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PRETH BE RIS e (e AR FE AR AN AG S (germline genomics ) » FRHIERIR TR
i~ b2 ids - SEEM ARG - RERREYIT 2R T -

BiE
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R B B e S N SR PR SE I AERE A B st E R A2 BhE
47280 A - HHEEIGE AR EBCE IR E e e BlE A\ B e
ZEZE 2 HERERR - MURRERLERR - BAEERR - BEREERRAT S EE AT - 51 20-
30 A $HSRET SR BT R 5 o SOR I o AR T EIBCE FHER IS T - S
{15 218 A P i 2SR L R 53 B oy » N [RHRH 5 B (B EDRHER Y 704
HEREREREIE TR AN G 1 (1 Eh=EHHEREH ERET R
HAE - 1 AR A » 2 BT E R 13 T/ EREE R - EREATSE
TEWTZEE B - BRI SR E Mark Fleming BB ~ 8p4fIf S0y Vijay
Sankaran [E[555 R R EA RS - 4A0TEE] Miriam Erlacher [EfX - D251 Hannah

Tamary BB &1E -

=~ SRR ONTRE

Tt TEAIAE 2 B R 2 e - BOHE Rz P B4 RF4HIHE (fibroblast ) ~ & B4
HERFARAEC B MR - TR EESFF S (whole genome sequence ) 7347 » B
JRELSEE SRS - S ATRAZ UG — o SRR (coding regions) K ELREIT]
firkh (splicing site ) #E{TEERELIIT - E SRR A CIERLE gnomAD &R EEFE(E
Z FEATERIAZR (AF, allele frequency ) &2 Ai 28 » DLEIEA &+ (hom, homozygous )

M G FHLIN G T (CHZ, compound heterozygous ) Ryl » SEALEASHAR )BT By



0.1 gt S & 1525 (het, heterozygous ) » AL ENSRARVIREST Ky 0.01 - &
BT SRR TERY R Aa e Y 2 rIEHY - (I Ao - FRilEsR S SR EE A
WE 5 R3] HAARFFS] (alignment) fESEE (mismapping ) o $1 355 SR {[E
USSRV - S S L H B B Bl 2 = SR F & (conserved region ) »
SR SLIL PV RUE - RG2S 2 AR R E S - RSP E R ZEHERFY
(truncated protein ) » [E]HRF5 F EES THHIERAS (SIFT ~ Polyphen-2 <) FRIMSE FLEL
HWEOERTERIER - IRIERERE R EBANHEE (American College of
Medical Genetics and Genomics; ACMG ) Bl 254y i BlE2 & ( Association for
Molecular Pathology ) (=il E FVIEAESR & FIBTEEURTE - (RIS BT AR Bk 2 A
» RIS THRE OURK - BRan AR R S -
%55 % oy B — (] 2 BB — RS (B R i 5 M AU RS IR R B0 AR IR B ik
By - A S IS R E R - R A HAE A F AR 2=
Bl o (i AR 28 BR PR ER B (R Y {18 2R P9 [l A TR e B AR > St Sl I 28
FSRELEL S AT HAE A [FI977[E] Corthologs ) & [FIP7fE A [F] 25 H FiAG HI( paralog )
fr~FRPY1 (conserved sequences ) 28 - AlI[EI= - R RZELZ RN EEHELD)
RELEHE (protein domain ) RF{%E L5 SRR & 1] AE BARH S D RE S = SR &SSP 1k
HEE > 4NEIVURTR » KA L Pymol 52 AlphaFold S oA H & 1 E 17 AG 45T T
A AE LT

= EEaEERG

1. DA Sanger jEEg#6 58 BB E A 1T -

2. fgfll mRNA R EEH'E RIS T AREEE: (transcript) BUEGEIREE 202 -

3. DIEhREAL s diptik - DAERRSIERZE (knockout, KO ) ~ B, [ S EE 1 75
BERBEEOBEBRILSENRFF] (Clustered Regularly Interspaced Short

Palindromic Repeat/ CRISPR associated protein 9, CRISPR/Cas9 ) I A4 ey



(Transfection ) ;{758 FLEC N 8 S 23 (overexpression ) > | fEDNREMERZEL By
IhREEEZ R (loss-of-function ) BEEMAEHIEAE ( Dominant negative ) o g4
Ao b > THEZRRN SN A5 2 A -

coding / splicing variants

AF <0.01 AF <0.001
Hom or CHZ Het

Adequate read depth, good quality

Pathogenicity Effects Disease, pathway, inheritance
*  Functional effect: frameshift, missense, * GeneCards
nonsense, splicing * OMIM
* Conservation of nucleotide & amino acid * HPO
* Changed amino acid degree *  Pubmed

* Bioinformatic tools: Mutation Taster/
Polyphen2/ SIFT/ CADD/ Splicing Predictions

!

