I've Received My Y Chromosome YSEQ
SequenC|ng ReSUItS . What NOW’? DNA Origins Project

During the past year in particular, new technologies have made it
economically feasible to sequence large portions of the Y chromosome.
This presentation will review the interpretation of Y chromosome
sequencing data obtained by using various different technologies.
Thomas Krahn will explain the different sequencing methods, as well as
their advantages and disadvantages. He will describe how to combine
them in an intelligent way to extract the correct and essential information
from the overwhelming datasets. Thomas will also explore the
iImplications of recombination events within different regions of the Y
chromosome and with other chromosomes such as the X chromosome
and demonstrate how this affects the interpretation of Next Generation
sequencing data.
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Y is an Unusual Chromosome YSEQ

« Human Male Karyotype
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Y Has a Mosaic Of Discrete Sequence YSEQ
Classes
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DNA Origins Project

to ChrX

I0NS
Determined by BLAST of 1000 bp Segments Against All Other Human Chromosomes
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Y Duplications In Comparison to Other
Human Chromosomes

YSEQ

DNA Origins Project
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Y Has The Most Self-Repetitive Elements YSEQ

Of All Human Chromosomes
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DNA Origins Project

I0NS

Y Self-ldentical Reg

ChrY Self Similarity
Determined by BLAST of 1000 bp Segments Against ltself And Picking The Second Best Hit

P1

P2

P3

P5 P4

L e
Y

-

LT
L] L]

888
L]

T e & &
L
Q

Ll

e * s

L

— m s
_m....l...

o
- ll.-‘.-.!ﬂ.di - -

8
a

e - #

A,

.:"

# L " e e

Ll
L]

-

‘
Foa

(ERFCT o

L
SRS o

RSl L L

‘e, 2 .-...-\-.-_ -ri‘b-_\- ..-

L

£ oo

* Nt 2l e, ¢-#J-f-fi§

-_-_.-_ w8 =

I

... - - - _#

@ snne b g 5 Tam °

™ Hﬂ-_-_

~i

L .t.‘

1]
e n

« * b

.__.-.un %

el Dk .. _.:muuo

F AT & -

s v

1 ”p-_ ]
. ®
"1 % .-N-:-.t_..t#

ORI

' e h .ﬂr_--!__- .t

< ®an ad o+

-

-

“..r ..- . “
." - - l
LY R A A

. .

L
s etras e n g ralh
& &

- Ty e

'L
Peoisd AR

L] .ﬁ.-‘t ._r._.

l.ﬂ.’? k_

T B
SIFe

SVt

......_n....

£, VL-...,._W -

o L e 5

HRLFESTRETN

.

L] - L
a* "1l L]
_-_.._.-..._ -
V.
L LB # &
- *
ﬁ.—rv o
.
. T
. .
.
# L "
.
_lun:u-- =, e
.
r:_”.-i-,oo * L . _®

1005 1 S8

25000000

20000000

15000000

10000000

>000000

ChrY position (hg 18)



Ygll Palindromic Region YSEQ

DNA Origins Project

T DYsa1s Symbolic Map of the Yqll
Palindromic Region
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Tandem Repeats Of the Human Genome YSEQ

DNA Origins Project

AGAATG  » alpha sat # 20bp 2p21 + 3Bbp 3g29 #+ 59bp 4q35.2 * 177bp 7q22.1 # table2
ACCTTG ®gsatll 28bp 2p25.3 + 38bp 19p12 61bp Xp22 Yp11 #495bp 14g32.33 = mer5al2q11.1 (table 2)
ACAGC  *CER ¢ 34bp 13q34 #40bp 1p36.32 & 102bp 14932.33 #972bp 1921.3 = nbpf 1g21.1 (table 2)
Ahsatll  ®BSR/beta  #36bp 15q11.2  #42bp 119232  + 125bp Yq'1 ¢ 1823bp 7q11.21  ® LTR arrays (table 3)
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Analysis of tandem repeats from the human genome. Warburton et al. (2008) BMC Genomics, 9:533



