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Pair 1= Read 1 + Read 2
Pair 2 = Read 3 + Read 4
Pair 3= Read 5 + Read 6

Read 1 Read 3 Read 2 Read 4 Read 6 Read 5

Reference sequence

p0=0 pl=10000 p3=10180 p2=10320 pd=10450 p6=10620 pS=10850

p3-pl=180
pS - p3 =670

pos Layer 10000 180 | 670

Figure 1

wandd A ATC T G GLAT TICIGA T A

ArCiT 16
reall |
tad T TG A O CITIAVAIG T AT
A CT
read ]

Figure 2
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sandl A AL CI TG LG ALT

oo v vt vy,

)
TCGAS?
]

reverse complement of read 2

Figure 3
Reomp layer
rl r2 element
strand 1 . .
strand 2 ?Cl
A
strand 1
12
strand 2 A rcz
r2
strand 1 . FCB
rl
strand 2 ‘M
strand 1 FCA
ri r2
strand 2 ‘
Figure 4
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EXAMPLE
Constant reads fength = 100

Read 1 l Read 3 Read 2 Read 4 5 Read 6 Read 5 [
Reference sequence

|

pO=0 pl=10000 p3=10180 p2=10320 pd=10450 p6=10620 p5=10850

pd~pl~100=220

Pairing distances 220 170 1 -330 pd ~p3~100=170
p6 ~ p5 ~ 100 = -330

Figure 5
EXAMPLE
Most Prabable Position Pairing Distance (MPPPD) = 2 ;;:-ai:’in% error=-1
MPPPD} paiting eror=2

— MPPPD

el Re] [re] [15] [ma] [w] [os] [oe| [rs] fud g fz
Reference sequence
pair 2131217010 Pairing errors vector

Optionafly the pair layer can be differentiolly encoded into pair’

par’ | 21515131110 Pairing errors vector

Figure 6
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Pair 1 = Read 1+ Read 2
Pair 2 = Read 3 + Read 4
Pair3=Read 5+ Read 6
Read 1 Read 3 Read 2 Read 6 Read 5
Reference sequence 1

Read 4

Reference sequence 4
p0=0 pl=10000 p3=10180 p2=10320 pd=10450 p6=10620 p5=10850

Puiting distances Oxfte 170 | -330 02~ p1-100 =220

reserved value ﬂag__i ~ / pd-p3-100=170
p6~p5~100=-330

reference sequence id if different from current reference

Figure 7
5
MOOA AT OIT GG TAT T DG AT A
AN TN NG AN
Rgdt Rad?
niis layer o3 e 7is
nols layer {differentialenc) 11 2111 318
Figure 8
10
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Figure 9

Rl VALATCHTT GG AT TICGHATT A

Snpp layer 2131565

Snpplayer{diffenc) | 21112 115§

Figure 10
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Snpt Layer {without IUPAC codes)

A substitution type s calculated as index
of a substitutions vector composed by all
the possible symbols. For example:
S={A,C G TN, 7] where Z = deletion
Index direction

» ENCODING is from right to left
* DECODING from left to right

Ref

—y

Read | Encoded Ref | Read | Encoded
Symb. Symb.

del. | idx{AZ)=

del. | idx{C2) =

~f 1 0y | Y § 2=

Z i Z i ZE P ZE
B E R EREE
3.
2, 2=

5
J=4
del. | idx(GZ)=3
del. | idx{T2)=2

Figure 11
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Rt CALALC T G| G| AT|T|CIG AT/ A
ALCIG|N CIN|T T
Read 1 Read 2
Snpplayer{diffenc) {2 {1 {21115
Snpt tayer 1141413158
Snipt fayer {diff. enc.) 113104118
Figure 12
Ref | Read | Encoded Symb.
snpt Layer with IUPAC codes) 5w T o3
A substitution type is calculated as indexin | A | Y | iMAY)=10
a substitutions vector composed by all the | A T | @dAT)=3
possible symbols. For example: A LN | xAN=4
S=[ACGTNZMRWSYKVHD,B] c | R idx{CR}=6
Index direction C 1 6 | ico=1
* ENCODING is from right to left C L T | idx{CT)=2
+ DECODING from left to right C | W | id{CW)=7
G | H | id(GH=11
G | C | idXGC)=15
Ref |Read | Encoded Symb. G | B | idx(GB}=13
G | N | iddGN)=2
N | W | W) =4 T M| idTM)=4
N S de(N,S) =5 T K idX(Y)K) =8
N B idx(N,B} = 11 T vV idx(TV) =9
Figure 13
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S=[A,CGTNZMRWSYKVHD,B]
Direction

