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Section Description Code Message
SEI= SUCCESSED A AFHTH
r_code FAILED B RasE

3) Master Server

O M4 5=

[regist/
grp_id 1Fo}olt] number a5
sub_grp_id ABE ofolT] number A
obj_info A B object RIS
name 70 A 3 string g
spices EES number a7 (L7, 2:31%k0))
breed = number g
birth_year IS number a4
sex =] string 24 ("MYFY
wool_clr = number g
neuter_yn ZA3 45 string g (YN
addr_cd FAFE string A
reg_info SEAR object g4
f_image olm A 1 array a4
s_image olw|A] 2 array e
5
f_seg ojmz] 1 AR array (float) [X1,x2,x3,x4,y1,y2,y3,y4]
5
S-S€g olmA 2 mEA s array (float) [x1,x2,x3,x4,y1,y2,y3,y4]
g
1:t¢t late size 1 150k
alg_num duE WA number 9. 1e0111<1pa ¢ size large  (150K)
3: 5k
th_val threshold &k number 0.0 (float)
{
“grp_id” : number, “sub_grp_id” : number,
“obj_info” : {
“name” : “string” , “spices” : number, “breed” : number, “birth_year” : number,
“sex” : “string” , “wool_clr” : number, “neuter_yn” : “string” , “addr_cd” : “string”
}
“reg_info” : {
“f_image” : [1, “s_image” : [], “f_seg” : [, “s_seg” : [], “alg_num” : number,
“th_val” : number
}
}
RESPONSE
r_code L/ IZ= string
r_msg LF WAA string
muz_id H & ID string
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dist

EEEE

number

{ “r_code®: “string“, “r_msg®: “string“, “muz_id” :

“string” ,

“dist” :

number }

@ MA A5

[verify/

muz_id H & ID string I

image olm] | array g5

Seg ol i K array(float) EXI';(Z x3,x4,y1,y2,y3,y4]
a4 )

alg_num Sye= WA number % tl%rll(lplate size large (150k)
3: 5k

th_val threshold %k number(float)

{

“muz_id“: “string” , “image®: [], “seg” : [], “alg_num“: number, “th_val*: number

‘

r_code F = string
r_msg L F WAA string

dist A AR number

{ “r_code” : “string” , “r_msg” : “string” , “dist” : number }

@ 7MA 2

[search/
lposr ]
search_info A AR object 4
grp_id IAFIE number S
sub_grp_id AMB1E oot number a5
spices MAZF number I (1 AW, 20 39k
breed 2= number d=F
birth_year EAEE number 25
sex A string 4 (M FY)
wool_clr A number 5
neuter_yn =43 5% string 4 (Y5, NY)
addr_cd FAIC string a4
obj_info MAA R object a5
image ojm A array EES
seg olw| X ulfAAR array(float) 4 [x1,x2,x3,x4,y1,y2,y3,y4]
alg_num dugE HA number d=
mode searching == number A 0 AT 10 25)
use_del AL A A ESFH number A (1 =3 0: v =3
th_val threshold %% number(float)
{
“search_info“:{
“grp_id: number, “sub_grp_id“: number, “spices”: number, “breed“: number,
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« “«

“birth_year®: number, “sex“:

“

“string“, “wool_cIr*: number, “neuter_yn“:“string®,
“addr_cd*: “string®

5,

“obj_info*“:{
“image®: [1, “seg” : [1, “alg_num®: number, “mode“: number,

“use_del“: number, “th_val“: number

——
——

r_code L/ = string

r_msg SF HWAA string

id_list A D g2E array(string)

dist_list AY AE Y2E array(number)

{ “r_code” : “string” , “r_msg” : “string”, “id_list” : [], “dist_list” : []}

@ MABR +4
/modify/

muz_id H] & olo]Y string puie

spices =3 number . 71, 2: 3.%Fo))
breed 5 number

birth_year EAY= number

sex Gk string (M F)
wool_clr =24 number

name WA string

addr_cd FAEIE string

neuter_yn 43t fF string YN

{

“muz_id“: “string®, “spices“: number, “breed”: number, “birth_year“: number,

“«

“sex“: “string“, “wool_cIr*: number, “name“: “string“, “addr_cd“: “string“,

“ o«

“neuter_yn“: “string”

‘

r_code oF I= string
r_msg LF HWAIA tring
{ “r_code” : “string” , “r_msg” : “string” }

© A A4A

/delete/
muz_id H| & o}o|t] string I
del_flag A = string B (Y AAL N AR L)
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“_ow

{ “muz_id*: “string“, “del_flag” : “string® }

r_code F IZ= string
r_msg LF wWAA string
{ “r_code®: “string”, “r_msg“: “string® }

® A5S
[reregist/

muz_id HI & ofolT] string g
f_image olm A 1 array g5
s_image ojm=| 2 array 25
f_seg ojlm A 1 mHAR array(float) I [x1,x2,x3,x4,y1,y2,y3,y4]
s_seg ojmA] 2 ntHAH R array(float) g [x1,x2,x3,x4,y1,y2,y3,y4]
alg_num drElE WA number E
th_val threshold %% number
{

“muz_id“: “stinrg",

“f_image“: [], “s_image“: [],

“alg_num“: number, “th_val“: number

“f seg“ [, “s_seg": [,

‘

r_code L/ = string

r_msg SF wWAA string

dist Ay AR number

{ “r_code” : “string” , “r_msg” : “string” , “dist” : number }

2) Searching Server
O MNA 55

[regist/

psr ]
f_image olm =] 1 array I

s_image olm =] 2 array g

f_seg olmlx] 1 wpAgr array(float) I [x1,x2,x3,x4,y1,y2,y3,y4]

s_seg ojH|x] 2 n}HAFH array(float) 4 [x1,x2,x3,x4,y1,y2,y3,y4]

alg_num S WA number B

th_val threshold %k number(float)

{

“alg_num®“: number, “th_val®“: number

“f_image“:[], “s_image“:[], “f_seg“: [1, “s_seg“: [],

‘

r_code s Z= string
r_msg S AR string
dist A AR number
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temp_data | HEE o]y array
{

“r_code” : “string” , “r_msg” : “string” , “dist” : number, “temp_data” : []
}

@ WA A=

[verify/
muz_id H|E olo]t] string g
image olm | array g
seg olu] x| u}A A = array 4 [x1,x2,x3,%4,y1,y2,y3,y4]
alg_num dugE WA number g
th_val threshold %t number(float)
{ “muz_id*: “string“, “image“: [1, “seg®: [], “alg_num®: number, “th_val“: number }

r_code e F& string

r_msg S5 HAIA string

dist AY AR number

{ “r_code” : “string” , “r_msg” : “string” , “dist” : number }

@ MA 2

[search/

“id_list“: [, “image“: [], “seg®: [], “alg_num®“: number,

id_list H] & ololf array(string) I

image olm] | array e

seg olu| x| wlH PR array(float) 24 [x1,x2,x3,x4,y1,y2,y3,y4]
alg_num s WA number q

th_val threshold %k number(float)

mode searching =& number O: 1%, 1. 25)

{

_35_

“th_val“: number, “mode“: number
}
r_code <3 Z= string
r_msg S AR string
id_list HE D g2E array(string)
dist_list A AR YgrE array(float)
{

“r_code” : “string” , “r_msg” : “string” , “id_list” : [], “dist_list” : []
}

@ WER F7H87




Itpl/

muz_id B & ofolt] string I
tpl o] ] array EES
{ “muz_id“: “string” , “tpl“: [] }
r_code R A string
r_msg S HAA string
{ “r_code” : “string” , “r_msg” : “string” }
® A=
[reregist/

muz_id vl& ID string
f_image olu| =] 1 array T
s_image olm =] 2 array -
f_seg olu|x] 1 uph AR array(float) 4 [x1,x2,x3,x4,y1,y2,y3,y4]
s_seg olu|x] 2 w}AAR array(float) I [x1,x2,x3,x4,y1,y2,y3,y4]
alg_num duElE WA number g
th_val threshold %k number(float)
{

