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PROTOCOLS FOR FORENSIC MITOCHONDRIAL DNA ANALYSIS

MITOCHONDRIAL DNA GUIDELINES

DATE EFFECTIVE APPROVED BY PAGE
07-24-2010 ELI SHAPIRO 10F5
PURPOSE: Guidelines for mitochondrial DNA testing to ensure clean laboratory pragtices,

A

unambiguous sample identification, and relevant control runs.

GENERAL PROCEDURES:

To reduce the possible contamination in the laboratory that could occurs (i) _between the
analyst and the samples (ii) from one sample to another, or (iii) from\eéxtraneous sources
of DNA within the laboratory.

1.

Lab coat, gloves, and mask, eye protection, and/or face ghield, must always be
worn while in the exam and pre-amplification room. Lab coat, gloves, eye
protection must be worn in the post amplification{area. All gowning must be
done in the vestibules of exam, pre-amp.or post amp.rooms.

Lab coats can be reused for a periad“ef/one week: Afterwards, they should be
thrown out. Masks/face shields™ean, also be, reused for a period of one week.
Goggles can be exposed to UV ight in the-Stratalinker to extend their time of use.
When working in the exam_ orpre-amplification laboratory, gloves must be rinsed
in 10% bleach before each procedufe “and in-between the handling of separate
samples.

Pipettes must be wiped down with 10% bleach before each procedure, and
between the pipetting of-separate.samples.

All hoods must be wiped down with 10% bleach before and after each procedure,
followed by a 70% Ethyl, Alcohol rinse, and UV light, if available, should be
applied for 30 minutessbefore and following each procedure.

All racks, tube-openers,and any other plastic implements (but not the pipettes)
must be exposed f0\UV light in the Stratalinker for a minimum of 30 minutes
before they canh be used for amplification or extraction.

Any 96-well tube‘racks taken from the pre-amp room to the post-amp room must
be placed Into the post-amp bleach bath, rinsed, and dried prior to being returned
to the pre-amp room.

All 1.5mb and 0.2ml tubes can be kept in plastic Nalgene boxes or comparable
containers, and should only be removed with bleached and dried gloves while
fully gowned. Prior to placement of tubes into these containers, the tubes used
for; washing, extraction and amplification must be exposed to UV light in the
Stratalinker for 30 minutes.

Counters, sinks, refrigerator/freezer handles and door handles inside the
laboratory and gowning room should be wiped down with 10% bleach on a
monthly basis.
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B. NOMENCLATURE

The following are suggested naming conventions for use throughout thées sample
processing. The goal of this nomenclature is to ensure that sample names afe unique
identifiers.

1.

Samples re-extracted for the purposes of duplication (new cutting). The suffix :
”dup” will be added to the sample name to separately identifyzthe re-extraction
sample from the original, and this suffix will be applied to" these duplication
samples throughout the processing

Samples reamplified in order to improve on the quality of the results or for other
purposes: The suffix “reamp” will be&added to the Sample name.

At the 3130xl run step:

- The suffix “recyc” will be added to each,Sample name for samples that are re-
sequenced (e.g. sample-reeyc).

- The suffix “conf” will be added t0 each sample name for samples that are re-
sequenced to confirmseguenceOnlength heteroplasmy (e.g. sample-conf).

- The suffix “reinj” will be @dded*to each sample name for samples that are re-
injected (e.g. sample=reinj).

- The primer used will be_added as suffix to each sample name. This suffix will
always be added last, e.g. sample-B4, sample-recyc-B4, sample-conf-B4,
sample-reinj-B4.

Contig name:

- A contig/name“should be: FBYY-12345-HVI, or FBYY-12345-HVII, or
FBYY-12345<HVI dup, FBYY-12345-HVII dup

- In certain_cases more than one sample will be typed and identifiers could be
added, after FBYY-12345, e.g. FBYY-12345(V)-HVI, FBYY-12345-PM7-
HV I, FBYY-12345-PM1-HVI, FBYY-12345-Q1-HVI, FBYY-12345-Q2-HVI

Séquencher 1D

= "The sequencher ID of an analyzed run will be identical to that run ID, e.g.
SYY-123.

- The sequencher ID of a case will be identical to the FB case number, e.g.
FBYY-12345.

- The sequencher ID for a Missing person case will be the FB# space MP (e.g.
FBYY-12345 MP)
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6. Amplification and Cycle-sequencing worksheets should be reviewed for

typographical errors. This paperwork review can be performed by any analyst.

C. REPEAT ANALYSIS OF SAMPLES

Repeat testing of a sample can start at different stages, as listed below, Appropriate
controls must be used.

1. Extraction stage: A new extraction negative control must be rup.

2. Amplification stage: New amplification negative and peSitive control must be
included. The extraction negative control does notineed to be repeated if it
previously passed.

3. Cycle sequencing: Positive and negative controls must be tested for each primer
used. The original extraction negativue ‘doés not have to be repeated if it passed for
all needed sequences. The origiftal.amplification negative does not have to be
repeated if it passed for all neededsequences;+a cycle sequencing negative (CAN)
should then be used (20 pl™4,0) fordeaeh primer used. The original positive
control should be used and suffixed(recyc for each primer used; however, any
positive control can also'be used aslong as the contig of interest can be built with
that positive control. Nate that/if a Sample needs to be re-sequenced with a primer
because the positive,control at'that primer failed, then every control or sample in
that run needs to be re-sequenced with that primer.

D. BATCHING AND DUPLICATIGN GUIDELINES

Duplication of samples is/only necessary from when samples are batched.

Exemplar samples batched and extracted for nuclear DNA may be duplicated with a
second nuclear DNA extraction and STR typing.

For mtDNA,(duplication of a given sample can be accomplished by running one
informative primer for that sample in either HVI or HVII.

1. Evidence samples

a) There will be no batching of evidence samples at the DNA extraction and
amplification stages (e.g. each sample will have its own extraction and
amplification negative controls). Therefore, duplication of evidence
samples at the extraction level is not required. Duplication at the
extraction level can be done for case-related reasons (see supervisor).
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b) Batching of evidence samples is allowed at quantification steps:

Duplication of sample at the quantification level is not required.

C) Evidence samples within a given case (e.g. all hair samples from a single
case) may be processed at the same time at quantification and‘sequencing
steps. Duplication of sample at the quantification levekis.not required.
Duplication can be done at the cycle sequencing step ifsthe evidence
sample does not match any other sample in the case. Duplication at the
cycle sequencing step can be done for other case related reasons (see
supervisor).

2. Exemplar samples

a) Batching of exemplar samples‘from different cases will be allowed at all
steps of mtDNA analysis,ineluding«the, DNA extraction stage.

b) HVI-HVII amplification, and sequencing of exemplar samples from the
same case (e.g. family “members, duplication samples) should be
performed at leastonce separately.

C) Suspect exemplars will be duplicated if that sample matches an evidence
sample.

d) Victim exemplars will be.duplicated if they do not match any other sample
in the case and if that'exclusion is informative.

e) Missing Persons’, exemplars and unidentified remains do not need to be
duplicated.

f) Any exemplar may be duplicated for case related reasons or to streamline
testing.

3. Exemplar withhEvidence samples

With the‘exeeption of quantification evidence and exemplar samples must always
be tested sseparately in time and/or space. Batching of evidence with exemplar
samples is allowed during the DNA quantitation step. Batching of evidence with
exemplar samples is also allowed during product gel or Agilent analysis provided
that sample aliquots are done on each sample type (evidence or exemplar) at
Separate times. Quantification steps do not need to be duplicated.
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Revision History:
July 24, 2010 - Initial version of procedure.
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General Guidelines

Refer to Evidence and Case Management Manual fogrgelaboratory guidelines fo;\%idence
examination, note-taking, itemization, and preparafor evidence examination. Q

A. Hair Evidence Examination ,\(b\

1. Document all packaging on appropriate worksheﬂ(sj@en packaging in a
dead-air hood (preferred) or comparable (e.g. sedspac

N
2. Document the hair examination. Note the hair ?g&le length and whether or
not the hair is mounted.

3. If hair is <1 cm in length, see superws \f thehair will be consumed
indicate in case notes that the sampb il be commed for testing and
proceed.

\A)ﬁ;)step 5. hlaos that are mounted, proceed
irs for Mitochomdirand Nuclear Testing”,

4, For hairs that are loose, proceed
with demounting (See “Washin
part A) and then return to ste
Note: It is at the analyst’s retion to photo doument hair mounted on a
slide at this step. In this(cgse follow step 5 lwel/ prior to demounting hair.

5. Take a picture of the hair:

» Digital or Mldeo® ture can be made.
e If the hair is ounted, it can be placed in aghdioat.
* Place hai ‘&1 appropriate background for photo dwmmiation. Brown,

black, rker colored hairs should be placedaowhite sheet of clean
papeQBIonde, white or light colored hairs shobkl placed on a darker
cleground.

e a digital/Mideo photograph of the full hair,nciuding a
ler/measurement in the frame. For digital pesjrbe sure the digital
\ camera is set to Macro (flower) and the flash fsbefore taking the picture.
Q‘?‘ For Mideo pictures, see Mideo Macro/Microscopic iigImaging System
Q_ below (see part B).
v i.  Save /export pictures
ii.  Print digital and Mideo images for case file (sae ).
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B. Mideo Macro/microscopic digital imaging system ,\q/
1. Make sure the computer is on and all of the propbétes are connxﬁ@between

©

the Firewire camera and the computer. N
2. Double-click on the desktop shortd&ZDocPlus Q/\\

4

3. The main program screen will appear. Click on “ and select “Micro Cam
M”. The QCam Microcam Control Panel will ap :

4, Make sure at this point that the stereo micr, jp@, the light source is active,
and the specimen is in focus. When viepdng salatk objects, it is best to use
the ocular light ring to illuminate the saple. &hviewing slides or thin tissue

samples, use the direct light fromt\ mp bagbemicroscope.
O
5. On theMicrocam Control P (shown to the  [EEEETED X
right), perform the follow{ng: Basic | Exposue | Whie Balrce | Advanced |
xo fuoEwpose | WhieBalrce |
a. Click theLiv ton. s
b. Adjust th ning so that the setting is 3
both th rizontal and vertical. g Pl
C. Che élip Image box. ikt | (s
d. eAuto Exposure button. Verid [T ]| | qedetings
e. Adjust the intensity of the light and click Adust Expusure
QAuto Exposureif the image is too bright or e [ st |
AQ/ too dark.
Live | [arab |
\2\ OTE: If the background color is not white or
Q" o white, place a sheet of paper in view of th

Q lens and click on the White Balance button.
?‘ Repeat step 5d once completed.
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6. Once the image on the screen is in focus and thgn®per contrast, click the

Grab button on the control panel. This will freeze timage on the scr

7. Under theTools menu, seledDverlays. Once the panel opens u (a%orm the
following: ®

\'\
Click on theMeasuretab. Q/\
Click theLoad Calibration button. ’
Select the calibration based on the current pe magnification level.
FOR LINEAR OBJECTS A\
1) Click on theLength button. o>
2) Select any of the length tools@easureehgth of the imaged
object. O\
e. FOR NON-LINEAR OBJECTS Q
1) Click on thel\/lultilen% utton
2) Trace the non-linegnsbject length by leftdkigy the mouse at
desired turns azt\g&orners. Hit “Enter” on the leayid when
finished. Q)

=
(mEY ools | Split Scresn I
bed Lalti 2 Measure | Mask | Motes |

apop

X |3
L
] )
Oc) Length _l Lﬂl =
/
I
@Q Color I - —
A Font I Clear Measurements I
N\ fom
Save Load
Calibration Calibration
Q [ E=TEN] Delete Calibration
v Calibration Calibration Dizplay
Clear Calibration |
[Ne print size Change I
E =port M eazurements Precision
I 2 digits ™ I
Send Tha Send To
Eramt Eack

oK I
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8. Save the image by going to tRde menu and selectingxport Image.

9. Save image with case identifying name (e.g. FBOY1@4tem 1A-1) ,\q,

C. Printing digital and mideo images for case file Q)\Q/Q
1. Open Microsoft PowerPoint. N
2. Go to File menu and select Page Set-up. Chamdge cxiie@on from landscape
to portrait . ’
3. Import pictures \
4. Add Sample ID. Add comments if needed. \O
5. Save as FB# in Photo Archives . (b‘
&
O&
o
AN
O

Revision History:
July 24, 2010 - Initial version of procedure.
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PURPOSE: To prepare hairs for DNA extraction.

A. Demounting:

“possible root” is observed, the sample should beand w or nuclear
DNA testing extraction (see part C).

1. If the hair is loose, then proceed to the approprieir washing 5‘ﬁgbedure If a
f

2. If the hair is mounted: ,Q

I. Process only one mounted slide at a time.

il. Turn on the heat plate and adjust the h Qa\l'ém’l 100-11%C. Place
the slide on a heat plate until the ,@ant seftand using forceps
remove the cover slifthe mountant @ ns quickly and hairs will scorch
if left on the heat plate too long.

iii. The hair will be attached to ﬁ)o he coverslighe slide. Remove hair
and place into a xylene ha r up to 5 minutesuratil the mountant
completely dissolves. H% and slides/coverstiptaining hairs can be
kept in the xylene bat onger than 5 minutesecessary.

iv. Using clean forceps&efully remove the hair fithwen xylene bath

V. It is at the discret@ f the analyst to makeaye of the full hair at this

time. xo

Vi. Proceed to t Qpproprlate hair washing procedure.
B. Washing the hair for NA testing extraction

1. Using f Os and a scalpel cut a 2 cm region efidar or hair shaft. A picture
of the eutling should be taken at this time. If ther is also to be tested for

n r DNA, the mitochondrial DNA cutting shoul@ laway from the root.

the unused portion of the hair onto the loackf a post-it note and return

the packaging
b\z\ f “possible tissue” attached to hair is observedsee your supervisor. In some
cases the hair will not be washed, proceed to stelll and enter N/A as
Q’ TergAZyme and Saline lot #.
V3. Prepare 5% TergAZyme solution by adding 15ml of G@Bwater to 0.75g of
TergAZyme. Mix well. Record TergAZyme lot #.

4, Using clean forceps, place the hair fragment ogitimio a 1.5 ml tube with 1 ml
of 5% TergAZyme solution. Vortex the tube for 1nmie at high speed, and
place into the sonicator for 15 minutes. Afterisation, vortex the sample again
for 1 minute at high speed.
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5. Prepare a 50 ml Falcon tube and filter cup. Labelttibe and filter cup tab with
the sample name. Pre-wet the filter cup membratrednml of Gibco dHO.

6. Remove the hair from the TergAZyme with clean fps;eand place th ir into
the filter cup in the center of the membrane.

7. Wash the hair with 1 ml of Gibco dB. Allow the liquid to paﬁl%rough the
filter.

8. Wash the hair with 1 ml of 0.85% saline. Allow tﬁ@id)ﬁ\'&ss through the
filter. Record Saline Lot #. 9

9. Wash the hair with 1 ml of 100% ethanol. Allow tigid~to pass through the
filter. S

10. Remove the filter cup containing the hair an ’@oea Kimwipe to let the
ethanol evaporate. Once the filter membraneAgtieyhair will be dry as well.

11. Transfer the cut hair fragment to the botto © 1.5 ml tube. Label the tube
with sample name.

12.  Store the tube containing the hair f g@gnt ingppropriate “To Be Extracted”
cryobox in the pre-amplification | bEalory freezer

13.  Proceed to Mitochondrial extract{» for mitochoadlDNA testing procedure.

1.

5.

6.

N

Washing the hair for nuclear DNA@ing extii@n

For nuclear DNA extrac{ions, using forceps andapst cut up to 1.5 cm of the
proximal region of theXqair, including the rootlaée the unused portion of the
hair onto the backi@a post-it note and retarthe packaging. A picture of
the root should\g@a en at this time.

If “possible@ghe" attached to hair is observedsee your supervisor. In some
casest air will not be washed, proceed to stéd and enter N/A as Saline
lot#. »

ith the sample name. Pre-wet the filter cugmiorane with 1 ml of 0.85%

line. Document Saline lot #.

sing clean forceps, place the cut hair into thierficup in the center of the
membrane.
Wash the hair with 1 ml of 0.85% saline. Allow thguid to pass through the
filter. Repeat that step.
Wash the hair with 1 ml of 100% ethanol. Allow tiguid to pass through the
filter.
Remove the filter cup containing the hair and placea Kimwipe to let the
ethanol evaporate. Once the filter membrane istdeyhair will be dry as well.

@e a 50 ml Falcon tube and filter cup setabgling the tube and filter cup
|

Q3
&
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7. Transfer the cut hair fragment to the bottom ofearc 1.5 ml tube. Label the tube

with sample name.

8. Store the tube containing the hair fragment inaperopriate “To Be Exkgaped”
cryobox in the pre-amplification laboratory freezer
9. Proceed to Mitochondrial extraction for nuclear Di&ting proc%@@.

N
/Q«\

&
S
>

. Q
\
@

Revision History:
July 24, 2010 - Initial version of procedure.
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Refer to the currenProtocols for Forensic STR Analysis manual for extraction, quantitation,
amplification, and STR procedures currently on-limeother Nuclear DNA Operations.

PURPOSE: To isolate nuclear or mitochondrial DNA from thairhusing an@(z}fnatlc
digestion of the hair followed by an organic exti@ac.

A. Extraction for Mitochondrial and Nuclear DNA testing \

1. Prepare hair for digestion by removing the appmprmic@entrifuge tube from
the “To Be Extracted” cryobox. Fill in Organic EattipnAVorksheet.

2. Prepare the incubation solution in a 1.5ml tub following table. Label
this tube with the extraction date and time as E MYY-HHMM.

