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ABSTRACT An important issue in human population genetics is the ancestry. By extracting the
ancestral information retained in the single nucleotide polymorphism (SNP) of genomic DNA,
the history of migration and reproduction of the population can be reconstructed. Since the SNP
data of population are multidimensional, their dimensionality reduction can demonstrate their
potential internal connections. In this study, the graph and structure learning based Graph
Embedding method commonly used in single cell mRNA sequencing was applied to human
population genetics research to decrease the data dimension. As a result, the human population
trajectory of East Asia based on 1000 Genomes Project was reconstructed to discover the
inseparable relationship between the Chinese population and other East Asian populations. These
results are visualized from various ancestry calculators such as E11 and K12B. Finally, the
unique SNPs along the psudotime of trajectory were found by differential analysis. Bioprocess
enrichment analysis was also used to reveal that the genes of these SNPs may be related to

neurological diseases. These results will lay the data foundation for precision medicine.
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Introduction

As an organism, DNA sequences store human genetic information. The genetic information of
DNA is mainly inherited from parents, following the population genetic laws of diploid
organisms, and random mutations of certain probability occur at any time (Tishkoff and Verrelli,
2003). In the long history of human evolution, certain types of DNA mutation (single nucleotide
polymorphism) have created the diversity of human ancestry (Garrigan and Hammer, 2006). Due
to the relatively stable alteration rate, those mutations can reflect the history of human evolution
(Cavalli-Sforza and Feldman, 2003). Therefore, trajectory the of human ancestry can be restored

by studying the modern human populations.

After the human genomic DNA sequencing data was removed from the unstable mutations and
mutations do not reflect human evolution, the remaining mutation table is still a high-
dimensional data containing the genetic information of the research population (Shendure, 2011;
Tian et al., 2008). Through PCA, tSNE and UMAP, high-dimensional data can be reduced to
two-dimensional table with efficient information, which can reflect the far-near relationships
between genetic groups (Diaz-Papkovich et al., 2019; Gaspar and Breen, 2019; Lorenzo et al.,
2019). However, the above dimension reduction methods do not give a very effective way for
revealing the connection between groups. Traditional methods for identifying the internal
structure of high-dimensional data include principal curve, elastic map and principal graph, etc.,
but these methods only give the characteristics of the data itself and do not have a high level
learning process (Mao et al., 2015b; Qi et al., 2017; Zhang et al., 2011). Gaspar et al. studied the
population structure of 1000 Genomes Project data by using GTM-based methods (Gaspar and
Breen, 2019). The GTM method has certain machine learning properties and can self-organize
the topology hidden inside the data, but still cannot reflect the complex connections within the
data (Gaspar and Breen, 2019). Therefore, there is an urgent task to find a method to reduce the
dimension of genetic data, which is more able to reflect the detailed internal connections

between groups.
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East Asia is one of the birthplaces of human culture (Su et al., 1999). Especially the ancient
Yellow River Basin civilization and the large-scale agricultural society form fostered by the
Yangtze River Basin have laid an irreplaceable material and cultural foundation for the
development of civilization in East Asia. The early Chinese cultural model has greatly influenced
the cultural patterns of the Japanese islands, the Korean peninsula and the Vietnamese peninsula,
as well as parts of the Southeast Asia mainland. The vocabulary derived from classical Chinese
has profoundly changed the language systems of these regions. However, the genetic landscape
of this area, as well as the early migration of humans in East Asia, are still unclear. Based on
historical records and information provided by archaeological literature, we can learn many clues
that can be used for limited understanding, but due to historical records and non-scientific,
almost "mythological" descriptions, many recorded "legends" seem to account for bigger. Some
Asian human paleontology papers published in recent years have given very important
information in this field (Su et al., 1999), but the dynamic migration process of the overall
population structure is still very vague. Therefore, it is necessary to explore population migration

patterns based on internal connections of population.