Candidate Variants fit potential pathogenicity and gene character

Interpretations

E— - £ZRAEFF51 (whole genome sequence ) S3HTAIE o F:IR S FURE AT B3
NGRS (coding regions ) K ELNBIYIAIES (splicing site) » FRIE A LTERHE
gnomAD ERIEFEE 2 Fr LKA (AF, allele frequency ) &l > EiZE R IGT
HIRI{ERYSERERE - & — 2SR AR N A > PhisE ) BB R £ MY (R A
° 4E%5 © HPO, Human Phenotype Ontology; OMIM, Online Mendelian Inheritance
in Man; Hom, homozygous; CHZ, compound heterozygous; Het, heterozygous; AF,

gnomAD allele frequency; AD, autosomal dominant; AR, autosomal recessive
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B ~ [R5k o AR Integrative Genomics Viewer  (IGV) T
PO EBENHF N WIE T 751 > AL R EEEME S IR E DT mayF51 - Fr T H
RESEEEREESN > PRyl i o B BRI Y EFE (alignment ) R4 HEHHE

( mismapping ) °



Between isoforms

TUuBB MREIVJH|IQAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
TUBBT MREIVH]IQ1GQCGNQIGAKFWEMIGEEHGIDLAGSDRGASALQLERI
TUBB2A MREIVJH|1QAGQCGNQIGAKFWEVISDEHGIDPTGSYHGDSDLQLERI
TUBB2B MREIVJH|1QAGQCGNQIGAKFWEVISDEHGIDPTGSYHGDSDLQLERI
TUBB3 MREIVJH|1QAGQCGNQIGAKFWEVISDEHGIDPSGNYVGDSDLQLERI
TUBB4A MREIVJH|LQAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLERI
TUBB4B MREIVJH|LQAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLERI
TUBB6 MREIVJH|IQAGQCGNQIGTKFWEVISDEHGIDPAGGYVGDSALQLERI
TUBBS MREIV]LJTQIGQCGNQIGAKFWEVISDEHAIDSAGTYHGDSHLQLERI

Between species

Human MREIVIHJI QAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
Mouse MRETV|H|T1QAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
Rat MREIVIH|I QAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
Macaca MREIVIHJI QAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
Chimpanzee MREIV|H|1 QAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
Bovine MREIV|H|IQAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
Pig MREIV|H|IQAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
Hamster MREIVIH|I QAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
Chicken MREIV[H|I1QAGQCGNQIGTKFWEVISDEHGIDPAGGYVGDSALQLERI
Salmon MREIV|H|IQAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI
Frog MREITV{H]T1QAGQCGNQIGAKFWEVISDEHGIDPTGTYHGDSDLQLDRI

=~ ERBARRSFFF] (conserved sequences ) TR  LEEBAEFRYIHLA
[EEH EZHAGR (between isoforms, paralog) FIR[EYIHERK] (between species,
orthologs ) ZENIFFHIPRNFAZRE - IEBIBR 2 HARSE RG4S [F] 5 1 SRS AR
[EYERE S B A SRR -



Variant ID HGVS AA change Exon Domain
9-133440478-G-A  ¢.1921G>A  p.Glub4llys 16 S domain

S |

Interaction
with VWF

T5
o8-8

By - ERSERPECEISEE (protein domain) ZArE o AFIRTR I
FREALNS S DIREEIR - FEARVE(LIRRETS » S TIRE @R & Bl CUBL A1 CUB2 IjgElE
BRES S - B LIRRERF A& 7 - R EEMA IR S TIREEIE - BRE LR
WL HE = 4R 4ERETZ R AR - % Journal of Thrombosis and Haemostasis, 16: 618—

629.



Helical * G
region

ELMO1-
2

o
" (.? N &
f‘.{% i", o

Rac1 » i

1992

B 7L - Pymol fREFECEER - (L) FOREERHEE ISR 2 AHEEL
B (1) S AR S RS R EE -



A8
1 BRI R EETI AL R © AL L R R S R
PIZRIE B BRI R R ISk S B SR - SEES
BEAOIBIEE o /NGRS TR PR S B AP W4 68 MR (A —
YRR P SR A A BT ISR —— i/ NS AR B
STV B E R R R B SRR R FLORR R BB R R
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b5 A% A: BM to BM-F: culture, split and freeze

Fibroblast culture from bone marrow
Materials:
° 10cm plates
° ChangD media (Irvine Scientific Cat. No. T105-500ml)
e Penicillin/Streptomycin (Gibco Cat. No. 15140-122) FRFKEH colony Al - /N

ChangD
° Trypsin (0.05% EDTA)
° 1X PBS

° Freeze media (90% FBS + 10% DMSO)
° Grow in a hypoxic incubator for best results (5% O, 5% CO», 37 C). It

can also be cultured in a regular normoxic incubator, but it will grow a bit slower

Procedure:

In ward: Collect 100-200u1 BM in 5-10ml N/S (PBS) in sterile container (urine cup)
In lab

1. pipette above to 15ml conical tube, wash urine cup once with 3ml PBS.

2. centrifuge in RT (room temperature), 1200-1500rpm, Smin.
3. suction off supernatant, STEB—24% N/S, 5cFFEITAL pellet * resuspend pellet with

(ChangD + 1% Pen/Strep) 8-10ml, and plate on a 10cm tissue culture plate

4. 24-36 hrs later, change media: suction off media and replace with (ChangD + 1%
Pen/Strep) 10ml

5. check colonies grow status QD or QOD, change media once to twice a week

6. if you have a fair amount of colonies (70-80% confluent), split cells: trypsinize and

replate

Estimation

D4-6: individual spindle-shaped fibroblast

D7-10: small clusters

*wait until D14 for fibroblasts grow, if still no growth: failed

W3-5: 70-80% confluent

10



b5 A% A: BM to BM-F: culture, split and freeze

Splitting Primary Fibroblasts

When it’s around 70-80% confluent, you can split cells

1. Aspirate media (plate #/%) and wash cells with 5 mL of PBS (&% {fIi&%).

2. Aspirate PBS (plate &5 - R ARI#E), add 1-2 mL of trypsin (F35#9), and incubate in
the cell incubator for at least 1 min GEAAMEE).