AN
Reagents Péﬁ extraction negative
Proteinase K (20mg/ml) C& ul (15*2)
DTT (1M) ‘Q\ 75l (37.5*2)
20% SDS Q\) 7.5ul (3.75*2)
Organic Extraction Buff€) 188l (94*2)

3. When extractmg&@ps of hair, or multiple hamgether, the total volume of the
incubation s an be increased 2- to 10-fdaccommodate the size of the
sample. Ad &he reagent volumes to accommatiese changes. Note such
volume es on the extraction worksheet.
Have the traction tube set-up witnessed.
Aligast 150 pl of the incubation solution into the 1.5ml tubentaining the hair
ave the remaining solution in the originahil.tube as the negative control.
6. \m bate samples for 30 min. in a 1400 rpm shaké6&C. Record the thermal
\2\ ixer number on the worksheet, and the thermal miperature setting and
temperature in the thermal mixer logbook.
QL After 30 min., hairs should be dissolved. If natubate for a total of 1-2 hours.
?“ If hairs have not dissolved, adgdllof 1M DTT and incubate overnight. Make a
note of this on the extraction worksheet. Hairs ematrol samples should be both
treated the same way. After overnight incubaticecord the thermal mixer
setting and temperature in the thermal mixer logboo
8. When the hair sample is completely dissolved, prdceith the extract to the
purification step (see part B)

S
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9. The hair sample might not completely digest eveerdhe overnight incubation.

1.

w N

No ok

(o)

~2\
&

11.

12.

If the hair is chemically treated, straighteneddged, it might resist digestion.
The incubation process might remove the pigmentadoring from a hajr and

leave it opaque. If this happens, make a notehisf @an the extracidg¥Sheet.
Centrifuge sample for 3-5 minutes at full speedll&gothe superna@ (extract)
in a new tube, carefully without disturbing thelpelAdd the s R” to the

sample name and label on the original tube comtgitie hsg ain (pellet).

Hair remains will be stored with the other sam;ﬂeocee purification step
with the extract (see part B).

Purification of DNA for Mitochondrial and Nuclear DNA\@ng

Phase Lock Gel (PLG) tube, one microc tereéhmicrocon collection tubes,

and one 1.5 ml tube for final extrac LG tubam e centrifuged for 30

seconds at maximum speed prior tﬁ?ple addition.

After incubation, have the purlflca‘ﬂg be setvamessed.

Transfer each extracted sam appropriateddidelLG tube. PLG tubes make

the phase separation betwe rganlc and aquegars laf an organic extraction

easier. To each PLG tu@dI d an equal volume afid?h€hloroform: Isoamyl

Alcohol (25:24:1 PCI e PCIA volume to be addshould be 150ul unless

the extraction volum? s been increased in stepP&3 A isan irritant that is

toxic. Its use sh e confined to a certified fume hood. Gloves and a

mask should be n.

Shake or br| ortex the tube to achieweilky emulsion.

Centrifugeb® tube in a microcentrifuge fanutes at maximum speed.

Insert M con 100 filter cup (blue) into |abe microcon tubes for each sample.
& the Microcon 100 concentrator by addb@ul of TE*to the filter side

During the incubation, prepare and label f:&@a{?ﬂpﬂe: one Eppendorf Heavy

% f the concentrator.

sfer the aqueous phase (top layer) from Rh& tube to the prepared
icrocon 100 concentrator. Do not disturb the Rager. Discard the PLG tube

containing the organic layer into the organic wasitle in the fume hood.

Spin the Microcon 100 concentrator for 25 masuat 500 rcf.

Transfer the Microcon 100 filter cup into a neeled Microcon tube and add

400ul of TE*to the filter side (top) of the concentrator.

Spin again at 500 rcf for 25 minutes. Aftas tbpin, if liquid is still observed on

the membrane, spin again at 500 rcf for an additida®@ minutes. After this spin,

if liquid is still observed on the membrane, conérspinning for a longer time.

Add 20ul of TE*to the filter side (top) of the concentrator.
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13. Invert the blue concentrator cup and place agpropriate microcon collection
tubes. Spin at 1000 rcf for 3 minutes to colleshples.
» For mitochondrial DNA testing, '\(1/

0 Using a pipetman, measure volume collected anddato

o Transfer samples to a 1.5 ml microcentrifuge tuvesforag Q

o Adjust samples volume to 50 using TE* record these v@@é

0 Proceed with HVI-HVII amplification with 20ul of &s,

» For nuclear DNA testing,

0 Using a pipetman, measure the volume collecte&

o The volume should be close to 20ul, in cogtr6l &ait samples. If the
volume is > 30pul, prepare a new micrq@ filter aode (see part 6
above) and spin at 500 rcf, control and @RIt sasfter an additional 10
minutes. After this spin, if liquid i8 Il obsexd on the membrane,

continue spinning for a longer timg&

S.

0 Transfer samples to a 1.5 ml mj entrifuge tubrestorage

Send 2.5 pL of samples (ndat)for nuclear quaatifio. If quantitation
results show an insufficiephamount of nuclear Df¢A STR testing, the
extract may then be us% r mtDNA analysis.

o

Revision History:
July 24, 2010 — Initial version of procedure.
November 4, 2010 — Added instruction for thermalendocumentation.
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PURPOSE: To increase the amount of available mtDNA for plaeposes of analysis, by
performing arin vitro replication of template DNA using oligonucleotide
primers, thermostable DNA polymerase and deoxymosadie triphospha;\Wses
(dNTPs) within a thermal cycler. (1/

\\

PROCEDURE: Q)

A positive control, an amplification negative, aaextraction negative /At\)l (if applicable)
should be included with each batch of samples bamglified to demonstrate procedural
integrity. The positive control is a laboratoryade cell line, for whl@%e MtDNA type is
known.

Follow the mtDNA pre-amplification guidelines foarhldllng ubes and cleaning of the work
surfaces. The following steps have to be performehcié@roprlate dedicated areas. Evidence
samples and exemplar samples should not be h same time.

A. Preparing the DNA aliquots for HVI-H\Q@pIﬁation
N
0] Amplification can be perforr@with either RocheHmmebrew reagents.
Homebrew reagents shoqg e used for Missing Persartesting only.

o] When amplifying e@s which have nuclear DNA wmpifecation data, the target

amount of extra e amplified is:
" 100 pg n using Roche reagents

. 500 (&) hen using Homebrew reagents

o] When amplifying samples that have not been quadtife.g., hair shaft samples),
us ul of the extract and Roche reagents, only.

o] Qgﬁble | refers to the preparation of the controhgkes for the amplification.

@)

&
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Table | — Control samples for amplification.

Sample DNA (extract) |TE® A
HL60 Positive Control DNA (100 pg/2@) |20 pl R \V
( )

Amplification Negative Control 2@,\k\ll/

: : O
Extraction Negative Control,(s) when sam{#é pl \-
amplified neat (<\ b
Extraction Negative Control (s) when a Subm|t of the extraction
dilution/concentration of sample extract is negat the same
amplified dil concentration factor or

JQe concentrated than the
Q&mle

C
°
B. Amplification Setup O\

xS

appropriate lot numbers.
name and with date amU e for the positive arghtiee controls.

1. For each amplification segt;‘gﬁ@n the correspmigdworksheet and record the
I

0.2 ml PCR readiitres with sample label

2. If samples requirit&tion, prepare the aliquat®V’ed 1.5mL tubes, and place

the neat samplg}, ack into storage.

O
3. Master r@@eparation:

a) OFor amplification using Roche reagents:

Prepare a Master Mix with Reaction Mix and Primark M he

following calculations are used:

o] Reaction Mix: number of samples N x gDReaction Mix

o] Primer Mix: number of samples N x 0 Primer Mix =

\
Q~Q\2\ =__pl
?\

__ul

Note: For<6 samples, use N, far6 samples, use N+1. To

save on reagents, individual aliquots of Reactiuh a

Primer Mix can be made.
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o] Add Reaction Mix and Primer Mix together to prepare
Master Mix.

Vortex the Master Mix and centrifuge briefly.
o] Aliquot 30 ul of the Master Mix into the botton@f ach

labeled 0.2 ml reaction tube. \(1,
,\Qb

b) For amplification with Homebrew reagents: /\\

(@)

. Prepare Reaction Mix and Primer Mix mg%r mixeoeting to
Homebrew amplification worksheet, age following@mts of
reagents per sample are used:

Reaction Mix Volume er Mix Volume
Reagents per sample r:’§t-:‘agents per sample
Irradiated dH20 | 3.7l , Irradiated dH20 6 pl
GeneAMP 10X 5ul \ 10uM HVIF 1l

PCR Buffer O

2.5mM dNTPs ,4&' 10uM HVIR 1pl

25mM MgCb ('}4?.8 ul 10uM HVIIF 1 pl

5U/uL AmpIiTAQ\‘

Gold DNA QQ 250l 10uM HVIIR 1l
Polymerq,(i&

T(_)tal R«@Tctlon Total Primer Mix

Mix me per 204 volume per sample 10u
<D per samp

0 The following calculations are used:
AQ/ o] Reaction Mix: number of samples + 1 (N + 1) x React
N\ Mix Reagent Amount = _pl
\2\ o] Primer Mix: number of samples + 1 (N + 1) X Prinvix
Qg) Reagent Amount = _ul
?\ . Vortex the Reaction and Primer Mix and centrifugefty

. Aliquot 20 ul of the Reaction Mix and 10ul of the primer mixan

the bottom of each labeled 0.2 ml reaction tube.

Controlled versions of Department of Forensic Bigidanuals only exist electronically on the OCMEamet.
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4. Add samples into the 0.2ml tubésse a sterile filter pipette tip for each sample

addition. Open only one tube at a time for sampladdition. The final
agueous volume in the PCR reaction mix tube wilbBgl. Transfer th
appropriate volume of target DNA or THo each respective sample ter
the addition of the DNA, cap each sample beforegeding to the ubéf
necessary, spin down the tubes at 1000 rcf for avfeseconds.'\@

5. When finished, place the rack with the 0.2mblets in the p@ p room
dumbwaiter. Send the samples up to the post-aop.ro,

O
>

C. Thermal Cycling
1. Turn on the Perkin Elmer 9700 Thermal C{@

2. Use the following settings to amplify@@soamples
\

9700 Thermal Cycler| The a 'Qzltion file is as follows-
&k at 94C for 14 minutes
User: mtDNA C) - Denature 92C for 15 seconds
X, 34 cycles: - Anneal at 32 for 30 seconds
File: lamtdna \ - Extend at 72C for 30 seconds
((\Q Incubation at 72C for 10 minutes
R Storage soak at’€ indefinitely

3. Place th@%s in the tray in the heat blockedl# heated lid over the tubes,
and fasten’the lid by pulling the handle forwar@&ce the microtube rack used to
se @the samples for PCR in the post-amp rooachlbath

4. @art the run by performing the following steps:

C) a. The main menu options are RUN CREATE EDUTIL USER. To
Q‘ select an option, press the F key directly undat tirenu option.

?‘ b. Verify that the user is set to “mtDNA” if notlect the USER option (F5)
to display the “Select User Name” screen.

C. Use the circular arrow pad to highlight “mtDNASelect the ACCEPT
option (F1).
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d. Press the RUN button (F1) and select the “laaitdite.

e. Verify that the reaction volume is set tojp@nd the ramp speekﬂ,set to
9600 (very important). (1/

f. If all is correct, select the START option (F1) @\
The run will start when the heated cover reach /k\'he screen will
then display a flow chart of the run conditions fl#sting line indicates
the step being performed, hold time is countath do@ycle number is
indicated at the top of the screen, counti

g. Be sure to record the use of the the @I cyunldre logbook under the

appropriate name. For example, n using Thecycer 705A-TC1,
you would go to that Iogsheegg@)rd the datejed description of what
it was being used for (in thi e it would berifBNA”), your initials,
followed by type of eV|de{® which would be eitkbgrdence, quality
control, or exemplar.

h. Upon completion Qf Q)?e amplification, press 8¥OP button repeatedly
until the “End n” screen is displayed, and omyour samples.
Select the E option (F5). Wipe any condensatrom the heat block
with a Ki e and pull the lid closed to prevenistfrom collecting on
the he ck. Turn the instrument off.

I. A@removing your samples, place them inap@ropriate 2-8 °C
refrigerator for storage. Samples should be ségéigccording to sample
Otype (exemplar, evidence, or quality control). &ecthe date and time of
A when samples were amplified on the cover of thalLZPCR storage

\ box.
%)
kg
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IMPORTANT :

Turn instruments ofONLY when the Main Menu is displayed, otherwise theiebg a,@
Failure message the next time the instrument reethion. It will prompt you to re e run
history. Unless you have reason to believe thaetivas indeed a power failure (&
necessary. Instead, press the STOP button repeated the Main Menu app

S not

In case of a real power failure the 9700 thermalexywill automatically r, ﬂ%e the run if the
power outage did not last more than 18 hours. Uthiaterruptible Powe/r pply (UPS) present

in the amplification room will power the thermalobgrs for about 2- urs in the case of a total
power outage. The history file contains the infation at which of the cycling process the
instrument stopped. Consult with the QA team aniie Tech\' Leader on how to proceed.
9
°
AN
&

N
&
?\

Revision History:
July 24, 2010 — Initial version of procedure.
December 22, 2010 — Added procedure for Homebraplification. Changed title of procedure.
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PURPOSE To quantify the amplified product of the mitocluoial hypervariable regions |

A- Preparing the worksheet Q/\\

and Il, in order to establish the input of DNA forear array analysis and/or cycle
sequencing. The DNA 1000 assay is capable of aimgyamplified DNA,\(;/
fragments in the range of 25-1000 bp, and in threentration range (@ -20

ngiul. q,
O

open the Agilent Workbook %
from:M:\FBIOLOGY_MAIN\FORMS\mtDNA\quant 'ﬁqt
save asQmmddyy-hhmm in M:\FBIOLOGY_MAINWNA\Sheet
Archives\Quant_sheets A

In the “Agilent” worksheet enter tube label-di hd sample name-dilution in
wells Al to D3 (e.qg., Positive-CTR-100909-()00-d2 sample name, PC100909-
1000-d2 for tube label, Extraction-NE 09-1@10tor sample name,
EN2100909-1000-d1or ENEG-d1 for t abel).

Exemplar samples and positive copfdls should het@-fold (d2) and 5-fold (d5)
dilutions. Hair and evidence sa@&s should badfuifneat) and d2. Negative
controls should be run d1 (

Exemplar and evidenceas(%h S may be quantitatéloeosame Agilent run;

however, they must be afigdotted for quantitatiepasately.

Save and print. %)

Select the “export” sheet. In file menu sel&dve as” , “CVS(coma delimited)”
. File name Qm -hhmm.. Save in M:\\FBIOLOGY_MANNTDNA\Sheet
Archives\Ql@Qs eets. Copy on USB drive.

’
B-Prepa&i/@ the samples

v

QSA)IIOW the worksheet to prepare dilutions. AdglHirst in all tubes where

needed.

Qg)z- Vortex and centrifuge tubes between serial diligion

3- Aliquot all volumes less than# using a 2ul pipette.

4- When pipetting sample for dilution or quantitatipick up from the top of the
solution (directly on the meniscus) to avoid cargysample on the outside of the
tip.

5- Use 1l for quantification. Vortex and centrifuge evenpe before use.
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C-Procedure

- If the Gel-Dye mix_is not preparedroceed to SECTION A. r\(]/
- If the Gel-Dye mix is already prepared, procaz&ECTION B. Q
- For analysis of data only, proceed to SECTION C. (b\q/

POWDER-FREE GLOVES ARE REQUIRED FOR THE HANDLIN \Q AGILENT
CHIPS. POWDER FROM LATEX GLOVES COULD CLOG THE Ml O-CHANNELS

ON A CHIP. ’
O‘
SECTION A-Preparing the gel-dye mix (5\
1. Allow the DNA dye concentratél(e tubg and the gel matrixréd tubg to come
to 37°C in the heat block. OO

2. ALWAYS PROTECT THE DYE CONC ATE FROM THE LIGH Vortex the
DNA dye concentrateb{ue tubg and s L@)Wn. Add 25l of the dye concentratél(e
tube to the DNA gel matrix vialred é&
O
3. Vortex the mixture for 10 se oﬁé to ensure detapmixing, and transfer the entire
mixture to the top receptacl%&a spin filter.

4, Centrifuge for 15 min at 6000 rpm. Disdhelfilter and label the gel-dye mix tube
with the lot number e DNA dye concentrate, INA gel matrix, and your initials

and the date. QO

5. One tube él-dye mix is enough for 10 rums} &ill last for 4 weeks. Discard the gel-

dye mix eks after the date of preparation.tdetdhe gel-dye mix from light, and
storea@.

N
SECTI@Loading and running of the Agilent Bioanalyzer 2100

210§;pert System Setting (left inside of the wwvdclick on system) are saved by default as:
. Data Files Name: serial number, data, time arekstec
2. Data Files directory: “Create Daily subdirectories’thecked.
3. Data File format: “Binary format” is checked.
4. Nothing is checked in “Run and Results”, “Auto Exigoand, “Default Export
Directories”.
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ALL PIPETTING INTO THE CHIP MUST BE DONE DIRECTLY O N THE GLASS AT
THE BOTTOM OF THE WELL, NEVER ON THE SIDES OF THEW ELL.
NV

1. Allow the gel-dye mix to equilibrate to room tpemature. Q

2. Have a witness check samples and woetskél the lot#, analyst inlt@\@ate time,
Agilent machine, manually on the worksheet. FilAgilent usage I,\Q\

Q

3. Open a new DNA chip ,
\N
4. Pipette Qul of gel-dye mix into the bottom of the well m Make sure there are no
bubbles, if any use aull pipette tip to remove them, e it in the pnmstation, and
fill out usage log. Make sure the base plate efsﬂa is set to position C, and the clip
on the syringe trigger is set to the lowest p & sure the syringe piston is pulled
back to the 1 ml mark, and close the lid of station. (Listen for the “click.”)

5. Grab the syringe with your index fing \md&r ftins on the syringe body and thumbs
on the plunger. Swiftly and steadil \gress downtlze plunger until it locks under the
silver trigger. Make sure your th are notie way of the trigger lock or it will not
work. Let the chip pressurize fQr 0 seconds.