* ENCODING is from right to left

* DECODING from left to right

Rf ATACITIGIGL AT T CIG AT LA
AL CIWIN K T

Read 1 Read 2
Snpp layer {diff. enc.) 211121158

Snpt layer 51414918

Sapt fayer {diff enc.) 111100508

Figure 14
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. Insert | Encoded Sym.
indt Layer (without IUPAC codes)
A 6
S:{AlCIGlT;NJZ} C 7
Direction G 8
* ENCODING is from right to left T g
* DECODING from left to right N 10
Ref, ATALCITIGIG AT T ICLG T1C
At C T 6 C NI T 1T
Read 1 Read 2

indp fayer {diff. enc.) 111741118

indt layer 512141948

indt layer (diff.enc.) 513121515

Figure 15
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. insert Encoded Sym.
fn dt Laye!" {with IUPAC codes)
A 16
S={ACGTNZMRWSYKVHD,B
C C 17
Direction
* ENCODING s from right to left G 13
+ DECODING from left to right T 19
N 20
ref | ATALCI T IG G AT T CLG T4 C
Al C T 16 CIR T W
Read 1 Read 2
indp layer {diff. enc.} 1140110148
indt layer 1514511915158
indt layer {diff. enc.) 15(-111 1 {18 }{-141 S
Figure 16
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Source model 2 s weiccoses

One position layer per substitution type, one per deletions and one per insertion type

Rt ALALCITIGIG A T TICLG T{¢
Al C T17 CINJT T
Read 1 Read 2
A 190 [ o
e yas———— First mismaich lobe decoded in this pair. The first layer
0 g:’ N 5 fo be decoded shall be flagged in the access unit header
i‘\ £ 4 8 & 3]
Moo
’“\ ~~~~~~~~~~~~~~~ Flag signallingthe end of the secand read palr. ¥ follows
T AR ER S the highest decoded valle for the secand read
N Tl
CIEREEERE
2%,
insA { S ERE Valus indicating the absence of mismaiches
T Ty S YT Y e of this type for the encoded read par
insC | o | @
insG | o | o
( : R A R A AR AR AT S Fiag signaliingthe end of the frst read palr I follows the
insT (s 1o} { highestdecodsd value for the first read
AL G G i T | Readd Readd | C L AT T
Rl ATALC TG IG AT T IO T1C

Figure 17
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SOUTC@ mOdel 2 (without 1UPAC codes)

One positionlayer per substitution type, one per deletions and one per insertion type

Ref ALALC T IGIGIALT T CLG T1¢C
AL C T 17 CIN I T T
Read 1 Read 2
A p |0 oanan | AC mismach 2
- exenntl T .| Delelion 3
C 24T R | o
o G-T mismatch 5
G O I I GN mismatch 7
T S(\.\wg“" i g i 8 C::é:' """" . o insedt T &
e =z Now all read pointers are ona {1 They move fo the
N A R A next element and the smaliestuale is the first
: mismatchor indef
del |34 03 o ’
{-G mismateh Z
insA | o 17 |0 i Delation 3
msc 9 a o G-T mismateh 5
insG [ T aa -G mismalch 4]
| - < fnsert A 7
§ FA
insT | 84 o 0T mismatch 9
ALG G| T Read3 Readd | C LA T I T
Rt A ATCITIGIGEGIA T HIT LG T1C
Figure 18
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Reference sequence 1

ATALC T GG AT TICLG 0T A

AT 6 G A . Mismatching positions
¢l 1] et A ‘7
S Class M reads with
T C¥E | A AT
respect toref, seq. 1

Reference sequence 2

ATALTCIT CLGLATA T OG0 C A

l

"Adapted” Class P reads with
reference TICLG A AT respectto ref. seq. 2
sequence

Figure 19
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o N cluster?
cluster] .. S N
z// \\\ £ N LT
/ \\ 5 : N $
K o R j The reads in each cluster
IVARN oo share a common
Vo N J sequence {signature)
\\ "me_‘_‘,/
. e L N
-~ \_\ s AY
S N ; \
\ ! | |
\ i 5 Y
N ! ' P {
\\ ."j \\ //
e AN e
a N
e cluster M
clusterK
R1 R2 RK RM
Figure 22
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RK—N

Rey

When encoding read K the reference is composed by reads K-1to K-N
Appropriate padding is used when not enough reads are available.