DYZ19 (125 bp) Repeat

125 bp repeat can be seen with the plain eye already

AB5ST7

=ChrY: 22250982, . 22261982

YSEQ

DNA Origins Project

TGETCTTGCTCACT TCAAGAATGAAGCT CCAGTCCTTTACGGT GAGT GT TACAGCACT T AAAAGTGTTAT GTCCAGAGCTTTTTTCCTTCAGATGTGTCCAGAGT TTCTTCCTTCTGOCAGGTTC
ATGGTCTTGCTCACTTCAAAAAT GAAACTGCAGACGATTACGGT GAGTGTTACAGCACTTAAAGGTGTTATGT CCAGAGTTTGTTCCTTCAGATGTGTCCAGTTTCTTCCTCCTGOGCAAGTTCAT
GOTCTTGCTCACT TCAAGAATGARACT GT AGACCTTTACGGTGAGTOT TACAGCACT GAAAGATGT TATGTCCAGAGT TTTTTCCTTCAGATATTTCCAGAGTTTCTTCCATCTGOGCAGGATCAT
GOTCTTOGTCACTTCAAGAAT GAAGCT GLAGACCTTAGTGOT GAGGGT TACAGCACT TAAAGGTGT TATGTCCAGAGTTTTTTTCTACAAATGTGTCCAGAGT TTCTTCCTTCTGGETGLTTCAT
GOTTCTTGCTCACTTCAAGAATGAAGCT ACAGACCTTAGTGGTGAGT GTTACAGCACTTAAAGGT ATTATGCCCAGGGTTTGTTACTTCAGATGTGTCCAGAGTTTCTCCCTTCTGGCAGGTTCA
TOGTCTTGCTCACTTTAAGAATGAAGCT GCAGACATTTACGOTGAGT GTTACAGCACT TATATTTGTTGTATCCAGAGTTTGTTCCTTCAGATGTOT CCAGAATTTCTTCCTTCTGGLGOGTTCA
TGETCTTGCTCACT TCAAGAATGAAGCT GCAGACCTTTAGGGT GAGT GT TACAGCACT TOAAAGTTTTATGTCCAGAGTTTGTTCCTTTAGATGTGTCCAGAGTTTCTTCCTTCAGGTAGGTTCA
TGGTCTTGCTCACTTTAAGAATGAAGCT GCAGACCTAGGTGOTGATCGTTACAGCATTTARAGGT GTTATGT CCAGAGTTTTTCCTTCAGATGTGTCCAGAGTTTCTTCCTTCTGGCAGGTTCAT

G

B Search

Landmark or Region:

ChrY:22,216,800..22,512,940
Examples: ChrY, ChrY:15000000..15000100, L21, D¥5437.
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DYZ19 Dot Plot

Segment around A657 (+/- 500 bp, ChrY:22260982..22261982)
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Ycen and Yql2 GGAAT Repeats YSEQ

DNA Origins Project

>ChrY:13810160..13812159

aatggcctcgaaaagaatggataggaatggaatggactcgaatggattggactcgaatgg
aatagattagaattgaatgacatcaaatggaatggaatggaaccaaatgtaatggactcg
aatggaatggattcaaattgaaaggactcaaaaggaatggtcccgaaaggaatttattcg
aatagaatggaatcaaacagaatgcagtagtagggaatggaattgaattcaaaggtatcg Dot-Plot of the sequence (l@ft)
aaaagaatggaccggaatggaacagtcaagtatagaacagaatcgaatgtaatggattgc
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What's Wrong With Highly Identical Regions?---yseq

DNA Origins Project

* Fewer differences => Higher probability of false mapping of
short reads

* More difficult to design specific PCR primers because they need
at least 1-2 bases difference at their 3' end

« Highly similar regions are prone to recombination events

- Parallel and back mutations

 RecLOH at palindromic arms and tandem repeats
« X-Y recombination (or other chromosomes)

— Duplications, deletions, inversions

« Large scale chromosomal rearrangements
 STR like frame shift mutations

e => Highly identical regions screw up the phylogeny
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So Should | Throw Away All This Highly YSEQ
ldentical Regions?

 |dentical regions are not necessarily bad data (unless mapping
errors are made)

 However they need a lot more caution and background
knowledge when interpreted within a phylogenetic context

* Those regions are expensive and time consuming to analyze
and it may turn out that they deliver misleading information
because recombination events were not considered

« => Prioritize your research and focus on stable regions first,
where it is unlikely to cope with recombination events

e But of course keep the data in a safe place so that you can
address the more difficult data later when new analysis
techniques are developed and it becomes cheaper to analyze
them