6. Release the syringe with @rigger, and make the syringe comes back to 0.3-0.4 ml.
Wait for 5 seconds, p owly the syringe backltanl, and open the chip priming
station. Turn the chj er and inspect the capdk for proper filling.

7. Pipette Qul of g@ye mix into the two wells mark&l Make sure there are no bubbles,
if any use a_l #ps to remove them.

8. Vorte spin down the DNA marker @reéube), and pipette|d of marker into each
of t$ sample wells and ladder well. Each weikt be filled, even if it will not be

9. ?gVortex and spin down the DNA ladder (yellow tybend pipette Ll of ladder into the
lower right well, marked with the ladder symbol.

10.  Add 1uL of amplified DNA to each well. If a well is nosed, add | of dH,O into the
well.

11. Place the chip in the IKA vortexer and vortéx2200 rpm for 60 seconds.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Run chips within 5 minutes.

NV

Start the collection software by clicking oe gymbol on the desktop. (19

Click on “instrument” on the left paneldaanter the sample nam 'n\{he Sample Name
column or place the cursor in one cell of the Saniyame col 9& click on the right
button of the mouse, select import, choose thetexssfile you cyeated for that run (see
A7). The software might give a warning “failed taport theggt file”. Press ok.

Once the machine is highlighted in the uppmﬁend,@r of the screen, open the lid.
The icon should now show the lid open as well.e DNA 1000 chip and carefully
close the lid. The machine icon will now chan ue chip on the screen. Make sure
the “Assay Class” in the “Assay Details” ol right panel) is “DNA 1000". If
the assay class is different than DNA 10 (ﬁéeparsisor before starting the run.

\O
Adjust the sample # in the Data A@tharameters field, if necessary.

Click on the START button. X,
The run will begin with a p@Qeat and should tagproximately 35-40 minutes for a full

chi
p. \\}(\

The ladder sam (\;MII process first.islia good idea to monitor this sample to make
sure the upper ower markers come out corrétHyp and 1500 bp).

Enter m Q@Ily the run name as yyyy-mnfiddnm-ss on the worksheet.

I |atelyafter the run (less than 5 minutes), remove thepsa chip. The electrodes
d to be cleaned with the clear electrode cleamerwithin 5 minutes after the run.
o do this, begin by filling one of the large wellsth 350l of deionized water. Place
the electrode cleaner in the Agilent 2100 Bioanalyand close the lid for 10 seconds
(andnot more than 103. Open the lid, remove the electrode cleaner,@dng let the pin
set dry for another 10 seconds (axad more than 103, then close the lid. Drain and dry
the electrode cleaner chip.
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SECTION C. Data collection, analysis, electronic filing

When the Bioanalyzer 2100 run is complete, go éoDhta & Assay field. The maln

will show the gel image, sample list, and chip staryn Any problems detected b oftware
will be indicated with yellow triangles above tlanés in the gel image (see trouké; ooting).

1- Ladder:

Select the Ladder sample on the sample list. The miadow should sh%/}he the following

peaks (11 ladder peaks plus lower-LM- and upper-dirkers):
15bp Lower Marker
25bp  Ladder \O
50bp Ladder Q(b

Y4

*

100bp Ladder 6\
150bp Ladder OK
200bp Ladder @)
300bp Ladder C)

400bp Ladder O\

500bp Ladder \&

700bp Ladder Q)

850bp Ladder O

1000bp Ladder
1500bp Upper Marker 00

2—Samples: \}6\

Click on the individual s@e on the sample [i@te positive control and sample lanes should
show two peaks, indi¢aying the HVII and HVI amg@di products (around 420-490 bp) for
samples amplified with 'HVI and HVII multiplex prime All samples should have the lower
marker (~15bp) upper marker (~1500bp).

3-Manua|\§dgAg:

If the glér marker (UM) or lower marker (LM) isgsent but not labeled properly right click
g )eak cell “size bp” in the table and setewnually set upper marker” or “manually set
Iow marker,” respectively.

If a ladder peak, HVI and/or HVII are present bat labeled or if an extra peak is present: right
click on the peak, select “manual integration”, addemove peak at that position (bp).

Smaller amplified product peaks in samples withesely unbalanced HVI and HVII peak
heights due to potential length heteroplasmy mamaeually edited.
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4-Export data to the network:

The data are automatically saved in a “yyyy-mm-fidder as “DES547045xx\yyyy-mm-dd_hh-
mme-ss.xad” (a shortcut on the desktop). If from AGES54704%x is DES54704%5, 'rﬁ'pm
AG2:DES54704%x is DES5470484.

a- Open the yyyy-mm-dd_hh-mm-ss.xad file, make eifiiteecessary, saﬁ&e xad file
as DES547045xx\yyyy-mm-dd_hh-mm-@salystinitials.xad. Transfer the (@ file (s) in
M:\MITO_DATA\Agilent Archive\yyyy\ yyyy-mm-dd-hh-mrss folder. \'\

b- Create a PDF file by going to the “file” menu aselecting “ /\ When the print
window opens, select “Run Summary”, “electropheangs” and “Resylts Table”, choose “all
wells” if it is a full chip, or fill in the well nmbers of used well for a partial chip. Select
“Include Ladder”, one per page, PDF. Click on “.to"select th e. Select the external USB
drive or the appropriate folder on the network. A'mmwstinitiaé\ fore “.pdf” in the path name.
Click save. Open the PDF file, print and, initiach page. A\

c- Check that PDF and.xad file (s) are present @@O_DATA\AgiIent
Archivelyyyy\ a new yyyy-mm-dd-hh-mm-ss foldebo
o
S
If analysis or review is done at a differen(®rhar the run or from another computer, open the
2100 Expert software. &ﬂ)

Select “data” in the “contexts” colu@-on the lefffe of the window.
Go to file %)
Open
Select the folder with the rl@\%u want to revievalgze in M:\MITO_DATA\Agilent
Archive\2009\XXXXXXX X
Select the appropriate? file of the run
’

2100 expert software

Click open Q
After analysi g(ew: IF ANY EDITS/CHANGES ARE ADE, do not forget to re-save the
xad file v@{eviewerinitials" at the end of its name. Create a new PDF filemmtRand initial.

O

SngTD. Data Entry, Review, Filing, Rerun

DATA TAB ENTRY
Open the Agilent workbook Qmmddyy-hhmm in M:\FBIOGY MAIN\MTDNA\Sheet
Archives\Quant_sheets.

Save it iInM:\MITO_DATA\Agilent Archive\yyyy\ yyyy-mm-dd-hh-mress folder as yyyy-mm-
dd-hh-mm-ss (from the run)
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Open the “Data entry” tab
Run#: enter “yyyy-mm-dd_hh-mm-ss”
Instrument #: enter AG1 or AG2 ,\q/

AN

Ladder 7
Select on the pull down menu next to “laddg bp*:peak position manua”y@éd

between “no ed_iting need_ed” or “editing”. If_ PE8 pp *+ - peak position eduteﬂ}mtmanually
(s) has been edited enter in the next cell thetimtal bp ~ : spikes position mahuRlly removed
in bp followed by the one symbols from the table: =~

LM*: sample Iower,qldker manually called

Ladder markers: UM*: sampley&? maker manually called
Select on the pull down menu next to “ladder”
between “no editing needed” or if the lower markas bee gnually called enter (LM*) if the
upper marker has been manually called enter (UM*). OK

Sample names: this column will be populated aut(qgﬁcally

Samples

HVII and HVI peaks should be discrete a@ pproxatyad00 to 500bp respectively or the peak
will be inconclusive. Samples with miltipte peakspeak imbalance due to potential sequence
length heteroplasmy may be manuw ited.

)

Sample edits: @

If a sample is edited, enter location in bpgofeed by one of the symbols from the table
above. If special edits aqcﬁeeded, document thetfme sample edits column and explain the
edits in the notes at th om of the review whdet.

’
Dilution factor:

Select the dily&gn factor from the pull down me@Neat=d1l; 0.5=d2; 0.2=d5; 0.1=d10;
0.01=d100;

val ue@hnd value HVI:

Ent e concentration value of HVII and HVI frahe run PDF print results.

If theSvalue is >0.5-20<, the value will appeareal.

If a peak is inconclusive for any other reason tharout of range value, enter INC in the value
cell of that peak.

For negative controls, enter ‘- in both HVI and HVI

REVIEW TAB ENTRY
Open the “Review” tab
Fill the “Comments column following the guidelingesthe table below:
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onedilution
HVII  HVI Comments | hg/
[0.5-20]] [0.5-20] | HVII and HVI mean concentration will be used forther testing USE(‘\\)
INC [0.5-20] | non-INC peak concentration value will be used fotHer testing U@ﬁ\ v
[0.5-20]] INC | non-INC peak concentration value will be used fotHer testing] | NSE
INC | INC Rerun “\ \RO
2 dilutions D~
¢ 1 _Comments
— T — — 2\
dilution A [pasgdilution A within + 2.5 X dilution use lower value \9 USE
dilution B [pas{ B X -
s LN
RN
dilution A |pasgdilution A outside + 2.5 Xdilutio Rexdfg™~ RQ
dilution B [pas{ B  Revdn RQ
Y
dilution A |pass for further testing USE
— n/a —(6
dilution B | Inc RN n/a -
N
~0Q
dilution A | INC n/a n/a -
dilution B |pass _,’\\. use for further testing USE
N\
If both dilutions are INC (00
dilution A| INC n Rerun at appropriate dilution RQ, dx
dilution B INC (\Q) Rerun at appropriate dilution RQ, dx
appropriate dilution example()
dilution 2| <0.5 . n/a Rerun at appropriate dilution RQ, d1
dilution 5| <0.5 /O Rerun at appropriate dilution RQ, d1
appropriate diluti Wﬁﬂple 2
dilution 2 >&&r\‘ n/a Rerun at appropriate dilution RQ, d10
dilution 543¢0" Rerun at appropriate dilution RQ, d100

L4
can
sample comments cell.

¢ If one or both markers are not called, the runnonclusive, all samples have to be

requantified, entelRQ in each sample comments cell.
¢ If a sample peak concentration value is out of eabwill appear as INC

If a sample was called INC for any other reasom ttie value range it will appear as INC. A
comment can be added to explain why the peak wksid&IC in the “notes” of the review sheet.

If bothqkﬁdns are INC for any other reason than concentration value out of range, see supervisor
f

the ladder fails (e.g., discrete bands) or uppelower markers are not present (e.g.,
be edited) the run is inconclusive, all sasphave to be requantified, enR® in each
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In both cases the concentration of only one pealtdce used for further testing instead of the
mean concentration of both peaks &fsE added in the comments column (see table above).

Save the workbook. N
Print the “Data entry” and the “Review” worksheets. Q

On the review worksheet: Enter manually analyst initials, initials and dam@s that were
added at the bottom of the page. \

¢ If the ladder fails manually circle “fail” in frordf the ladder lane, t circle “Pass”.
¢ If the ladder marker (s) fail(s) circle “fail” inrdnt of the Ia{dEr marker, if not circle
“Pass”. @)

X

REVIEW 6\{\(0

Give “Agilent”, Data entry”, “Review” worksheetd)e i '@ﬁéd PDF prints for review.

The reviewer will review the paperwork, any com@sed on the parameters in section D,
and the “data entry” worksheet.

After review, the reviewer will circle pass or f@ue run, initial and date the “Review”

worksheet. Q\'
O

FILING and RERUNS C)
Q
<
one plastic protebest the “Agilent” worksheet, reviewed
reviewed “Review” worksheand the initialized PDF prints.

review worksheet will be disited for every case file concerned.
nt workbook for the necessamyner

After review, the analyst will:
1. File in the Agilent bind
“Data entry” worksh

2. Copy of the revj

3. Setupa newé

&
C)\gg\Further testing

Q.

Lin¥? Array Product Quantitation Analysis
A. Open theAgilent Linear Array Worksheet, found in
M:\FBIOLOGY_MAIN\FORMS\mtDNA
B. Enter the concentrate with “USE” in the commenuoah of each sample in the
concentration column of th&gilent Linear Array Worksheet.
C. Go to the linear array part of the manual.
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Cycle Sequencing Amplification
A. Open the3130 spreadsheet, found in M:\\FBIOLOGY_MAIN\FORMS\mtDNA

B. Enter the concentration value with “USE” in the ecoent column of each s ein
the quant value column of tt3230 Worksheet. Q
C. Go to 3130 worksheet part of the manual. \q,
W
< ’
\O

>
6\0
OK

O
O

For troubleshooting, refer to the Agilent 21 ‘BQatyzer Maintenance and Troubleshooting
Guide Edition 11/November 2003.pdf ar d in MITATA folder.

N
)

$

~

Revision History:

\J
July 24, 2010 — Initial veQ procedure.
/

Q
N
Q~O
v
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PURPOSE

For the detection of sequence variation targetgdsitions within the hypervariablf\ ions |
(HVI) and 1l (HVII) of the human mitochondrial DNAMtDNA) genome. Large sar%e sets can
be screened using immobilized oligonucleotide strigia a biotin/stre f%u in-linked
hybridization assay (Roche Linear Array MitochoatrDNA HVI/HVII R@W-Sequence
Typing Kit is used), allowing the identification carcomparison of qu Y\o ed samples and

known samples. Q
PROCEDURE \ ‘

xO
The following procedure will take approximately Z2ours. e sure before beginning the
procedure that sufficient amounts of Linear Arrapsi' Bu Citrate Buffer, and Chromogen
are available. If not, contact the QA team to maker ore. The Linear Array procedure

can accommodate 24 samples per tray, and no r@ trays can be run simultaneously in
one shaking waterbath. If less than 24 samp ameg run, leave empty wells between

samples whenever possible to avoid spillover gqutation. A single tray should contain only
exemplar samples or evidence samples. Do un exemplars and evidence together in the
same tray. Do not run evidence or ex r sample types from the same case in one

Linear Array experiment (eg. stagderyig the run of 2 trays in one Linear Array
experiment; one tray contains evi e from a given case, the other tray contains an
exemplar sample from the same casc).

006\

1. Turn on Shaking water bath to°65 at 50-70 rpm. Do not leave uncovered.
Be sure #hat there is enough water covering the bathe bath before proceeding.

A. Hybridization

2. ﬁ/\ on the circulating stationary water batd% C. Warm théVash Buffer.

N
\2\ Remove samples from storage, vortex and spivnda a centrifuge. Arrange
Q_ your amplified samples in a tube rack, and fill theé Linear Array worksheet.

V4. Using forceps, remove an appropriate numbeéirgdar Array strips; arrange on a
kimwipe, and label the clear end with a pen coimg non-soluble ink so that the
black bar ison theleft side of the strip. Place the array strips in the 24-we
tray in the same orientation. Cover the trayhlite lid. Take care not to touch
the stripes on the strips with gloves or scrajik ferceps.
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5. Label an appropriate number of 1.5 ml microcgrge tubes.
6. Have a witness check tubes set up ,\q/
7. Add: - 15ul of Denaturation Solution \Q,Q
- Up to 21.4ul of PCR product ©

N
Whenever possible, the target amount of 75 ng ¢liéied @\A should be

used for the Linear Array assay. ,

N
If the concentration of amplified DNA in an extrg Ong /4 ul (< 2.5ng/ ul),
do not use for Linear Array. Reamplify the s B more input DNA or

proceed directly to DNA sequencing.
8. Add 3 ml of pre-warmeW ash Buffer b&l Linear Array strip.

9. Add the denatured samples to th@quid witkach appropriate well.
Do not add the sample directlg\g&othestrip.

10. Mix by rocking gently. Cg%r the tray withethid, foil, and add two weights on
the top. Place in the King water bathlfsminutes.

When5 minutes@efeft on the previous step, prepare Emzyme Conjugate
solution using #*following formula:

Number@oamples 8.3 ml Wash Buffer
Numbep of samples 22 pl Enzyme Conjugate

\ﬁﬂ to mix, cover with foil, and add a weight ttoe top to prevent from tipping
® er. Place in the circulating water bath to kespm.

é) Remove the tray from the shaking water batbpuer, and pour off the Wash
Buffer from the labeled end of the strips. Wipe tondensation from the lid and
?‘ edges of the tray.
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12. Add 3 ml of pre-warmed ash Buffer to each strip. Rinse by carefully rocking

13.

14.

15.

16.

17.

18.

19.

20.

for 10 seconds and pour off from the labeled @rthe strips. Wipe the
condensation from the lid and edges of the tray. N

Add 3 ml of theEnzyme Conjugate solution to each strip wit disposable
pipette.

Cover with lid and foil, add weights, and @dbe tray in té&haklng water bath
for 5 minutes.

<
Remove the tray from the shaking water batbp nd pour off the Enzyme
Conjugate solution from the labeled end of tiny Wipe the condensation

from the lid and edges of the tray.

Add 3 ml of pre-warmed ash Buffer h strip. Rinse by rocking for 10
seconds, and pour off from the Ia end ofthps.

Add 3 ml of pre-warmed/ ash er to each strip.

Cover with lid and foil, a@@%elghts and @awe the shaking water bath b2
minutes. Q\'

Remove the tra m the shaking water bathpuer, and pour off the Wash
Buffer from t eled end of the strips. Wipe condensation from the lid and
edges of th

Add 3 ml of pre-warmed/ ash Buffer to each strip. Rinse by rocking for 10
S s, and pour off from the labeled end obthps.

21. \\kdd 3 ml ofCitrate Buffer to each strip.

v

&

Cover with lid and foil, add weights and shakBoom Temp for 5 minutes at
100 rpm.
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23. Inaglasscontainer, prepare th€olor Development solution using the

24.

25.

26.

A
O
&

following formula:

| ,\‘L
Number of samples 8.3 ml Citrate Buffer

Number of samples 4&ul 3% Hydrogen Peroxide \q,
Number of samples #.15 ml Chromogen ,\(b

Remove the tray from the room temperatureesh ver, and pour off the
Citrate Buffer from the labeled end of the stri[W' e condensation from the
lid and edges of the tray.