Our research used the combination of the principle graph and structure learning based Graph
Embedding method and tSNE to reduce data dimension. Based on the R package "Monocle" we
first filtered the mutations, then reduced the data dimension, and calculated trajectory with
psudotime and states; we also adopted all the equilibrium mutations to tSNE method firstly to
reduce the dimension, and then uses DDRTree to reduce the dimension twice. The E11 calculator
and the K12B calculator verify the sampling results of the 1000 Genomes Project. At the same
time, we found the mutations drifting trend along psudotime in the East Asian population from
south to north, and found the genes corresponding to these mutations are significantly enriched

in certain signaling pathways.

Result

Previous studies have shown that the simple tSNE, PCA or GTM method do not distinguish the
dataset from the 1000 Genomes Project Phase III well within the Asian group (Gaspar and
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Breen, 2019). Therefore, we use the principal graph and structure learning-based Graph
Embedding method, which currently used in the single cell field to process the data preprocessed
in the paper (Gaspar and Breen, 2019). Technically, we adopt two strategies, Fig 1A. One is to
process the data using the R package "Monocle" that based on Graph Embedding method (Qiu et
al., 2017a; Qiu et al., 2017b; Trapnell et al., 2014). Another one is the initial dimension reduction
using tSNE and the second dimension reduction using DDRTree method, we call it tSNE +
DDRTree.

Using the "Monocle" package, we obtained SNP loci with large coefficient of variation. Using
these SNP loci, the integrated tSNE in "Monocle" for dimensionality reduction was performed.
The results in Fig 1B show that East Asia data can be roughly divided into three groups mainly

correspond to Japan, the Chinese Han and the Chinese Y1 groups plus Vietnamese.

Further, we use the methods of DDRTree in the package, which can generate the trajectory based
on Graph Embedding method, Fig 1C, D and E. In addition, we also get the psudotime and states
information from the data, Fig 1D and E. By mapping the 1000 Genomes Project Phase I11
population information on this result, Fig 1C, we can roughly see that along the two ends of the
branches of the trajectory are the Japanese and the Chinese Yi plus Vietnamese groups. Groups

Between those two ends are the Han Chinese in the north and the Han Chinese in the south.

From the calculated psudotime we can also see the relative origin time that two groups were
separated. From our result, Fig 1D, psudotime between the Japanese to the Chinese Han and the

Chinese Yi plus Vietnamese the Chinese Han are similar, which indicated the same origin time.

To further confirm the results, data was analyzed one by one using the E11 calculator for the
East Asian population, which is popular in the community, and it was averaged according to the
states, Fig 1E. The EastChinease component is the main proportion of the nodes of the entire
trajectory. The results of E11 calculations correspond to the end points of Japanese to the
Chinese Han and the Chinese Yi plus Vietnamese groups, indicating the correctness of their

branches. Dbscan can use density to classify two-dimensional points clusters. In this study, we


https://doi.org/10.1101/870253
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/870253; this version posted December 10, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC-ND 4.0 International license.

also performed E11 analysis on dbscan classfied fine groups. As Fig 2 and 3 showed, there are

rare E11 components, such as NorthChineseQrogen or Malay groups enriched subgroups.

In order to verify the results of E11 analysis, we used K12B calculator to confirm each
individual in the dataset, and plot them on the trajectory, as shown in Fig 5. The results are
geographically similar to the results displayed by the E11 calculator. It is worth mentioning that
the groups of Malay enriched in E11 are basically coincident with the group enriched by K12B

of South Asian, indicating their connection.

Using the tSNE+DDRTree method, we firstly performed tSNE dimensionality reduction on all
the SNPs in the dataset, and further reduce the dimension using the DDRTree method. The
results showed more branched trajectory map, as shown in Fig 4 and Fig 6. We can see that the
E11 and K12B components in the branched are of higher purity than the groups "Monocle"

package generated.

Along the two ends of psudotime in trajectory, we can see that the difference in SNPs showed a
gradual changing, Fig 7A, and the corresponding genes of the top 300 SNPs are analyzed for GO
signal pathway function enrichment, and the results showed that most of the differential genes
are related to membrane potentials or nervous system related pathways, such as morphine

addiction, Fig7 B and C.