“muz_id” : “string” , “f_image“:[], “s_image“:[], “f_seg“: [1, “s_seg“: [1,

“alg_num®“: number, “th_val“: number

‘

r_code 48 IZ= string
r_msg S5 HwAIA string
dist A AR number
temp_data HEE vlol v g array
{
“r_code” : “string” , “r_msg” : “string” , “dist” : number, “temp_data” : []
}
- GPU Balancer (Searching Server)
D e
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GPU9 HHIE 2 Bl
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Belgian Tervuren | &5 5 | Cocker Spaniel 2 10 | Golden Retriever | At 10
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Bichon Frise &0l 10 | Cocker Spaniel stst 10 | Golden Retriever | 7| 6
Bichon Frise AHE} 10 | Dachshund e 8 | Golden Retriever | X2 10
i it £ kA Italian 2

Bichon Frise 50| 10 | Dachshund Z=0| 10 Greyhound 7tet 7
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Sire Dam | Mating date delivery
weight date § Number
No | number date

Ser Ear .
ies | Tattoo Sex Rady Alve

el

1 8513172 10. 4 kgs | 2014-10-2 | ARX-3 | PXY-5 | 2019-09-17 2019-11-20 | 5-6 heads

2 FBE-6 F 10.6 kgs | 2016-3-28 | XQP-0 | HOS-5 | 2019-09-17 | 2019-11-20 | 5-6 heads
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- Canine genotype panels 2.1 kit 7HA'H &2 *} 33 DNAS] 177FA] F-91E PCR
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Aste] JRA 2 E 7

- A vl F FolA Sl thsl 178€H-E buccal swabS A Alsle] DNAES

=9
==

ZA} 3, Thermofisher scientific AF¢] Canine genotype panels 2.1 kit-& o] &3}7|2 2
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- dA) Canine genotype panels 2.1 kit®] F+u]E ZI83}% a1, peak pattern
3 ABI prism 3100 series 71712 zt& QA9 717] AH&

1-3. 223 d =(20201d) A7 =3 A 9

Locus Ghrulrmnel Repeat Motif Size range (bp) | Dye color’

al
=

AbEE TR ge

PEZOZ 17 GGAA 104-145 blue
ZEXIY Xy 159-164 blue
PEZ17 4 GAAA 190-225 blue
FH2017 15 AGGT, AGAT, GATA,, 256-276 blue

FH2309 | 1 GAAA 339-428 blue
PEZO5 | 12 TTTA 92-117 green

FH2001 23 GATA 118-160 green

FH2328 33 GAAA 171-213 green

FH2004 | M AAAG 232-326 green

FH2361 | 29 GAAA 322-439 green
PEz2t | 2 AAAT 83-103 yellow

FH2054 | 12 GATA 139177 yellow

FH3377 3 GAAAA 183-305 yellow
FH2107 3 GAAA 291-426 yellow

FH2088 15 (TTTA), (TTCA), 94-138 red
WEX 27 AGGAAT 151-187 red
FH2010 24 ATGA 221-243 red
PEZ16 27 GAAA 280-332 red
FH3313 19 GAAA 340-446 red
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m 19 Z}olA] peak pattern

Sample File|Marker| Size 1| Size 2 | Size 3 | Size 4| Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10|Size 11
1.fsa FAM [114.11|122.08|126.27 | 160.65 | 165.25|209.86 | 213.86 | 259.15 | 263.14 | 394.84 | 398.88
1.fsa VIC [102.58|106.41|146.61|183.14|202.04 | 237.39 | 245.56 | 348.77 | 374.69 1911
1.fsa PET |127.23]131.61|158.17| 225.4 |229.31|287.92|299.64 |380.94 | 384.63 ‘
1.fsa NED | 96.93 |145.37|170.38|188.93|237.12|367.59

Sample File|Marker| Size 1 | Size 2| Size 3 | Size 4| Size 5 | Size 6 | Size 7 | Size 8| Size 9 |Size 10|Size 11
1.fsa FAM |114.35 126.471160.97 | 165.46|210.12 | 214.16 | 259.33 | 263.29 | 394.99 | 399.01
1.fsa VIC |102.96|106.71|146.93|183.31|202.11 | 237.68 | 245.77 | 349.03 | 374.72 1912
1.fsa PET [127.39] 131.7 | 1584222554 | 229.5 | 288.04 | 299.83 | 380.47 | 384.21 ’
1.fsa NED | 97.23 |145.74|170.72|189.25 | 237.17 | 367.21

Sample File|Marker| Size 1 |Size 2 | Size 3 | Size 4| Size 5 | Size 6 | Size 7| Size 8 | Size 9 |Size 10|Size 11
1.fsa FAM |114.93 127.05]161.33| 165.9 |210.47|214.56 | 259.38 | 263.37 | 395.09 | 399.09
1.fsa VIC [103.62|107.44|147.52|183.41|202.01| 238 |246.14|349.75|374.94 20.01
1.fsa PET |127.75]132.12|158.87 | 225.7 | 229.64 | 287.85|299.66 | 379.43 | 383.05 ’
1.fsa NED | 97.85 | 146.1 |171.53|189.37 |236.89 | 366.33

Sample File|Marker| Size 1 | Size 2| Size 3 | Size 4| Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10|Size 11
1.fsa FAM [114.68|122.73]126.83|161.15|165.73 |210.22 | 214.28 | 259.26 | 263.17 | 395.05 | 399.04
1.fsa VIC [103.33|107.14|147.18| 183.3 | 201.89 | 237.69 | 245.87 |349.46 | 375 20.02
1.fsa PET |127.62]131.89| 158.6 |225.52| 229.5 | 287.7 |299.49 |379.75|383.36 ’
1.fsa NED | 97.62 | 145.9 |171.19]189.21 | 236.74 | 366.54 | 423.02

Sample File|Marker| Size 1 | Size 2 | Size 3 | Size 4| Size 5 | Size 6| Size 7 | Size 8| Size 9 |Size 10|Size 11
1.fsa FAM |114.85 127.01]161.31|165.82 21043 |214.37 | 259.33 |263.29 | 395.07 | 399.08
1.fsa VIC ]103.52|107.32|147.51]183.25|201.82|237.88| 246 |349.73|375.08 20.03
1.fsa PET |127.65[132.02|158.76|225.61|229.55|287.72|299.49|379.44 |383.12
1.fsa NED | 97.7 |146.04|171.22|189.12|236.64 | 366.21 | 422.67




Sample File|Marker| Size 1| Size 2 | Size 3 |Size 4| Size 5 | Size 6 | Size 7| Size 8 | Size 9 |Size 10|Size 11
1.fsa FAM | 114.2 126.36|160.82 | 165.37 | 209.93 | 213.98 | 259.23 | 263.12 [ 395.04 | 398.95
1.fsa VIC [102.84|106.58|146.82 | 183.15|202.02 | 237.41 | 245.62 | 348.93 | 374.83 20.04
1.fsa PET |127.22]131.56|158.28|225.42|229.39|287.84 | 299.56 | 380.54 | 384.27 '
1.fsa NED | 97.16 |145.58|170.54|188.97 | 236.97 | 367.23 | 423.89

Sample File|Marker| Size 1 |Size 2| Size 3 | Size 4| Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10|Size 11
1.fsa FAM |114.06|126.19|160.64 | 165.16 | 207.32 | 209.85 | 213.94 | 259.24 | 263.24 | 394.95 | 398.91
1.fsa VIC [102.55]106.35|146.55|183.14|202.18 | 237.35 | 245.52 | 348.69 | 374.75 20.05
1.fsa PET [127.15|131.49|158.12|225.43|229.35|287.96 | 299.65 | 381.23 | 384.85 ’
1.fsa NED | 96.96 |145.42|170.31|189.02 | 237.26 | 367.85 | 424.15

