Our investigation regarding 
Rhesus blood type reported only one case of Rh –ve individual out of the 200 samples examined 
(99.50%Rh +ve vs. 0.50%Rh –ve). Regarding PTC taste sensitivity, 75% of the participants 
were tasters, while 25% were non-tasters. No case of red-green color deficient individual could 
be detected. In addition, sex differences in all the genetic markers were noted to be statistically 
insignificant (p>0.05). Our findings revealed a great deal of genetic affinity of the Pnars with 
the neighboring populations of northeast India, particularly with other tribes of Meghalaya.
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of genetic traits varies in different races and ethnic groups. For instance, among the Caucasians in the 
United States, the distribution of blood group O is 47%, A is 41%, B is 9%, and AB is 3%. In contrast, 
in African-Americans, the distribution of O, A, B, and AB blood groups are 46%, 27%, 20%, and 7%, 
respectively (Seeley et al., 1998). With regards to Rhesus blood type, Rh –ve trait is highest (15%) 
among Caucasians, less common (8%) in Africans, and rare (1%) in Asians (Reid and Lomas-Francis, 
2004). In India, the distribution of the A, B, O, and AB blood groups is 23.16%, 34.10%, 34.56%, 
and 8.18%, respectively, while Rh(D)-positive and Rh(D)-negative populations are 94.13% and 5.87%, 
respectively (Patidar and Dhiman, 2020). Concerning color-blindness, a study from Eastern India has 
reported 8.73% of males and 1.69% of females as color blind (Shah, et al., 2013). At the same time, 
another recent study from the North Indian region reported 2.75% of males and no females with color 
vision deficiency, which is as per the theoretical expectation that color-blindness is an X-linked trait that 
is more likely to be expressed in males (Bajpai, 2017).

Over the years, numerous works on primary genetic markers have been documented in the North-
Eastern region of India. Recent studies on ABO and Rhesus blood groups in this region of the country 
were conducted by Nanda et al., (2021) among tribal students of Arunachal Pradesh; Rai and Singh 
(2017) among the Bhutia, Lepcha, and Nepali of Sikkim; and Meitei et al., (2010) among the Meitei, 
Brahmin, Muslim and Kabui populations of Manipur. Similarly, genetic studies including PTC 
taste sensitivity and color-blindness were documented by Pojar (2018) on the Rengma of Nagaland; 
Limbu and Marak (2018) on the Garo of Meghalaya; and Haloi (2011) on the Biates of Meghalaya. 
No doubt, there is a fair amount of data on basic genetic information in this region, however, under 
the circumstances of evolutionary forces, inheritable variation, and different reproductive abilities, the 
genetic composition of a population can never remain constant (Volpe, 1985). Hence, it is essential to 
report and utilize the latest data to broaden our spectrum of understanding human diversity and micro-
evolutionary forces acting in a population.

With these details, the present study was undertaken to describe and report the genetic composition 
of the Pnar (Jaintia) tribe of Meghalaya with the help of four genetic markers viz., ABO blood groups, 
Rh (D) blood type, phenylthiocarbamide (PTC) taste sensitivity, and color-blindness. We further 
attempted to compare our results with other similar studies reported among the neighboring populations 
of northeast India.

Samples and Methods
Study area and sample size

The present study was conducted among the Pnar tribe of Wahiajer village, located in Thadlaskein 
Block of West Jaintia Hills District in Meghalaya state, India, during the period between December 
2018 and January 2019. According to the Census of 2011, the total population of the above village 
is 6168 individuals, of which 3,066 are males, and 3102 are females. Pnar is a sub-group of the Khasi 
tribe in Meghalaya. Like other sub-tribal groups of Khasi, the lineage system of Pnars is matrilineal. The 
Pnars are generally endogamous within the tribe but exogamous as far as the clans are concerned. The 
rule of inheritance of property is purely matrilineal in organization. The total sample size for the present 
study consisted of 200 adult individuals (100 males and 100 females).

Data collection

Altogether, four genetic markers were utilized in the present study viz., ABO blood group, Rh (D) 
blood type, phenylthiocarbamide (PTC) taste sensitivity, and color-blindness. Barring color-blindness, 
which is an X-linked trait, data on each genetic marker was collected from all the participants of both 
sexes. Hence, only male subjects were examined for collecting data on the color-blindness trait, as the 
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phenotypic expression of the marker is more likely to be expressed in males. Before data collection, we 
obtained consent from the village Headman and all the subjects who volunteered to participate in the 
investigation. Also, the nature and purpose of the study were carefully narrated to the participants. An 
effort was made to collect only one sample from each household. 