14



Where Do | Find The Most Reliable SNPs? YSEQ

DNA Origins Project

* Not in palindromic arms

* Not in the centromere

 NotinYqgl2

* Not in the pseudoautosomal regions

* Not in the highly X-Y homologue region (large part of Yp11.2)
 Notin DYZ19 (125 bp repeat)

« Not inside short repetitive elements (e.g. STRs or
homopolymers)

* Not flanking short repetitive elements

* Not in the “post-palindromic” region

15



What's Wrong with The “Gold Standard” YSEQ
Regions’?

chry 2655000 2674000
. . Chv 6619000 6721999
* Most numbers end with “000" => Low resolution  crv srze00 706000 g
. . ] chry 7127000 7140000 L(L?)
« Misses important known phylogenetic markers chry 7519000 8003000
(e.g. L2: ChrY:5755550, DF97: ChrY:21040762) v soreco oo WP
. . . chrv 0431000  odeion0 D
« Doesn't consider short repetitive elements like chrv 9798000 9895000 3
chry 13885000 13976000 L)
STRs or homopolymers Chv 14447000 14900000 o
chry 14965000 15213000 g
« Assumes that all Y chromosomes have the same & 1som0 163000 o
. chry 15643000 15666000 (&)
large scale arrangements like the reference chry 15682000 16011000 €
) . ] . chry 16015000 16067000 @
sequence (no inversions, duplications or chry 16187000 17973000 O3
deletions allowed) chv  To:08000 1030190 g
chry 19391000 19483000 —
. @ . T . chry 19493000 19551000 8
Includes the “post-palindromic” region chry 2ioasono auisonsg &
] . . chry 21746000 21828000 C_G
* Article is behind a paywall Chv 21044000 22200099 T
chry 22541000 22628000
. implificati f | bl but by e 2324000 23637000 z
Neat simplification of a complex problem, butby = zeze  zeng &
far not a “gold standard chv 24373000 24386000 L

chry 24388000 24480999
chry 28477000 28551000
chry 28598000 28770999



How Can | Properly Grade My SNP
Candidates?

Usually you'll find just a limited number of good quality SNP
candidates (<200), so simply verify them one by one

Select a region around the SNP candidate (e.g. +/- 500 bases)
and BLAST/BLAT it to the complete reference genome

If you find hits >95% identity (other than the original sequence
itself) put this in the category “not resolvable today” and store it
for a later time.

If you find hits >85% identity, then add them to a multi sequence
alignment and check where they are different.

Examine the proximity of the SNP candidate for short repetitive
elements. >8 repeats of any kind become dangerous!

If you are a software engineer write a script that does this all
automatically

17



DNA Origins Project

Example A353 (ChrY:19,216,573..19,216,574) YSEQ

oM 10M i 2am 300 46t 5ot
*EERH CYTH & i

1 b I Ew T )

19120k 19130k 19140k 19150k 19160k 19170k 19180k 19190k 19200k 19210k 519220}& 19230k 19240k 19250k 19260k 19270k 19280k 19290k 19300k 19310k
P

50 bp |

-
Ledan  19216d90 19216500 19216510 19216520 192166530 19216540 419216550 19216560 19216570 19216580 19216590 19216600 419216610 19216620 19216630 19216640 19216650 19216660
*BEAHE InDels B &

FGLA7OE9
[m]
A3E3
—
*BERHE SNPs H &
M115E7
[m]
*BERHE STRs H &
*EERHE Palindromes B &
*BERHE DNA H &

fagaatttctt/gaacctggaagocagaagttgcagtgagotgagatogoaccattgoactocagoooggst gac aagast gasact coat clcaa aaaacaaaacaaaacasaacas 3acaaaacasaacasaacasa agocatcaggt et t gt gaqac ttat tocact gt cat gagaacagoaty

Find the SNP candidate in http://ybrowse.isogg.org and zoom out to 170 bp
to see the sequence in the proximity

Here we see that it's flanking a pentarepeat STR. HUGO has 8 caaaa repeats, so this
IS a borderline case.

It appears that FGC17089 is affected by the same STR. Maybe this is the same mutation?
Not sure?! But we may find out when we do Sanger sequencing...