Sample File|Marker| Size 1 |Size 2 | Size 3 | Size 4| Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10|Size 11
1.fsa FAM [113.99[126.12]160.56 | 165.1 | 207.25|209.75|213.78 | 259.17 | 263.09 | 394.99 | 398.88
1.fsa VIC [102.36|106.26|146.38|183.14 | 202.15 | 237.2 | 245.33|348.64 |374.75 20.06
1.fsa PET [127.19/131.53|158.08 |225.32|229.34|287.97 |299.73 | 381.5 |385.22
1.fsa NED | 96.69 |145.23|170.08 | 188.99 | 237.29|368.16 | 424.27
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Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
2.fsa FAM | 122.06 | 130.31 | 160.65 | 165.19 | 209.87 | 213.9 | 259.19 | 263.14 | 383.13 | 387.04
2.fsa VIC |10641]110.23 | 137.46| 142 |183.04 | 202.15 | 241.44 | 245.47 | 340.54 | 348.76 1911
2.fsa PET |127.07 | 158.18 | 229.33 | 283.68 | 299.73 | 380.96 | 414.23
2.fsa NED | 9691 | 1454 | 154.19 | 188.89 | 363.9 |371.34

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
2.fsa FAM |122.39|130.68 |160.89 | 1654 |210.05|214.05|259.31 | 263.3 | 383.26 | 387.11
2fsa VIC |106.69 | 110.55 | 137.82 | 142.37 | 183.3 | 202.21 | 241.62 | 245.7 | 340.92 | 349.09 1912
2.fsa PET |127.38|158.33 | 229.46 | 283.86 | 299.83 | 380.8 | 413.84 '
2.fsa NED | 97.21 | 145.7 | 154.49 | 189.12 | 363.86 | 371.18

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
2.fsa FAM |122.88 | 131.26 | 161.33 | 165.96 | 210.51 | 214.51 | 259.37 | 263.35 | 383.29 | 387.16
2.fsa VIC |107.34 | 111.22 | 138.35| 142.94 | 183.42 | 202.08 | 242.07 | 246.12 | 342.01 | 349.75 20.01
2.fsa PET |127.68 | 158.8 |229.61 | 283.61 | 299.66 | 379.5 | 412.46
2.fsa NED | 97.71 | 146.02 | 154.91 | 189.21 | 362.85 | 370.02 | 422.56

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
2.fsa FAM | 122.63 | 130.97 | 161.15 | 165.72 | 210.27 | 214.32 | 259.29 | 263.19 | 383.27 | 387.17
2.fsa VIC |107.06 | 110.91 | 138.07 | 142.67 | 183.28 | 202.03 | 241.79 | 245.92 | 341.59 | 349.52 50.02
2.fsa PET |127.43|158.69 | 229.5 | 283.37|299.49 |379.73 | 412.7 '
2.fsa NED | 97.55 | 145.96 | 154.8 | 189.11 | 362.95 | 370.17 | 423

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
2.fsa FAM | 1229513131 | 161.3 | 165.87 | 210.45 | 214.42 | 259.32 | 263.31 | 383.32 | 387.19
2.fsa VIC [107.35] 111.2 | 138.34|142.94 | 183.3 | 201.95 246.07 | 341.98 | 3498 20.03
2.fsa PET | 127.72|158.83 | 229.58 | 283.34 | 299.42 | 3794 | 412.26
2.fsa NED | 97.64 |146.09 | 154.98 | 189.11 | 362.67 | 369.84 | 422.63

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5| Size 6 | Size 7 | Size 8 | Size 9 |Size 10
2.fsa FAM | 122.23 | 130.62 | 160.65 | 165.17 | 209.87 | 213.9 | 259.22 | 263.18 | 383.21 | 387.1
2.fsa VIC |106.55|110.49 | 137.58 | 142.15 | 183.08 | 202.06 245.53 | 340.46 | 348.81 20,04
2.fsa PET | 127.3 | 158.17 | 229.35 | 283.65 | 299.64 | 380.83 | 413.98 ’
2.fsa NED | 97.01 | 14548 | 154.18 | 188.83 | 363.73 | 367.43 | 424.03

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
2.fsa FAM | 122.1 | 1304 |160.64 | 1652 | 209.9 | 213.93 | 259.2 | 263.22 | 383.21 | 387.09 | 20.05
2.fsa VIC | 1064 | 110.3 | 1374 | 142.02 | 183.17 | 202.28 | 241.48 | 245.49 | 340.36 | 348.77
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2.fsa PET |127.22 | 158.1 |229.33 | 283.71 | 299.74 | 381.18 | 414.32
2.fsa NED | 96.94 |145.42 | 154.05 | 188.89 | 364.13 | 371.56 | 424.08
Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
2.fsa FAM |121.96 | 130.33 | 16046 | 165 |209.77 | 213.8 | 259.24 | 263.26 | 383.19 | 387.08
2.fsa VIC | 106.2 | 110.18 | 137.36 | 141.98 | 183.06 | 202.24 | 241.37 | 245.39 | 340.36 | 348.65 | 20.06
2.fsa PET |127.18|158.01 | 229.29 | 283.87 | 299.82 | 381.45 | 414.71
2.fsa NED | 96.69 | 145.34 | 153.96 | 188.93 | 364.3 | 371.75 | 424.3
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Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
3fsa FAM 126.26 | 160.65 205.9 209.93 | 259.16 263.1 390.96 | 394.87
3fsa VIC 10259 | 137.47 | 151.06 | 194.56 | 198.46 2374 | 34466 | 352.75 1911
3fsa PET 12723 | 13155 | 164.18 | 229.35 | 299.64 | 410.17
3fsa NED 96.91 154.13 | 16233 | 189.02 | 246.62 | 371.21
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
3fsa FAM 12646 | 160.89 | 206.06 | 210.15 | 259.38 | 263.37 | 391.12 | 39498
3fsa VIC 102.89 | 137.72 | 15131 | 194.66 | 19854 | 237.67 | 34497 | 353.08 19.12
3fsa PET 127.3 13173 | 16436 | 2295 299.83 | 409.97
3fsa NED 97.3 15444 | 162.58 | 189.21 | 246.78 | 371.24
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
3fsa FAM 12737 | 16141 | 20646 | 210.49 2594 263.34 | 391.16 | 395.12
3fsa VIC 105.16 | 13844 | 152.06 | 19458 | 19834 | 237.81 | 34599 | 353.59 20,01
3fsa PET 128.04 | 13222 | 164.89 | 229.63 | 299.66 | 408.51
3fsa NED 99.86 15495 | 16334 | 189.39 | 246.26 | 369.87 | 42248
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
3fsa FAM 126.7 161.07 | 206.25 | 210.32 | 259.27 | 263.18 | 391.06 | 395.04
3fsa VIC 10331 | 138.07 | 151.69 194.5 198.32 | 23775 | 34543 | 353.28 20,02
3fsa PET 131.86 | 164.59 | 17045 | 229.55 | 29949 | 408.87 ’
3fsa NED 97.54 154.72 | 162.99 | 189.18 | 246.23 | 370.14 | 448.68
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
3fsa FAM 12697 | 161.37 | 20645 | 21047 | 25933 | 263.29 | 391.15 | 395.08
3fsa VIC 103.59 | 13825 | 151.94 198.28 | 237.82 | 34586 | 353.58 20.03
3fsa PET 127.68 | 132.05 | 164.86 | 229.63 | 29949 | 408.34
3fsa NED 97.81 154.9 163.35 | 189.34 | 246.09 | 369.82 | 422.65
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
3fsa FAM 126.18 | 160.65 | 205.85 | 209.91 | 259.21 263.1 391.04 | 394.94
3fsa VIC 102.58 | 13756 | 151.15 | 19442 | 19835 | 23734 | 34464 | 352.84 20,04
3fsa PET 127.16 131.6 164.09 229.3 299.55 | 410.06 ’
3fsa NED 96.99 154.1 162.23 | 188.91 | 246.55 | 371.18 | 424.07
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
3fsa FAM 126.21 | 160.63 | 205.83 | 209.92 | 259.25 | 263.23 391 394.87 | 20.05
3fsa VIC 102.54 137.4 151.03 | 19459 | 19849 | 23739 | 34453 | 352.68
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3.fsa PET 12716 | 13149 | 16398 | 2294 | 299.74 | 41044
3.fsa NED 96.96 | 154.08 | 162.17 | 18899 | 246.85 | 371.53 | 424.15
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
3.fsa FAM 126.1 160.56 | 205.61 | 209.69 | 259.14 | 263.11 | 391.02 | 394.86
3fsa VIC 102.38 | 137.35 | 150.87 194.5 198.35 | 237.19 | 34436 | 35264 | 20.06
3.fsa PET 127.08 | 13146 | 16393 | 229.23 | 299.82 | 410.79
3.fsa NED 96.76 | 15394 | 162.06 | 188.88 | 246.76 | 371.88 | 424.24
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Sample File|Marker| Size 1 |Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 [Size 10|Size 11
4 fsa FAM |114.16|130.55|160.65| 165.2 | 207 |209.86|213.89|259.17|263.12 | 394.94 | 398.86
4 fsa VIC | 102.6 |106.48|128.88 | 137.57 | 175.55|202.15 | 241.42 | 245.45 | 340.54 | 354.84 1911
4 fsa PET |127.22|158.06|164.18|229.31|299.64 | 381 |384.66
4 fsa NED | 89.19 | 96.99 | 158.25|170.39|198.46 | 237.11 | 367.55 | 375.01