Methods

ABO and Rhesus {Rh(D)} blood groups were determined using the standard slide technique 
(Lawler and Lawler, 1951; Bhatia, 1977). For determining the PTC taste sensitivity, the serial dilution 
method (Harris and Kalmus, 1949) was followed based on anti-mode observed from the distribution of 
threshold serial number (TSN) obtained. The stock solution was prepared following the Mohr model. 
Ishihara’s color vision chart (Ishihara, 1972) was used to detect the red-green color-deficient individuals 
in the present study. For this, all the subjects were examined in broad daylight to get enough light to read 
the numbers. Illiterate participants were asked to trace the winding lines with a clean brush between 
two ends of the color plate numbering from 26-38. Allele frequencies of the genetic makers taken into 
consideration were computed as suggested by Mourant et al., (1976).

Statistical analysis

All statistical analyses were computed using MS-Excel software. The goodness of fit test for ABO 
allele frequencies was calculated to see if the population is in line with Hardy-Weinberg equilibrium. 
Chi-square test was done to test sex differences and for comparison of the present study with other 
published data on northeast Indian populations.

Results
ABO blood groups

The frequency distribution of ABO blood groups among the Pnars is presented in Table 1. The 
phenotype frequencies of A, B, AB, and O blood groups in males are 22%, 27%, 12%, and 39%, respectively, 
whereas, in females, the frequencies are 36%, 23%, 6%, and 35%, respectively. The sex difference in respect 
of the phenotype distribution of the ABO blood groups is found statistically not significant (χ2=5.915, 
d.f. =3, p>0.05). This trend is expected as the ABO blood group system is an autosomal trait. The 
combined percentage frequencies of both the sexes in A, B, AB, and O blood groups are 58%, 50%, 18%, 
74%, respectively. The frequency of blood group O is found highest, followed by blood groups A, B, and 
least is the AB. Blood group AB is rare among the Pnar as found in most of the human populations. In 
addition, the corrected values for the allelic frequencies of p (A), q (B), and r (O) are 0.3200, 0.1133, 
and 0.5667 respectively. Applying the goodness of fit test, the variation in ABO allele frequencies in the 
Pnar population is found significant (χ2= 4.8641, d. f., p<0.05). This significant value indicates that the 
present study population is not in genetic equilibrium from the genetic point of view. 

Rh(D) blood type

In the present study only one female was found Rh –ve out of 200 subjects tested (Table 2). The 
percentage distributions of Rh +ve and Rh –ve phenotypes in the present population are 99.50% and 
0.50% respectively. Presence of Rh –ve trait is found negligible in the study population. The dominant 
allele D allelic frequency is 0.9293, and that of the recessive allele d is 0.0707. The Chi-Square analysis 
reveals insignificant (χ2 =1.005, d. f=1, p>0.05) sex variation concerning Rh(D) blood group trait.

Phenylthiocarbamide (PTC) taste sensitivity

Table 3 shows the results on PTC taste sensitivity among the Pnars. In our investigation, TSN 8 
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has been taken as the anti-mode to determine the number of tasters and non-tasters. Individuals who 
perceived a bitter taste with recording above the anti-mode TSN were recorded as tasters. On the other 
hand, individuals who couldn’t perceive a bitter taste in any TSN were recorded as non-tasters. Present 
findings revealed 75% tasters and 25% non-tasters amongst the Pnar population. Further, the allelic 
frequencies for the dominant allele T=0.8661 and the recessive allele t=0.1339 were obtained. The 
difference in PTC taste sensitivity trait between Pnar males and females is found not significant (χ2 

=0.961, d.f.=1, p>0.05).

Color-blindness

The color-blindness trait is associated with the theoretical expectation that the frequency of defective 
color vision is more likely to be phenotypically expressed in males than in females, as it is a X-linked trait. 
Hence, only male samples were taken for the color blindness test for the present study. None of the 
participants showed the red-green color deficiency, indicating that the color-blindness gene is possibly 
absent among the Pnars. 

Discussion
To better understand the genetic relationship of the Pnar with other populations of northeast India, 

an effort has been made to calculate the Chi-Square values to test the differences in genetic markers of 
the present population with published data on neighboring populations of the region (Table 5).

