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Abstract 
Since 20th century, phylogenetic studies of various species have been used to study pre-historic human migration patterns. Earlier, 
scientists used to rely on archeological facts and evidence to draw such connections. But this evidence was insufficient as such evidence 
are highly subjective and based on the archeologist’s interpretation. With the use of phylogenetic studies, scientists could find more 
concrete evidence to prove such hypotheses. This paper discusses some popular case studies that perform phylogenetic studies on crop 
species (e.g., custard apple, sweet potato, sunflower, and maize) to find evidence for pre-historic migration patterns as posited by 
archaeologists based on ancient artifacts. The paper also proposes two approaches to perform phylogenetic studies on humans and crops 
to test the hypothesis that there was pre-historic contact and migration between America and India during the pre-Columbian era. 
Keywords: Phylogenetic studies, pre-Columbian migration, ancient DNA, pre-historic Hindu-American contact.   

1. Introduction 

Archaeology can be used to fill blanks of knowledge in history. Specifically, this field focuses on understanding human 
history and culture by comparing artifacts dug up at different historic sites, ancient architectural practices, and linguistic and 
cultural systems. If certain archaeological finds from different sites were similar, early archaeologists were able to use these 
pieces of evidence to predict contact and trade between ancient civilizations. However, these connections were sometimes 
spurious and based on the biases of the archeologist. For instance, in the paper, ‘The Astronomical Link between India and 
the Mayans’ [1], the author is unable to provide any strong evidence for his claims. The author wrote, "It is very interesting 
to note that the Mayan calendar began with a date around 3112 B.C., very close to the Hindu traditional beginning of the 
Kali age viz., 3102 B.C.", but this is just a coincidence and is hence a very weak evidence to make any connections between 
the two communities. Similarities in Architectural and painting styles are subjective in that different viewers may draw 
different connections. Although Archaeological connections may be compelling, such pieces of evidence are not enough to 
prove pre-historic contact. 
 
Thus, in the mid-20th century there was a shift from cultural explanation of human behavior to biological explanation. With 
the advancement in the field of Microbiology and Genetics over the years, scientists were able to better understand DNA 
and its inheritance over generations. This field could now be used to understand the history of civilizations in a more 
unbiased manner by carefully examining the DNA of different species and individuals, which is often done using single 
nucleotide polymorphism (SNPs). SNPs genetic variations that can occur almost once in every 1000 nucleotides. They act 
as biological markers and are used to study and create a timeline for population divergence. When a SNP change occurs, the 
population splits into two distinct lines of kin. This event is called speciation. The two new populations now become 
incapable of interbreeding. The SNPs are essential in phylogenetic studies which focus on evolutionary and genetic relations 
between different organisms. In recent years, scientists have returned to sites where human interactions were first posited by 
archaeologists to see if there is any biological evidence of the interaction. If such samples are found, scientists then conduct 
phylogenetic studies on them to get a better understanding of the claimed human interactions.   
 
Both archaeology and phylogenetic studies are related. Archeological pieces of evidence tell scientists where there is a 
potential relationship and help develop a hypothesis. Then, phylogenetic studies help prove that hypothesis. One such 
popular example is migration between pre-Columbian Americas and the Pacific. Numerous studies suggest that there may 
have been contact and migration through transoceanic routes from the pre-Columbian Americas. These studies give 
evidence that before Columbus discovered America, there was already contact between the Americas and the rest of the 
world. A short analysis and summary of some such studies are given below.  
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1.1 Custard Apple 

Custard Apple was originated in the valleys of Andes in South America as early as 1000 AD [3].  It was initially believed 
that the Spanish merchants first brought this fruit to India around 16th century [3]. However, various ancient sculptures and 
artifacts in India show the presence of custard apple on this land in the pre-Columbian era as well. These include Gateway at 
Sanchi during 3rd century various sculptures in Ajanta caves, and in hands of Durga goddess at a temple in Aihole in 
Karnataka which dates back to the 10th century [4,5, as cited in 2]. But these archaeological evidences are insufficient to 
give a concrete proof.  
 