Sample File|Marker| Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 [Size 10|(Size 11
4 fsa FAM |114.36 |130.74 | 160.89 | 165.49 | 207 210 |213.99259.27 | 263.17 | 394.96 | 398.93
4 fsa VIC | 102.9 |106.77 | 129.05|137.73 | 175.68 | 202.2 | 241.54|24561| 341 355 19.12
4 fsa PET |127.37 |158.31|164.34|229.42 | 299.75 | 380.67 | 384.36
4 fsa NED | 89.51 | 97.22 | 158.58 | 170.69| 198.55 | 237.13 | 367.38 | 374.79

Sample File|Marker| Size 1 |Size 2 | Size 3| Size 4 | Size 5| Size 6 | Size 7 | Size 8 | Size 9 |Size 10|Size 11
4 fsa FAM |114.99|131.31]161.39|165.99| 207 | 210.5 |214.55|259.37|263.33 (395.12|399.16
4 fsa VIC |103.64|107.49|129.76 | 138.44 | 175.86 | 202.06 | 242.08 | 246.18 | 342.12 | 355.58 20.01
4 fsa PET |127.76|158.88 | 164.9 |229.62|299.59 | 379.37 | 383.03 ’
4 fsa NED | 90.31 | 97.87 |159.33|171.56| 198.7 |236.81|366.35|373.52 |422.44

Sample File|Marker| Size 1 |Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 [Size 10|(Size 11
4 fsa FAM |114.72131.09|161.15|165.73 | 207 |210.29|214.27 |259.32|263.23 | 395.05 | 399.04
4 fsa VIC |103.39]107.19|129.47 | 138.16 | 175.7 | 201.96 | 245.93 | 341.59 | 355.42 20,02
4 fsa PET |127.55|158.68|164.66|170.51 | 229.49 | 299.49 | 379.67 | 383.35
4 fsa NED | 89.96 | 97.62 | 158.99 | 171.19|198.55 | 236.73 | 366.53 | 373.77 | 423.02

Sample File|Marker| Size 1 | Size 2 | Size 3| Size 4 | Size 5| Size 6 | Size 7 | Size 8 | Size 9 |Size 10|Size 11
4 fsa FAM | 114.91|131.24]161.29|165.91|207.96 | 210.47 | 214.49 | 259.41 | 263.37 | 395.16 | 399.1
4 fsa VIC |103.54107.35|129.65|138.34 | 175.78 | 202.01 | 242.01 | 246.1 | 341.91 | 355.59 50.03
4 fsa PET |127.67 | 158.85|164.85|229.64 | 299.49 | 379.42 | 383.1 '
4 fsa NED | 90.17 | 97.81 |159.15|171.39| 198.57 | 236.76 | 366.3 |373.52|422.58

Sample File|Marker| Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 [Size 10|(Size 11
4 fsa FAM |114.05| 1304 | 160.56|165.14 | 207.33 | 209.86 | 213.94 | 259.21 | 263.12 | 394.98 | 398.92
4 fsa VIC | 102.6 |106.37 | 128.81 | 137.46 | 175.47 | 202.17 | 241.41 | 245.49 | 340.37 | 354.81 20,04
4 fsa PET |127.14|158.07 | 164.02 | 229.34 | 299.64 | 380.94 | 384.61 ’
4 fsa NED | 89.17 | 96.99 | 158.16 | 170.26 | 198.44 | 237.14 | 367.56 | 374.96 | 424.15

Sample File|Marker| Size 1 |Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 [Size 10|(Size 11
4 fsa FAM |113.93|130.31|160.64 | 165.16 209.78 | 213.79 | 259.23 | 263.22 | 394.89 | 398.83 20.05
4 fsa VIC |102.48 |106.29 | 128.77 | 137.4 | 175.52|202.18 | 241.31 | 245.4 | 340.35 | 354.79
4 fsa PET [127.14|157.94]163.99| 229.3 1 299.83|381.31| 385
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4 fsa NED | 89.09 | 96.86 | 158.03|170.22 | 198.5 |237.31|367.97 | 375.35|424.15
Sample File|Marker| Size 1 |Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 [Size 10|(Size 11
4.fsa FAM | 114.11|130.51 | 160.64 | 165.18 | 207.35 | 209.88 | 213.9 | 259.22 | 263.14 | 394.91 | 398.9
4 fsa VIC |102.56 |106.47|128.86| 137.5 | 175.49|202.27 | 241.42 | 245.44 | 340.44 | 354.81 20.06
4.fsa PET |127.23|158.12| 164 |229.37|299.74|381.19|384.92
4 fsa NED | 89.19 | 96.95 | 158.21|170.25 | 198.58 | 237.23 | 367.83 | 375.27 | 424.09
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Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
5fsa FAM | 114.11 | 126.26 | 160.65 | 209.86 | 213.89 | 263.17 | 394.87 | 398.87
5fsa VIC | 10645 | 110.38 | 128.89 | 146.69 | 175.42 | 202.06 | 241.4 | 245.52 | 354.82 | 374.67 1911
5fsa PET | 127.23 | 131.65 | 164.08 | 225.45 | 229.39 | 287.9 | 299.73 | 380.9 | 414.16 '
5fsa NED | 89.22 97 154.18 | 158.27 | 193.73 | 198.46 | 363.87 | 375.02

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
5.fsa FAM | 114.35 | 126.46 | 160.89 | 210.02 | 214.01 | 263.28 | 395.03 | 399.01
5fsa VIC | 106.67 | 110.6 | 129.08 | 147.01 | 175.59 | 202.04 | 241.61 | 245.69 | 355 | 37474 19.12
5.fsa PET 127.3 | 131.73 | 164.34 | 225.48 | 229.38 | 288.01 | 299.74 | 380.63 '
5.fsa NED | 8949 | 97.21 | 154.49 | 158.51 | 193.81 | 198.54 | 363.67 | 374.74

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
5fsa FAM | 114.99 | 127.08 | 161.46 | 210.56 | 214.51 | 263.37 | 395.11 | 399.11
5fsa VIC | 10746 | 111.3 | 129.75 | 147.55 | 175.93 | 201.98 | 242.09 | 246.16 | 355.58 | 374.99 5001
5fsa PET | 127.76 | 132.14 | 164.95 | 225.73 | 229.67 | 287.85 | 299.66 | 379.34 | 412.34 '
5fsa NED | 90.29 | 97.88 | 155.1 | 159.4 | 194.07 | 198.71 | 362.72 | 373.5 | 422.41