3. Add each 9 ml of Chang D media to 2-6 new plates (9B EEBURR AR AIEE)

4. Check that cells are off the plate (#fEEs# - 2B ) and add 3-4 mL of Chang D
media to plate. Break cells apart (REHRAIE - HEEFTE plate FIAAMMERRE T K).

5. Collect all cells and transfer to a 15ml conical tube. Spin down at 1500rpm for 5
minutes

6. Suction off supernatant, flick the tube to loosen up cell pellet and resuspend with
I mL of Chang D media.

7. Do a 1:8 split if cells are growing really fast by adding 125 ul of the resuspended
pellet to the 8 plates. If cells are growing slowly, do a 1:2 plate into both plates by
adding 500 ul to both plates. Give cells a shake (Fi#%%% - 27#HE) and incubate.

4

Freeze fibroblasts

When it’s around 70-80% confluent, you can freeze down to store.

Freeze at least 5 vials each time.

1. Aspirate media (plate #/%) and wash cells with 5 mL of PBS (4 fli2%).

2. Aspirate PBS (plate #818 - RARIHE), add 1-2 mL of trypsin (F7#9), and incubate in
the cell incubator for at least 1 min GEARAE ).

3. Check that cells are off the plate (Al B8 - 2EF) and add 3-4 mL of Chang D
media to plate. Break cells apart (R B R4 - #EFTE plate FIARIRERH L T ).

4. Collect all cells and transfer to a 15ml conical tube. Spin down at 1500rpm for 5
minutes

5. Suction off supernatant, flick the tube to loosen up cell pellet and resuspend with
I mL (FBS + 10% DMSO). Aliquot in 1ml in cryotubes

6. Place cryotubes in cryo contrainer and store at -80C overnight. Transfer tubes to

liquid nitrogen storage

11



b5 A% A: BM to BM-F: culture, split and freeze

Label
Sample No. AML-001
BM-F PO BM-F PO
1x10cm plate 0.5x10cm plate
Processed date, Initials 2022/10/31 ML

Primary fibroblast culture from BM: PO (passage 0)

Split with trypsin: P1, P2...

12



bk A% B: BM-MNC to BM-F: culture
—RERIE 1-2 Etgfe BM-F to BM-F
Generation of Fibroblasts from BM-MNC (Bone Marrow Mononuclear Cells)

Protocol:

1. Prepare before taking cells out of LN2 (liquid nitrogen): equilibrate Chang D
media and 50 mL conical of FBS to RT (okay if cold). Take BM MNC

cryovial from liquid nitrogen and place on dry ice.
2. Put the cryovial in bead or water bath and let thaw until there is only a small
chunk of ice remaining. %FRMBARTZZRIE - ¥ hood FISTERBHTING
Put SmL of FBS into 15mL conical for resuspension/ centrifugation.
4. Using a 2mL serological pipette, take up 1mL FBS and gently resuspend
cells in cryovial
a. Gently and quickly (max 2 tubes) repipette 2 or 3 times until the ice is
fully melted.
5. Take up 2mL of cells from the cryovial and gently pipette dropwise on top of
FBS in 15mL conical. F#&#
Spin down for 5 mins at 1200 rpm at RT (Wash #1).
7. Pipette Chang D media 8-10 mL into labeled 10cm plate.
a. Label with Sample No., BM-F with passage number, thaw date, and
initials.
8. When cells are done spinning, aspirate media.
a. Don’t get too close to the pellet because it will be loosely packed.
9. Resuspend cells in 1 mL Chang D. Plate 300 uL of the resuspended cells on
10 cm plate to grow fibroblasts. About remaining 700 ulL:
a. separate into 2-3 more plates for generating fibroblast
b. Add ImL PBS to the remaining 700uL. of BM MNC cells in the
conical.
i. Count total cells and store back or
ii. Proceed to DNA extraction (somatic mutation)
10. Change Chang D media the following day then twice a week until ready (70-
80% confluent) for split. Eventually, 1 plate to extract DNA and 5 to freeze
back.

w

o

Fibroblasts growth from BM-F

Protocol: steps 1-8 is same as above

9. Resuspend cells in 1 mL Chang D. Plate all resuspended cells on 10 cm plate
to grow fibroblasts.

10. Change Chang D media the following day then maybe ready (70-80%
confluent) for split 3 days later (usually within 1 week).

13



bt

SCfH#: C. DNA extraction: PB/BM-F or BM-MNC

DNA Extraction
[Different steps]

BM-MNC or BM-Fibroblast samples
DNeasy Blood & Tissue Kit (Ref # 69506) (Collection tube: DNeasy Mini Spin Column)

1.

wN

Label Epp tubes (1, 2, 3...) and have corresponding subject ID # recorded in
lab notebook. Note: Maximum number of cells to load a column is 5x10”6.
In general, it is okay to process one 10cm plate of patient primary fibroblasts
per column.

Resuspend (thawed) cell pellet in 200ul PBS.

Add 20ul proteinase K (in the kit box at RT).

Blood samples
Ql Amp DNA Blood Mini Kit (Ref # 51106)

1.

Label Epp tubes (1, 2, 3...) and have corresponding subject ID # recorded in
lab notebook. Process 1 column per sample at a time.