Swirl to mix and use immediately.

Add 3 ml of theColor Development solut Q) each strip by using a disposable

pipette. C)

Cover with lid and foil, add wel @ and shaltRoom Temperaturefor a
minimum of 10 minutes at 10 . After 10 minutes, briefly check color
development. If strip is not%y developed, danke development for an
additional 5 minutes. C@ evelopment is norgnetimplete after 15 minutes;
however, further incub@gjon can be done at theyatialdiscretion. Color
development must opped if there is any indinaif the appearance of blue
non-specific bac und staining. Document thaltime of color development
on the Linear worksheet.

Remov Otray from the room temperatureahaiacover, and pour off the
Color Development solution from the labeled ehthe strips. Wipe the
c sation from the lid and edges of the tray.

N\ Stop the color development by addinmgl of dH,O to each strip. Rinse by
rocking for 20-30 seconds.

Pour off the dHO from the labeled ends of the stripRepeat the dH,O rinse
process twice more. When finished, either immediately proceed to the
photography stage (preferred) or store the stnps hybridization tray filled with
dH,O (not more than several hours) and photograph. |&ecord the date, time
and a brief description of samples on the lid.

Controlled versions of Department of Forensic Bijgi®@ocuments only exist electronically on the

Forensic Biology network. All printed versions am@n-controlled copies.



PROTOCOLSFOR FORENSIC MITOCHONDRIAL DNA ANALYSIS

MITOCHONDRIAL DNA LINEAR ARRAY ANALYSIS

DATE EFFECTIVE APPROVED BY PAGE
09-03-2010 ELI SHAPIRO 5OF 12
30. Clean trays with ethanol or isopropanol and ringé dH,0. If after rinsing with

B. Photography

su
us

ethanol or isopropanol and the dye is still presegpeat the cleaning, but let
stand for half an hour, and then rinse. q/

N
Q
Q)\‘I/

pplied ruler from Roche as a guide. The blackobahe left si the strip should be

ed to align the strips to the ruler. Be surkei@p the strips mojst:

Using forceps, arrange the developed Linear Artapsson an a;&(h tray, using the

No morethan 12 strips should be photographed at atim%@thereare morethan 12

strips present, the second photograph needs { clude a positive and a
(amplification or extraction) negative control strip from thefirst set of strips.
O

1.

O
Once arranged on the tray, place thi@ onta@oipy stand. Turn on spotlights as
necessary. \O

Attach the digital camera to th py stand bywirg it in place. Adjust the height
and focus of the camera o fhat all of the stripd auler are visible and clearly

focused. Optimal setting\nclude setting the ganb@ the macro mode (which is the
flower image beneath OK button); manual foagigime image by pressing half

way down on the s r release button; and by adgasting the white balance by
selecting Menu: e Balance: White Bal. Preseled@ Measure, and then frame
the reference t (with any light sources turaedand press OK.

Connect the camera to the computer, open MS Poweraad insert the image into a
blank . Using a text box label the image witl picture’s reference number as
LA yy-hhmm from the associated Linear Array vatr&et date and time. Save
. ile to into M:\MITO_DATA\Photo Archives\LingaArray Photo Archive folder
\&ug the picture’s reference number. Print imagial and date the picture, and

ngaroceed to interpret the results.
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INTERPRETATION OF RESULTS

A Allele Calliing ,\‘],

1.

All interpretations must be made from the pha@oumentation of Inear
Array strips. '\(b

Fill in the corresponding bands on the Lineenak Workshé\based on the ruler
markings. ’

lessthan the other bands within the same hyper. leregion on the same
strip. All weak bands should be recorded@ X", wheris ¥he actual probe

signal. Q)

N
Weak bands ar e considered any bands that ha\gﬁtensity significantly

O
In the case where two bands are &bnt grobe location, record both bands
as “X/Y” where X is the first ban mericallydl is the second.
The weak band rule may sti ply, such that fwX”, “wX/Y” and “X/wY”
are all the possibilities. Q)

If no bands are pres t a probe locatiaer €@” for that location in the
spreadsheet. If no ds are present in arhegbriobe locations, all locations
should be marg@mh a dash “-*.

&

Y4

N
&
v

Controlled versions of Department of Forensic Bijgi®@ocuments only exist electronically on the

Forensic Biology network. All printed versions am@n-controlled copies.



PROTOCOLSFOR FORENSIC MITOCHONDRIAL DNA ANALYSIS

MITOCHONDRIAL DNA LINEAR ARRAY ANALYSIS

DATE EFFECTIVE APPROVED BY PAGE
09-03-2010 ELI SHAPIRO 70F 12
B. Control Sample Guidelines
1. Check the negative controls to make sure thex@o bands present. ,\q/
2. The HL60 positive control, run with each ampétion set, sh@l?yield the
following probe signals: N
A\

Probe | 16093 | 1A | 1C | 1D 1E | IIA | Il IIC [ 11D | 189
HL60 1 1 1 2 2 2 +6 1 1 1

AN
3. See‘INTERPRETATION GUIDELINES - GUI?&E&\IES FOR CONTRG®”
on how to proceed if there are any proble:g\Q

C. Interpretation and further testing strategy @)

1. SeeINTERPRETATION GUIDEL«LNgg - LINEAR ARRAY” for comparison of

allele calls. o
S

2. Based on the case co ' the following sampleed to proceed to cycle
sequence analysis: 8)
- Included exempl
- One represent sample for all probative evidenc
- Samples wi rtial profiles
- All negati nd positive controls if any samplenfr the batch is being

No seqdencing is required for:
-@Iuded exemplars
Q pparent mixtures

- Redundant evidence samples

X

ORTANT : if any linear array re-hybridization is required, make sure sufficient
mplification product for cycle sequencing is preserved. This is especially valid for
the negative controls and samples with low DNA vyields that cannot easily be re-

amplified.

Depending on the case it might be necessary totbmiinear array repeat.
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D.  Sequence concordance

1. For all single source samples with probe sgnt#ie linear array r Qﬁs are
correlated to the underlying sequence variantsdocordance checkl%

2. This is done in an automated fashion usinglinear Array S’L\@lary & Stats
spreadsheet found on the network.

3. On the first page of the spreadsheet, filhim $ample narpe

A. Fill in the probe signals interpreted fro%@ie poerg section into the
corresponding cells. Q
N\

The following rules must be appliés
1) Input weak bands V([(a, w” followed by themerical type.
2) Input multiple b s e.g., xly, on two sepasdteets, one with the

“x” and one the “y,” with the following exceph. If a
w2/w3 call(s present at 1C, then enter “w2/w3thas location.

3) Input bands with a zero..

B. Print Otég\spreadsheet to include in teetle.

QO

Y4

N
&
v
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4. The spreadsheet will provide the following sewee for the HL60 positive

control:
__ _ NV
Probe Designation | Sequence Variation Q
16093 16093 T \‘1,
1A 16126 T r\(b
16129 G \
1C 16304 T QO
HVI 16309 A ¢
163;%%}
1D 163p°C
1E 70 C
6278 T
1A A~ 73G
1B O~ 1467
O\ 150 T
(s\\g 152 C
1l 189 A
HVII QCO 195 T
XL 198 C
o 200 A
A D 247 G
A 189 189 A
\ "4

5. Assay r@lts can be translated into sequenesigts based on the spreadsheet
cakwtfons, and compared against the other sanpell alleles are not
C tible.

QNA—Or reference, the probe designations and sequemizions follows on the next

&
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Probe Designations Sequence Variation Detected
16093 9\
16093 1 AT T T C N
16093 2 L C o o a)
16126 16129 (b\v
1A1 T G T AC G G T N
1A2 « o C o o o o o «\
1A3 e o o o o A o o Q
16304 16309  1631¥
1C1 A G TACAT A G O A C
S 1C2 °« o C o o o ¢ o o ¢ o o
T 1C3 e o o o o o o o o @ C o o
1C4 e o o o o o o @o ° o
1CW2/W3 e o C e o o o o o ‘6 C ° o
N
16362 O
1D1 C G T C C O
1D2 « o C o o \\
16270 O 16278
1E1 C A CT b& GATA CCA
1E2 e o o o o o ° o T o o
1E3 e o ‘|('.’O e o o o o o o o
73
A 1 G T@Q AT G
1A 2 .j(\ G o o
N
146 150 152
11B1 Qe c TCAT c cC T AT
11B2 O o o C o o o o o o o o
”83 . . . . . . . o C . °
1B V4 o o C o o o o o C o o
e o o o o o T e o o o
e o o o o o T o C o o
o o C o o o T o C o o
_ ‘\\ !
> O
T 189 195 198 200
(, IIC1 GA ACATAC TTA CT AAA
L “CZ e o 0o 0 0 0 0 o C e o 0o 0 0 0o o
Q 11C4 e e 0o 0 0 0 0 0 C oo T o o o o
v ”C5 o o G ® o 0 0o 0 0 0 0 o o G o o
247
11D1 T T G A A
11D2 o o A o o
189 195
1891 G A A C ATAZC CT*
189 2 . . G . e o o o 3

* Both 189 1 and 189 2 probes are degenerate &tqo$95 with respect to the presence of eith€ra T base.
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TROUBLESHOOTING
Problem: No bandson aLinear Array strip wherethere should be. ,\q/
-Q
Possible causes Solutions _\ I/

Quality of reagents is inappropriate

Check expiration dates on a}@gents, ang
make new if necessary. /\

Make sure Enzyme Conjugate and Color
Development Solytdns were not made mo
than 5 minutes BT to use.

(O
TR N

e

All of the proper reagents were not added

Check th reagents were added at accl
A\

I
\Y/e) umeéo

ure that Citrate and Wash buffers w|

{’\g\witched at any steps.

D
\Y

rate

D

re

O
O
)
RN

No DNA present

Check quantitation assay.

Check other strips: problem may be isolate
to one well or PCR sample.

| N

d

()\} Check temperature of water bath, and ensu
Temperature QO that all steps were done at the proper
temperature.
i
A Make sure Denaturation Solution was adde
DNA Wawenatured properly to sample.
C) Make or purchase new Denaturation Soluti
\ . .
DMdegradation Do not allow DNA to incubate with

Denaturation Solution for more than 60

minutes.
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Problem: High Background
- - )
Possible causes Solutions N b
Color Development step not performed at Repeat typing and ensure that ¢ )
room tem ergture or te?n er;)ture of the roor%evelopment step is performe n orbitg
X P shaker at room temperature een +15

is too high.

+25°C.

And

Insufficient or improper water washes
following Color Development.

Ensure that the strips *washed 3 times
at least 20-30 seconds per wash: wash tim

for
bS

/or not kept wet during interpretation or
imaging.

o’Ngh
N\

uring photography if necessary. Ali
trips prior to turning on photography
ts.

Doyl

can be increased @‘&dditional washes canl|be
performed. &\'
Excess Color Development Solution Ensure Col Sgé(/elopment Solution is
remaining in tray following aspiration of adequatel,(& oved.
pouring-off of solution.
Developed strips exposed to strong light ande-j d water can be applied with a squirt

Jn

Inadequate agitation of the strips durj
Hybridization, Conjugation, and or

steps.

Check speed of rotating water bath (50-70
rpm). Verify that solutions are washing ove
strips. Repeat typing.

=

A

Excess Amount of Enzyme @gate: SA-
POD added to Enzyme C ate Solution

O

Check calculations and repeat typing,
ensuring correct amount of Enzyme
Conjugate:SA-POD added to Enzyme
Conjugate Solution.

/V
Tray not prop@eaned prior to use.
N

Ensure trays were not cleaned with detergg
or bleach; thoroughly clean and dry the
affected trays. Clean trays with ethanol or
isopropanol and rinse with dB. Discard

tray if discolored even after proper cleaning.

nts

ash Qojties are contaminated.

Thoroughly clean and dry wash bottles.

&

Revision History:
July 24, 2010 - Initial version of procedure.

September 3, 2010._.Revised version of procedaragraphs B3 and B4 have been rewritten into maragraph B3 only to reflect

our current procedure
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PURPOSE: Prior to cycle sequencing, unincorporated prinagis nucleotides present in the
amplification reaction are deactivated by the addibf ExXoSAP-IT.

PROCEDURE: Q'\

1. Open the appropriate cycle sequencing/3130xKiawk located on th&@p ensic
Biology network. Click orEnable Macros Then click orDon’t Up;\é{e.

2. Fill in the tube label and sample descriptiongach sample. Ev,e%run should include a
positive control and an amplification negative coht When y§ing a new Cycle
Sequencing amplification negative control (CANS, date %\;ﬁi‘me should be the same as
the worksheet date and timbBlote: It is very important§ ese entries to bean
3130xI format; do not use spaces or the followin ters:\/:*“><|?9

3. Fill in the primer samples needed to be rusai;@mers” section of the worksheet.
Note: the primer name must be entered us\ag upperce letters preceded by recyc-,
conf-, or reinj-, when necessary (e.g. Aé*ecyc-Bmonf-Al, etc...).

4, Fill in the IA column: use dashes &ontmﬁd the initials for the interpreting analyst
assigned to the case. Note: wignilling in dasfiess type an apostrophe in the field

followed by the dash. Q\,

5. Based on each samplegPrevious runs, fill mappropriate values for each column in
the sample workshe he target amount for cs@tpiencing is 5 ng of amplified
product. Samplesewith less than 5 ng of amplifieatuct in 34 may be cycle-
sequenced usi of the sample using “3130xI Manual Entry” workshe

Y4

For a de description of the calculations perfned in this spreadsheet, refer to
Appen — Detailed CycSeq/3130xI Spreadshedt@ations.

6. @ue “3130 Run ID” field as thimstrument initial Year-Run Number (e.g. BO8-
).

7. ?‘ Save the Workbook in the Sheet Archiveslastfument initial Year-Run Number (e.qg.
B08-015) of the MTDNA subdirectory as “Excel Madénrabled”.
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8. Click on the “Samples” tab amtint Preview. Select Set Up, and choose Landscape
and 75%.Print out worksheet.This will be your Cycle Sequencing worksheet.
9. Have the paperwork reviewed for typographicrstro (19'\
y the

10. Based on the cycle sequencing worksheet, tb& &R-IT column will dj
volume of ExoSAP-IT that is to be added to thatglam Add the a }Q
ExX0oSAP-IT to each sample. Vortex and briefly spouvd sample.Q

iate volume of

4
There should be 1ul of ExoSAP-IT added for everyd of safgple in the

amplification tube. (8\,
11. Use the following settings to incubate the [gast 6\0
o\
\ 4
9700 Thermal Cycler The EX -IT file is as follows:
User: mtDNA \O\ Soak at 37°C for 15 minutes
Q\' - Soak at 80°C for 15 minutes
File: exosap-it o)
X CJ Storage soak at 4°C indefinitely
N

12. Place the tubes in the tr the heat bislidte the heated lid over the tubes, and fasten
the lid by pulling the e forward.

13. Start the run b)@orming the following steps

a. Th a’in menu options are RUN CREATE EDUTIL USER. To select an
@ press the F key directly under that mentioap

b. \Verify that the user is set to “mtDNA.” If natelect the USER option (F5) to
()" display the “Select User Name” screen.

?‘c. Use the circular arrow pad to highlight “mtDNASelect the ACCEPT option
(F1).

d. Select the “exosap-it” file, and press the Rhilkton (F1).
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e. Verify that the reaction volume is set topp@nd the ramp speed is se9®00

(very important).

NV

f. If all is correct, select the START option (F1) Q

The run will start when the heated cover reaché€ .37The screen ﬁb\en display a
flow chart of the run conditions. A flashing limedicates the step performed; the
hold time is counted down. Cycle number is indidaat the topQS e screen, counting
up. P

N
Upon completion of the amplification, remove sars@e s the STOP button
repeatedly until the “End of Run” screen is displdy S the EXIT option (F5).
Wipe any condensation from the heat block with e and pull the lid closed to
prevent dust from collecting on the head block@ihe instrument off.

Revision History:
July 24, 2010 - Initial version of procedure.
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PROCEDURE /\\

1.

PURPOSE Following the duplex mtDNA amplification, the splhas identified as probative

will be sequenced to determine the mtDNA profilehe Sanger method is_used to
cycle sequence the mtDNA in question using fluwasdldeoxynucleo
triphosphate bases chain terminators. The Apiedystems Big D

Terminator Cycle Sequencing Kit is used. \

NO

Open the 3130xlI Workbook that was created duhegeExoSAP- }%rocedure. Click on
Enable Macros Then click orDon’t Update. If changes neé\to be made, make sure to
be in the “Samples” tab. Q>

Click on the “Populate Sheet” button. The sgsbe ill then transfer the screen
automatically to the “3130Sheet” taheck for a acy. Do not make any changes. If
changes are needed, select all the popula &clear content”. Return to the
“Samples” tab, make the changes and re&@la‘t@ﬂl&@)sheet” tab.

Click on the “Pre-Record” tab and n tigréate Plate record” button. The
spreadsheet sheet will then tran e activeescautomatically to the “Plate Record”
tab. Click on the “Delete Row”

Save your 3130xI WOI‘kbO%QI “Excel Macro-Erabl format.

Create and save thla? ksheet as a text filledrsame Sheets Archives folder that the
3130xI Worksheet ved in (in preparation fer 3130xI import). Perform the
following steps

b Sav other format”.
ve as pop-up window will appear.

a. Make 2 to be in the “Plate Record” tab.

elect “Text (tab delimited)” in the drop dowemu of the “save as type” field.
Click “Save”; “OK”; and “Yes”.

ck that the File name is correct in the “Rié@ne” field.
q( [

N

At this point, your “Plate Record” tab will alnge its name to indicate your file name
(e.g. B08-015). Review the plate record for accyrdf a change is needed, right click
on the renamed “Plate Record” tab, and renamdatéMRecord.” Then repeat steps 1-6.