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
5fsa FAM | 114.69 | 126.8 | 161.14 | 210.3 | 214.33 | 263.24 | 395.06 | 399.04
5fsa vicC | 10717 | 111 129.42 | 147.27 | 175.7 | 201.87 | 241.84 | 245.95 | 35546 | 375 20.02
5fsa PET | 152.73 | 164.64 | 170.53 | 225.57 | 229.53 | 287.67 | 299.42 | 379.67 | 412.56 '
5.fsa NED | 90.04 | 97.64 | 154.79 | 159 | 193.91 | 198.56 | 362.89 | 373.72 | 422.95

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
5.fsa FAM | 127.74 | 161.41 | 206.43 | 210.5 | 263.32 | 267.26 | 395.11 | 403.2
5.fsa VIC | 105.37 | 109.01 | 130.19 | 151.19 | 183.64 | 198.34 | 237.82 | 345.83 | 353.56 20.03
5.fsa PET | 128.33 | 136.31 | 164.99 | 229.66 | 298.92 | 408.36 '
5fsa NED | 99.93 | 149.84 | 163.36 | 189.55 | 194.15 | 359.05 | 384.3 | 422.63

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
5fsa FAM 126.34 | 160.65 | 209.88 263.09 | 394.93 | 402.93
5fsa VIC | 102.69 | 106.55 | 128.95 | 151.05 | 183.03 | 198.27 | 237.31 | 344.6 | 352.82 | 403.02 20.04
5fsa PET 127.3 | 13577 | 164.07 | 169.89 | 229.29 | 299.55 | 410.12 '
5fsa NED | 97.01 | 108.69 | 150.1 | 162.22 | 188.89 | 193.63 | 360.06 | 363.86

Sample File| Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
5fsa FAM | 126.26 | 160.73 | 205.77 | 209.79 | 263.14 | 267.14 | 394.96 | 402.86
5fsa VIC | 102,57 | 1064 | 128.85 | 151.04 | 183.13 | 198.41 | 237.27 | 344.57 | 352.78 20.05
5.fsa PET | 127.22 | 135.8 | 164.08 | 169.95 | 229.34 | 299.74 | 410.39
5fsa NED | 96.94 150.09 | 162.27 | 189.01 | 193.72 | 360.43 | 386.3 | 424.05
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Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9 |Size 10
5.fsa FAM | 126.18 | 160.56 | 205.68 | 209.64 | 263.1 | 267.05 | 394.86 | 402.95
5.fsa VIC | 102.39 | 106.25 | 128.73 | 150.77 | 183.07 | 198.36 | 237.2 | 344.37 | 352.62 | 403.22 | 20.06
5.fsa PET |127.16 | 135.63 | 163.92 229.28 | 299.73 | 410.79
5.fsa NED | 96.67 149.9 | 162.05 | 188.95 | 193.71 | 360.57 | 386.66 | 424.21
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m 6% 7ZolA| peak pattern

Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
6.fsa FAM 126.19 | 160.65 2058 | 209.82 263.1 267.03 | 39491 | 402.94
6.fsa VIC 102.66 | 12881 | 151.06 | 183.04 | 19829 | 2373 34893 | 354.89 1911
6.fsa PET 127.16 | 135.65 | 164.16 | 229.27 | 299.55 | 380.94 | 427.29
6.fsa NED 97.01 15419 | 16231 | 188.96 | 246.59 3713 386.02

Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
6.fsa FAM 126.58 | 160.96 | 206.08 | 210.17 | 263.25 | 267.25 | 394.99 | 403.07
6.fsa VIC 103.01 | 129.16 | 151.48 | 183.36 | 19841 | 237.67 | 349.28 | 355.12 1912
6.fsa PET 1274 13592 | 16446 | 22942 | 299.67 | 380.37
6.fsa NED 97.35 154.57 162.8 189.23 | 246.58 | 370.87 | 385.57

Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
6.fsa FAM 127.13 | 16139 | 20649 | 210.52 | 263.38 | 267.38 | 395.05 | 403.2
6.fsa VIC 103.65 | 129.73 | 152.03 | 183.43 | 19837 | 23791 | 349.82 | 35558 20.01
6.fsa PET 127.74 | 136.29 | 164.88 | 229.67 | 299.12 | 379.34 | 42561
6.fsa NED 97.73 15495 | 163.36 | 189.43 | 246.27 | 36991 | 38446 | 422.41

Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
6.fsa FAM 126.81 | 161.21 206.3 210.39 | 263.25 | 267.19 | 395.09 | 403.17
6.fsa VIC 103.4 12943 | 151.84 | 18322 | 19827 | 237.75 | 349.67 | 35547 20,02
6.fsa PET 127.52 | 136.09 | 164.69 | 229.51 | 29943 | 37947 | 42561 '
6.fsa NED 97.65 15492 | 163.18 | 189.22 | 246.13 | 369.95 | 38445 | 422.86

Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
6.fsa FAM 12734 | 16142 | 206.46 | 210.47 | 263.33 | 267.28 | 395.05 | 403.14
6.fsa VIC 105.16 | 129.82 | 152.06 | 183.31 | 19824 | 237.82 | 349.87 | 355.54 20.03
6.fsa PET 12793 | 136.27 | 16491 | 22959 | 299.5 379.18 | 425.32 '
6.fsa NED 99.93 15495 | 163.28 | 189.33 | 246.06 | 369.68 | 384.17 | 422.52

Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
6.fsa FAM 12641 | 160.65 | 205.79 | 209.87 | 263.15 | 267.07 | 394.88 | 402.86
6.fsa VIC 102.71 183.06 | 19835 | 23734 | 3488 | 354.81 20,04
6.fsa PET 127.29 | 13584 | 164.02 | 169.98 | 229.35 | 298.99 ’
6.fsa NED 96.88 15412 | 162.24 | 188.97 | 24651 | 371.15 | 385.91 | 424.05

Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
6.fsa FAM 126.37 | 160.72 | 205.87 | 209.83 | 263.17 | 267.05 | 39491 | 402.93
6.fsa VIC 102.72 | 129.02 | 151.03 | 183.19 | 19843 | 237.33 | 348.88 | 354.81 20,05
6.fsa PET 12732 | 135.86 | 164.14 | 229.32 | 299.23 | 381.07 | 427.45
6.fsa NED 97.08 154.19 | 16234 | 189.08 | 246.64 | 371.34 | 386.15

Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
6.fsa FAM 126.06 | 160.56 | 20574 | 209.77 | 263.21 | 267.05 | 394.88 | 402.85
6.fsa VIC 102.52 128.7 150.96 | 183.18 | 19845 | 237.27 | 34865 | 354.76 | 20.06
6.fsa PET 127.13 | 13562 | 16399 | 2293 299.73 | 381.27
6.fsa NED 96.88 154.1 162.14 | 188.96 | 246.84 | 37156 | 386.38 | 424.11
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Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
7fsa FAM | 126.35 | 160.74 | 165.27 | 209.9 | 259.21 | 263.14 | 391.02 | 402.94
7fsa VIC 102.68 | 128.96 | 151.06 | 183.22 | 198.39 | 23745 | 241.46 | 348.93 | 354.98