2. Add 20ul QIAGEN Protease into the bottom of an Epp tube. Quiagen
Protease kept in 4C.

3. Add 200ul blood per tube (can add PBS to bring volume up to 200ul) (keep
remainder of blood in vial on ice since will only process 200ul at a time.
Flash freeze vial after confirm extracted enough DNA. Otherwise, bring vial
to RT again and process another 200ul aliquot).

[Same steps]

4. Add 200ul AL buffer, shake 15 seconds, then vortex for 30s, and quick spin in
Mini Mouse.

5. Place Epp tubes in heatblock set to 56C for 10 minutes.

6. Spin down Epp tubes in Mini Mouse.

7. Add 200ul ETOH (100%, 200 proof), shake 15 seconds, vortex 30s to mix
thoroughly, and quick spin.

8. Transfer to spin column in 2ml collection tube, close the cap.

9. Centrifuge at 6,000g for 1 min, then transfer column to a fresh collection
tube.

10. Add 500ul buffer AW1, centrifuge at 6,000g for 1min, then transfer column
to a fresh collection tube.

11. Add 500ul buffer AW2, centrifuge at 17,000g for 3 min, then transfer column
to a fresh collection tube.

12. Dry spin, 17,000g for 1 min.

13. Transfer column to a clean Epp tube (labeled on the side with Sample ID #
and today’s date).

14. Add AE (PB: 80ul; BM-F or BM-MNC: 100ul) to the column, incubate for 5
min, then centrifuge at 6,000g for 1 min.

15. Pipette the eluted DNA back on the column to re-elute, incubate for 5 min,
then centrifuge at 6,000g for 1 min.

16. Nanodrop (blanked with AE), record DNA concentration (ng/ul), 260/280,
and 260/230, and total eluted volume.

17. Print labels for tubes, store in -20 freezer and document on the -20 C log.
Top = ID #. Side Labels:

Subject ID #
BL / BM-F / BM-MNC DNA

Date collected (collt’d ___)

DNA ng/ul

Date processed & initials

14



Ko SZ{4: D. Primer Design
<Sanger sequence PCR primer design>

chr17:74737110A>C, RAB37, NM_001163989.1:c.101A>C (p.Asn34Thr), exon 1
NC_000017.11 (74671131..74747335)

https://useast.ensembl.org/index.html

choose yellow one but with interested position

L Addjremove tracks Custom tracks |

Share | [ Resize image

Forward strand >

74.67Mb 74.68Mb 74.69Mb 74.70Mb 74.71Mb 74.72Mb 74.73Mb 74.74Mb 74.75Mb
Ganes (Compratiensive RAB37-201 - ENST00000340415 :
-201 - >
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} t e

RAB37-208 - ENST00000402449 >

protein coding
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Gene type Protein coding
| I
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protein coding  type
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RAB37-216 - EP Bage 2,704
protein coding pairs
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Choose exon

BLAST/BLAT VEP Tools whloads Help & Docs Blog

Bl - search Human

"_ Human (GRCh38.p13) v

Location: 17:74,670,578-74,747,335

Transcript-based displays
|~ Summary
Sequence

Gene: RAB37

Transcript: RAB37-208

Transcript: ENST00000402449.8 ragar-208

Daescription RAB37, member RAS oncogene family [Source:HGNC Symbol:Acc:HGNC 3 3]

Location

osome 17: 74.671.14

4 forward strand.

o

Protein Information
Protein summary

About this transcript

eatures, is associated with 2 variant alleles and maps to 326 oligo pr

lomains aj

This transcript has 9 exons, is annotated with

|
|- Domains & features Gene This transcript is a product of gene ENSG00000172794.20 [RGB ME=
|- Variants
|- PDB 3D protein model
L AlphaFold predicted Summary @
=
Export imag

riant image
Haplotypes
Population comparison
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| i

Comparison image
B External References
|- General identifiers

D History

|- Transcript hisf

Protein history

R Bookmark this page Ensembl release 107 - Jul 2022 © EMBL-EBI

Statistics

CCDs

Uniprot

Transcript Support Level (TSL)
Version

Type

Annotation Method

GENCODE basic gene

Exons: 9, Coding exons: 9, Transcript length: 1,560 bps, Translation length: 216 residues

This transcript is a member of the Human CCDS set: C 7030

This transcript corresponds to the following Uniprot identifiers: Q96AX2 &2
TSL:2
ENST00000402449.8
Protein coding
Transcript where the Ensembl genebuild transcript and the Havana manual annotation have the same sequence, for every base pair. See article®

This transcript is a member of the Gencode basic gene set

Permanent link - \

2w in archive site

15


https://useast.ensembl.org/index.html

B 8 A& D. Primer Design

Configure Page

Display options
Select from available configurations: Current unsaved v | Save current configuration
£, Manage configurations
€ Reset configuration Display options D
Flanking sequence at either end of transcript: 150
Number of base pairs per row: v
Intren base pairs to show at splice sites: 150
Show full intronic sequence: (]
Show exons only: (]
Line numbering: None ~ ‘
Show variants: Yes V‘
Hide variants longer than 10bp:
Hide variants by frequency (MAF): Don't hide v
Filter variants by consequence type: No filter -
3 prime UTR variant
5 prime UTR variant
NMD transcript variant h
[4 >
Eiltar vaciants b auic atatua. No filter Al P

Exons/ Introns  Translated sequence Flanking sequence Infron sequence UTR

Variants _ _ Coding sequence _ Inframe deletion Missense
Splice acceptor | Splice donor |l Splice region _ Stop gained _ -

Markup loaded .