Recently discovered biological evidence gives a more concrete evidence for the presence of custard apple on pre-Columbian 
Indian land [2]. Carbonized seed remains of this fruit were found at the Neolithic archaeological Tokwa site, Mirzapur, 
India (Fig.1). A few wood charcoal remains were also obtained along with the seeds. Carbon dating was used to determine 
the age of these carbonized seeds and the wood charcoal pieces. LSC14 (liquid scintillation counting) dating was done on 
the wood charcoal pieces at 14C lab at Birbal Sahni Institute of Paleobotany, Lucknow. AMS (accelerator mass 
spectrometry) was performed on the carbonized seed samples at Institute of Physics 14C lab in Bhubaneshwar. The results 
showed that the wood samples dated back to 1740 BC and the seed samples to 1520 BC (Table 1). 
 
This study provides strong evidence for the presence of custard apple on Indian soil centuries before the 16th century AD. 
But there are no reports of any Annona species being indigenous in continental Asia. The presence of this fruit in India 
during the pre-Columbian era strongly suggests pre-historic Hindu-American contacts.  
 
 

1.2 Sweet Potato 

Sweet potato is a new world crop. It’s origin and domestication occurred in either Central or South America at least 5000 
years ago.  It was previously known that Europeans bridged these two populations, but linguistic and architectural 
similarities such as an equivalent word for sweet potato ('Kumala') and Polynesian and pre-Columbian San Augustine statue 
suggest that contact may have predated the arrival of the Europeans [7-9, as cited in 6]. Moreover, there is evidence of trade 
voyages between Pacific Ecuador, Columbia, and Mesoamerica around AD 600-1200, suggesting that indigenous South 
Americans were seafaring people [10]. This combined with wind current simulations indicates that such a voyage between 
South America and Polynesia would have been possible. 
  
These observations led the researchers to hypothesize that Native Americans and Polynesians contacted each other long 
before the Europeans arrived. A recently published article tries to find a conclusive evidence for the same by analyzing the 
DNA of Rapa Nui (a Polynesian island) individuals [6]. The study was performed on both present-day inhabitants of 
Polynesian islands and ancient bodies obtained from archeological sites. First, using high-density genome-wide analysis the 
researchers show the different American ancestry components (Southern Native American and Central Native American 
components) found in the Polynesian ancestry and their percentages in different island populations. Then, through 
Admixture analysis they found how closely the two American components are associated with the European and Polynesian 
components. This is important as the American component not or less associated with the European component would have 
entered the Polynesian ancestry before the European one. Lastly, they performed Inter- Island IBD for the various American 
and European components showing which two components came together. This study led the researchers to conclude that 
there was an initial admixture of the Native American component with the Polynesian component which was followed 
centuries later by admixture of European component around the time of European colonization of Polynesia.  
Thus, the evidence strongly suggests that there was contact between Polynesia and America before the arrival of Europeans. 

1.3 Sunflower and Maize 

The sunflower was first domesticated in North America around fifteen hundred years ago. Sculptures of sunflower heads 
(Fig.2) have been found in various pre-Columbian South Indian temples like Keshava Temple at Somnathpur and Keshava 
Temple at Halebid, Karnataka [14]. The sunflower is considered a symbol for worship and is an integral part of rituals in 
prayers of Lord shiva, Nandi and the Siva Lingam (Indian Gods).  There are no wild representatives of sunflower in ancient 
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Asian biota. This suggests that there was contact between America and Southern India in the pre-Columbian era. However, 
the inability to explain the origin of sunflowers in Hindu culture is not sufficient to determine Hindu-American pre-
Columbian contact. As seen in the previous two cases, we need some biological evidences to find concrete proof. Till date, 
no such evidence has been found.  
 