Figure 23
- Ry
w”#w N
- \
Rea NV R IPOI I Ria \\
P Vel " \
Position of the P RRE TN
o " Il I L
madonthe | . e o Hon matching \
. N ot D \‘ Y
e g riclorlalale AT alg e pysmet |
referance R e R
oo - . \
p offsetwithrespect | \
oS \ y tothestartof |
Posiions | e = | SEEMENE7 ofthe ‘i 3
andtypesof | 7 3 memaliel | 1
mismatehes | g T : ‘ f
snpp _:~‘.;‘ f‘i Zl RT]"'"""‘“"N-am..“.,,, T@fmiﬁat@f { t
o vemmm—etrl bl B
st IR descriptars o |
N A sach read ; /
, 2% R } )
inde (T4 T Nu"“"‘m—t.“ i /
N - — 'l PO M e e e MR o ' /
_‘ ” Hlag indicating the /
.;}_ " AP R R N N WS KN R KN 0 W s Mt e ek el i
fpe toeofeferance |/
-
greads L L " Nonmatching
o ot . s s e o reads
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RKF‘; e aa > yee IET] \; .n. e .: u.. >y RK_L
L. - - fn i i “}.
Position of the - ¢
readonthe | _w="" offset-1387 with respect to the previous read
-
internal rleleltia ale A T ialT]Aa]T
reference .
pos | .. b || <1387
pn—} pn
Figure 25
xC>AMT;3\ wGf{: transformations applied to the reference
reference | T TG AL C|C{T{TIALG ClT|A|T
A £
Iy \
Ay CT Aw Al C z“r’}w
A CITHT{A € CfT
bk N Rl
T L4 A
GLANA ClT A AT
v Y7
X z Y

X = mismatch that will disappear

Y = mismatch that will not disappear but mismatch code shall change
W = mismatch that stays unchanged

2= Newly introduced mismatch after transformation

Figure 26
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Reference sequence 1
ATATCITIG | GIATTITICLG O C A
AJALCIT | GG
AL CHT |66 A Mismatching positions
CLT | cerT A
 — - Class M reads with
T | C A AL A% T
respect to ref. seq. 1
Reference sequence 2
AJALTCTIT | C I GLAJA T CIGEC ) CHA
“transformad” CLT1C1 G LA LA
frans orme Class P reads with
reterence T1Cr 6 ALALT respect to ref. seq. 2
seguence
Figure 27
Known region Unknown region Known region
: . — Reference

?
1
1
§
§
[
}
1

Half mapped read pair wese—— o o o ———
mapped read unmapped read

-

. .
{’ W\unw HM read pairs he’p in assembliﬂg
| S Yo W W T SO—— wmigs that can cover the unknown
; region of the reference
\ JOUMIISIIIIIOIS S 1 208 1 SOOI
N N 7/ /
LEVPL

The unmapped reads can be assembled
In longer contigsto fill the unknown region

Figure 28
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Vectors of thresholds
per each class of data

q
Aligned

data

PCT/US2018/018092

|
class P data

|

k subclasses of N data

|

' -

M

20/28
'----—--—-------------------------1
: Data classification
: {lass 2 encoder
I
: {lass N encoder N
I ,
|| MAKN, | MAXN, 1. MAXN, intervals

Class M encoder

<N 283

MAXM,

MAXM,

j intervals

i Tiass {envoder

AN 264

MAXTOT, | MAXTOT, |..

MAXTOT, Ihintervals

{lass U encoder

{lass HM encoder

Metadata en

cotler

Annotations

ancoder

M

pi:H

Figure 29
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Classes N, Mand | can use the same reference transformation A, or
use different transformations Ay, A, A

Encodedusing R
Class P encoded reads | Py P s > | B Py
Class N encoded reads| N, N, T{Ng) T{Ng
Encoded using R,
Class M encoded reads| M, M - 2y T(M T{M
Ry = AgiR,
Class | encoded reads | |, " (R Ak b T
T represents the transformation of each encoded read
when encoded with respect to R, = A(R,)
using R
Class P encoded reads | Py P cncoded uing R > | P | | K
0 i
Class N encoded reads | N, T o LIl | o | Tl
302 R o=A R
Class M encoded reads| M, M | i ufy s | (Ml Ty (M)
B_{R=AfR
Class { encoded reads | |, l L [R=AR s | Tl Ti{ly)
Encoded using Ry Ry R,

Tis the transformation of each encoded read
when encoded with respect to R, = Ag{Rq)