18


http://ybrowse.isogg.org/

Example A353

BLAT

Zoom out further in Ybrowse to 1kbp and download “Decorated FASTA File”
Paste this in UCSC BLAT (http://genome.ucsc.edu/cgi-bin/hgBlat?command=start)

BLAT Search Results

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START END SPAN

browser details ChrY:192166074..19217073 1000 1 1000 1000 100.0% Y + 19216074 19217073 1000
browser details ChrY:19216074..19217073 294 576 992 1000 87.5% X + 4200071 4200469 399
browser details ChrY:19216074..19217073 281 57 637 1000 88.8% 10 - 9724443 9962175 237733
browser details ChrY:19216074..19217073 266 57 643 1000 82.7% 8 + 91860768 91861295 528
browser details ChrY:19216074..19217073 234 58 646 1000 90.2% 6 - 164279960 164696992 417033
browser details ChrY:19216074..19217073 213 57 703 1000 91.8% 9 + 10898455 11212869 314415
browser details ChrY:19216074..19217073 211 57 707 1000 82.6% 5 - 112307833 112308146 314
browser details ChrY:19216074..19217073 204 12 638 1000 82.0% X + 42824316 42824605 290
browser details ChrY:19216074..19217073 203 25 647 1000 88.1% 12 - 120382419 120383035 617
browser details ChrY:19216074..19217073 201 36 643 1000 83.1% 6 - 11847366 11847637 272
browser details ChrY:19216074..19217073 194 36 647 1000 82.3% X + 140402090 140402365 276
browser details ChrY:19216074..19217073 193 57 645 1000 84.3% 14 - 86558854 86559290 437
browser details ChrY:19216074..19217073 193 36 643 1000 80.7% 5 + 77740071 77740342 272
browser details ChrY:19216074..19217073 190 12 643 1000 81.4% 8 + 54772197 54772493 297
browser details ChrY:19216074..19217073 187 36 638 1000 79.8% 4 - 133352666 133352941 276
browser details ChrY:19216074..19217073 186 59 500 1000 89.2% 9 - 15368102 15368679 578
browser details ChrY:19216074..19217073 186 60 655 1000 82.6% 5 - 157296317 157296877 561
browser details ChrY:19216074..19217073 184 36 638 1000 80.1% 4 178752811 178753074 26

No secondary match above 95% identity => good!

YSEQ

DNA Origins Project

However some matches with other chromosomes above 85%.
So let's have a closer look at them.
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http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrY:19216074-19217073&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=19216073&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chrY&l=19216073&r=19217073&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:4200071-4200469&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=4200070&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chrX&l=4200070&r=4200469&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr10:9724443-9962175&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=9724442&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr10&l=9724442&r=9962175&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr8:91860768-91861295&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=91860767&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr8&l=91860767&r=91861295&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr6:164279960-164696992&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=164279959&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr6&l=164279959&r=164696992&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr9:10898455-11212869&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=10898454&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr9&l=10898454&r=11212869&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr5:112307833-112308146&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=112307832&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr5&l=112307832&r=112308146&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:42824316-42824605&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=42824315&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chrX&l=42824315&r=42824605&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr12:120382419-120383035&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=120382418&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr12&l=120382418&r=120383035&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr6:11847366-11847637&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=11847365&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr6&l=11847365&r=11847637&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:140402090-140402365&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=140402089&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chrX&l=140402089&r=140402365&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr14:86558854-86559290&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=86558853&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr14&l=86558853&r=86559290&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr5:77740071-77740342&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=77740070&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr5&l=77740070&r=77740342&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr8:54772197-54772493&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=54772196&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr8&l=54772196&r=54772493&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr4:133352666-133352941&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=133352665&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr4&l=133352665&r=133352941&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr9:15368102-15368679&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=15368101&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr9&l=15368101&r=15368679&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr5:157296317-157296877&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=157296316&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr5&l=157296316&r=157296877&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr4:178752811-178753074&db=hg19&ss=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+../trash/hgSs/hgSs_genome_5513_a75d60.fa&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH
http://genome.ucsc.edu/cgi-bin/hgc?o=178752810&g=htcUserAli&i=../trash/hgSs/hgSs_genome_5513_a75d60.pslx+..%2Ftrash%2FhgSs%2FhgSs_genome_5513_a75d60.fa+ChrY:19216074..19217073&c=chr4&l=178752810&r=178753074&db=hg19&hgsid=385147415_tHtrqKhuHgVI0v7NoFFZJ2BuArmH

Alignment of ChrY:19216074..19217073
and ChrXx:4200071-4200469

cDNA ChrY¥:19216074..19217073

aggggtataa
gcetgagtaa
ttgctgagga
catgtcctac
tacaaaatga
goactttttg
cagactggecce
tacccagaat
gaaaggagaa
tocgecaccatt
aaaacaaaac
aggtcttgtg
CCCCCAtgat
attgtggga