Discussion

Genetic interaction between Japanese and Chinese population

According to the theory put forward by archaeologists, the modern Japanese are new as a group
who mixed Jomon hunter-gatherers during the 16kya period and the Yayoi people crossed the
sea from the Korean peninsula during 400BC-1,200CE (Lee and Hasegawa, 2011; NANTA,
2008). Population DNA analysis also confirmed the conclusions of archaeological studies of two
different cultural groups (Watanobe et al., 2004). Archaeologists believe that in the late Jomon
period, temperatures and sea levels fell simultaneously, which had a negative impact on the

hunter-gatherers of the archipelago, and the population of Jomon declined sharply (Crema et al.,
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2016). During this period, the Yayoi people migrated from the Korean peninsula or from
northern China to the Japanese archipelago during the 2,400ya-1,700ya period (lizuka and
Nakahashi, 2002). These rice farmers are not only mixed with local hunter-gatherer groups, but
also bring their rice-growing techniques and language systems to the early coastal farmers
groups (Lee and Hasegawa, 2011). The influence of Yayoi on the genetics of people across
Japan may vary. The Ainu people in the northernmost Hokkaido, as well as the Ryukyu people
who live in the southernmost Ryukyu Islands, are less affected by the Yayoi people (Adachi et
al., 2018). They retain more from the Jomons than the Japanese in other regions (Adachi et al.,

2018; Crema et al., 2016).

Previous PCA analysis of DNA data of the Jomon people and the Japanese islanders, as well as
the residents of various parts of China showed the Japanese and Chinese seem to be genetically
far apart (Jinam et al., 2012). However, if we consider the island effect of the Japanese island, we
must doubt the bias in these genetic analyses. Because the island effect may increase the rate of
DNA change. These analyses may overestimate the distance between the Chinese and the

Japanese.

Our results clearly show the close ties between Japanese and the Han Chinese in the north and
the Han Chinese in the south and show the transitional population between these two groups, Fig
1, 2 and 3. It can be seen from our research that the E11 component shared by the Japanese and
the Chinese are Orogen in Northeast population of China. The Orogen people in China are
generally considered to be descendants of the indigenous people of Northeast Asia (Janhunen,
2005), and the K12B results also support this conclusion. In Fig 4, 5 and 6, the excessive group
connected between the Japanese and the Chinese is also the higher component of Orogen, which
supported that the main group in Japan maybe the Northeast Asian immigrant from China and

Korea peninsula.

Genetic interaction between Vietnamese and Chinese population
Previous analysis of DNA samples from Hanoi, Vietnam, revealed that the Vietnamese in
northern Vietnam are more likely to cluster with East Asians such as Chinese, Japanese and

Korean peninsula (Kim et al., 2000). Compared with the Japanese, the Vietnamese and the
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Chinese share more genetic relationship (Le et al., 2019; Xia et al., 2019), especially with the
South China population (He et al., 2012). These can be learned from historical literature.
Vietnam has a millennial county or northern period. During this period, a large number of
immigrant groups from North China occupied the dominance of Vietnam and originated from the

Yangtze River valley in the late Neolithic period (Hanihara et al., 2012; Sun et al., 2013).

It is also worth noting that the genetic difference between the Taiyi group that entered the
mainland of Southeast Asia in the 10th century and the Chinese Zhuang group in Guangxi was
small. They clustered in the PCA analysis (Sun et al., 2013), and the Kinh and Thai people in the
northern part of Vietnam connected to Guangxi in China. Groups have similar genomic

structures and close evolutionary relationships (Le et al., 2019).

In our results, there is a close relationship between the Han Chinese in southern China and the
Vietnamese, Fig 1, 2 and 3. The South Asian population of the E11-marked Malays also
contributed to Vietnamese groups, which shows a great accordance with the previous studies, Fig

4,5 and 6.

The genetic differentiation of the population is caused by genomic diversity (SNPs). In theory,
these SNPs will gradually change in the associated groups. Using difference analysis, we found
the differences of SNPs in different states along the trajectory can enriched in certain biological
functions. The results show that the differences in SNPs in different states are mainly
concentrated in biological processes related to nervous system functions such as morphine

addiction, Fig 7.