Sequence

tgagctcgggccgggtgacttaacagatga
ggaagtgtctcggggccatcggcggaggcgeageccaggggiccccagetccecegecteg

GACTACGGGAACTCTTCCGCAGCAGACGGGGTCCCCGCGGCCCGCTCCCCCAGGGGCAAG

CAAGCGACCACAGGGGACCGGTCCCGGGGCTCGGATGTCGCTCATGTCCGAAGCGCACGGA

g

ggacggagggaggagectgaggggteceg
gtggggecgttectgegetetecticgee

gtccgagccggtgtcgtcgagggggcgacy
tcgagggaggggaggagtgggcggggcgg

R e onpm EE g 5g
GTGAIGCTT, TGGGAGA.ACAQ%GT.QGIAAAACAEGTTTCCT rccaBrTEARAG
@GGQITT.!T.TQIQGAAQITT TAGCCACIQTlG_G@ATleAETCAGG

il C s SIqEsIC Cagdsfs

ccaggfl
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tgagctcgggecgggtgacttaacagatgaggaagtgtctcggggccatcggeggaggegeageccaggggtecccageteccegect
cgccacctggggacageccacggeceggggct[cgggegecgectgetgtegeggtgegeage
GACTACGGGAACTCTTCCGCAGCAGACGGGGTCCCCGCGGCCCGCTCCCCCAGGGGCAAGCAAGCGAC
CACAGGGGACCGGTCCCGGGGCTGGATGTGGCTCATGTCCGAAGCGCACGGAGCCGAGCCGGTGTTGC
TCAGGGAGGCTGCCCGCCCCTTCACGCAGACCCTGCGGCTCTGCGTGCCCTCAGGGAACAGCAAG
gtccgageeggtgtegtcgagggggcgacg]ggacggagggaggagectgaggggteccggtcgagggaggsgaggagtsgecses
gcggggetggggcecgttectgegcetetecttegectgegggecggeactgctcacctetegteca

count 30 nucleotides of both intron sides [ ]

https://primer3.ut.ee/

adjust GC, temperature to find primers

OLIGO start len tm gch any_th 3’ _th hairpin seq
LEFT PRIMER 33 18 59.01 61.11 4.39 0.00 0.00 aagtgtctcggggccatce
RIGHT PRIMER 431 18 60.04 72.22 0.00 0.00 0.00 ccactcctcccctoccte

PRODUCT SIZE: 399, PAIR ANY_TH COMPL: 0.00, PAIR 3’ _TH GCOMPL: 0. 00
1 tgagctcgggecgggtgacttaacagatgaggaagtgtceteggggccateoggeggaggeg
DOIIIVIIIVIIIIVODD

61 cagcccaggggtccccagetccccgectegecacctggggacageccacggecoggggct

121 cgggegeegectgetgtegeggtgegcagcGACTACGGGAACTCTTCCGCAGCAGACGGG

181 GTCCCCGCGGCCCGCTCCCCCAGGGGCAAGCAAGCGACCACAGGGGACCGGTCCCGGGGC

241 TGGATGTGGCTCATGTCCGAAGCGCACGGAGCCGAGCCGGTGTTGCTCAGGGAGGCTGCC

301 CGCCCCTTCACGCAGACCCTGCGGCTCTGCGTGCCCTCAGGGAACAGCAAGgtccgagee

361 ggtgtogtegagegegcgacgggacggagggaggagecteaggggtoccggtegagggag

LKL

421 gggaggagtgggegeggcgggeetegggcegttcctgegetetecttegectecgggces
LKL

481 gcactgctcacctctegteca
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https://primer3.ut.ee/
https://primer3.ut.ee/cgi-bin/primer3/primer3/primer3web_help.cgi#p3w_primer_start
https://primer3.ut.ee/cgi-bin/primer3/primer3/primer3web_help.cgi#p3w_primer_len
https://primer3.ut.ee/cgi-bin/primer3/primer3/primer3web_help.cgi#p3w_primer_tm
https://primer3.ut.ee/cgi-bin/primer3/primer3/primer3web_help.cgi#p3w_primer_gc
https://primer3.ut.ee/cgi-bin/primer3/primer3/primer3web_help.cgi#p3w_primer_any
https://primer3.ut.ee/cgi-bin/primer3/primer3/primer3web_help.cgi#p3w_primer_three
https://primer3.ut.ee/cgi-bin/primer3/primer3/primer3web_help.cgi#p3w_primer_hairpin
https://primer3.ut.ee/cgi-bin/primer3/primer3/primer3web_help.cgi#p3w_primer_seq

Ko SZ{4: D. Primer Design
® Double check primers

https://www.ncbi.nlm.nih.gov/tools/primer-blast/

Primer Parameters

Use my own forward primer 0 (Cea)
(5'->3' on plus strand) ‘ 99 l
Use my own reverse primer (5'- [ tcgaccggg ]g Cgiea)
>3' on minus strand)
Min Max
PCR product size
# of primers to return 10
Min Opt Max Max Ty, difference
Primer melting temp [570 ] [‘60.0 | [630 | [3
(Tm)
Exon/intron selection A refseq mRNA sequence as PCR template input is required for options in the section 0
Exon junction span 1 No preference v | (2]
Exon junction match Min 5'match  Min 3'match  Max 3' match
[7 [ 1 [ ]
Minimal and maximal number of bases that must anneal to exons at the 5' or 3' side of the junction (2]
Intron inclusion (] Primer pair must be separated by at least one intron on the corresponding genomic DNA @