CATGTCAGTA
AATTTGGGYC
AlaAGgTgat
GTCTCCAATG
TAGCTCCCAC
TTTCTGAGTT

atattagttt
tttataaaga
ggcctcacaa
atggcaacag
tcaagtcgge
aggttggggt
aacatactga
gatggtgggc
tttcttgaac
gcactccage
aaaacaaaac
aaacttattc
ttcattacct
TACAGTTCaa
CAAGTtCAaC
TTTTAGTGAAR
TTCTCATCCC
TCTACTATTC
TTATaaGG0a
ATTTTCCTTA

attgtcatac
aaaaaggttt
tcatggoaga
gcaagacagt
cagatgtggt
gggttgatca
aaccccatat
acttgtaatt
ctggaaggca
ccgggtgaca
aaaacaaaac
actgtCATGA
cccacchGaT
alTOAGATTT
TTTTTTACAT
TTCATCACCT
TCAaCCCTCT
CACTCTCCaT
GAACAgGCAa
AGATAATGGE

cgctgtgaag
aatggactca
aggcaaagga
ttotgoaggg
ggttcacacc
agatgtcagg
ctactaaaaa
ctggctacte
gaagttgcag
agagtgaaac
aaaacaaaac
GAACAGCATG
CCCTCCCAgY
GGGETGOGaAC
GGACATATTa
GAATAGTQTA
CCACaCTCCt
GTCCATATGG
TATTgGaATt
CTCCAGTTCC

aaatgcccaa
cagticcaca
ggagcaaagy
aactctoctt
tctaatccca
agtttaagac
tacaaaaaat
gagaggctga
tgagctgaga
tccatctcaa
aaaagccatc
GGAAAACYCG
acacatgagg
AtgGCCARAC
tgtaGGGGaTA
CITTGTACCC
ATCETTCCAA
ATATATTATT
TGACTTTECTG
ATttgtgttc

a0
100
150
200
250
300
350
400
430
S00
250
600
630
700
750
200
850
900
850
1000

Genomic chrX :

aaagcaaagg
gggaactcce

ATGAGAACA
actcatgggg
aGCCARACCA
T GGGGTARAY
TGTACCCAAL
CTTCCAAGTC
CATTATTTAG
CTTTCTGTTT
catgttgectg
ttccatggty

aggaacatag
ctttataaaa
GCATGGGARA
attattggag
TGTCAGTACA
TTGGGaCTTT
AGCTaACTTC
TCCAATGTCT
CTCCCACTTA
CTGAGTTATT
caaaagacat
tacatgtacc

gcatggcgge
ccatcaggte
ACcCGCCCCC
TACAGTT

AGTgCAgCTT
QAGTGAATTC
TCATCCCTC

ACTATTCCAC
TgtGGOTGAA
TTCCTTAAGA
gatttcattc
acagtttctt

aggcaagaga
tagtgagact

caatgiGaT
TGAGATTTGG
TTTTACATGG
ATCACCTGAA

CCTtCTCCA
TCTCCYTGTC
CATGCAQTAT
TAATGGCCTC
ttttttatgg
catccagtca

gcttgtgeag
tactcattaa
CCCTCCCATY
GTGOGYACAY
AtATATTgca
TAGTTTACCT
CeCTCCeAagC
CACATGOATA
TaGtATaTGA
CAGTTCCATe
ttgcatagta
tccactgat

4200020
4200070
4200120
4200170
4200220
4200270
4200320
4200370
4200420
4200470
4200520

YSEQ

DNA Origins Project

Only half of the segment is affected at all => good

The differences behind the STR allow for good
discrimination of short NGS reads and there

are enough difference “islands” where PCR
primers can be designed for Sanger confirmation.
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A353 Multiple Sequence Alignment with YSEQ
BioEdit

DNA Origins Project

7 "'.Z:'l,home'1I:homas'l,Documents'l,\"seq'l,Primers'l,MSSS.fasta _ ol
E IEourierNew j |11 j B A total sequences
: ide ™ Selection: null Sequence Mask: Mone Start
Modz:[Select / Sice =] Prstion 3 chib 1123073311230 Numbering Mask: None s at]|
- = " TR TrE = 5 Tra] (N | s |

g1 DI §oo-H@MEIIIFEEE ] -] GME ey qm

’ P TI LLU B N LI LAt I A S T B e B B e e B B S B B S B B A B B B B B B B B I B I B I B S B B B B B AR
j 4490 200 510 520 530 5410 550 960 570 580 580 600 G610 620 -