Collated Human 1000 Genomes Project Phase III data were from website

https://lovingscience.com/ancestries/human/. The recoded 1000G.raw file was used (Gaspar and
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Breen, 2019). E11 Data is from R package radmixture of wegene company. K12b data is a part
of Dodecad project http://dodecad.blogspot.com/. Data of two calculators E11 and K12b are

from the community, and there is no clear author. Real author of those please contact the

corresponding author on Twitter after seeing this paper.

R, RStudio were downloaded from the official websites. Important R packages used

in this paper include Monocle (Qiu et al., 2017a; Qiu et al., 2017b; Trapnell et al., 2014),

radmixture, https://CRAN.R-project.org/package=radmixture, dbscan, Rtsne (Maaten, 2014; van
der Maaten and Hinton, 2009), DDRTree (Mao et al., 2015a).

We used the R Monocle package to perform trajectory analysis of
population genetic data. The Monocle package mainly learns the gradual process of population
genetic data and uses the built-in DDRTree algorithm to reduce the population genetic data and
actively return to the tree to display the trajectory. Monocle's construction of the population
trajectory is mainly through two steps. The first step is to filter out the key SNP loci. This step
mainly screens out a group of SNP loci with a large coefficient of variation under a certain
expression level. In our analysis, we screened 276 SNP loci. The second step is to use the
obtained SNP loci for dimensionality reduction and trajectory construction, which utilizes the
DDRTree algorithm. Using the differentGeneTest function in the Monocle package, we
calculated the SNP sites with the largest difference between states and plotted the smoothed heat

map.

The tSNE dimension reduction is performed on the dataset. The idea here is
that tSNE retains more details of the original data while reducing the dimension. The original
data shows a linear change. After the tSNE reduces the dimension, there is still a certain
relationships are preserved in the results. The advantage of using all of the SNPs sites is that
more information is retained. The code is publicly available on github

https://github.com/weizhuang128/TSNE_DDRTree Human_Trajectories.

After the tSNE dimension reduction, the two-dimensional result is learned again by the

DDRTree algorithm, and finally the Z component of DDRTree is taken out as a graph, which
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will greatly improve the detail retention of the cluster and relationship. This method can also
greatly save computing resources and increase the speed. At the same time, we tested the initial
dimensionality reduction by using UMAP or PCA, but did not get the ideal result, which shows
the usability of tSNE in this method.

E11 is a calculator popular in the community of individual genetic
testing enthusiasts, and it is rumored in the community that it has a very high resolving power for
people in East Asia. E11 has its implementation in the R package radmixture. K12B is another
implementation of the ancestor calculator in the R package radmixture. The calculation results of

E11 and K12B are visualized and displayed in the plot after being normalized.

The different SNP in the different states will be found
using the differentGeneTest function in Monocle, and the gene in which the SNP locus is located
will be found and entered into the http://metascape.org/ website to perform the bioprocess

enrichment analysis (Zhou et al., 2019).
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A. Principles of data analysis. B. tSNE dimension reduction of East Asian population of
Genome 1000 program data. Each point indicated one individual, plots color indicated the area
group from Genome 1000 program. C. Reversed graph embedding method learned Human
trajectory are divided into two main groups by using Monocle package. D. Pseudotime, E.
Lineage states, the bar chart indicated the population components predicted by E11 calculator.

Bar color indicated the E11 components.
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Groups were detected by dbscan method on Human trajectory. Plots color indicated the
dbscan group. The bar chart indicated the population components predicted by E11 calculator.

Bar color indicated the E11 components.

Reversed graph embedding method learned Human trajectory by using Monocle package.
Each of E11 component was plotted on individual point by continuous color. Values were

normalized by each E11 component.

Reversed graph embedding method learned dimension reduction plot by using tSNE and
DDRTree combined method. Each of E11 component was plotted on individual point by

continuous color. Values were normalized by each E11 component.

Reversed graph embedding method learned Human trajectory by using Monocle package.
Each of K12B component was plotted on individual point by continuous color. Values were

normalized by each K12B component.

Reversed graph embedding method learned dimension reduction plot by using tSNE and
DDRTree combined method. Each of K12B component was plotted on individual point by

continuous color. Values were normalized by each K12B component.