Intron length range Max

Min
1000 ["10000 | @

Note: Parameter values that differ from the default are highlighted in yellow
Primer Pair Specificity Checking Parameters

Specificity check Enable search for primer pairs specific to the intended PCR template @

Search mode Automatic v @

Database [ Refseq representative genomes v @

Exclusion [ Exclude predi Refseq with XM, XR prefix) () exclude d, sample (2]

“Refseq representative genomes" that may contain these ALT_REF_LOCI records; "Genomes for
selected eukaryotic organisms (primary assemblies only)" should not contain these. Including
those records is a more comprehensive search, but since alignments to those records is almost

always non-informative, you may decide to avoid them for convenience.

Primer pair 1

Sequence (5'->3") Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AAGTGTCTCGGGGCCATC 18 59.01 61.11 400 1.00
Reverse primer CCACTCCTCCCCTCCCTC 18 60.04 7222 1.00 0.00

Products on target templates
>NC_000017.11 Homo sapiens chromosome 17, GRCh38.p14 Primary Assembly

product length = 399
Features associated with this product:
ras-related protein rab-37 isoform 3

ras-related protein rab-37 isoform 6

Forward primer 1 AAGTGTCTCGGGGCCATC 18
Template 74736799 ... 74736816

Reverse primer 1 CCACTCCTCCCCTCCCTC 18
Template FA737197 ....eviisssisasass 74737180

product length = 477
Features flanking this product:
218917 bp at 5' side: uncharacterized protein loc124984103
222033 bp at 3' side: trinucleotide repeat-containing gene 6c protein isoform x13

Reverse primer 1 CCACTCCTCCCCTCCCTC 18
Template 77782173 ..G..... Tessssssss 77782156

Reverse primer 1 CCACTCCTCCCCTCCCTC 18
Template F7781697 ........ TeTeeanens 77781714

product length = 1222

Features flanking this product:
113792 bp at 5' side: protein sidekick-2 isoform x4
444855 bp at 3' side: 6@s ribosomal protein 138
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Frik {4 D. Primer Design
® Double check primers

|BLASTn: IDT protocol‘
https://blast.ncbi.nlm.nih.gov/Blast.cgi

https://www.idtdna.com/pages/education/decoded/article/tips-for-using-blast-to-locate-pcr-

primers
Use these tips to refine Primer-BLAST results:

1. Concatenate the two primer sequences into one sequence separated by 5-10 Ns and
enter into BLAST sequence box.

TGCTGTCTCCCATTTCCAGTNNNNNNNNNNCACTACCTCTACCCTCCGTT

2. Before submitting, narrow the search by selecting the species, if known; otherwise,
choose Nucleotide Collection (nr/nt). If you’re looking for RT-PCR primers, select the
reference mRNA sequences (refseq_mRNA) database.

3. Under Program Selection, select the Somewhat similar sequences (blastn) program.

, decrease word size to 7, increase expect threshold to 1000,

4. Under\AIgorithm parameters

and turn off the low complexity filter.

In the example below, the results with a line connecting the 2 boxes indicate the 2 primers are in the
same sequence (Figure 1A). Clicking on these results shows location within the sequence (between
bases 1005-1766 of the MRE11 transcript in yeast) and indicate the expected PCR product should be
762 bp in length (Figure 1B).

- D"“’wf::f?‘“““‘?""”w""”w = Figure 1. BLAST results show primer positioning and
50 CVOT 10 500 1, Glick 1o show alignmants
Color by for allgnment seores: PCR fragment size. (A) Only the best alignment is
A. Al it S 1 < -5 - >=2 . -
I ey p————————————————————— | shOwn (blue lines at the bottom). (B) Selecting the
v s e s T alignment provides the actual sequence with base by
base alighment of the 2 portions of sequence showing
Saccharomyces cerevisiae S288c Mre11p (MRE11), mRNA

Sequence ID: lNM_0D1182731.1] Length: 2078 Number of Matshes: 2 100% identity.

Range 1: 1005 to 1028 Genflank Grephics W Hext Match
Expact Identities Gaps Strand
44.5 bits(a8) 2e-05 24/24(100%) 0/24(0%) Plus/Plus

e M
Sbjct 1005 AATGATCCGCGACGCTRATGAEGA 1028

B. Best Alignment.

Range 2: 1743 to 1766 GanBank Graphics A Previaus 5 Manch & First Match
Score Expect Identities Gaps. Strand
44.6 hits(48) 2e-05 24/24(100%) 0/24(0%) Plus/Minus

Query 48  GGTITGCTCGETGGCTTACTGCTT 71
JILRLILLCLELEELET L]
sbjet 1766 GGTTTGCTCGITGECTTACTGLTT 1743



https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://urldefense.com/v3/__https:/www.idtdna.com/pages/education/decoded/article/tips-for-using-blast-to-locate-pcr-primers__;!!NZvER7FxgEiBAiR_!ttqpPVmnQzQawVxHDGbQQLYOTw2sIDQlGFi5kUTphu6tKWBlNepv5buCQjVagyzNWxJQpcmYPH3TZqNFXoH73odNvMspUqjbd-Xa2ceQ$
https://urldefense.com/v3/__https:/www.idtdna.com/pages/education/decoded/article/tips-for-using-blast-to-locate-pcr-primers__;!!NZvER7FxgEiBAiR_!ttqpPVmnQzQawVxHDGbQQLYOTw2sIDQlGFi5kUTphu6tKWBlNepv5buCQjVagyzNWxJQpcmYPH3TZqNFXoH73odNvMspUqjbd-Xa2ceQ$