The present finding reveals the O blood group to be highest and the AB blood group to be the lowest 
occurring blood groups among the Pnars, with a sequential order of O>A>B>AB. A similar pattern 
of the occurrence of ABO blood groups was documented among the same population in a previous 
investigation by Das (1978). This is true for most of the populations of northeast India, as also reported 
by Balgir (1991). However, it is interesting to observe blood group A as the most dominant blood type 
among the Apatanis of Arunachal Pradesh (Balgir, 1991; Nanda et al., 2021), Kacharis of Assam (Balgir, 
1991), and Meiteis of Manipur (Meitei et al., 2010) in North-East region. Significant differences were 
noted in respect of ABO blood group of the Pnar with Naga sub-tribes viz., Lotha (p<0.05), Angami 
(p<0.05) and Rengma (p<0.01), and two tribes of Arunachal Pradesh viz., Apatani (p<0.05) and Nishi 
(p<0.05). The Pnar shows a higher affinity with other ethnic groups from Meghalaya, Assam, Manipur, 
and Mizoram in respect of ABO blood groups. Our findings on ABO gene frequencies revealed that 
the Pnar population significantly deviates from Hardy-Weinberg equilibrium. It is perhaps difficult to 
maintain genetic equilibrium with all the evolutionary forces acting on a population. Yet, we cannot 
precisely say whether natural selection, mutation, genetic drift, gene flow, or migration has triggered 
the changes in the gene frequencies resulting in the dissimilarities between ancestral and descendant 
populations.

A study conducted over four decades ago reported no case of Rh –ve blood group among the Pnars 
(Das, 1978), whereas our investigation revealed the presence of one Rh –ve female out of the 200 samples 
tested. Thus, it is intriguing to see evolutionary forces acting in this indigenous population, possibly in 
the form of gene flow. The most probable cause of gene flow among the Pnar population could be the 
admixture rate which was not socially accepted among the tribal people a few decades back. Among the 
populations compared, the Rh –ve trait was recorded highest among the Apatani of Arunachal Pradesh, 
with a very high frequency occurrence of 40.00% (Balgir, 1991). Contrastingly, a recent study conducted 
on the same population (Apatani) reported absence of Rh –ve blood type (Nanda et al., 2021). Such a 
scenario can occur due to a low sample size resulting in sampling error which can significantly underrate 
or over-report the occurrence frequency of any trait in a population.

On the other hand, among the Khynriam-Khasi (Khongsdier and Lama, 2000), Garo (Limbu and 
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Marak, 2018), and Rengma Naga (Pojar, 2018) tribes, no individual was detected with Rh –ve blood 
group. Rh –ve blood group is present in shallow frequency or absent in most populations in this part 
of the country. Consequently, our results seem to confirm the earlier observation that the frequency of 
Rh –ve gene is rare among the Asian populations (Reid and Lomas-Francis, 2004). Thus, our findings 
are in line with most of the published data on neighboring populations, excepting the Apatani (p<0.01) 
and Nishi (p<0.01) tribes of Arunachal Pradesh, and, Kacharis (p<0.01) and Ahoms (p<0.01) of Assam.

The frequency of PTC tasters is comparatively higher than the non-tasters (75%Tasters vs. 25%Non-tasters) 
among the Pnars. The frequency of non-tasters in most of the compared populations is reportedly low 
to moderate compared to tasters. Exceptional cases are the Mizos (Ghosh et al., 1996) and Rengma 
Nagas (Pojar, 2018), in which a high occurrence of PTC non-tasters was documented (51.81%Mizo and 
42.57%Rengma Naga). Hence, along with these two ethnic groups, Angami Nagas (Seth and Seth, 1973) of 
Nagaland and Lepchas (Miki, 1960) of Sikkim was found to be significantly (p<0.01) deviating from 
the Pnar population in respect of PTC taste sensitivity trait. Nonetheless, the present study shows a 
good deal of resemblance with Khynriam Khasis (Khongsdier and Lama, 2000), Biates (Haloi, 2011) 
and Garos (Limbu and Marak, 2018) of Meghalaya, and the Digaru Mishimis (Kotal et al., 2003) of 
Arunachal Pradesh, and Semsas (Limbu and Khongsdier, 2000) of Assam.

In line with the broader literature, the red-green color deficiency was recorded absent in the present 
population. The current findings on color blindness trait confirms reports of the earlier studies that the 
defective color vision is rare or missing or, if present, is found in marginal proportions among northeast 
Indian populations. Furthermore, of all the neighboring populations taken into consideration, the 
Semsas of Assam (Limbu and Khongsdier, 2000) recorded a considerably high frequency of red-green 
deficient trait with an occurrence frequency of 7.56%, which could be the highest documented among 
the populations of this region so far. Consequently, the Pnars significantly deviates from the Semsas 
(p<0.01) and Digaru Mishmis (p<0.01) of Arunachal Pradesh, Meiteis of Manipur (p<0.05), and 
Rengma Nagas (p<0.05) of Nagaland. However, the Pnars showed closer proximity with other tribal 
groups of Meghalaya in respect of the color-blindness trait.

Conclusion
Our study was conducted using only a few traditional genetic markers, which is far from complete. 