A. Heatmap of the first 50 differential SNPs following Human trajectory trends along 1 to
6 branches identified by Monocle. Color of heatmap indicated the normalized SNPs genotype
index. B. GO signal pathway enrichment analysis of the first 300 differential SNPs in

Matescope. C. Signal pathways correlation analysis, connect thinness indicated the p-value.


https://doi.org/10.1101/870253
http://creativecommons.org/licenses/by-nc-nd/4.0/

Fig T

t certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available

A

Component 2

Component 2

-4

xiv preprint doi: https://doi.org/10.1101/870253; this version posted December 10, 2019. The copyright holder for this preprint (which was

tSNE Plot

under aCC-BY-NC-ND 4.0 International license.

tSNE

>»

Monocle

DDRtree

Human Trajectory

-10 0 10
Component 1

Human Trajectory

Pseudotime “

0 10 20 30 40

20

4
4l A
o
<
2o
S
o3
IS
)
(&)
-4
. .'ﬁ wyy §
-8 ¢
-10 0 10 20

Component 1

Human Trajectory

¢ 1« 3 & 6 =
s 28 4 8 =&

Component 2
o

-4

-10
Component 1

10

20

9 « 1
10

-10 0

Component 1

20

1000 Genomes Group

® o Kinh Viethamese

®  Dai Chinese

®  Southern Han Chinese
®  Han Chinese

® ® Japanese

E11 Group

African
European
India
Malay
SouthChineseDai
[ SouthwestChineseYi
[ EastChinese
[ Japanese
NorthChineseOrogen
Yakut
[ American


https://doi.org/10.1101/870253
http://creativecommons.org/licenses/by-nc-nd/4.0/

certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available

n
I g %xiv preprint doi: https://doi.org/10.1101/870253; this version posted December 10, 2019. The copyright holder for this preprint (which was

under aCC-BY-NC-ND 4.0 International license.

Human Trajectory

dim2

6 .
Ay

4 -

20

dim1

dbscan Group

1 22
B 10 B 23
B 11 24
B 12 25
a 13 26
14 27
15 3
B 16 B 4
B 17 B8 5
18 6
B 19 B8 7
B 2 ©@ 8
20 9
B 21
E11 Group
African
. European
India

. Malay

B southChineseDai
SouthwestChineseYi
EastChinese
Japanese
NorthChineseOrogen
Yakut

American


https://doi.org/10.1101/870253
http://creativecommons.org/licenses/by-nc-nd/4.0/

Fl

under aCC-BY-NC-ND 4.0 International license.

Human Trajectory

%xiv preprint doi: https://doi.org/10.1101/870253; this version posted December 10, 2019. The copyright holder for this preprint (which was
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available

E11 EastChinese

3
)
L]
.
»..
& u
N [ ] 02
I(M
. oy §
e
10 nmm 10 20
E11 SouthwestChineseYi
’\»
®
&
[ ]
[ ]
. §
% s
° ] 0.10
" 'aas
L
. (X
s )
[ ]
s " 8
E11 Yakut
o
8
[ ]
‘s W
2o 4 oo
° [ ] 0.02
\r. Iﬂm
2
= N2 W e
, K
1o édm 10 20
E11 American
&
L]
% [ ]
® ™
2o ‘. oce
°-g [ |
L]
L
. (Y
»\
9 = 9
. ]
1o wam 10 20

E11 SouthChineseDai
¢

¢
N L]
[ J
]
-05
e
L]
- 0
L ]
ry ’
fo nmm‘ 10 20
E11 Japanese
o
A,
= L]
L]
* -
v :i
° L]
% [ |
L]
L]
. (3
v .
' =0
. '
E11 African
o
% | o
% o 0055
. Iums
1o adm 10 20
E11 European
4
&
[ ]
.. R
° [ ]
) e
\ o
° 002
& Iam
.
L)
s
b“ .
% = ]
¢