Chry 19216074 19217073 AGTGAAACTCCATCTCAAAAAACAAAACAAAACAAAACAAAACAAAACAAAACAAAACAAAAGCCATCAGGTCTTGTGAAACTTATTCACTGTCATGAGAACAGCATGEGAAAA COCGCCCCCATGATTTCATT

chiCa200071-4200468 B'nad=|- Cooo CA LG

chrg:112307833-112308145 &'

chr12:1203824158-120383025¢. . .. . G. .C.TG. A .. . TC.GTC. . T.. . T.. . T. . AT. A T.. T.. .. T... .. AL CAL G A AC .G T...CA. .

chrx:42824316-42824605 £'pa

PN | o [R] | =

BioEdit is a great tool for investigating small DNA regions
http://www.mbio.ncsu.edu/bioedit/bioedit.ntml

Colorizing DNA bases helps to recognize repeat patterns

Dot symbol for identities
Built-in tools for alignment (Clustal W)

In the case of A353 the identities with multiple matches are not problematic
There are enough differences to exclude false mapping
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http://www.mbio.ncsu.edu/bioedit/bioedit.html

Confirmation With an Independent Analysis YSEQ
Method =T e

A marker is worthless if it's only testable with one technology
platform

 |deally you want to confirm a SNP candidate with a closely
related (but not identical) person in a different laboratory with a
different sequencing technology

 |If the SNP is available on a chip, this is an easy way to verify it.

« FTDNA and FGC both use lllumina sequencing technology, so
this doesn't solve the problem. Sequencing with a different NGS
method (e.g. lonTorrent or PacBio) would be acceptable

* |n most cases Sanger sequencing is the most cost efficient way
to crosscheck SNP candidates.
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Sanger Sequencing Confirmation of A353

YSEQ

DNA Origins Project

AGGCAGAAGTTGCAGTGAGCTGAGATCGCACCATTGCACTCCAGCCCGGGTGACAAGAGTGAAACTCCATCTCAAAAAAC ALAACAAAACAAAACAAAACAAAACAAAAC AALMACAALMACAALMAGCCATCAGGTCTTGTGAAACTTATTCACTGTCATGA
MMMMM
AGGCAGAAGTTGCAGTGAGCTGAGATCGCACCATTGCACTCCAGCCCGGGETGACAAGAGTGAAACTCCATCTCAA- - - - - AAAACAAAACAAAACAAAACAAAACAAAAC AALMACAAAMACAAAMAGCCATCAGGTCTTGTGAAACTTATTCACTGTCATGA
Chry Chry
t 1 t t t t t t o) t t t t t t t
9716500 19716510 19716520 19716530 19216540 19216550 19216560 19216570 21F580 19716590 19716600 19216610 19715620 19716630 19215640 19716650
InDels InDels
FGC17089
[
pags SHPs
SNPs
M11527 FTRs
{

e Turns out that this is just an STR mutation
A353 is likely the same as FGC17089

Most aligners have problems with STRs

Only a few NGS reads cover the complete STR

Brings up the question: Can STRs be tested with NGS?

Most Sequencing technologies break up the read when the STR is too long
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STRs and NGS

Select & sampls
(Elblatala) = (Al = | Submit

ETRs (473) W Statistic. Dowenload CEW

ATAT D0 L | DXV EISE DYFITIA DY F¥F12 OYF371.3 DY Favr.4 DY FasiA DY FIa0.2
11 | 11 10 12 13 13 10 10
OYFIiT OYFE12 OYF3gaa OYF383 3% OYF3es1 OYF=a2 DY F3e5.1 OYFags s OYFaas
g B 12 10 11 7 ] 10 10 13
LY FIa8 3 DY F38 3 Oy P3S4 DY F3Ey.1 OYF3E7 2 DY Fx=a DY FB0 DY FaRi g DYF3T & Y Faas
13 14 14 78 32 11 10 i0 8
DY Pk DY F2ad OYFXas.1 DY Fa08 ¥ OYF3I08.1 DY F3E 2 OYF>e2a OYFpe Y OYFaoe.1 OYFIg9 .2