LiF=3

BLAST ® 5 blastn suite

Bl oo blastx thlastn thlastx

{4 D. Primer Design

Home RecentResults Saved Strategies Help

Take the BLAST survey today ®

Standard Nucleotide BLAST

BLASTN programs search nucleotide databases using a nucleofide query. more...
Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) 9 cear Query suhlangeo
TGCTGTCTCCCATTTCCAGTNNNNNCACTACCTCTACCCTCCGTT From I:l
©
°®| .
G0 O Choose File | No file chosen 2]
Job Title [ Mucleotide Sequence |
Enter a descriptive title for your BLAST search @
[ align two or more sequences @
Choose Search Set
Database @ Standard databases (nr etc.): (O RNA/ITS databases () Genomic + transcript databases (O Betacoronavirus

m O Experimental databases

Downloa:

Try experimental taxonomic nt databases (Dammiaa)

For more info see What are taxonomic nt databases?

MNucleotide collection (nrint)

v]e

Optional | Homo sampiens (taxid-9606)

| exclude ((Add organism
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown @
Exclude D Models (XM/XP) D Uncultured/environmental sample sequences
Optional

[ sequences from type material

Opticnal

Entrez Query ‘

| YoulT Create custom database

Optional Enter an Entrez query to limit search @

Program Selection

Optimize for O Highly similar sequences (megablast)

B Feedback

O More dissimilar sequences (discontiguous megablast)

@ Somewhat similar sequences (blastn)
Choose a BLAST algorithm @

Algorithm parameters

General Parameters

Max target

sequences

(Restore default search parameters )

Select the maximum number of aligned sequences to display @

Short queries Automatically adjust parameters for short input sequences (2]

Expect threshold +[ 1000 =)

Word size

Max matches in a De

query range

Scoring Parameters

Match/Mismatch
Scores

Gap Costs Existence: 5 Extension: 2 ¥ | @

Filters and Masking

L= + ] Low complexity regions @

] ‘Species-specific repeats for:| Homo sapiens (Human) hd |°

Mask Mask for lookup table only @
[ Mask lower case letters @

Search database Nucleotide collection (nrint) using Blastn for similar

[ show resutts in a new window
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Frik {4 D. Primer Design
|BLASTn: NCBI protocol\
blast-help@ncbi.nlm.nih.gov

| started that search from the BLAST home page, selecting human in the "BLAST Genomes"
section of the page. Then choose the database, RefSeq Genomic, because it includes those
ALT_REF_LOCI records.

In the results, if you click on the alignment to the first NT_, then on the "Graphics" link, you

can determine that the full primer alignments are to the TUBB gene.

BLAST © » blastn suite Home Recent Results Saved Strategies Help

&2 Take the BLAST survey today

Homo sapiens (human) Nucleotide BLAST

Il o blastx blastn thlastx

Enter Query Sequence
Enter i gi(s), or FASTA @ clear Query subrange @
TGCTGTCTCCCATTTCCAGTNNNNNNNNRNNCACTACCTCTACCCTCERTT | (o [

BLASTN programs search ide databases using a query. more...

4 To

O, upload file Choose File | No file chosen (]
Job Title [ Nucleotide Sequence ]

Enter a descriptive title for your BLAST search @

Choose Search Set

Dol 4| RefSeq Genomic had ‘9
Exclude [ models (xmixp)

Optional

Entrez Query ‘

Optional

Enter an Entrez query to limit search @

Program Selection

Optimize for O Hignhly similar sequences (megablast)
O More dissimilar seguences (discontiguous megablast)
® somewnat similar sequences (blastn)
Choose a BLAST algorithm @

Search database RefSeq Genomic - Homo sapiens using Blastn (Optimize for somewhat similar sequences)

[ show results in a new window

== Algorithm parameters

[ Restore default search parameters ]

General Parameters

Max target W[50 ~
sequences
Select the maximum number of aligned sequences to display e
Short queries |:\ Automatically adjust parameters for short input sequences (2]
Expect threshold +[ 10000 2]
Word size (7}
Max matches in a D 0
query range

Scoring Parameters

Match/Mismatch [~]

Scores

Gap Costs Existence: 5 Extension: 2 v | @

Filters and Masking

Filter Low complexity regions (7]
+ [ species-specific repeats for- [_[Ashbyal aceris (nom_inval) v @
Mask Mask for lookup table only (7]

L) mask lower case letters @

BLAST Search database RefSeq Genomic - Homo sapiens using Blastn (Op for similar seq )

[ show results in 2 new window
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B 8 {4 D. Primer Design

& Download v GenBank Graphics Sortby: | E value v |

¥ Next & Previous <«Descriptions

Homo sapiens chromosome 6 genomic scaffold, GRCh38.p14 alternate locus group ALT_REF_LOCI_7 HSCHR6_MHC_SSTO_CTG1