E11 Malay
4
§
“1 o
[
®
o
% 0 02
[ |
o
4 &
5‘ .
9y =0
e
fo odm' 10 20
E11 NorthChineseOrogen
o
L
= .
L]
A ¥ »
. )
Y B
L]
°
. s
1 3
L) ~]
¥
8- !"
E11 India
¢
L]
&
L]
L] [ ]
-
i
[} 5
sﬁﬂ e B
&
-io bdim‘ 10 20


https://doi.org/10.1101/870253
http://creativecommons.org/licenses/by-nc-nd/4.0/

certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available

n
I g 4xiv preprint doi: https://doi.org/10.1101/870253; this version posted December 10, 2019. The copyright holder for this preprint (which was
under aCC-BY-NC-ND 4.0 International license.

tSNE + DDRTree

E11 EastChinese E11 Japanese
3 . 2
§ ¢ - ¢
d H (3 "
¢ . 4 Y
“  d ° ‘
’ °
: cox L 3 .
o 9‘ o . o ’ [] ¥
y . by R - o ¥ . 04 ane < :®.
" e N || . g Li TSy o, S0 gt
N e ‘ Y v i - 1 > R
L Y Le T oo wee
g oo eee W o
£ - as .
§ ¥
3 ¢
20 L. 20 20 L. 20 20 ) . 2
E11 African E11 India E11 European
- .
~ A
LJ
' Y ? g ¢
. ) ] L
. ! ‘
» ]
: >
. « - .
A g P : " s [ I
& " omo 1 IS & .y ’o.'- $ %
9 5 e, % * L oo " o " ol &
» o] o o a"e © .8 I Ly o . ® ooz

ot : ' . j I E
> >
o ] oot RS h" .‘ o
. . ) o oo N
K (] & ° ' ‘
- - o 4

E11 Malay E11 NorthChineseOrogen E11 SouthwestChineseYi

10-

~ ~
¢ s 3 |
A )
g &
. ’ ) - Y
-~ -
. , O & S «
L]
« .
o=
o

«
& [ B ] | | o o
i H 5 012 020
v ¥ f & 0z q b“: g I aoe q #": t‘ ..‘ “'.:" oss
. e 1 . e Rl % oot °1 C ] oo 3 o
¢ P [} # [ ¥ B
e o, S
Ve - Jn, o4 R E .
'l . £, e . L S
4 5 / 5 S

E11 American E11 SouthChineseDai

« *

& ;
)
»
>

? [ . o
o4 ) » .
SN SN v
. g ; 4


https://doi.org/10.1101/870253
http://creativecommons.org/licenses/by-nc-nd/4.0/

|}
xiv preprint doi: https://doi.org/10.1101/870253,; this version posted December 10, 2019. The copyright holder for this preprint (which was
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC-ND 4.0 International license.

Human Trajectory

K12B East_Asian K12B Southeast_Asian K12B Siberian
¢ 4 €
] 8 )
. ] : = :
\ ». B A} .
% [ (B % [
.Q .Q
3 [3
% . ) )
s W ‘9' =
8 8 ’ 8 '
K12B Northwest_African K12B Southwest_Asian K12B South_Asian
' ' '
L} A )
: o : i . : .'
)} " S oo 1 ;¥ oo
A g \ - o
% i % i % L
.Q .Q .Q
(Y (Y Y
" L] " L] .~ L]
9 @b 9 @9 %9 =9
8 [} e
K12B Sub_Saharan K12B East_African K12B Atlantic_Med
$ 5 4
. c) L)
3 L : P :
% B g o S -
% o 0002 % ° 0.002 E o0- \. 000010
1 [ B [ % [
.\
. [
" L] '~ °
. _— y 9y = ]
é ¢
K12B North_European K12B Caucasus K12B Gedrosia
' ' '
) | )
% . : % . : % . :
\ ’... A re \ | .
\ oA R Y g\ o
& 'mm E .m—m & .nws
.! .§ .§
[} [ [
.~ L] '~ L] .‘ L]
9y =9 9y =9 9 ¢


https://doi.org/10.1101/870253
http://creativecommons.org/licenses/by-nc-nd/4.0/

|}
6xiv preprint doi: https://doi.org/10.1101/870253; this version posted December 10, 2019. The copyright holder for this preprint (which was