A very similar case is seen with another American origin crop, Maize. Maize also originated in Mexico [15]. According to 
historical texts, it was only brought to India after the 15th century [16], but several temples of the 12th and 13th century in 
Karnataka contain stone carvings that resemble maize ears (Fig.3). Three such temples belonging to the Hoysala dynasty 
were thoroughly examined to confirm that the sculpture carvings are of maize ears [12,14]. On examining the width-
thickness ratio and number of rows of kernels present in the sculpture and comparing it with the actual plant, researchers 
have found several strong resembling features [12]. Such intricate artistic work couldn’t have been a work of imagination. 
This suggests that the maize plant was actually present in the 12th-13th century India. Scientists also found some references 
of maize in ancient literature where the yellow maize was used as golden offerings to God Vishnu and Goddess Lakshmi. 
Many researchers also argue that the sculptures resemble the Annona plant and not the maize plant. But even Annona is 
native to tropical America, suggesting transoceanic contact between America and India [3]. Researchers have also thought 
of conducting carbon dating on any seed remains found around those sites in order to find a more scientific proof. But till 
now, no such biological remains of maize have been found [12]. Though maize pollens have been found occasionally, any 
concrete results from carbon dating have not been reported and the samples are no longer available for re-examination.  
 
As we saw in the previous case studies, archaeological evidences such as literary and cultural similarities are not sufficient 
to prove migration and trade between two ancient communities. We need to find biological evidences and perform 
phylogenetic studies for better understanding of such ancient connections. For the maize and sunflower case studies, we 
don’t have any ancient biological remains like pollen grains or seeds. In such a case we can perform DNA analysis on 
human population of the two places to track gene-flow between the populations. We can also track the evolutionary history 
of Maize crop and create a phylogenetic tree to understand its development over the years and track when it originally 
reached South India. I hypothesize that there was pre-historic contact and migration between America and South 
India during the pre-Columbian era. 

2. Methodology 

2.1 Approach 1 

Aim: Track Native American geneflow into Indian ancestry during pre-Columbian era 
 
Rationale: Genome wide ancestry analysis can help us determine how closely the DNA of two communities are related. If 
there is migration between two communities, interbreeding must lead to some DNA admixture. Ancestry analysis can be 
used to see how much DNA admixture exists and based on that determine the closeness of the two communities. If 
American gene flow can be found in ancient Indian genomes, it would mean that there was migration and thus interbreeding 
between the two communities.  
 
Methods: To determine the population history of Ancient Indians through genetic studies that only include modern-day 
individuals is not possible due to recent population admixture with Europeans and other communities. These can distort pre-
colonization genetic signals. Since India was under British colonization for almost 200 years, the European component in 
modern-day Indians will be much higher than in the native Indians. We can perform ancient DNA analysis by generating 
genome-wide data from ancient skeletal remains obtained from a pre-Columbian archaeological site. To perform this study, 
first we need to perform radiocarbon dating on the found skeletons to determine the period of the archaeological site. 
Sometimes, the skeleton bones are too fragile to undergo AMS, in that case the date of the site can be determined by 
archaeological contexts based on the found artifacts, pottery, stones, etc.  
 
After establishing that the found site belongs to the pre-Columbian era, we will perform ancient DNA analysis on the 
skeleton samples. To do this, mitochondrial DNA (mt DNA) need to be extracted from the samples. The ancient DNA can 
degenerate over the years due to lack of proper preservation. Mitochondrial DNA has high resistance to degeneration as 
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compared to the nuclear DNA. Thus, mt DNA is used for analysis and not nuclear DNA. First, we need to genotype the 
samples with Illumina MEGA software. This can be followed by removal of genotyping errors by filtering the genotyped 
samples using Plink 1.9. Once we have the genome samples, we can perform ancestry analysis on them to determine the 
presence of Native American ancestry. First, Principal component analysis through EIGEN-SOFT7.2.1 can be performed. 
This will merge the genotyped samples together with reference panels from various places (America, Europe, etc.) Now, to 
explore the American substructure in Indian individuals, the mixed samples need to be genotyped to determine the 
overlapped SNPs. Then, ADMIXTURE can be run on the data to create a map showing the percentage of all the reference 
panel ancestry found in the sample. If American ancestry can be seen in the map, it will mean that the pre-Columbian Indian 
skeletons we analyzed contain American ancestry. 