Figure 30
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[200 {201 [202 [ ( (206 00 09 W
Unique Version Header| Reads | Ref  RefiD | N.AUs| Label | Data « MIT. |Params
D St {Length| count | List perref, Type %!
Figure 31
Master Index Table
Type 11213 N
Access Units
Class P ptl' mapping positions
Class N ptr
Class M ptr
Position on the
é‘;‘as::]pt; T reference sequence
ass v pur — of the first read in
Class HM ptr — each AU for each class
Metadata These pointers are
: used to access the
Anno'tatlﬁns ..................................................... Ln" aﬁd fmd {:he
pointer used to
“lump” to physical
positionsin the
reference
sequence
Figure 32
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/| This says that the 3% read
/| inthe 39 AU of class P
/| maps on reference 2 at
/ position 130298

Class P Separator \\\ f,/

10000 | 73987 123897, .. | § {12078 62656 |130298123501% .. | §

\_._

This says that the first read in the first AU of class P
maps on reference 1 at position 10000

Figure 33

- A VAN NS AT A AL SR N A Y S N e W

| Local Index Table {AUn elements)
. Layerype Total Access Units )

Postjms of et by cf e Al e payboad | metadaly

n bit mt e g of ( AU ﬁ} Pointers tothe AU o the payoad | Layerspasifc

Blockl | Block? | Block3 | Blockd | BlockS { Blocks | Block7 | Block8 | BlockS |Blocki0

Figure 34
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: * Local Index Table {AUn elements)
C fayer Total
D oyge  AccessUnits ¢
0 1578 250035890 {98037 { 115784 [17893012135781255904 | 294090 | 312490 |356730
f"ff "/f
e
o .
z e
LAUL L AUZ | AU3 | AU4 | AUS | AUB | AUT | AUS | AUS [AUI0|AUTY|AUL2| ALI3|AULE| AUS| AULS
Payload
Figure 35
Type 123 . [N
Class P ptr {MIT)
LT
Class N ptr {MIT) -
LT Here MIT vectors are
/ Class M ptr {MIT) interleaved with the
More than one LIT /! LIT ,7 cor{espandmg LiTor
per ¢ass of data \ Class | ptr (MIT) 3 clarity
LT / :
Class U ptr {MIT)
LT
Class HM ptr (MIT) 4
LT
Metadata ptr {MIT)
LT
Annotations ptr (MIT) 4
LIT
Figure 36
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Posdata Rcompdata Pairdata Rlendata

?T\/pemu(_L\r__L_\r_L_\(Jﬁ \g

Header | Posl |..| Rel |..| Pairl |..|Rlenl .| Flags

~--wu<::;-----~--~~~~-~-~--~-~~

The header information is
transcoded into several
Packets Headers
f :!-:-:x:-:o:-;n;-:c:lu:
| f“““i“”“j“““?;P ) 17““?“““3““““;S&emvnoﬁ&n%genaﬁad
§ bl | fif’f uuuuu Jéwjmm o) data belonging to layer p pos
2 5 Block :
% N A I T Stream containing encoded data
§~_< LWLWLW; :Wiwwiw“; belonging to fayer p reomp
B R B Sl el HOUR
L | P b ; ¢ Stream containing encoded
o I Ao data belonging to layer p pair
3 R 2 Al el
< i 11 I Stream containing encoded
T 3 g b o |
0 : : data belonging o layer p rien
’ k IEERRRRRFIZIASRRRANAUNTELRARARS .
Type 1 Access Unit
Figure 37
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270
g

Datablock  Datablock  Datablock
L

Data block
Data packet
et | | |
o \ [ \{ \( \
Header AUT(1 1 10,11 N| 121 |2 AN{13 113N 141 ./14N AUno. 1
2AM 231 1,23 M241.024M AUno.2

11M]2.2.1 .

K41 K43t AUno K

Header AU 212 1 _11...

Header AUKI K 1 1 [ K 1) K211 K20 [ K31 ] K3
layer1  layer? Layer 3 Layer 4
Figure 38

Leftmostread has N alignments  The right-most read has P= T M, algnments

\ ’ Reference
I 3 ; % &~ . I N\
Alignments of the right-most read associated with
~ the first alignment of the left-most read

Alignments of the right-most associated with
- the N™ alignment of the left-most read

Figure 39
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. s,
ot N,
X N, #f ; ", 3
\ . ; Reference
. .
N

Y posstegam {pog, . | 005

. :
\‘(‘( : < N i
" p— palr stredm | palny (| palng
; mavap steeami ¥ PN My
Mg totatnumber of pos descriptors for this record <N

" totalrumber of palrdescriptors or this record = NP s S M;  fno.of M, )+ optional}
total number of mmap descrintons for this record = N+l

Figure 40
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LS MR || TS

ARVAVARYAY.

P = total mumber of palr descriptors for this record
NP = total sumber of mear descriptors for this record

Figure 42
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