Click on the “3130sheet” tab and cheétiint Preview. Select “Set Up”and set to
Portrait and 90%, thelrint. This will be your Cycle Sequencing Run Sheet.
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10.

11.

12.

Click on the “Master Mixes” tab and print (Paitrand 75%). This sheet contains final
volume amounts needed for premixes as describeditathis section.
NV

Close the 3130xI workbook. Click “no” after thext prompt. Q

Copy both the excel and text files onto anreeidUSB drive or into ag@nate network
folder. You will need both files on the 3130xl tinsnent. /\\

The cycle sequencing reactions are done in a 9bphege. Prepgre“the samples and
reagents needed for cycle sequencing and be watessordilg to the sample names
and order listed on the Cycle Sequencing workstbatsy, céeviously printed out.
The amount of template DNA and water needee Q\&;mple is calculated by the
spreadsheet and filled in on the last two colu ch sample. This calculation takes
into account the total volume and concentratidBroplified product present in the
sample tube following the addition of ExXQSAP-IT aessary for each sample (see the
EX0oSAP-IT section). The concentratio he DNAhen adjusted based on the new
volume of the sample plus the ExoS T, and tHeme of template DNA that is to be
added to each sample is Calculaée)qb

The target amount for cyclegquencing is 5 ngrgdldied product.
The following formula is@n used to create esaimple for cycle sequencing
4 4l of Big Dye T%rq'ﬁ{or Ready Reaction Mix + 2 ul of Sequencing Buffer + 3.2 ul

Primer (1 uM cohggntration) + mtDNA template + Water = 20 ul total volume.
’

Sample less than 5 ng of amplified produ@ghmay be cycle-sequenced using
mple using “3130x| Manual Entry” workshe
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13. If a dilution of template DNA is necessaryitl be indicated on the cycle sequencing

worksheet in the comment column as “x @ 1/10th"meheis the input volume. If no
dilution is necessary, the comment column will eamthe notation “neat.” Th unt
of water sufficient to make 20 reaction volume is then calculated. If a sa %
negative control sample, the gel concentrationeod avill result in a defau plate
input of 3ul, with the notation of “control” in the commentlamn. Th adsheet
cannot indicate dilution factors greater than 1/EOr situations w ?;kfhe amount of
DNA indicated is less thand @1/10 dilution, calculate the vol f extraaquired
@1/100 dilution (multiplication by 10), and usestiiolume of g 1/T00 dilution. Also
calculate, by subtraction, the correct volume ofew& add t&e reaction. Note the
correct aliquots on the worksheet. (5\'

For a detailed description of the calculations perfor this spreadsheet, refer to
Appendix D- Detailed Cycle Sequencing/3130x| Sp(r) eet Calculations.

14. Amaster mix for each primer can be made\vg-ﬁ the following formula:
KO
a. For (N+2) samples, add: X
* 4ulx(N+2) Big Dye T @tor Ready Reaction Mix
@Buffer

o 2ulx (N+2) Sequengi
o 3.2ulx (N+2) prir&&luM concentration)

A master mix for each %@e DNA can be made with the following formula:

b. For N sagg&, add:
o Xpulx MtDNA sample DNA, where X is the amountrofDNA needed as
fated by the spreadsheet

x (N) Water, where Y is the amount of water nekds calculated by the

\A preadsheet

: The calculations for the two master mixestiomed above are done by the
O0xl workbook. They are located by clicking bie tMaster Mixes” tab and were
?~ reviously printed for reference as mentioned above

C. Include all controls for each primer that isdif&r a sample. If a sample is
repeated starting at the cycle sequencing steprigmal negative controls do not
have to be repeated if the first test was succkssfu
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d. The re-cycle sequencing step requires the following

A new cycle sequencing amplification negative cortt for each pri%&/
used in re-cycle sequencing to account for the cycsequenci

A positive control, for each primer used in re-cya sequenc @
on the integrity of the reaction.

Samples can be re-cycle sequenced with more (g ég ( recycl) input
DNA if necessary. Based on validation, up to 96h an be used for
recych. Use “manual entry” workbook. If recych olume would be

eport

more than 3L, see supervisor. @)
>
15. Use the following settings to amplify the cystmueng(a*samples:
9700 Thermal Cycler The cycle 56%“)@9“9 amplification file is as falf
User: mtDNA t 96C for 1 minute
25 cy
File: BDT cycle seq &enature 96C for 15 seconds
- Anneal at 5@ for 1 seconds
<}\\ - Extend at 60C for 1 minutes
N
(-QQ Storage soak at’€ indefinitely
0‘
O
Q°
’

N
&
?\

Revision History:
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PURPOSE: To help separate the primers from the cycle-sacpet DNA with the addition of
2% SDS to the samples, prior to Centri-Sep filtnati
,\‘L

PROCEDURE \"1,
Do not refrigerate the 2% SDStubes. Thiswill cause the SDSto precipi '&Jt of solution.
Store the 2% SDS tubes at room temperature. Ensure that thereis %rempltate in the

tube before adding to samples.

{C
1. Add 2l of 2% SDS to each tube of cycle-sequenced‘,g@nrtek and spin down the

late(s) in a centrifuge.
plate(s) i ifug . ®
2. Place the tubes in a thermal cycler, using eHevi@Rly conditions-
~O
9700 Thermal Cycler The 2% S\E}S)lncubatlon file is as follows:
User: mtDNA Q\' oak at 9& for 5 minutes
Q" storage soak at 28 for 10 minutes
File: SDS C)
Q\
3. When the tubes are ba&@b room temperaturewolg the 25C soak, proceed to the
Centri-Sep purificationo
O
QP

Q/
@&O
&
v

Revision History:
July 24,2010 — Initial version of procedure.
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PURPOSE: Prior to sample electrophoresis, sequenced pteduogst be purified in order to

A.

?\

Procedure for Single Columns

remove unincorporated dye terminators.

r{l/

1.

9

Gently tap columns to insure dry gel materia bettled to bott?\m\‘ spin
column. Remove top column cap and add BD®f sterile d Q one column
for each sequencing reaction.

Replace top cap and mix thoroughly by invertog
is important to hydrate all of the dry gel. Allaal
hours at room temperature. As the columns.
one sample collection tube (1.5 mL microg
reaction. You will also need one wash t

er{and vortexing briefly. It
to hydrate for at least 2
you will need to label
tgee) for each sequencing
fohdaarated column. These do

not need to be labeled. C)O

Once the columns are hydrated @hove any aiolba by inverting the column
and sharply tapping the colu llowing the gealitory to the opposite end of
the column. Stand the c upright and allowgélkto settle while in a

centrifuge tube rack.

Once the gel is set ., remove first the tdproo cap, and then remove the
column end stop from the bottom. Allow excedsimn fluid to drain into a

wash tube b gently tapping the column idte wash tube then allowing to
sit for approgyriately 5 minutes. Remove the coldrom the wash tube, discard

the Ilqw reinsert the column into the wad¥etu

I@le assembly at 700 x g for 2 minutes moonee interstitial fluid. Be sure to

% the orientation of the columns. At this pairé columns should be used as

ég*

on as possible for the loading of cycle-sequed¢d product.

Load entire sequencing reaction volume(2Pto the top of the gel. Be careful
to dispense sample directly onto the center ofjflded without disturbing the
gel surface.

Place column into labeled sample collection taibe spin at 700 x g for 2
minutes maintaining original orientation. The fied sample will collect in the
bottom of the tube.
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8. Discard the column and dry the sample in a vacaentrifuge (approximately

15-20 minutes). Do not over dry samples.

r{l/

B. Procedure for Centri-Sep 8 Strips \(1/

1.

Determine how many strips are necessary ta fiie amphﬂgﬁ'ﬁmples
Separate the desired number of strips by cuttiagah bet the strips with
SCissors.

Open the well outlets on each strip by cuttiffg om edge with scissors.
Cut at the narrowest part of the bottom of t%

Peel off the top foil and arrange the stri on deep-well centrifuge plates.
Spin the plates at 750 rcf for 2 minu remibneeliquid.

Arrange the newly drained stripi®a new 9d-plate. Add the amplified
sample to each column. (’\\,

Once all of the samples Qg oaded, place thedbplate with the Centri-Sep 8
Strips into the centrif and spin at 750 rcfZaninutes.

<
Confirm that all c@e samples passed thrabehstrip into the wells of the 96-
well plate, ant'd}card the Centri-Sep 8 Strip.

Evapora@ne samples in the 96-well plate aC7& a thermalcycler with the lid
open, ¢

& samples are not going to be loaded imatetyi, they should be stored as

Q.

setup.

@ ied pellets at 4°C for no longer then 14 dayhen ready, proceed to 3130xI

Revision History:

July 24, 2010 —

Initial version of procedure.
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PURPOSE The 313@ 16-capillary array system is used to electrophcally analyze
samples following cycle sequencing and cleanupe System uses 96-well plates containing the
samples of interest, and can process 16 sepama@esawith each injection. Sequ data is
generated at the end of the run for downstreamesexpg analysis. (19

o

A. Setting up a 3130 Run /\\'\

1. Turn on the computer. Make sure computer is hdpte@@the Windows
desktop. To login, the User should be “ocmelinmsi password should be

“passwOrd”. If the instrument is not on, turn it.o tatus bar light will
change from solid yellow (indicates instrum g) to blinking yellow
(indicates machine is communicating with udeid then to solid green

(indicates instrument is ready for comm

2. On the desktop, click on the shortc\ug‘&r trepeetive instrument’s data file. The

main path to this data file is:
O
E:\Applied Biosystems\U a collection\dat®b30xI\ nstrumentname
3. Once there, create a ter file using theviatig format:

“InstrumentnameYearghun Number Files” (e.g. Batman08-015 Files) within the
appropriate arcl@ folder (e.g. Batman 2008). Mdhe 3130xI mtDNA
worksheet ex d text files into this maste. fil

4, Open th@%ﬂ) Data Collection v3.0 software by double clicking the desktop
Icon or gelectStart > All Programs > AppliedBiosystems > Data Cdéction >
R @SOXI Data Collection v3.Qo displaythe Service Console.

Qéy default, all applications are off indicatedthy red circles. As each
C) application activates, the red circles (off) chabg yellow triangles

(activating), eventually progressing to green sesi&on) when they are
Q fully functional.

?\
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Service Console EEE

I Service Console = 2|5

Messating Service (L

Data Service / Diata Service

Instrument Service i Instrutnent Service ’ %
> \
Wigwer § 1 Wiewer

N4
NOTE: This process could take several minutges*” EhService Console
must not be closed or it will shut d he application.

Once all applications are running, %@%ion Data Collectionwindow will
be displayed at which time tlﬁerviQ{ nsoleavindow may be minimized.

5. Check the number of injectio the capillarthe 3130xI binder and in the
Foundation Data Collection ow by clicking on thga3130x| >instrument
name > Instrument Statu§. jrthe numbers are not the same, update the binde
If the number is> 14$lify QC. Proceed only if the number otttjons you

are running plus th age numbet 550.

B Foundation Data Collection Version 3.0 - NoUser is logg, 1. =
File View Service Tools Wizards Help O
EHE®I B
5 A GA hstrunent: o
M o nstrets » o304 » Crick > Istrument Status
[DiResuts Group
B3 Database Manager Status Overgl”

& Elgerrang Henent 0 crick Array Serial Number: 36B01476
Pate Manager e tic rray Serial Nurmber
Rpritcei Nanacer Fun D Array Length 36 om

Plete Marne: Ay Usage: 12
System Stalus Il Polymer Type:  POP4
. T2, Sensor States | Sensor Velues - [Everls-
] u i St s I
Neg Loger, = Off ~EP Voltage——| (EP Current [13:45:50 Systen Srarus: Idle
ﬁa B o= o 00 K 8000 HA || |13:46:50 Requested to exit diamosties state.
0l Run Schedul S | s 150 8000 |113:43:45 systen Status: Diagmostic
£ M Scheduler 100 000 113:43:45 Requested to enter into diamostics state.
Front Doors: ™= Clossd : |
| Cepilaries Viewer |15:43:41 System Status: Idle
BBlcapinnay vi OvenDoor, = Closed il o
pldinay Viewer |13:43:41 Requested to exit diagmostics state.
! lspectral Viewer Autosampler: == Return __ __ 1153:42: 34 Systen Srarus: Diagmostic
{WWE‘ Cortral LaserPower | Laser Curvert || |[13:42:34 Requested to enter into diamostics state.
Dsenice Leg 280 mA || p120 &
EW‘IH Er\n

6. Check the binder to see when the POP6 wasHasiged. If it is >7 days,
proceed with POP6 change (See part F of this Sgdind then return to Step 9.
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7. Check the level of POP6 in the bottle to enslieee is enough for your run

(approximately 60Qul is needed per injection). If there is not, predevith POP6
change (See part F of this section) and then retuBtep 9. ,\

m%\‘lf

&/ar ray

|Ilan/ array knob

Syringe fitting

Water seal
Waste fitting
Water trap

Mounting pin

Piston
Pump chamber

Pump block

Check valve

Double-tapered ferrule
Array port

Interconnect tube

Solymer supply tubc

Bulfer valve pin
Lowor polymer block
Mounting pin

Polymer supply
bottie cap with
hole

Overflow hole
Buffer fill-line

Polymer

supply bottle Buffer jar (16 mL anode reservoir)

Electrode

8. If you are the first run@fthe instrument of thay, proceed with steps 9 - 17. Ifa
run has already b erformed on the instrumeanty, skip to Creating a
Plate ID” \)

9. Close thg=etrument doors and press the tragrbon the outside of the
instrume 0 bring the autosampler to the forwawslition.

\%{Qntll the autosampler has stopped movirdyjtaen open the instrument

Q}z\ Remove the three plastic reservoirs from thepdatray and anode jar from the
Q. base of the lower pump block and dispose of thddlu

12. Rinse and fill the “water” and “waste” resemgoio the line with Gibco® water.
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13. Make a batch of 1X buffer (45 ml Gibco® wateml 10X buffer) in a 50mL
conical tube. Record the lot number of the bufiate of make, and initi%lliﬁn

the side of tﬁe tube. Rinse and fill the “buffezservoir and anode jar \9\ X

buffer to the lines.
Dry the outside and inside riofi the reservoirs/septa and outsgv\ the anade |
oilf these

14.
using a Kimwipe and replace the septa strip snagtg eac
items are not dry, arcing could occur thus ruiningthe ca&y and polymer

Y4

blocks.
15. Place the reservoirs in the instrument in tf@peq@gpositions, as shown

below: . Q
N
O

Water Reservoir C)O Water Reservoir
(waste) \ (rinse)
2 > 4
Cathode Reservg&l Empty
(1X buffen O
3

1
16. Place the anode | lé‘?he base of the lowappalock.

17. Close the ins&}}\ent doors
QP
B. Creating a@ate ID
&%Xon thePlate Managerline in the left window.

?(32\ Selectimport from the bottom of the screen. Find the textthlat was
Q_ previously saved in the master file for the 3130l data (e.g. B08-015.txt file

?\ present in th&atman08-015 filesfolder)

3. Click onOK.
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C. Preparing the DNA Samples for Sequencing

Arrange amplified samples in a 96-well rack acaogdio how i@@be

loaded into the 96- well reaction plate. Samptieors as follo B1,
C1,D1... G1, H1, A2,B2, C2... G2, H2, A3, B3, @&. Th late is
loaded in a columnar manner where the first inggctorr ds to wells Al
to H2, the second injection corresponds to wellg@\ so on. Label
the side of the reaction plate with the name ueedhb te ID with a
sharpie.

1. Remove the Hi-Di formamide from the free vallt to thaw. Add 1(l of
formamide to each dried sample and mix l@ ngstmaple into solution.

Once formamide is thawed and ahq@@ discard theube. Do not re-freeze
opened tubes of Hi-Di formamide. \

2. If single Centri-Sep columns& used, load theeethOpl of the resuspended
samples into the 96-well the appropriatdsveThe injections are grouped

into 16 wells starting wit , B1, and so on mayitown two columns ending
with 2G, 2H, for a tot 16 wells. Fill any used wells that are part of an
injection set (eg.E&@a ning <16 samples) withull®f Hi-Di formamide.

4, e the reaction plate from the base and heattule samples in the %
lock for 2 minutes followed by a quick chillthe £C chill block for 5
nutes. Centrifuge the tray for one minute atiter heat/chill.

é) Once denatured, place the plate into the plate. b&seure the plate base and
v plate with the plate retainer.

IMPORTANT: Damage to the array tips will occur if the plate retainer
and septa strip holes do not align correctly.

Do not write on the septa with pen, markers, shargs,
etc. Ink may cause artifacts in samples. Any unmessary
markings or debris on the septa may compromise
instrument performance.
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The 'bla'te' éésembly components are assembled as follows: '\(1/

Plate retainer

Septa

Sample plate

Plate base

O

D. Placing the Pla@nto the Autosampler (Linking andJnlinking Plate)
’

Q/OThe Autosampler holds up to two, 96-well plategray positions A and
A B. To place the plate assembly on the autosantplere is only one
N\ orientation for the plate, with the notched endhef plate base away

C)\z\ from you.

?gl In the tree pane of the Foundation Data Collecti®0 software click oiGA
Instrument > ga3130x| >instrument name > Run Scheduler > Plate View

2. Push the tray button on the bottom left of the nreeland wait for the
autosampler to move forward and stop at the foryasition.

3. Open the doors and place the tray onto the autdsamghe correct tray

position, A or B. There is only one orientation for the plate.
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4. Ensure that the plate assembly fits flat in th@sampler. Failure to do so may

allow the capillary tips to lift the plate assembly the autosampler.

When the plate is correctly positioned, the plaisifon indicator on t e
View page changes from gray to yellow. Close the umsént doors\ allow
the autosampler to move back to the home position.

NOTE: When removing a plate from the autosampler, Ig/}kful not to hit
the capillary array. Plate B is located directly wnder the array, so be
especially careful when removing this tray. Q)

Linking/Unlinking the Plate record to Plate \(\

5. On the plate view screen, click on the pI@ID trou are linking. If the plate ID
is not available clickind All, and sel@@e plate ID created for the run.