19.11
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7fsa PET 12732 | 1317 | 16426 | 229.33 | 295.71 | 299.11 | 380.94 | 410.12
7fsa NED 97.01 | 154.22 | 162.41 | 189.02 | 246.63 | 3713
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
7fsa FAM | 126.65 | 160.96 | 165.57 | 210.21 | 259.39 | 263.28 | 391.09 | 402.97
7fsa VIC 103.02 | 129.22 | 151.46 | 183.29 | 19849 | 237.66 | 241.73 | 349.28 | 355.16
7fsa PET 12747 | 131.81 | 164.44 | 229.45 | 295.86 | 299.17 | 3804 | 409.51 1912
7fsa NED 97.35 | 154.53 | 162.79 | 189.23 | 246.62 | 370.81
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
7fsa FAM | 127.09 | 16145 | 166.01 | 208.07 | 210.57 | 259.38 | 263.35 | 391.15 | 403.17
7fsa VIC 103.67 | 129.68 | 152.09 | 183.44 | 198.37 | 238.02 | 242.07 | 349.88 | 3556
7fsa PET 132.07 | 164.93 | 229.65 | 295.65 | 299.06 | 379.35 | 408.39 2001
7fsa NED 97.82 | 155.07 | 163.48 | 189.41 | 246.25 | 369.82 | 4224
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
7fsa FAM | 126.85 | 161.22 | 165.76 210.34 | 259.34 | 263.29 | 391.14 | 403.11
7fsa VIC 103.36 | 129.47 | 151.69 | 183.28 | 198.27 | 237.82 | 24191 | 349.6 | 35543 20.02
7fsa PET 127.56 | 131.95 | 164.71 | 229.57 | 295.55 | 298.92 | 379.63 | 408.67
7fsa NED 97.64 | 154.79 | 163.12 | 189.22 | 246.21 | 370.03 | 423
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
7fsa FAM | 126.89 | 161.22 | 165.8 | 207.9 | 210.44 | 259.37 | 263.36 | 391.13 | 403.15
7fsa VIC 10341 | 129.44 | 151.85 | 183.31 | 198.32 | 237.91 | 241.97 | 349.66 | 35549 20.03
7fsa PET 127.52 | 131.95 | 164.73 | 229.65 | 295.65 | 298.98 | 379.59 | 408.66
7fsa NED 97.71 | 154.87 | 163.13 | 189.23 | 246.18 | 369.99 | 422.77
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
7fsa FAM | 126.26 | 160.65 | 165.22 | 207.33 | 209.86 | 259.21 | 263.12 | 391.09 | 402.95
7fsa VIC 102.68 | 128.81 | 151.07 | 183.11 | 198.26 | 237.41 | 241.41 | 348.88 | 354.91
7fsa PET 12714 | 131.59 | 164.1 | 229.34 | 295.71 299 380.93 | 410.02 2004
7fsa NED 96.99 | 154.13 | 162.24 | 18891 | 246.58 | 371.22 | 424.1
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
7fsa FAM 126.1 | 160.64 | 165.18 209.89 | 259.24 | 263.16 | 391.06 | 402.87
7fsa VIC 102.56 | 128.7 | 151.04 | 183.13 | 19849 | 237.34 | 241.35 | 348.77 | 354.83 20,05
7fsa PET 127.16 | 13143 | 164.09 | 229.3 | 295.82 | 299.13 | 381.27 | 41042
7fsa NED 96.94 | 15411 | 162.27 | 189.04 | 246.76 | 371.57 | 424.04
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
7fsa FAM | 126.31 | 160.56 | 165.09 209.8 | 259.2 | 263.12 | 391.04 | 402.94
7fsa VIC 102.53 | 128.84 | 150.96 | 183.19 | 198.46 | 237.32 | 241.32 | 348.83 | 354.83 | 20.06
7fsa PET 127.28 | 131.59 | 163.98 | 229.31 | 295.74 | 299.2 | 381.21 | 41047
7fsa NED 969 | 154.09 | 162.13 | 189.02 | 246.75 | 371.56 | 424.11
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8.fsa VIC 102.58 128.8 151.07 | 183.17 | 19829 | 237.31 344.7 352.84
8.fsa PET 12714 | 135.65 | 164.17 | 229.26 | 29579 | 299.1 41025 | 4274
8.fsa NED 96.91 150 162.32 | 188.99 | 246.53 | 371.37
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
8.fsa FAM 126.67 | 160.96 | 206.21 | 210.19 | 2633 267.27 | 391.08 | 403.07
8.fsa VIC 103.16 | 12933 | 151.54 1833 198.41 237.7 3453 353.2 19.12
8.fsa PET 12749 | 136.05 | 164.42 | 2295 29577 | 299.17 | 40947 | 4266
8.fsa NED 97.45 150.55 | 162.86 | 189.23 | 246.64 | 370.72
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
8.fsa FAM 127.16 | 16144 | 206.57 | 210.59 | 26347 | 267.39 | 391.11 403.2
8.fsa VIC 103.72 129.8 152.15 | 183.46 1984 | 237.98 | 346.07 353.6 20.01
8.fsa PET 127.76 | 136.25 | 164.95 229.7 | 29577 | 299.07 | 408.28 | 42544
8.fsa NED 97.84 150.85 | 163.52 | 189.48 | 24631 | 369.74 | 422.31
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
8.fsa FAM 126.72 | 161.15 | 206.29 | 210.26 | 263.19 | 267.16 | 391.19 | 403.12
8.fsa VIC 103.29 | 12936 | 151.77 | 183.24 | 19826 | 237.71 | 34557 3534 20.02
8.fsa PET 12743 | 13598 | 164.65 | 229.47 | 29553 | 298.85
8.fsa NED 97.55 150.65 | 163.13 | 189.21 | 246.15 | 370.18 | 423.03
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
8.fsa FAM 126.87 | 161.23 2064 2104 | 26334 | 267.27 | 391.14 | 403.09
8.fsa VIC 10344 | 12943 | 151.79 | 18334 | 19832 | 237.89 | 34568 | 3535 20.03
8.fsa PET 127.58 | 136.07 | 164.68 | 229.6 | 295.64 | 29891 | 408.67 | 425.77
8.fsa NED 97.7 150.65 | 163.15 | 189.28 | 246.25 370.1 422.82
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
8.fsa FAM 12643 | 160.65 | 20591 | 209.94 | 263.1 267.06 | 391.16 | 403.02
8.fsa VIC 102.69 | 129.05 | 151.05 | 183.04 | 198.36 | 237.38 | 344.69 3529 20.04
8.fsa PET 127.3 135.87 | 164.07 | 229.39 | 29557 | 299.01 | 409.92 | 427.11
8.fsa NED 97.01 150.1 162.32 | 188.98 | 246.55 | 37113 | 423.96
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
8.fsa FAM 126.24 | 160.64 | 20571 | 209.75 | 263.07 | 267.1 391.02 | 402.89
8.fsa VIC 102.6 12884 | 15095 | 183.12 1984 | 237.13 | 344.52 | 352.72 20,05
8.fsa PET 127.29 1357 164.02 | 229.24 | 2958 | 299.13 | 410.56 | 427.68
8.fsa NED 96.93 150 162.19 | 189.04 | 246.69 | 37154 | 424.23
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
8.fsa FAM 126.15 | 160.55 | 205.68 | 209.77 | 263.12 267.1 391.1 402.91
8.fsa VIC 102.51 | 12876 | 150.86 | 183.11 | 19838 | 237.26 | 34456 | 35274 | 20.06
8.fsa PET 127.21 | 135.67 | 163.95 | 229.28 | 295.85 | 299.29 | 410.64 | 427.79
8.fsa NED 96.82 149.9 162.11 | 188.91 | 246.74 | 371.67 | 424.13

_71_




450
400
350
300
250
200

seel

Sge2

B12.11 FAM ®m19.12 FAM

350
300
250
200
150

Seel

o T A

See2

See3

ik
o3

=

Sges

OtXl _rAM

=]

SEes

150 I _H| | | i
100 i | !E | | |
G | | I I I |

SEeb

|
|

See?

"
I

Seed

=20.01 FAM = 2002 FAM m20.03FAM m20.04 FAM m20.05FAM m 20,06 FAM

g ZOFX| vic

S5ee3

mI1Z1IVIC ®1912VIC ®m20.01VIC

430
400
350
300
250
200
150

Seel

WMI1%11PET ®W19.12PET m2001PET

450

350
360
250
200
150

Sezel

Sgel

Seel

Seed

See5

gt ZOFA|_peT

Seed

Szed

20.02 PET

See5s

u 20.83 PET

gt ZOFX| NED

1]

See3

Seed

i

Seeh

- o
| |
i . |
: i | | |
100 i | m | I |
o 00O
(1] | _| | L | | :’E.

Seeb

e

)

See’?

See?

|
|

See8

H2002VIC m2003VIC m2004VIC m2005VIC m2008VIC

See8

®20.04 PET m2005PET m20.06 PET

= i ; I | |
e ‘“““ |||

Sees

Seeb

—

—

=

I
|
I
I
I
]

See?