Yet, it was able to provide data on the basic genetic information of the Pnars. The frequency occurrence 
of ABO blood group among the Pnar population follows the order O>A>B>AB and is found not in 
genetic equilibrium in respect of this genetic trait. Out of the 200 subjects tested, only one female was 
found to have Rh-negative blood type. The frequency of PTC tasters is higher than the non-tasters. 
While, none of the participants showed red-green color vision trait, indicating that the gene responsible 
for color-blindness is probably absent among the Pnar population. On comparing with other ethnic 
groups of northeast India, our findings reveal a great deal of genetic affinity especially with the Khasi 
sub-groups and other tribes of Meghalaya. Hence, the present study can be considered as preliminary 
research that needs further investigation with a larger sample size along with other genetic markers 
like serum proteins, red cell enzymes, DNA polymorphism, etc., which could provide more insights in 
understanding the genetic affinity and phylogenetic position of the Pnar tribe of Meghalaya.
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Tables
Table 1: Phenotype and allele frequencies of ABO blood groups, by sex

Phenotype
Male 

(n=100)
Female 

(n=100)
Total 

(N=200) Phenotypic 
Frequency

n % n % n %

A 22 22.00 36 36.00 58 29.00 0.2900

B 27 27.00 23 23.00 50 25.00 0.2500

AB 12 12.00 6 6.00 18 9.00 0.0900

O 39 39.00 35 35.00 74 37.00 0.3700
Allele Frequencies: p=0.3200; q=0.1133; r=0.5667
Sex Difference: χ2=5.915, d.f.=3, p>0.05 
Goodness of fit for Hardy-Weinberg Equilibrium: χ2=4.864*, d.f.=1, *p<0.05 

Table 2: Phenotype and allele frequencies of Rh(D) blood group, by sex

Phenotype
Male 

(n=100)
Female 

(n=100)
Total 

(N=200) Phenotypic 
Frequency

n % n % n %

Rh(D)-
Positive 100 100 99 99.00 199 99.50 0.9950

Rh(D)-
Negative 0 0 1 1.00 1 0.50 0.0050

Allele Frequencies: D=0.9293; d=0.0707
Sex Difference: χ2=1.005, d.f.=1, p>0.05 

Table 3: Phenotype and allele frequencies of PTC taste sensitivity, by sex

Phenotype
Male 

(n=100)
Female 

(n=100)
Total 

(N=200) Phenotypic 
Frequency

n % n % n %

Taster 78 78.00 72 72.00 150 75.00 0.7500

Non-Taster 22 22.00 28 28.00 50 25.00 0.2500
Allele Frequencies: T=0.8661; t=0.1339
Sex Difference: χ2=0.961, d.f.=1, p>0.05

Table 4: Phenotype frequency of color-blindness in Pnar males

Phenotype
Pnar Males Phenotypic

Frequencyn %

Normal 100 100 1.000

Red-Green Deficiency 0 0 0.000
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Table 5:  Comparison (χ2-values) of the four genetic markers of Pnar with other populations of North-East India 

Population† ABO
(d.f.=3)

Rh (D)
(d.f.=1)

PTC taste 
sensitivity

(d.f.=1)

Colour-
blindness
(d.f.=1)

Pnar X Mizo (1) 3.215 1.286 22.582** 0.001

Pnar X Angami Naga 
(2) 10.467* 1.707 22.0776** 0.001

Pnar X Lotha Naga (3) 11.176* 2.888 - -

Pnar X Rengma Naga 
(4) 20.956** 0.634 13.413** 4.012*

Pnar X Apatani (5) 8.215* 76.325** - -

Pnar X Nishi (6) 7.424* 31.967** - -

Pnar X Ahom (7) 0.449 11.578** - -

Pnar X Kachari (8) 4.790 11.324** 5.396* 2.461

Pnar X Meitei (9) 2.128 0.001 - -

Pnar X Semsa (10) 4.702 0.209 1.462 7.887**

Pnar X Deuri-
Dibongiya (11) 1.816 0.650 6.005* -

Pnar X Khynriam-
Khasi (12) 2.168 0.501 0.361 0.001

Pnar X Biates (13) 3.240 0.022 3.035 2.507

Pnar X Garo (14) 5.012 0.536 2.098 0.001

Pnar X Digaru Mishmi 
(15) - - 0.576 6.732**

Pnar X Lepcha (16) - - 19.452** -

*p<0.05, **p<0.01

†Source: 1. Ghosh et al. (1996). 2. Seth and Seth (1973). 3. Murry et al. (2001). 4. Pojar (2018). 5-8. Balgir (1991). 9. Meitei et al. (2010). 
10. Limbu and Khongsdier (2000). 11. Khongsdier and Murry (1999). 12. Khongdier and Lama (2000). 13. Haloi (2011). 14. Limbu and 
Marak (2018). 15. Kotal et al. (2003). 16. Miki et al. (1960).