6. Click the plate position (A or B@corresporﬂdsﬁhe plate you are linking.

NOTE: It may take a min @the plate record tolink to the plate
depending on the size o sample sheet.

If two plates are bei@un, the order in whichythee run is based on the order in
which the plates.@‘e linked.

Once the 5Ié'has been linked, the plate posiidicator changes from yellow

to green n linked correctly and the green rutobuecomes active.
7
7. T;;@nk a plate record just click the plate retgou want to unlink and click
& 'nk”'

E. @\g Run Schedule and Starting Run

QT. In the tree pane of the Foundation Data Collectimitware, clickGA
?\ Instruments > ga3130x| >nstrument name > Run Scheduler > Run View.

2. TheRunID column indicates the folder number(s) associatil @ach injection
in your run (e.gBatman-2008-0114-1600-0197). The folder number(s) should be
recorded in th8130xl Usage Lodinder along with the run control sheet name.
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3. Click on the run file to see the Plate Map or gtiggram of your plate on the
right. Check if the blue highlighted boxes cor@sg to the correct placement of
the samples in the injections. N

4, NOTE: Before starting a run, check for air bubblesin the polym cks. If
bubbles are present, click on the Wizardsool box on the top@ elect
“Bubble Remove Wizard”. Follow the wizard until all bubglgs™are removed.

Q

’
5. Click on the greeRun button in the tool bar when are ready to shetrun.
When theProcessing Platadialog box opens (Yo about to start processin

plates...), clickOK. \(\

6. To check the progress of a run, click on @/Array Viewer or Capillaries
Viewer in the left window. The&ap/ lewer window will show the raw
data of all 16 capillaries at once. llaries Viewer window will show you
the raw data of the capillaries Q@ lect to view.

IMPORTANT: Always e 'tq§f\n theCapillary Viewer andCap/Array
Viewer w ws. During a run, do not leave these pages o
for ex ed periods. This may cause unrecovesainéen
upd@ roblems. Leave thestrument Status window open.

The visible setiiQy should be

EP.v e 12.2 kV EP current (no set value)
L@r Power prerun 15 mW Laser Power duringl&mWw
Laser current (no set value) Oven temperatQt€ 5

@ected values are: EP current constant aroQr@D4A starting current
\ EP current constant around 7080running current

C}?‘ Laser current: 5,0 A3+.0 A

?g It is good practice to monitor the initial injemtis in order to detect problems.
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F. Water Wash and POP Change

Refer to Section A, pg. 2 for schematic of 318Dwhile proceeding with the W@V
wash and POP change procedure. (19

1. Remove a new bottle of POP6 from the refrigerator. N
2. SelectWizards > Water Wash Wizard Q/\\

3. Click “Close Valve” \O\'

4. Open instrument doors and remove the em%&%ﬂebott

5. With a dampened Kimwipe®, wipe the p er supplya and cap. Dry.
6. Replace POP bottle with the wate\bgt-ﬂe filledre top with Gibco® Water.
7. Remove, empty, and replacetﬁé%ode buffer jah@tower polymer block.
8. Click “Water Wash.” Thi€proocedure is will takepapximately 4 minutes.
9. When the water wa@% finished click “Next”

10. Select “Sameé)@‘ or “Different Lot”

11. Remove@ter bottle from the lower polymer blocky Bupply tube and cap with
a Kimwipe®.

12. @hce with a new bottle of room temperature POP.
]6)®CIick “Next.”

?21'4. Click “Flush.” This will take approximately 2 mites to complete.
15.  Inspect the pump block, channels, and tubing fobaibles.

16.  Click “Next.”
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3130xI Genetic Analyzer Troubleshooting

Instrument Startup

Observation

Possible Cause

2
Recommende(\@n

No communication betweg
the instrument and the
computer (yellow light is
blinking).

rinstrument not started up
correctly.

XN
S

D

A

Make sure the %‘Pdoor is
closed and and the front
doors are c d properly. If
everything4s closed properly,
start the following
se ce:

Yog out of the computer.

~ Turn off the instrument.
c. Boot up the computer.
d. After the computer has
booted completely, turn the
instrument on. Wait for the
green status light to come on.
e. Launch Data Collection
software.

Red light is blinking.

N
S
N

In@ect start up procedurg

N

\)

1

Start up in the following
sequence:

a. Log out of the computer.

b. Turn off the instrument.

c. Boot up the computer.

d. After the computer has
booted completely, turn the
instrument on. Wait for the
green status light to come on.
e. Launch the Data Collection
Software

\ .
Computer screen is frozen|.

Communication error. This
may be due to leaving the
user interface in the
Capillary View or Array
View window.

There will be no loss of data.
However, if the instrument is in
the middle of a run, wait for the
run to stop. Then, exit the Data
Collection software and restart
described above.
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Observation Possible Cause Recommended Action

O

Autosampler does not moy
to the forward position

‘_Possible:ommunication
error,

OR

Oven or instrument door is
not closed.

Restart the system, and Mg
press the Tray buttoh/Q
\,\@\

a. Close an /\k the oven
door. ’

b. Clog€yhe instrument doors.
c. PrésS the Tray button.

OR

Communication within the
computer is slow.

Database is full.

D

0

\iles need to be cleaned ouf
the database. Follow proper
manual procedures described i
the ABI Prism 3130x| Genetic
Analyzer User’'s Manual.
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Spatial Calibration
)
Observation Possible Cause Recommended &fbok
Unusual peaks or a flat line | The instrument may need | Check or repeal\gbﬁ‘ﬁal

for the spatial calibration.

4

O

more time to reach stability.
An unstable instrument can
cause a flat line with no peak
in the spatial view.

Improper installation of the
detection window.

* 9

S

. O
Broken capillary re&l@g in §
bad polymer fill. N\
O

O(\

@)
XN

Di@%etection window.

N

calibration. @
\'\
S

cgtall the detection
dow and make sure it fits
Min the proper position.

S

hCheck for a broken capillary
particularly in the detection
window area. If necessary,
replace the capillary array
using the Install Array
Wizard.

Place a drop of METHANOL
onto the detection window,
and dry. Use only light air
force.

Persistently bad spat%&)
calibration resultes, ¥

Bad capillary array.

Replace the capillary array
and then repeat the
calibration. Call Technical
Support if the results do not|
improve.
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Spectral Calibration
Observation Possible Cause Recommended Ac fqn
No signal. Incorrect preparation of Replace samples
sample. samples prepar@/ h fresh
formamide

Air bubbles in sample tray.

air bubb

Centrlfu§ meles to remo\e

or if a message displays “No
candidate spectral files
found”.

O
O
Q

If the spectral calibration failg,

Clogged capillary

&
>

ameler files
s selected
A

Insufﬁceﬁlllng of array.
N
Q-

g&ed matrix standards

D>

Incorrect par
and/or run m

‘&nual control. Look for
“\\clogged capillaries during

Tle capillaries using

capillary fill on the cathode
side.

Correct the files and rerun th
calibration.

Check for broken capillaries
and refill the capillary array.

Check the expiration date an
storage conditions of the
matrix standards. |If

necessary, replace with a fre
lot.

e

sh

Spike in the d@

@Z\

&

Expired polymer.

Air bubbles, especially in the
polymer block tubing.

Possible contaminant or
crystal deposits in the
polymer.

Replace the polymer with
fresh lot using the change
Polymer Wizard.

Refill the capillaries using
manual control.

Properly bring the polymer tg
room temperature; do not he
to thaw rapidly. Swirl to

dissolve any solids. Replacs

At

the polymer if it has expired.
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Run Performance

-4

Observation Possible Cause Recommended Acti%ﬂ'
No data in all Bubbles in the system. Visually inspect the er
capillaries block and the syri or
bubbles. Rem y bubble$
using the C ?\q Polymer
Wizard. If bles still persist
perform theXollowing:
a. Re e the capillary array.
b. out the polymer bottlg.
place polymer with fresh
,& ymer.
No signal. Dead space at bottom of san@> Centrifuge the sample tray.
tube. C)O
Bent capillary array’.\&o\ Replace the capillary array

Failed reactio 0(\

Cracked o ken capillary

%
&

C

Repeat reaction.

Visually inspect the capillary
array including the detector
window area for signs of
breakage.

Low signal strength. <

0 ’
S
N

S

\¥
)(Door guality formamide.

Insufficient mixing.

Weak amplification of DNA

¥

Instrument/Laser problem

Use a fresh lot of formamide
Vortex the sample thoroughly,
and then centrifuge the tube tg
condense the sample.

Re-amplify the DNA.

Run instrument diagnostics.

Controlled versions of Department of Forensic Bijgi®ocuments only exist electronically on the
Forensic Biology network. All printed versions am@n-controlled copies.



PROTOCOLS FOR FORENSIC MITOCHONDRIAL DNA ANALYSIS

ABI 3130xI SEQUENCING

DATE EFFECTIVE APPROVED BY PAGE
07-24-2010 ELI SHAPIRO 15 OF 19
Observation Possible Cause Recommended Action

Elevated baseline

Possible contamination in the
polymer path.

Possible contaminant or crystal
deposits in the polymer.

O
o
Poor spectral calibrati@s

&
N

Detection cell(is #irty.

X,

Wash the polymer block W[y1
hot water. Pay partic

attention to the pu
ferrule, the ferrul
the peek tubi

by vacuun’& .
replacing t

onto the
instru t.
¢

Bpg'the polymer to room
perature, swirl to dissolve
N ny deposits. Replace polymg

if expired.

Perform new spectral
calibration.

Place a drop of methanol onto
the detection cell window.

ck, thp

Loss of resolution.

Too mu%‘ghmple injected.

Poo@lity water.
@)

2}0
oor quality or dilute running

buffer.

Poor quality or breakdown of
polymer.

Capillary array used for more
than 150 injections.

Degraded formamide.

Improper injection and run
conditions.

Dilute the sample and reinject,

Use high quality, ultra pure
water.

Prepare fresh running buffer.
Use a fresh lot of polymer.
Replace with new capillary

array.

Use fresh formamide and enst
correct storage conditions.

Notify QA to check default

settings.
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Observation Possible Cause Recommended Action

Poor resolution in som
capillaries.

eInsufficient filling of array.

Refill array and look for
cracked or broken ca%a ies.
problem persists ¢ t

Technical Suppdkd
A

No current

Poor quality water.
Water placed in buffer reservoir
position 1.

Not enough buffer in anode 6

reservoir. C ,O

Buffer is too dllute.\go

Use high (@hty ultra pure
water. %

Rep&% with fresh running
b1@\9r.

" Add buffer up to fill line.

Prepare new running buffer.

O
)ncorrect buffer dilution.

Arcing in the gel block.

Bubbles preseat(h'‘the polymer | Pause run and inspect the
block and/oy capillary and /of instrument for bubbles. They
peek tubinQ\ may be hidden in the peek
%) tubing.
Elevated current. Dec@ﬁsed polymer. Open fresh lot of polymer and
O store at 4C.

Prepare fresh 1X running
buffer.

Check for moisture in and
around the septa, the reservoi

the oven, and the autosamplel.
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Observation Possible Cause Recommended Action

Fluctuating current

Bubble in polymer block.

A slow leak may be present in th
system.

Incorrect buffer concentration.

Not enough buffer in anode.

9

c
o
S

a

Clogged capillary.

Arcing.

Pause the run, check th
polymer path for bub

remove them if pre<q/ /

€heck polym s for leaks
Tighten allgﬁ%;s.

Prepagffesh running buffer.

nd

/ ffer up to the fill line.
N

L Refill capillary array and checkK
for clogs.

Check for moisture in and
around the septa, the reservoi

the oven, and the autosamplel.

S,

Poor performance of
capillary array used for
fewer than 150 runs.

<

) anup needed.

mide

Poor quality f@
N

Incorr@&%’ﬁfer.
O

Rgat quality sample, possible

Prepare fresh formamide and
reprep samples.

Prepare new running buffer.
Desalt samples using a

recommended purification
protocol (e.g., microcon).

Migration tim
becomes pro

slower.
oS

&

sively

Leak in the system.

Improper filling of polymer
block.

Expired polymer.

Tighten all ferrules, screws an
check valves. Replace any
faulty parts.

Check polymer pump force. If
the force needs to be adjusted
make a service call.

If necessary, change the lot of

polymer.
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Observation Possible Cause Recommended Action

Migration time
becomes progressively
faster.

Water in polymer bottle resulting
in diluted polymer.

Replace the polymer,

O

“}%@Dg
sure the bottle is Cl(ﬁ,@l d dry.

Arcing in the anode —
lower polymer block.

Moisture on the outside of the
lower polymer block.

A\
Dry the lowér\block. If
damaged, lace lower
polymefblock.

N
Q0

Error message, “Leak

run aborts.

detected” appears. The

"Btirn the lower block

Air bubbles in the polymer path
O

O
Pump block system is C)
loose/leaking. \O\

Q
o
X

block has burnt ouf

re is condensation in t

ir(s) this will cause
rophoresis problems and

fa

Lower p

Reck for bubbles and remove

Make sure all ferrules, screws
and tubing is tightly secure.
Ferrule in capillary end of bloc
may be positioned wrong or

.Replace the lower block.
ne

v If present, then check for leaky.

missing. Check for this ferrulg]

A

Buffer jar fills veps, ¢
quickly with p@r.

Air bubbles in the polymer path.

Lower polymer block is not
correctly mounted on the pin
valve.

Check for bubbles and remove

Check to make sure the metal
fork is in between the pin holds
and not on top or below it.

if present. Then, look for leak$.

A4
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Observation Possible Cause Recommended Action

Detection window pops
out while replacing the
capillary array.
Replacing the window
in the correct
orientation is difficult.

Tightening of the array ferrule
knob at the gel block causes hig
tension.

Loosen the array ferrul Wb
hallow the secure plac t of

the window. Re-ti and
close the detec@oor.

Detection window

stuck. It is difficult to
remove when changing
the capillary array.

To Ioosqarthe detection
win
a. o the array ferrule knob
pull the polymer block
wards you to first notch.
b. Remove the capillary comb
from the holder in the oven.
c. Hold both sides of the
capillary array around the
detection window area, and
apply gentle pressure equally
both sides.

a

d. Release.

N
&
?\

Revision History:

July 24, 2010 - Initial version of procedure.
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PURPOSE To compile the sequence data generated by the 3ABDx| into a project for
analysis, by editing the sequence data and comgpditonsensus sequence that
can be compared with the revised Cambridge Refer&equence K@S) to

determine the mitochondrial DNA type. (19
O

The data following the 3130x| run will be saved the local 3130xg§:\nputer In separate
injection folders. These folders, along with the statistics and the rur), stieets will be saved into
a folder in the Mito_Data drive. The run data Isoacopied intg&n Analysis Folder in the
Mito_Data drive for analysis. Samples run using Al Big Dye EXbﬁinator kiwill need to be

PROCEDURE

processed using ABI Sequence Analysis softi@réhe base 0 be assigned. Once the files
have been processed with Sequence Analysis, théy@i mported into the GeneCodes
Sequencher software alignment program for consesnéoence analysis and interpretation of
the mitochondrial DNA type. C)O

A Transfer of the 3130 run data into the n@&er file

1. On the desktop, click on t ortcut for tespective instrument’s data file. The
main path to this data fil@.

N
E:\Applied Biosyste@g\JDC\data collection\dat@b30x I\ nstrumentname
Once there, i%ﬁ;the injection folders of thums you wish to analyze.

2. Copy th@olnjection folders into the mastér (e.g. Batman08-015 files) that
Wahéeated earlier making sure that all of thestatistic files and log files are
in d.

3. so copy the newly created run files into thepective archive files in the MITO

ATA directory.
&
v
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B. Sequence Analysis

1. Open the Sequence Analysis program by doul&ing on the icon,\(Login
using your username and password. (]9

2. Click on the import samples icon in the uppst bf the scre@r go tadd
Sample(s)under the File menu. /\\

3. In the new window that pops up, locate the erdie of the™run that you wish to
analyze. Click on the individual run files withtine ter file, and for each one
click Add Selected Samples>zat the bottom of indow. As this is done, a
list in the right of the window will populate wi amples from the run. Click
OK when finished importing samples.

4, The Add Sample Statuswindow wij &:ate the progress of importing the
samples. When this finishes, th ples will apjre the top window of the
screen. Maximize this area by ging the cetiteder bar to the bottom of the
window. Q\'

5. The samples should all Qay®€ the boxes uB@efbase calling) checked. Click on
theGreen Arrow at tk@gp of the screen to begin the analysikebamples.

6. TheAnalysis St 0indow will indicate the progress of analyzing samples.

v

RS

As samples Qﬁ alyzed, tB€ column will display a green, blue or yellow box
around the k box indicating the quality of iase calling:

Green: Indicates a successful base callinghtatrdample
Blue 2 Indicates a problem in base calling thador that sample
YQI/@: Indicates that there is no data to beyaeal for that sample

\ the sequencing analysis is successful, dinek yellow floppy-disk icon in the

op left of the screen t8ave All Samplesor click onSave All Samplesunder
the File menu.
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8. Print the analysis report page. Click on Amalysis Reportbutton at the top of

10.

11.

12.

the page (white button withg; A is in red and R in blue), or sele&nalysis

Report under the Analysis menu at the top of the scréatimen the re age
opens, right click on the column headings for thalgsis report. ect the
following options-PP Satus, Peak 1, Base Spacing, # Low QV, QV, #

High QV, Sample Score, CR Sart, and CR Sop. The visible cQg n headings
will show the following-BC Status, Well, Cap #, LOR, ‘A, S?N ‘C’ SIN, ‘G’
S/N, ‘T" S/N, Avg S/N To ensure that all sample identi% ion fitsmane row,
deselect “Fit Columns to Window” (lower left of sen), setect size “8” font, and
increase the width of “Sample File Name” column.

xO

Create a PDF file of the Analysis Report h Print and send the file to
Adobe PDFE Be sure the page set-up is o portrait befoeating the PDF
file. Check the PDF file to make surg§at the pate Sample Names and
Sample Descriptions are present (e, g.C)ot cut dffilecessary, make formatting
adjustments, resend Adobe PD él.]é and recheckllowing the successful
creation of the PDF file, save it gmythe run folderg., save ifB08-040 with run
nameB08-040 Analysis Report&ﬁ;t Is contained within the Analyzed Archive.