W18 11 NED ®18.12NED ®20.01 NED ® 2002 NED ®20.03 NED wm20.04 NED wm20.05NED m20.06 NED

m 93 Z}olx] peak pattern

Sample File

Marker

Size 1

Size 2

Size 3

Size 4

Size 5

Size 6

Size 7

Size 8

9.fsa

FAM

126.19

160.56

165.1

209.87

263.14

266.99

391.03

394.95

19.11

_72_




9fsa VIC 102.57 | 10641 | 137.46 | 19444 | 19836 | 237.31 | 348.84 | 354.83
9.fsa PET 127.17 131.5 164.08 | 229.33 | 295.78 | 299.64 | 381.05
9.fsa NED 97 154.1 162.23 | 188.95 | 246.64 | 37134 | 386.17
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
9fsa FAM 126.39 | 160.72 165.3 209.93 | 263.15 | 267.11 | 391.02 | 394.93
9fsa VIC 102.71 | 10649 | 137.61 | 19457 | 19843 | 23742 | 348.89 | 354.86 1912
9fsa PET 12734 | 13164 | 164.13 | 229.33 2958 | 299.74 | 380.9
9fsa NED 97.07 15426 | 16243 | 189.11 | 246.72 371.3 386.04
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
9.fsa FAM 126.98 | 161.33 1659 | 21046 | 263.32 267.3 391.11 | 395.04
9fsa VIC 103.55 107.3 13827 | 194.58 | 19834 | 237.78 | 349.75 | 35547 20.01
9fsa PET 131.96 164.8 | 229.58 | 295.71 | 299.66 | 379.57
9fsa NED 97.78 154.84 | 163.25 1894 | 24638 | 370.14 | 384.67
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
9fsa FAM 126.77 | 161.15 | 165.68 | 210.25 | 263.21 | 267.13 | 391.14 | 395.05
9fsa VIC 103.32 | 107.06 | 138.07 | 194.44 | 19832 | 237.72 | 34959 | 35539 20,02
9.fsa PET 164.61 229.51 295.5 299.42
9fsa NED 97.62 15475 | 163.07 | 189.21 | 246.22 | 370.21 | 384.78
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
9fsa FAM 12825 | 161.16 | 16579 | 210.34 | 263.26 | 267.22 | 391.15 | 395.08
9fsa VIC 105.51 | 109.19 | 13892 | 194.41 | 19824 | 237.71 | 349.59 | 35545 20.03
9.fsa PET 133.11 | 164.63 | 229.56 | 29559 | 299.56 | 379.66
9fsa NED 99.93 154.58 | 163.02 | 189.22 | 246.22 | 370.05 | 384.66
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
9fsa FAM 126.38 | 160.74 | 165.33 | 209.97 | 263.1 267.13 | 391.13 | 394.99
9fsa VIC 102.74 | 106.56 | 137.69 | 194.43 | 19829 | 23743 349 355.06 20.04
9fsa PET 12734 | 131.72 | 164.14 | 229.31 | 295.68 | 299.64 | 380.78
9fsa NED 97.03 154.27 | 16239 | 18893 | 24646 | 371.06 | 385.77
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
9.fsa FAM 126.15 | 160.64 | 165.14 | 209.8 | 263.19 | 267.15 | 390.98 | 394.89
9.fsa VIC 137.38 | 194.53 | 19848 | 23731 | 34875 | 354.87 20.05
9fsa PET 127.21 131.5 164.04 | 229.29 | 29587 | 299.74 | 381.28
9fsa NED 96.91 154.05 189.03 | 246.82 | 37166 | 386.47
Sample File | Marker | Size 1 Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8
9.fsa FAM 126.06 | 160.55 | 165.13 | 209.82 | 263.18 | 267.14 | 391.01 | 394.83
9.fsa VIC 10242 | 106.26 | 137.28 | 19453 | 19848 | 237.28 | 348.67 | 354.78 | 20.06
9.fsa PET 127.12 | 13151 | 164.04 | 229.34 | 29587 | 299.74 | 38142
9.fsa NED 96.83 15396 | 162.11 | 189.03 | 246.89 | 371.73 | 386.6
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10.fsa VIC 102.68 | 106.45 | 128.89 | 151.06 | 183.17 | 198.37 | 237.4 | 344.61 | 352.86
10.fsa PET 12723 | 13575 | 164.18 | 229.33 | 299.1 | 410.34
10.fsa NED 96.91 150 162.32 | 189.01 | 193.75 | 360.3 | 386.12
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
10.fsa FAM 126.52 | 160.8 | 20599 | 210.01 | 263.28 | 267.2 | 394.97 | 402.97
10.fsa VIC 102.84 | 106.66 | 129.06 | 151.31 | 183.25 | 198.45 | 237.51 | 344.97 | 352.93 1942
10.fsa PET 127.36 | 135.87 | 164.28 | 2294 | 299.74 | 409.95
10.fsa NED 97.19 | 150.28 | 162.59 | 189.18 | 193.87 | 360.17 | 385.93
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
10.fsa FAM 126.97 | 161.26 | 206.43 | 21043 | 263.33 | 267.3 | 395.04 | 403.21
10.fsa VIC 10349 | 107.25 | 129.6 | 151.87 | 18342 | 1984 | 237.84 | 3458 | 3535 20,01
10.fsa PET 127.66 | 136.17 | 164.79 | 229.59 | 299.59 | 408.75
10.fsa NED 97.7 | 150.71 | 163.24 | 189.37 | 194.01 | 359.41 | 384.73 | 422.65
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
10.fsa FAM 126.77 | 161.15 | 206.19 | 210.27 | 263.16 | 267.16 | 395.06 | 403.06
10.fsa VIC 107.06 | 129.33 | 151.62 | 183.26 | 198.32 | 216.6 | 237.71 | 34548 | 353.38 20,02
10.fsa PET 12748 | 13598 | 164.61 | 229.48 | 29891 | 408.9
10.fsa NED 97.54 | 150.57 163 189.21 | 193.85 | 359.48 | 384.93
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
10.fsa FAM | 114.75 | 126.84 | 161.25 210.37 | 263.3 395.03 399
10.fsa VIC 107.16 | 129.51 | 147.31 | 175.78 | 201.91 246.02 355.48 20.03
10.fsa PET 127.57 | 131.97 | 164.81 | 229.58 | 29948 | 4125
10.fsa NED 97.6 | 154.82 | 159.05 193.95 | 362.85 | 373.68
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
10.fsa FAM | 114.22 | 126.34 | 160.74 209.85 | 263.16 39497 | 398.85
10.fsa VIC 10647 | 128.95 | 146.61 | 17552 | 202.06 | 241.41 | 245.54 354.84
10.fsa PET 127.3 | 131.7 | 164.17 | 229.39 | 299.64 | 414.01 2004
10.fsa NED 97.01 | 154.12 | 158.25 | 185.04 | 193.76 | 3639 | 374.98 | 424.03
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
10.fsa FAM | 113.98 | 126.17 | 160.55 | 207.27 | 209.8 | 213.83 | 263.16 | 394.85 | 398.82
10.fsa VIC 106.32 | 128.76 | 146.55 | 175.49 | 202.19 | 241.35 | 245.46 354.74 20.05
10.fsa PET 127.22 | 131.57 164 229.3 | 299.74 | 414.41
10.fsa NED 96.85 158.12 193.77 | 364.21 | 37536 | 42418
Sample File | Marker | Size 1 | Size 2 | Size 3 | Size 4 | Size 5 | Size 6 | Size 7 | Size 8 | Size 9
10.fsa FAM | 113.88 | 126.04 | 160.47 | 207.2 | 209.72 | 213.77 | 263.18 | 394.97 | 398.87
10.fsa VIC 106.25 | 128.6 | 146.45 | 17539 | 202.16 | 241.28 | 245.41 354.71 | 20.06
10.fsa PET 12712 | 131.48 | 163.9 | 229.33 | 299.82 | 414.71
10.fsa NED 96.78 154 157.99 193.69 | 36438 | 375.6 | 424.21
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Simple Summary: In this paper, we examine whether the canine nose pattern, whach s an miter-
lncking pattern of beads and grooves on a dog's nose, i unigque to each individual animal. For
this purpose, e T i.m.:lt;a:s o ten bﬁdE‘L‘ dus.w wumfakmevl.-r}' momith for the ten-month Pﬂiud
starting from month two and ending in month eleven. Six of them ane siblings born of one dam and
the: other four of another dam. In this lengitudinal study, the canine mose patterns of these ten dogs
are examuned visually and by a biometric algorithm to determime: whether the canine nose pattemns
in two images of the same dog taken at different Hme remain the sime and whether bvo mages
of different doyg= are indeed different regardless of when the images are taken. It s foand that e
canine hose pattern of thee beaghe dog is fully formed at the second month after birth, that this nose
patterm stavs invariant, and that the canime nose pattern is indeed unique to each animal. Our finding
comfirms and enhances the claims of earlier works that the canme noss pattern is mdeed unigue to
each animal, and could be used 25 a unigue Fiometric marker.