8 16 15 8 B8 E B
OYFHS3 O P00 O Y P 2 DYFE01 DY Fall T DY P 1 O P2 DY P04, 8 DY Fa4T
20 i 15 268 29 14 14 3
DY FIS 2 DY Faads Oy Fa07.1 DY Fa7 X DY F408.1 DY Fls 2 DY F<ara.1 Oy Fa0h X DYFa410.1
12 10 T {1 13 13 12 12 10 10
DY Fsi0 OYF411.3 OYF412.1 DYFd12 T OvYRl oY RO OYRIDn DY RN OYRInZ OYRIGE
12 12 13 13 16 10 12 12 7 10
D7 R 104 DYRIOS DY Ri06 DY RIOT OY R0 O R0 DY R1D DYRii1 DYRiAZ OYRI1E
11 6 B g8 = 3 g 11 12 8
OYR114 OYRI116 OYHIEF OYRIE OYR119 OYRI2 OYRIZ0 OYRIZIA OYRI2IZ
g 30 B 10 11 10 7 10 13
OYRIZEA ODYR1ZEZ DOYR1Z3 OYREiZ4.10 DY RiZ4T OYRIIS3 O R1Z5.1 DYR1252 Oy RS OYRIZT
7 7 14 10 12 12 25 75 13 g
OYRI2EA OYRIZE2 OYR128 OYRIZ OY R OYRI21 OYRI+ OYRIE OYREITA OYRIT.2
12 13 10 13 7 " 11 11 1

UYR1Ed DYRF8Z DYRI1g OYRE DY REd oY Rt DYRIT OYRI8
17 13 ] a4 17 1% N an

Apparently it kind of works... However especially long STRs have problems.

YSEQ

DNA Origins Project

[hwww.yfull.com

http
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An Alternative Approach for Scoring STRsS

Re

Yfull likely uses Tandem Repeats Finder (TRF) on the final
consensus seguence.

However many mappers only consider the reference sequence
as the only truth. => Repeat counts that differ significantly from
the repeat count of the reference will be entirely rejected. They
will not contribute to the consensus seqguence.

A better approach is to map the raw reads to a library of short
reference sequences (for each possible repeat count a
separate one). Wherever you get the highest number of
mapped reads will indicate the correct repeat count

A
ads Reference Library
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How Was the BigY Enrichment Assay
Designed?

lllumina has a “proprietary” process to generate 80 base long
enrichment probes for the regions that their customers provide (in
a BED file)

They really just “tile” the probes in equal distance. All they care
about is to get the G+C ratio of the probes in the ballpark of 48%

| wanted high Y chromosome specificity, therefore | asked them to
space the probes closer and increase the probe frequency

Then | applied filters by BLASTing each probe automatically
against the full genome reference sequence EXCERPT the Y.
Probes that were matches elsewhere were removed from the pool.

Probes for known markers that were on the Y tree at that time were
forced to be added to the pool to ensure coverage and backward
compatibility

26



lllumina Enriched Library Sequencing YSEQ

Nextera Sample Preparation Biochemistry DNA Origins Project
Transposomes In-Solution Capture
ST | N Genomic DNA
| 4 I".R y J
Y x k| [ 4 s s .
Linker — —
. 4L . Iigﬂt@d toDNA I 449 .

V g ~ 300 bp a2
- Hybridization to probes

4 Tagmentation

nmeeeessssssees BEE S ) -
T " | |
~ 300 bp 3

I I

\ 4
P5 Target-specific
Indh probes o

o Read 2 Sequencing Primer s Probes CapturEd
N\, P7 by beads

4 PCR Amplification — —

m Target'SPECifl(
probes

Sequencing-Ready Fragment

MNextera chemistry simultaneously fragments and tags DMA in a single step.
A simple PCRH amplification then appends sequencing adapters and sample Source: lllumina / Wikipedia
indices to each fragment. 27



Alternative: Direct PCR Library

A-tall P1-tail

YSEQ

DNA Origins Project

e
)

Sanger sequencin
g q >g

PCR
Sequence specific
Genomic DNA Primers with tails
N—p
N—p :
N ~
. N > PCR
N—p S
4—\

Genomic DNA Primer library with tails

Use the same primers for Sanger & NGS!

NG sequencing
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The YSEQ Team YSEQ

DNA Origins Project

Astrid

Heather

http://YSEQ.net

Thomas
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