Alternative strategy: If a pre-Columbian archaeological site is not available. The above steps can be repeated with the 
modern-day population. In this scenario, we’ll also have to perform Random-forest-based ancestry. Random-forest-based 
local ancestry inference of individuals can be used to show how closely two ancestry components are associated. We can 
use it to show whether the American component is more closely associated with the European or the Indian component. If 
we find that small American ancestry components are associated with the Indian ancestry component instead of the 
European component, it will mean that Native American component came into India before and independent of the 
European component. 

 

2.2 Approach 2 

Aim: Create phylogenetic tree to track Maize crop domestication over the years 
 
Rationale: A phylogenetic tree helps us understand the relationship between different species. It helps us visually represent 
the evolutionary relationship between the ancestors and their descendants. By creating a phylogenetic tree of a crop, we can 
track how the different varieties were domesticated over the years and trace them back to their common ancestors. If maize 
crop was brought to South India by Americans and not Europeans, we will be able to track this common ancestry using the 
phylogenetic tree. Thus, establishing pre-historic Hindu-American contact.  
 
Methods: In order to create phylogenetic tree to trace the domestication of the Maize crop, we need to analyze whole 
genome sequences from numerous different maize varieties from across the world. The first step would be to do DNA and 
RNA preparation along with optical map construction for the genome sequences. We can then use FALCON-Unzip v0.7 for 
error correction. Hybrid varieties can be obtained using optical maps and genome assemblies can be generated. Orthologous 
genes can be identified among different maize species and Fourfold degenerate sites (4DTv) can be extracted from them to 
be converted into supergene for every individual. Then, a phylogenetic tree can be created by BEAST software using these 
supergenes. Random forest approximation Bayesian Computation can be used to find the evolutionary history of the maize 
plant.  

Alternative Strategy: Since corn is heavily domesticated, it might not be possible to track speciation events from hundreds 
of years ago. It might be more beneficial to use sunflowers instead. The same steps can be used to analyze the genome 
sequence of numerous varieties of sunflower from across the world. Then, a phylogenetic tree can be created to track the 
evolutionary pattern of the crop over the years. This method is not our primary choice since the sculptures and artifacts of 
maize crops are more common than sunflowers in the South Indian temples. Thus, there’s a higher possibility to find 
evidence that maize was brought to India and domesticated locally than sunflower. 
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3. Tables and Figures  

 

 

 
 

Fig.1. Comparing the custard apple seed with the carbonized seed found at the Neolithic site 
 
 

Table 1. LSC14 and AMS carbon dating dates of wood charcoal and custard apple seed [2] 

 
 
 
 

 
 

Fig.2. Sunflower sculpture found in Keshava Temples, Karnataka 
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Fig.3. Maize sculpture found in 12th-13th century South Indian temples 

 
 

4. Conclusion 

Pre-Columbian contact between India and America has always been a controversial topic in the scientific community. 
Though the numerous sculptures and documents mentioning Maize and Sunflower plants in pre-Columbian South India 
aren’t very convincing, they also can’t be simply dismissed. The goal of the proposed studies is to find a Genetic evidence 
to better understand the pre-historic relationship between the two communities. Through these experiments there will be a 
clearer understanding of the existence of migration and trade between the two ancient communities. This study can be used 
as a basis for future studies to provide a proof for the occurrence of various such archaeological artifacts that suggest 
migration between any two ancient communities.  
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