Abstract The limatien and invarance of the canine nose pattern is studisd. Nose images of o
beagle dogs wene collected for ten months from month two to menth eleven. The nose pattems in
these images ane examined visually and by a biometric algorithm. [t i found that the canine nose
patterm is fully formed ot the end of the second month since birth and remains invariant untd the end
of the eleventh month, This study also strongly indscakes that the canine nose pattern cn be used as
a umigue binmetric marker for each individual dog,

K:ywwn!x CAnInE; dng; noEe; nose patkem; nose pring myvanance of mose pattern; biometrica;
template; Gabor transform; Hamming distance

L Introduction

Diogs are now accepled as part of families. For many people, the affectionate bond
between humans and animals is strong and enduring. Since many dog lovers believe
such a bond develops faster and stronger if a puppy becomes accustomed to its owner
at as early an age as possible, they want to adopt dogs from breeders as soon as they are
ready. The earliest nrmally accepted adoption lime for puppies is about three months after
birth, although some people want to push this to around two months. Adoption before
that time i normally not recommended, because it is better for a puppy 1o be nurtured
for elght to twelve weeks in an environment with its dam and siblings. [t takes aboul six
weeks for a puppy to be weaned from its dam’s milk, and it will grow o be a healthy and
happy animal in a secure nurturng environment with its dam and the litter of siblings.

Arials 2021 11 266 bttty dod e £ 302890 and 112 e
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Simple Summary: This paper shows that the canane nose Puﬂzrn, which iz an i.'nlrr]:u:lu'ng pattern
of beads and grooves on a dog's nose, is unique to each individual dog. For this purpose, the nose
imageeu:lf 0 dogrs wene collected at thres separabe Hmes, eachnmﬁhl.y three to four months apart.
This longitudinal cohort study was designed to ensure the diversity of data, wherein dogs of diverse
age. gender, and breed are well represented in the dataset. In this study, the nose patterns of these
dl:p\\mcnmin:d \'ixuau:f' and b:.' a bimetric a|5nrithm by dhegermine the uniqueness of the canine
nose pattern. It was found that the canine nose pattern remains invariant through the passage of
time during the observation period; and that the canine nose patiern is indeed unique to each dog.
Char ﬁl‘ldll‘lﬁ comtirms and enhances the clamms of earlier works I:I_'.'ul:hl.'m that the canine nose patten
i% umnigue tov each animal and serves as a urvicpue hiometric marker. For further ulud}', this dataset
was augmented l:!_'f' n.dliinq{ tan it the nose images af 10 beagle dogs taken once every momth in a
ten-month period o create an enlarged dataset of 278 images of 70 dogs of 19 breeds. The study with
thix enlanged dataset alo leads to the same conclusion,

Abstrack  The unigueness of the canine nose pattern was studied. A total of 180 nose images of
&0 dl:rﬁ!ﬂ o diverss age, gender, and breed were collected. The camine nose patterns in i images
wene examined visually and by a biometric algorithm. It was found that the canine nose patiern
remains invariant regardless of when the irmage is taken; and that the canine nose patiern is indeed
unique to each dog. The same study was also performed on an enlarged dataset of 278 nose images
of 70 dogs of 19 breeds. The study of the enlarged dataset also leads to the same conchesion. The
result of this paper confirms and enhances the claims of sarlier works by others that the canine nose

patiern is indeed urague ter each animal and serves asa umigque bometric marker.

Ii.qlwm:ﬂ.: CATLInE; dns; nose; nese pattern; nose pu'i:m; biometrics; bicmuetric muker..templahe; Halxlr
transborm; harmming distance

1. Introduction

In this paper, we studied the canine nose pattern at the tip of a dog's nose, and
examined whether the pattern there is unique to each individual dog and is usable as a
biometric marker.

The region to which we focused our attention is the part of a dog's nose between and
arpund the right and left nostrils, including the area around the philtrum and extending
slightly up above the nostrils. This region al the tip of a dog's nose, called the Region of
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Abstract 1t is known that a variant of kking model, called Seeded luing Model, can be used to recover
the information content of 2 biometrdc Irm.P|ah from a fraction of indermation thersin. The method
consids in reconstructing the rrhnll.'trmp]:xlr, which i called the tidrinds rzmphr:' m Ih'npap-ﬂ, L
only a small portion of the given template, a pertal emplate. This reconstroction methed may pose
& serurity threat oy the imtegrity of a hi.imlel‘l‘jl_"il.‘lmﬁl}' management system. In this paper, based
om the Seeded l.ring Mloxcled, wepmnl: a systematic anal}-xi.h. of the Fnuihhesm.lril‘y breach and it
pmbﬂbﬂih' :lfnrmvpl:inﬁ the intruder h.-ml:'labm as genuine. Detailed statistical I.'.liF-t‘Ti.T.l’lEﬂlH o b
intruder match rate are also conducked under varous scenares. In 'Flnﬂ:iudm', we Sh.‘ld:l' {13 homww best
a template is divided into several small pieces called partial templates, each of which is to be stored
in a separate silo: (2) how to do the matching by comparing partial templates in the locked-up silos,
and Irmng(m]\_.' thie results of these intra-silo comparisons be sent to the central tallying server for
final scoring without Tecpuiring the whole templates in one location at amy time.

Keywords: Lﬁngmmﬂch bicmetric bemp late; parﬁal tnnplale.: distributed biometrics

1. Introduction

Most, if not all, biometric algorithms have a comnmon thread of steps. The first step
is the generation of a secondary data structure that is usually called the template. Then,
the identity recognition is done by comparing the templates in question. For example,
in the case of human iris recognition, the Gabor sine and cosine fransforms are used to
generate the templates | L-6]; similarly, for animal nose pattern recognition, a similar Gabor
transform is used [7]. Figure la shows an example of a human iris template, and Figure |b
shows that of an animal nose image. Each of these templates is a two-dimensional array
of 0 5 (black) and 1 5 {white]. One salient characteristic one can easily discern from these
ternplates is thal the (s and 1 s are clustered logether bo form a certain coherent structure
that is supposed to be responsible for each individual's biometric unique pattern.

C.¥. Han and the authors of this paper—Choi, Lee, Wee and Kwon—have studied
this clustering phenomencn in light of the Ising model [5]. In it, they proposed a new
Ising miodel, called the Seeded Ising Model, which is a variant of the Ising model. In this
maodel, certain bits are fixed while other bits are allowed to change according to the Ising
Model dynamics. Biometric patterns such as iris and nose pattern are the result of the
embryonic development of mesoderm and ectoderm with the initial condition, which is
presumed to be random. The Seeded Ising Maodel proposed in [5] can be viewed as a
mathematical abstraction of the biometric pattern formation in which the randomly chosen
seads represent the random initial condition and the pattern formation is modeled as an
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