Sequence ID: NT_167249.2 Length: 4929269 Number of Matches: 6

Range 1: 2023626 to 2023645 GenBank Graphics k ¥ Next Match

Score Expect Identities Gaps Strand
37.4 bits(40) 1.4 20/20(100%) 0/20(0%) Plus/Plus

TGCTGTCTCCCATTTCCAGT 20

gb]c: 2023626 HHAHLAHIUY 2023605

Range 2: 2023945 to 2023964 GenBank Graphics ¥ Next Match A Previous Match 4 First Match
Score Expect Identities Gaps Strand
37.4 bits(40) 1.4 20/20(100%) 0/20(0%) Plus/Minus

CACTACCTCTACCCTCCGTT 51

;m:2mmm AU 2023005

Range 3: 4878141 to 4878154 GenBank Graphics ¥ Next Match A Previous Match 4 First Match

Score Expect Identities Gaps Strand
26.5 bits(28) 2610 14/14(100%) 0/14(0%) Plus/Plus
Graphics «

Send to: =

Homo sapiens chromosome 6 genomic scaffold, GRCh38.p14 alternate locus
group ALT_REF_LOCI_7 HSCHR6_MHC_SSTO_CTG1

NCBI Reference Sequence: NT_167249.2
GenBank FASTA

Link To This View | Feedback

) [500 K 2,500 K 3,500 K @M | 4,323,268
YR T TR IR T O L
= REEREE V= O VTl

& NT_167249.2 + | Find: v I AT == 5 & Tools » Tracks * ¥ Download » & 7 =
- 1 B s
| jpoz2eon  |pezzees  |2@23K [2.023200  |2023408  |2623500  [2623800 (2,024 K [2.824,208  [2.024,400  [2.824,

[i X- 2%

(U) BLAST Ressults for: Nucleotide Sequence

|2.822 608 |2.022 860 |2.823 K |2.823.208 |2.823 408 |2.823 600 |2.023 s0a |2.824 K |2.624 200 [2.824.400 |2.824.€
NT_167249.2: 2.0M..2.0M (2,112 nt)

B/ - EETE B TUBB L

d # Tracks shown: 3/941
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Related Information
Genome Data Viewer - aligned
genomic context
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Homo sapiens chromosome 6 genomic scaffold, GRCh38.p14 alternate locus
group ALT_REF_LOCI_7 HSCHR6_MHC_SSTO_CTG1

NCBI Reference Sequence: NT_167249.2
GenBank FASTA

Link To This View | Feedback

) 500 K ™ 1,500 K X1 [2,500 K |2,500K 4 M 4,323,265
SRR i - = o T ETEFIETRY F= L =~ TEN
© = NT_167249.2 | Find: v | a @ A== T & Tools ~ | ¥ Tracks » ¥, Download » 2 7 ~
2,020 K 2,021 K 2,022 K 2,023 K 2,024 K 2,025 K 2,026 K 2,027 K
Sequence [i -2
[i]
HOC1 [+26) TUEE [+13] [ i —— .
(U) BLAST Results for: Nucleotide Sequence [i -2
2,020 K 2,021 K 2,022 K 2,023 K 2,024 K 2,025 K 2,026 K 2,027 K
NT_167249.2: 2.0M..2.0M (8,448 nt) " ¥ Tradks shown: 3/941

Read about these ALT_REF_LOCI records here:

https://www.ncbi.nlm.nih.gov/grc/help/fag/#difference-between-alternate-loci-and-novel-

patch
Alternate loci and novel patches enable the reference assembly to represent allelic diversity.

They are scaffold sequences that are given chromosome context through alignments to the
corresponding chromosome regions. Alternate loci scaffolds and their alignments are included
in major assembly releases, while novel patch scaffolds and their alignments are included in
subsequent patch releases for that assembly. They can be considered functionally equivalent,
as novel patches will be reassigned to the role of alternate loci scaffolds at the time of the next
major assembly release. Assembly regions for which the GRC provides alternate loci or novel
patch scaffolds are typically those with known alternate haplotypes (e.g. immune-associated
regions), highly variable genomic regions (e.g. olfactory receptor regions) or those where there
are structural variants having 5 Kb or more sequence not represented on the chromosome.
Human alternate loci and all novel patch scaffolds also include one or more anchor sequence
components to ensure their robust alignment to the chromosomes. Anchor sequences are
component(s) that are also found in the corresponding chromosome. The sequence locations
corresponding to anchor components are annotated on the GenBank records for all alternate

loci and patch scaffolds. For more detail on patches please see Introductions to Patches.
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https://urldefense.com/v3/__https:/www.ncbi.nlm.nih.gov/grc/help/faq/*difference-between-alternate-loci-and-novel-patch__;Iw!!NZvER7FxgEiBAiR_!tEb0WK45Xo-P3uYVs6Im0EQm976Dl4TGEd6LwClF7CUxv-Go69gW1yIAPkSsfGeo3fptcKK4n1-5JoxzgI8pjgZPyQAaV5DTtjv0Qg$
https://urldefense.com/v3/__https:/www.ncbi.nlm.nih.gov/grc/help/faq/*difference-between-alternate-loci-and-novel-patch__;Iw!!NZvER7FxgEiBAiR_!tEb0WK45Xo-P3uYVs6Im0EQm976Dl4TGEd6LwClF7CUxv-Go69gW1yIAPkSsfGeo3fptcKK4n1-5JoxzgI8pjgZPyQAaV5DTtjv0Qg$
https://www.ncbi.nlm.nih.gov/grc/help/patches