I I g certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC-ND 4.0 International license.

tSNE + DDRTree

K12B East_Asian K12B Siberian K12B Southeast_Asian

: . %
L J [ J
[ | [ | & | ]
N E L e P IR L > a‘i% -
o0- e 08 0~ e . " . v 0025 o] 7 0z
. s B . ® LN | [ |
': V'i« .l- 54 3
o o0 o oo .
) O L e X
f. &‘. S ®
§ §
o ” 20 50 7 20 50 0 ” 0
K12B South_Asian K12B Southwest_Asian K12B Atlantic_Med
. .
: » q ’ ' o
i L S |
] L ] L ]
. L4 . L) °
o m ooz
. 9 ELE T JOR : SO JORN ; .
N - 4 o: (’ 0050 Sl .. t o: 4 L4 :z: Nl .. t -: 5 o 00050
. 2 B . 3 8 i . Vg =
Cdl . °
AT vy f Ny f
. "
L]

e R | i
} - 4 l f

K12B Northwest_African

o ‘WY
Lol XY
_

B T
s o

(
0000 4
8 * % 006 o

§ oos N ‘ . N p ]
oL o - 00 o- £ 008

. .noo:« ) “

‘ i ol
F 002
) 2
e

K12B North_European K12B Caucasus

” ”
P L
e ° * ° L4 o
b g " L g 1 b ¢ iy -
" s e’ "R . g’ - s i:.' =

. t ] | ? ?
”" .‘ f u”f .‘. $ -cﬂ.. .".‘ '{,
e 0} e 6


https://doi.org/10.1101/870253
http://creativecommons.org/licenses/by-nc-nd/4.0/

]
bigRxiv preprint doi: https://doi.org/10.1101/870253; this version posted December 10, 2019. The copyright holder for this preprint (which was
ot certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC-ND 4.0 International license.

rs10150180_A 3 Cluster
rs6107832_A 1
rs13140291_C
1s638932_G 2
rs1023697_G
1s8072443_T

rs7415468_T
rs9509195_T
rs8004729_C 0

rs62032018_T
rs2869033_G
rs4428579_C
rs8015749_G

r$667933_G -2
rs59869505_C
1s7979517_A
rs393046_C -3
rs2021793_T
1s60145426_A
rs6853596_A
1$2920838_C

rs9994780_T
rs10025500_T
rs1390963_T
rs56375216_T
rs4143264_A
rs925337_T
rs2280673_A
rs1983010_G

rs59906842_A
rs11771157_A
rs8053256_C
rs892368_C
rs7907658_C
rs1227510_T
rs2690387_A
rs9583190_C

rs4292315_G
rs440012_A
rs10881064_A
rs2483842_G
rs1204254_T

rs2300350_C
rs34481637_T
rs11240617_A
rs2038491_G
rs9516774_A
rs2585208_C
rs9889654_C
rs686597_T
rs1032706_G
rs1373403_T
rs10842409_T

N OO WN

-1

depsnip [ I e e e e

G0:0042391: regulation of membrane potential

G0:0043269: regulation of ion transport

hsa05032: Morphine addiction

G0:0007268: chemical synaptic transmission

G0:0050808: synapse organization

G0:0032990: cell part morphogenesis

G0:0098885: modification of postsynaptic actin cytoskeleton

G0:0071804: cellular potassium ion transport

G0:0097484: dendrite extension

G0:0030029: actin filament-based process

G0:0032413: negative regulation of ion transmembrane transporter activity

G0:0030100: regulation of endocytosis

R-HSA-2672351: Stimuli-sensing channels

G0:0030851: granulocyte differentiation

G0:0055008: cardiac muscle tissue morphogenesis

G0:0097009: energy homeostasis

G0:0001893: maternal placenta development

| G0:0072332: intrinsic apoptotic signaling pathway by p53 class mediator
G0:1905954: positive regulation of lipid localization
G0:0098659: inorganic cation import across plasma membrane

0 1 2 3 4 5 6 7 8

-log10(P)



https://doi.org/10.1101/870253
http://creativecommons.org/licenses/by-nc-nd/4.0/