Print a copy of the PDE}Ralysis Report for the amnchive. Close the PDF
Analysis Report and nalysis Report screen.

ClickExit under{@@ile menu to close out the Sequencirgjy&is program.
The Anal s'@ﬁleport will be placed together with the run review shdég

3130xI eet, and the 3130xl cycle-sequenciogksheet for review and
archiving.

C. Segue@oﬁzr

v

N

1%& you begin Sequencher, make sure that the US4y is fully inserted in a local

&

computer will make a “Ding-Dong” sound. Startng Sequencher without this

port on the computer, and the computer fully reognizes the key. If successful,

USB key will cause the program to lock out all edihg capabilities.
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1. Open Sequencher. Under tl®ntig menu, selectConsensus to Forensic

&

Standards This only needs to be done after opening Sedwenior the first

time. Once set, it will remain until the prograsnalosed. Also, check‘tg,make
sure that the Assembly parameters used to credigsoare set to@ proper
settings. Click on the box in the upper left-haodner that is marl\@'@, Assembly

Parameters”. The following settings should bectets ,\(b
Assembly Algorithm: Dirty Data (radial b /\1
Optimize Gap Placement: Use ReAligner (chetg bo

Prefer 3' Gap Pla§ement (check box)
Minimum Match Percentage: 85% (slide
Minimum Overlap: 20 (slide,

Assemble By Name: not En d (deselected)

N
Under thd-ile menu, go tdmport an@@&ﬁequences

Find the sequence files that W@copied toAthalyzed Archive. To simplify,
under File of Type select “Wj romatogram Seqgasti’ To select all of the
files press and hold the S&ey, and click oae thst file. Once the files are
selected, clickOopen. Maginitze the analysis window to view all of the saes

N

)

Import the appr@ate reference sequenceth®oproject for every contig that

needs to bw. The reference files (HVI.spfH)Il.spf) are located on the
y

and sample data.

Forensic Bi network (Mito Data/Reference Seqs)

These files can be saved to the desktop or localrdadrive for easier access.

\ﬁdlng down the Shift or the Control key, cliok imported rCRS file, and the
® rward and reverse sequence files that will mgkéhe contig.

At the top of the screen, click on tAssemble to Referencéutton. If the
samples contain viable data, the contig will barfed. If the samples do not
contain quality data, they will not import into tle®ntig. Name the contig
according to the sample name and hypervariablemeggquenced. (e.g.- Hair 1A
HVII)

Select the new Contig icon by clicking on iten In theContig menu at the top
of the screen, sele€tim to Reference Sequence
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8. Double click on the Contig icon. When the cgrdtiagram window opens, click

10.

&

on theBasesbutton at the top left of the screen.

A new window will open showing the individual sequece files 'o\/e the
rCRS reference sequence at the top of the window dnth nsensus
sequence at the bottom of the window. Individualexjuenc cluding the
reference sequence can be moved up or down by plagj P\e ursor on the
name of the sequence in the upper left box and drg@%ﬁe sequence up or
down. ,
\

Under the consensus sequence is a series of \thd’ symbols. The “¢”
symbols highlight base call disagreement m theCRS and the “+”
symbols highlight ambiguities in the conse@ sequce.

To view the chromatogram data a QQsequéataetogether, highlight a base
in the consensus sequence and ¢liskthew Chromatogramsbutton at the top
of the screen. This will open a ond window shgwhe chromatogram data
for all of the sequences in th \‘gntig. Noticd tha reverse primer sequence has
been reversed and compi n the process of bgilthe contig. Adjust the
position of the two scregng so that all of the sege data is visible along with
the chromatogram d and so all of the baseipositan be reviewedJse this
display and review é‘c}%quence positions.

To quickly m \@ﬁm one ambiguity to the naxthe consensus sequence, click

on the first in the sequence and then @essrol-N simultaneously on the

keyboar is will jump both the sequence dath @romatograms to the next

ambigueus position. To find only the instances meh¢he contig is in

di ement between the strand data, click onsdgeience data and press
rol-D.

&MPORTANT - In the instances where length and/or sequence leebplasmy

O

is present and yields single-stranded DNA regionshd/or ambiguous bases,
or un-editable N calls are present, the consensustgng on the Sequencher
program must be set to Plurality mode to analyze tht particular sample.
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11. To edit a base call click on the base in question in the consensgaesee or

12.

13.

14.

15

17.

individual sequence, and press the appropriaterlett the keyboard according to

the following: N
Standard Codes IUPAC Codes * \Q,Q
A- Adenine R- AorG (b
C- Cytosine Y-CorT \'\
T- Thymine K- GorT Q/\
G- Guanine M-AorC
N- Ambiguous S-CorG S
w-AorT  xO

*See Nomenclature section of this ma fottieir discussion.
N
To delete a basgeclick on the base in queé’ron and do one of dllewing:

O

a. To have the bases fill in KoG)the left safethe strand, press the delete
key.

b. To have the bases f] ‘inofrom the right side tbé strand, press the
backspacekey, and the on-screen instructions.

To insert a base presi’{hgéb key and follow the on-screen instructions.

To shift the entirg(3{fand, place the cursor over the strand in question aedspr
and hold theC y. The cursor will turn into a open hand icalick and hold
using the i and the hand will “grab” the stramtlpwing you to move the
entire st eft or right.

’
ve a single baseplace the cursor over the base in question aesspnd

T
Ir! heAlt key. The cursor will turn into a lasso icon. dgland hold using the
N\

Q@Q*

n and the lasso will “grab” the base, allowirguyto move the base.

To highlight a section of the sequengeclick on the beginning base in the
sequence you wish to highlight, and then move tirear to the last base in the
sequence section, press and holdShit key, and click on the final base.

To review edits press and hold Ctrl E.
All edits must be documented on the mtDNA Sequendenalysis Editing
Sheet. Editing sheet can be found in the form maml

* The sheet is in Excel format
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e Column “Reason” has a pull down menu to documesdae for editing (see
Section 17).

e Column “Region “has a pull down menu to choose ffetw|”, “HVII”,{r]/
“HVI and HVII”.

e Column “Method” has a pull down menu to choose ffova”, - nsic” or,
“Plurality”. ,\

* Column “Built” has a pull down menu to choose frdnnlu(\)r ‘could not be

built”. Q

» Editing Sheets should be archived as follows: ’

» Savein (for samples)M:\MITO_DATA\Project ive\corresponding
folder and subfolder (Asin Missing Person C 08\FB10-12345)

» Saveas (for samples)FBXX-12345 HVI XX-12345 HVII (see
guidelines). <

» Savein (for Positive Controls, M:\ “DATA\PC archive\PC folder (as

in PCmmddyy-hhmmn)
+ Saveas(for Positive Controls)PQmmddyy-hhmm HVI, PCmmddyy-hhmm
HVII \O
* For Negative controls: N iting sheet is needBALESS it can be built into
a contig, then:
o Savein (EN’s, A\d : M:\MITO_DATA\Analyzed
ing folder and sub folder (Asin

Archive'corr
Batman200 man08-013 files)
o] Saveas(\J s, AN’s):, ENmmddyy-hhmm , ANmmddyy-hhmm ...
Print a chQf the editing sheet for signaturarmalyst and reviewer, and for the
purpose, archiving. A copy of original shouldflaced in associated case files.

the sequencing analysis and editing amgplated, the contigs that were

18.
\&J need to be archived in the appropriate faddefo archive contigs, hightlight

S

&

ontigs that are to be archived together, go t® ¥ export > selection as
subproject. Click on Browse button and selectdolfibr contig to be archived.
Make sure that the format is set to ‘SequenchegeBtro Click the Export button.
Enter project name, e.g. PCddmmyy-hhmm for positbeatrol contigs and
FBXX-12345 for sample contigs.

Positive Control contigs should be archived asofed: M:/MITO_DATA/PC
Archivelear/PCmmddyy-hhmm.

Samples contigs should be archived as follows: NI DATA/Project
Archiveskample type/FBXX-12345. Sample type should be ‘Casework’ for
evidence and associated exemplars and should lssii\di Person cases’ for all
Missing person samples.
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19. Once contigs have been exported and archiyeth appropriate project, go to the

20.

21.

24.

Contig menu and click orCompare Consensus to Reference If necessary,

widen the contig name column to view the entiretigopname . To priQt, [select
Reports, Entire Table, Open Report, and Print Selectportr% s the
orientation, and print. \

Note: It may be necessary to create PDF files dfie seqﬂ\ '}ing data when
necessary for a case that is scheduled for e sequencing
electropherograms for the defense attorney to view) This*will be done when
necessary and saved onto a CD disk that will be kifq the file. Copies of the
disk will be made as necessary for court purpoﬁ

Optional (as noted above): Print @emp Qonsensus to Referencpage
again, but this time send the file Aalobe . Click Print. Save the PDF file
in the master run filenamed as the e name plus “diff,” eg. “FBO55000
hair 1 HVI diff.” Close the Adg indow. Closéet Difference Review

window.
O
At the top of the sequené\comparison pagek dn theSummary button.

When theSummary Viewwtidow opens, click offfile, Print Setup, and select
“landscape.” Then%on tieuler button at the top of the page and adjust the

margins (triangles ruler) and adjust column spgpas needed to print entire

sample ID.
&

Print théu@éry page. To do this, select tRéde menu and selerint.

Optional (as noted above): Print B@mmary page again, but this time send the
fil @\dobe PDE Click Print. Save the PDF file in the master run firamed

\lj e sample name plus “sum,” eg. “FB05-0005m hai#VI sum.” Close the
X

obe window.

NOTE: Printing of the chromatograms is usually netessary, and
should only be done when needed for the casdfiline
chromatograms do not need to be printed, skipejo 26.

Click on theOverview button. In the Contig Diagram, double click on the
individual sequence files. The sequence windowheffile will open. Click on
the Show Chromatogram button at the top of the screen. A new window wil
open. In the upper left corner is a slider bag,fthur-color bases and two buttons:
a dot and a vertical baDO NOT CLICK THE VERTICAL BAR, AS THIS
WILL ERASE THE HEADER FROM THE PRINTED PAGE.
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25.

Print this chromatogram as edited data, trimmeth& hypervariable region of
interest. To do this, select tHale menu and selecPrint Setup. Select
landscapeas the orientation, and print. N

a. If you are printing the forward strand, undeage Ran(@ectthe
FIRST four (4) pagesof the chromatogram.

b. If you are printing the reverse strand, uridage Rapq\§ ectthe LAST
four (4) pagesof the chromatogram. Q

Repeat step 24 for every separate chromatogram fi ‘

X
%ﬁor this chromatogram as
mutrest. To do this, select the
Scapeas the orientation, and print
iclOK. Under theFile menu, select

Optional (as noted above): Create an Adqg
edited data, trimmed to the hypervariable r,
File menu and seled®rint Setup. Select
to Adobe DPFfrom the drop-down ||

Print.
o
a. If you are printing t Sorward strand, undeage Rangeselectthe
FIRST four (4) pa&eg e chromatogram.

b. If you are printi}dg the reverse strand, uridage Rangeselectthe LAST
four (4) pag he chromatogram.

Confirm thatq&?é:be PDFis selected, and clicRrint. Save the PDF file in

the master ilenamed as the sample name plus the primer, e.g.5%B05m
hair 1 H‘@ . Close the Adobe window.

’
R @t step 25 for every separate chromatogram file

26. leick on theDverview button.

&

v

The lines at the top of the diagram indicat fibrward and reverse strands in
relation to the rCRS sequence, and the green bawlibe lines indicates which
areas of the rCRS are covered by the availablees®gudata. If the sequence is
present in both the forward and reverse strandb#rewill be green with thin
white strips on the top and bottom. If there ipaatial coverage in only one
direction, the bar will contain a light blue patter
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28. Print out theContig Diagram. Under theFile menu, selecPrint Setup. Select

29.

30.

N
O
&

landscapeas the orientation, and print (select printer fribra drop-down list).
Click OK. Under theFile menu, selecPrint. Confirm that the ag@priate
printer is selected and clidkrint.

Q
Optional (as described above): Print @antig Diagram pag&@?i/n, but this
time send the file td\dobe PDFE.  Selectandscapeas the )q ation, and click
Print. Save the PDF file in the master run filamed a sample name plus
“map,” eg. “FB05-0005m hair 1 HVI map.” Close tAdope-window.

the run/rerun review sheet. The review sheg tnd in the MTDNA forms
folder. 6\
N\

* There is a pull down menu in th Ié)column toate comments.
* When primers can be used foraN2ositive Contral eample sequencher file,
enter the sequencher fileg in the last colWtinhe negative controls

N
After each run is analyzed, fill all the rurfdmat@@d rerun information on

and failed or unused prim hould stay in thesequencher file (e.g., BO8-
013). @)

 Save in:M:\MITO_DA('EA\AnaIyzed Archivetorresponding folder and sub
folder (e.g. in B200, 8-013 files)

« Save asRRmaglgmenameyy-runfe.g.RRB08-013

» After review,QNginal goes into B(atman) or S(piehan) binders, and a copy
IS placedO '@{}e casefile for each associated case.

For Pos@ Controls, fill out a Positive CanitReview Sheet. The Positive
Co@lﬂeview Sheet can be found in the MTDNA ferfolder.

\AQAfter each run is analyzed, all the primers of aifiee control (PC) that can

be used to build a contig will be transferred tweav sequencher file for this

PC

The sequencher file will have the PC date and aimmeame (like PC090908-

090201) and will be saved in the PC archive inNHiEO_DATA directory

* The control Review sheet has to be completed andwed (saved in PC
folder as e.g. PC090908-1000).

» The original goes into the PC binder and a coplased in each associated

case file.
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D. File Output and Construction
Arrange the paperwork in following order, from toon to top: ,\q/

Run/rerun review sheets \Q,Q
Control review sheets (b
Sequencher Chromatogram printouts (if necgsdandscape \'\
Contig Diagramkandscape /\
Summary Viewlandscape ,

Editing Sheet \

Compare Consensus to Referempoetrait (5\,0

Landscape pages should be arranged in the fil ' he right side of the landscape
view faces the top edge of the file, and the @egﬁ the landscape view faces the
bottom side of the file. C)O

@rooooTy

E. Data Review O\
S
1. Once all of the Sequenc&\data has been ctedpbnd the file have been
archived, pass the entir(sy of sample printaurtsrie 3130 run to another IA for
data review. xo

Qe

2. For the 1A perfo@% the review, the followisteps must be performed.

a. 0] ckhe respective file from the appropriatehive located in the
M@DATA directory. Review all sequencher files.

’
b. For each sample, including Positive Control@psure that all edits
AQ/ reflected on the editing sheet are valid and adsaufor within the data
® set.
C) C. For positive controls, ensure that the progype is displayed on the
?g ) Compare Consensus to reference page.
d. For negative controls, open the bases andvatagram windows for each

primer for each sample to ensure that no basengatlata is present. If
necessary, attempt to re-build a contig using Gumesble negative
controls.
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e. Ensure for every sample that the paperworksgembled in order and

reflects the entire project and sample names.

3. If a problem is found, mark the occurrence witthie paperwork and @'}n the
paperwork to the original analyst. \
NO

F. Archiving the Sequencher Data Q/\\

U
Data will be archived iBINDERS, CASEFILES, and ELE%{RONIC FILES .
N\

o

6\0
Instrument binders (e.g. Batman) O&
3130xI worksheet, original @)
Analysis report, original C)
Editing sheets for Neg controls that cou@builtd)ia contig, original
Run review sheets, original \&

S

ARCHIVED IN BINDERS:

PC Binder
For each positive control: X
Positive control review sh original

Contig diagrams, originﬁ(\
Sequence summari iginal
Editing sheets, origixl
Difference revi@ eets, original

’
FB CASEFILES; )

313 orksheet(s), copy

view sheet(s), copy

itive control review sheet, copy
ositive control editing sheet, copy
FB sample contigs, originals
Contig diagrams

Sequence summaries

Editing sheets

Difference review sheets
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ARCHIVED IN ELECTRONIC FILES :

Analyzed run files (e.g. B08-015)
Run files

3130 worksheet (19
o

Run review sheet N
Analyzed run sequence files \
Neg controls that could build into a contig /\

PC archives (e.g. PC_053108-1306) \
PC Sequencher file \O
PC editing sheets . Q(b
PC review sheet \6\

FB project archive (e.g. FB08-12345) @)
FB Sequencher file C)
FB editing sheets O\

S
NOTE: If a positive CTlﬁ\sequenced twice (e.gduring QC tests), the

name will stay the sam@

n PCmmddyy-hhmm but attered suffix will be

added after each ne@sﬁquencing as in PC-mmddyy-himmA, PC-mmddyy-

hhmm-B....

necessary, th

ctronic edit sheet will be savedth the “-reviewerinitials”

For Editing gﬁ@if after review, changes on the electronic file are

suffix. @)

’
A backup of allé/@e sequencing data containetth&MITO_DATA directory will be archived

by DOITT. Q

N
&
v

Revision History:
July 24, 2010 - Initial version of procedure.
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Nucleotide positions are designated according ® dtandard one-letter code based on the
nomenclature system adopted by the Internationabrumf Pure and Applied Chemistry
(IUPAC; see table below). Note that an “N” is usedienote unresolved sequence iguities
where N can be any one of the four basgdPAC codes that designate two poss@ ases
should only be used in instances of sequence heter oplasmy.

