Supplementary Note 1
The Rhineland Hypothesis
The “Rhineland Hypothesis” envisions modern Eastern European Jews as the descendents of the ancient Judeans – an assortment of Israelite-Canaanite tribes of Semitic origin (Figure 2). The Judeans resided in the eastern Mediterranean region at the crossroads of Africa and Eurasia, a location that attracted multiple waves of immigrants and conquerors alike through history. The formation of the Judean Kingdom (9th–7th centuries BCE) named Judah was established by the massive assimilation of ethnic minorities – such as the Canaanites, Jebusites, and Edomites – into the dominant Judean group that later admixed with the neighboring populations, including the Egyptians, Hittites, Persians, and Babylonians 
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(Patai and Patai 1975; Finkelstein and Silberman 2002; Sand 2009)
. At that time, the multi-ethnic Judeans adopted and exported monotheism (Sand 2009). Following several failed revolts against the Roman Empire (70, 132, and 351 CE) and later against the Byzantine Empire (610 CE), Judah was defeated. The Judean population slowly declined due to large casualties, the rise of Christianity, and finally the Muslim conquest (638 CE). The Arab conquerors encouraged Islamization by exempting Muslims from taxes, although this policy had to be modified as the mass conversions nearly drained the treasury (Sand 2009). The Rhineland Hypothesis thus proposes two mass migratory waves: the first occurred over the next two hundred years and consisted of devoted Judeans who left Muslim Palestine for Europe (Dinur 1961). The second wave occurred at the beginning of the 15th century by a group of 50,000 Western Europeans who migrated eastward and ushered an apparent hyper-baby-boom era for half a millennia only in Eastern Europe (Atzmon et al. 2010). 
The Khazarian Hypothesis
The competing “Khazarian Hypothesis” considers Eastern European Jews the lineal descendants of Judaized-Khazars, a confederation of Slavic, Scythian, Sabirs, Finno-Ugrian, Alan, Avars, Iranian, and Turkish tribes who formed one of most powerful and pluralistic empires at the late Iron Age 
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(Polak 1951; Brook 2006; Sand 2009)
. The landscape’s floral richness facilitated the rapid spread of agriculture from the Middle East through Anatolia and into Europe, providing a fertile home for the proliferation of many tribes throughout the Armenian and Georgian highlands. Khazaria and adjacent Armenia, Alania, and Georgia acted as the focal point for multi-cultural fusion resulting from migrations, invasions, and assimilations of individuals from different Indo-European-speaking tribes (Figure 2) (Polak 1951; Koestler 1976). The genetic gene pool of the Khazarian, Armenian, and Georgians forged from this amalgamation of tribes (Polak 1951). Like Judah, the Caucasus populations also sustained the imperial incursions of the Persian Empire (538-330 BCE), the Greco-Macedonian Empire (333-31 BCE), and finally the Roman-Byzantine Empire (31 BCE-476 CE) (Johnson 1987). The implosion of the Hun (5th century) and Turkish (7th century) Empires created a vacuum that was filled by the rising steppe empire, Khazaria. The Jewish citizens played a major role in the establishment of Khazaria. Biblical records allude to a Jewish presence in the Caucasus and adjacent Parthia in the late centuries BCE, and the first synagogues in Khazaria were documented as early as 41 CE (Polak 1951; Sand 2009). During the uprise of Christianity and Islam, these early communities were continuously reinforced with Jewish immigrants from Persia and Byzantium seeking religious freedom (Dinur 1961; Sand 2009). The newcomers fused their distinct ancestry into the Khazarian gene pool, giving rise to the unique Khazarian - Southern European – Semitic population structure. The proportions of each ancestry were never estimated. The Empire’s legendary richness was achieved primarily by trade, tributes from 25-40 subordinate people (Noonan 1999), and taxes from travelers and traders along the Silk Road (Figure 1). The Khazar Empire was one of the great colossi of medieval Eurasia, controlling much of what is today southern Russia, western Kazakhstan, eastern Ukraine, Azerbaijan, large portions of the Northern Caucasus, parts of Georgia, the Crimea, and Northeastern Turkey (Brook 2006). Despite their thriving prosperity, by the mid 9th century, continuous clashes with Christian Byzantium and the Islamic Caliphate drained the Khazars and encouraged the conversion to a neutral religion respected by both major religions, i.e., Judaism. Although the extent of the conversion is still debated (Dunlop 1967), it is widely believed that the entire Khazarian Empire, including their subordinate tribes and slaves, maintained Judaism over the next 440 years until the invasion of the Mongols (13th century) 
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(Polak 1951; Dinur 1961; Brook 2006)
. The collapse of the Khazar Empire and the Black Death (1347-1348) accelerated the progressive depopulation of the former Khazar heartland (Baron 1993) in favor of the rising Polish Kingdom and Hungary (Polak 1951). The Judaized Khazar newcomers mixed with the existing Jewish communities established during the uprise of Khazaria and spread to Central and Western Europe. It is therefore not surprising that in the 12th century, Polish coins bore Slavic inscription written in Hebrew (Polak 1951) and Khazar rabbinical students were found in Spain, France, Germany, and England (Brook 2006). The disappearance of the Khazars and the simultaneous appearance of great Jewish communities in Poland, Hungary, and the adjacent Eastern European countries suggest that European Jews, primarily Eastern Europeans, are of Khazarian origin 
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(Koestler 1976; Brook 2006; Sand 2009)
. Noted historians termed Khazaria the “diaspora mother” (Dinur 1961) and stated that only with an immense Khazarian contribution could Eastern European Jewish communities have established their massive size by the 20th century 
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(Koestler 1976; Straten 2007)
. Although substantial evidence has been gathered by historian, linguists, and anthropologists, the difficulties corroborating these findings with archeological and genetic data from the region caused many scientists to dismiss the Khazarian Hypothesis as a theory that cannot be tested. 
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