K

|UPAC code Base designation |UPAC code AB@SE\designation
G Guanine R ,\) v AorG
A Adenine Y \'OK CorT
T Thymine K(\(b GorT
C Cytosine (ﬁ\\ AorC
N GAToC | 2 s CorG
b S W AorT
N

A. Using Sequencher 4.9 Q

O

1. Sequence difference bg%een the questionedlsand the revised Cambridge
Reference Sequenc&CRS) are generated and pdatddom the Comparison
Report file in Se cher. These differences agarmized by hypervariable
region (eg., o ifference review file is genetafer each HVI and HVII
region). Th¢ differences are listed in order otuweence on the mtDNA

moleculgo

2. In fcases, the alignment of a given mtDN4uence with that of rCRS is
iyhtforward. However, care must be taken englacement of insertions and
tions in reference to that of rCRS accordingtite following standard

\2\ omenclature:

Q~ a. Characterize profiles using the least numbeliftédrences from the
?~ reference sequence. Align the 310 T base in tRSr@ith a T whenever
possible.

b. If there is more than one way to maintain thee number of differences
with respect to the reference sequence, differesicesld be prioritized in
the following order: (i) substitutions: transitionare favored over
transversions, (ii) insertions/deletions (indels).
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C. Insertions and deletions should be placed duamiost 3' to a

homopolymeric region, with respect to the lightastt of rCRS.
Insertions and deletions should be combined irasduos Where,Kd ame
number of differences to the reference sequencenamtgine In

situations involving the “AC” maotif, treat this mbas a h olymeric
region with respect to indels in the AC repeatargi A '@ﬁent rules a,
b, and c are described in Budowle, et al, 20071, work samples
where alternative alignment following the hie@ Wilson, et al,

2002a,b, is also possible, the alternative aligy S not need to be

included in the case file. \

xO
3. Insertions (INS) should be listed to the righ rticular nucleotide position.
Insertions are documented by first noting itmediately 5' to the insertion

followed by a point and a “1” for the f@&lnseﬂm’, a “2" if there is a second
insertion, and so on. C)O

4, Deletions (DEL) should be Iiste@xactly whdre known base in the reference
sequence is missing in th <sample sequence to mmirthe number of
differences between the (@oned sample and GRS rreference sequence.
Deletions are noted b(} “” on the Sequenchertquinin the consensus
sequence. Q\,

y (also known as point or site heteroplasmy) ocedren

ontains at least two mtDNA seqetitat differ at one or two

ftions. The appropriate one-lett#?AC code will be used during
the editi@o a given site that shows sequencerbgiasmy. This designation
will be reflected in the Sequencher Comparison Replo addition, the presence
of @uence heteroplasmy at the given nucleotidetipo for the respective
A oplasmic bases will be documented on thengdstneet.

N
&
v

5. Sequence hetero
a single sam
nucleotide
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6. Length heteroplasmy occurs in regions that contain many tandem C otides.

These regions are commonly referred to as polyoywosr C-stretch regions.
Length heteroplasmy refers to a sample that hdsast two types, & one
differing by the total number of C nucleotides afiwen C-stretch. Q

a. It will be noted if a given casework sample has length I@\Jplasmy in
HVI. The number of C residues, however, in th a wwh length
heteroplasmy will not be recorded. Length h%ﬂﬂy in HVI most
commonly arises when there is a substitution ofBiCa T at position
16,189. The reference type in HVI igTC,. guences showing length

heteroplasmy in HVI will be truncated th' heTC, format including
the T to C change at position 16,189, \Q

b. It will be noted if a given casewor ple haslength heteroplasmy in

HVII. Length variants in HVILa@Ttommonly observedhia umber of
C residues preceding a T residiie at position 3. often possible to

determine unambiguousl dominant length vaiiattis region. The
profile used for further ysis in Sequencheushbe composed of
only the major type 6 termined by the analyst.

B. Using Sequencher 4.1.4Fb1&,

1. Sequence differ, s between the questioneplsand the revised Cambridge
Reference S ce (rCRS) are generated and poaoteflom the Difference
Review filea’Sequencher. These differences agarozed by hypervariable

region ( one difference review file is genetater each HVI and HVII

region).» The differences are listed in order otweence on the mtDNA

m le. “Ref” (reference) and “Con” (consensusgjicate what bases are
nt in the rCRS and the questioned sampleectgply, at the designated

® tDNA sequence positions.

&
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2. In most cases, the alignment of a given mtDNQusace with that of rCRS is

straightforward. However, care must be taken enpglacement of insertions and
deletions in reference to that of rCRS accordingthie following p{al;dard
nomenclature: Q

a. Characterize profiles using the least numberdiﬁ‘[e@s from the
reference sequence. Align the 310 T base in tlﬁ@(ﬁqt a T whenever
possible. Q

with respect to the reference sequence, eslcesld be prioritized in
the following order: (i) substitutigngs‘“ransitionare favored over
transversions, (ii) insertions/deletior@jels).

4
b. If there is more than one way to maintawe number of differences

C. Insertions and deletions d be placed dumlost 3' to a
homopolymeric region, itc)respect to the lightastt of rCRS.
Insertions and deletions |d be combined irasdos where the same
number of differencegx$0” the reference sequencenagtained. In
situations involvin @C” motif, treat this mbeas a homopolymeric
region with respeCt §0 indels in the AC repeatargi Alignment rules a,
b, and c are cribed in Budowle, et al, 2007r dasework samples
where alterr@ﬁz alignment following the hierarchly Wilson, et al,
2002a,b, @ &lso possible, the alternative aligrinteres not need to be
includ the case file.

3. Insertio RS) should be listed to the rightaoparticular nucleotide position.
Insertions are documented by first noting the sitmediately 5' to the insertion
fo d by a point and a “1” for the first insemi, a “2” if there is a second
i lon, and so on.

N

sequence is missing in the sample sequence to mmirthe number of
differences between the questioned sample and GRS rreference sequence.

?‘ Deletions are noted by a *“” on the Sequenchertquinin the consensus
sequence.

Acf\ Deletions (DEL) should be listed exactly where known base in the reference
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5. Sequence heteroplasmy (also known as point or site heteroplasmy) oceuren

a single sample contains at least two mtDNA seqetitat differ at one_or two
nucleotide positions. The appropriate one-lett#?AC code will be us Gburing
the editing of a given site that shows sequencertygiasmy. This %f‘é?gnation
will be reflected in the Difference Review. In dlth, the presen sequence
heteroplasmy at the given nucleotide position foe tespect}\ eteroplasmic

bases will be documented on the editing sheet. /\\
6. L ength heteroplasmy occurs in regions that contain many tandem C wtidles.
These regions are commonly referred to as po er C-stretch regions.

Length heteroplasmy refers to a sample that aat two types, each one
differing by the total number of C nucleotide,s\ n C-stretch.

a. It will be noted if a given casewor mple has length heteroplasmy in
HVI. The number of C res&’@, however, in the area Wit length
heteroplasmy will not be resgrded. Length hetasply in HVI most
commonly arises when t is a substitution of BorCa T at position
16,189. The referenc e in HVI igTC,. Sequences showing length
heteroplasmy in HV}=nill be truncated to fit thg T, format including
the Tto C chang@ osition 16,189.

b. It will be not@q}a given casework sample haslength heteroplasmy in
HVII. Le variants in HVII are commonly observedtie umber of
C resi preceding a T residue at position 3t1i8. often possible to
detepgile unambiguously the dominant length vaiiattis region. The
p used for further analysis in Sequencheusthbe composed of
only the major type as determined by the analyst.

N
&
v

Revision History:
July 24, 2010 — Initial version of procedure.
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Sequencher base calls can be modified if the uypidgrbata support it. The analyst can change
an “N” call into a base determination, insert amliidnal base, remove a position, gr trim a
sequence. A base call must not be edited withmger justification. ,\

Reasons for base removal are:
- Extra base inserted due to broad peak, pedk@trtor analysis defau;\@cmg

Reasons for base insertion are: Q
- Base omitted however authentic peak is present ,
- To maintain proper spacing O\

Reasons for changing a base to an “N” or to a degés IUPAC&Ie are:
- Ambiguous bases are detected 6\

- Dye or electrophoretic artifact interference
- Due to sequence or length heteroplasmyo

Reasons for changing an “N” call to a base is; 0\
- Base omitted or called “N”, howev thentiaelpés present
- Dye artifact or electrophoretic inteyerence
- Neighboring peak interferencf)

Reasons for trimming a sequenc@Q
- Trimmed to remove e equence (sequence tadval)
- Trimmed rCRS an uences to other (shortgesee position for duplication

Editing for other reaso@gould be documented astbmment explaining the edit.

Many software can be easily resolved andected by the analyst. However, ambiguous
situations sho &)ﬂot be edited. If an electropbi problem is suspected, this sample should be
re-injected uence information at each baséiggoshould be confirmed by data from both
when possible. Single-stranded regiwesent due to length heteroplasmy, must
ed by confirmatory sequencing of the satrend in the same direction. The

Se Ccher complementary strand alignment will ¢agflicts between the two sequencing
dir&t?ons for all strands imported into the contig

Revision History:
July 24, 2010 - Initial version of procedure.
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GUIDELINES FOR CONTROLS

A

Negative controls

Negative controls are considered negative if there is no detectable DNA\based on the
quantitation procedure and no signal is seen after 3130x| electrophoresis. For DNA
sequencing analysis, the controls are also considered negative if signals were obtained,
but the resulting base calls fail to form a contig in Sequencher analysis: that is to say
there is either no “readable” sequence present or any sequence that is there cannot align
to the reference sequence.

A “readable” sequence from a negative control run is a seguence that can be aligned to
the rCRS for >90 consecutive bases with/no more thian, 3 “N” calls within any 10
consecutive bases.

Two negative controls are associated with,each sample: the extraction negative (ext neg
or e neg) and the amplification negative (amp neg).controls. The former tests for potential
DNA introduced during extraction through_amplification, while the latter tests for the
presence of any background/DNA¢that was introduced during the amplification, or
present in the amplification reagents. Both jof these controls need to be processed for all
sequencing primer sets.

Decision matrix for passing, failiig er retesting negative controls is as follows:

1. Product gel or Agilent

Control Result Action required
Amplification No band/Agilent |Controls pass this stage; proceed with
negative value <0.5 ng/ul |linear array and/or sequencing analysis.
and
Extraction No band/Agilent
negative value <0.5 ng/ul
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Control Result Action required

Amplification No band/Agilent Rquantify extraction negative to
negative value <0.5 ng/ul | confirm result.
and _ Re-amplify extraction negative to
Extraction Band/peak seen | confirm presence of DNA, samples can
negative proceed if re-amplification, is clean.

If the extraction negative control still
yields a band/peak following re-
amplification{ it'is preferable to re-extract
this sample,ifunore sample is available.

IT sample amount is limiting, analyst may
proceedwith caution (see comments
listed“for this scenario in Sequencing
results section). However, if the amount
of DNA present in the extraction
negative sample exceeds 10% of any
associated sample (DNA amounts
determined by Agilent), that sample is
invalid.

The failed extraction negative may be
sequenced for quality control purposes.
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Control Result Action required
Amplification Band/peak seen |Requantify amplification negative ™ to
negative confirm results.
and
Extraction No band/Agilent | This sample set should_ b, re-amplified.
negative value <0.5 ng/pl This is preferable.

Since this result yindicates that the
background DNA is limited to the
amplification/Centrol tube rather than
being ubiquitows in all samples, it is left
to the analyst’s discretion to proceed with
this ., amphification set if no additional
sampleus available.

If,the amount of DNA present in the amp
neég exceeds 10% of any associated
sample, that sample is invalid. In
addition, the results are only valid if the
sequence detected for the amp neg does
not match any of the associated samples
or any of the samples in the case

Amplification Band/peak seen |Requantify amplification and extraction
negative negative to confirm results.

and

Extraction Band/peak seen |Amplification fails and samples must be
negative re-amplified.

The negative controls may be sequenced
for quality control purposes.
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2. Linear array
Control Result Action(s) suggested

Amplification no signal Controls pass this stage; proceed with
Negative interpretation and sequencing‘analysis if
and desired.
Extraction no signal
Negative
Amplification no signal Re-hybridize if.Spill-over is suspected.
Negative
and Re-amplifyyand re-hybridize extraction
Negative

sequenced if re-amplification does not
yield linear array signals.

If amount of extract available is limited,
proceed to sequencing and do not
interpret linear array.
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Control Result Action(s) suggested

Amplification bands seen Re-hybridize if spill-over is suspeeted:
Negative

And This sample set should be résamplified.
Extraction no signal This is preferable.

Negative

Since this result indicates, that the
background DNA is limited to the
amplification coptrol tube rather than
being ubiquitousiin all samples, it is left
to the analyst®s discretion to use the data
of this amplification set if no additional
samples-er-extraction negative extract are
available,

The results are only valid if the linear
array type detected for the amplification

negative does not match any of the
associated samples and in addition does
not match any of the samples in the case
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Control Result Action(s) suggested

Amplification bands seen Re-hybridize if spill-over is suspeeted:

Negative

and This sample set should be résamplified.

Extraction no signal This is preferable.

Negative Since this result indicates, that the
background DNA is limited to the
amplification coptrol tube rather than
being ubiquitousiin all samples, it is left
to the analyst®s discretion to use the data
of this amplification set if no additional
samples-@riextraction negative extract are
available,

The results are only valid if the linear
array type detected for the amplification
negative does not match any of the
associated samples and in addition does
not match any of the samples in the case.

Amplification bands seen Re-hybridize if spill-over is suspected.

Negative

and If this does not resolve the issue, the

. amplification fails and samples must be

Extraction bands seen e .-

Negative re-amplified and re-hybridized.

3. Sequencing,results

If am"extraction or amplification negative control contains a sequence that matches
a Case sample, this result should be confirmed by recycle-sequencing. If
confirmed, then the test fails and retesting must start at the point of sample re-
extraction or amplification, respectively. The determined sequence for the
extraction or amplification negative control must contain at least 90 bases or more
of readable sequence in order to be used in sequence comparisons with case

samples.
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Control Result Action(s) suggested
Amplification Negative Controls pass this stage; proceed-with
negative interpretation and/or sequencingtanalysis.
and
Extraction Negative
negative
Amplification Negative Recycle-sequence the extraction negative
negative to confirm results.
and .
_ The fact that some of the sequencing

Extraction Readable primers did’hot-yield a result indicates
negative sequence for that the Iévelrof PCR product

eontamination is very low.

Reamplification of the extraction
negative may be performed to ensure that
the contamination is present.

Depending on the amount of original
sample present, analyst may choose to re-
extract the sample.

Sample results for the affected primer
set, however, can be interpreted and
reported if the sequence is different from
all case samples.
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Control Result Action(s) suggested
Amplification Readable Recycle-sequence the amplification
negative sequence for negative to confirm results.
some but not all /
primers The fact that some of the sequencing
and primers did not yield a result indicates

that the level of PCR¢product
contamination in the amp neg is very

low.
Extraction Negative ) ) o
negative If more DNA(extract is available, it is
preferable toe-amplify the sample.
It the®DNA extract is limiting or re-
amplifieation vyields the same results,
then-'sample results for the affected
primer set can be interpreted and reported
if the sequence is different from all
associated samples, in additional to all
samples in the case.
Amplification Negative Recycle-sequence the extraction negative
negative to confirm results.
and _ If possible, repeat extraction and testing
Extraction Readable of samples.
negative sequence for all
primers Reamplification of the questionable

extraction negative may be performed to
ensure that the contamination is indeed
present.

If no sample is available for retesting, the
results can be interpreted and reported if
the sequence is different from all
associated samples, in additional to all
samples in the case.
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Control Result Action(s) suggested
Amplification Readable Recycle-sequence the amplification
negative sequence all negative to confirm results.
primers
If possible, repeat amplifieation‘and
and .
testing of samples.
Extraction Negative If no sample and Extraction negative
negative extract is available for retesting, the
results can be interpreted and reported if
the sequencé Yis different from all
associated..samples, in additional to all
Samples_in/the case.
Amplification Readable Recycle-sequence the extraction and
negative sequence for amplification negatives to confirm
some orall results.
primers The extraction negative cannot be
and . e -
interpreted because the amplification
may have introduced a contaminant. The
Extraction test fails and all samples and the
negative Readable Extraction negative must be re-amplified
sequence for and re-sequenced.
someor all
primers

NOTE: If it is necessary to re-sequence a casework sample from the cycle
sequence step, a new cycle sequencing amplification negative control (CAN)
must be created for this round of cycle sequencing. This negative control
must yieldsa negative result for the results to be valid.

B. Positive éontrols

The positive control (HL60) is included for each amplification and must produce
sequence that is consistent with the known polymorphisms. The positive control sample
must yield results for the full read length of the associated sample contig, but at a
minimum, HVI, 16024-16365, HVII, 73-340, or both. In addition, the positive control
serves as the run control. Therefore, in order to be valid, every run must have a positive

Controlled versions of Department of Forensic Biology Documents only exist electronically on the
Forensic Biology network. All printed versions are non-controlled copies.



PROTOCOLS FOR FORENSIC MITOCHONDRIAL DNA ANALYSIS

INTERPRETATION GUIDELINES

DATE EFFECTIVE APPROVED BY PAGE
09-03-2010 ELI SHAPIRO 10 OF 16

control that passes specification.
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The known polymorphisms in comparison to the rCRS are as follows:

HVI HVII
16,069 T 73 G
16,193 T 150 T
16,278 T 152 C
16,362 C 263 G
295 T
3151 C

This sequence will produce the following linear array type:

Probe | 16093 | 1A | 1C | 1D IELCINITIA [ 1IB [ 1IC [ 11D | 189
HL60 1 1 1 2 A 2 6 1 1 1

If the positive control fails to produce the expeCted'result, all samples associated with this
control fail. If it is suspected that'the problem~is ot related to the amplification but could
stem from a subsequent stepythe-positive control and all of the samples can be retested
starting either at the cycle sequencing orthe 3130xI injection step.

In cases of dye interference or electrophoretic artifact, some N calls in the positive
control will be allowed as follows:

1. A maximumnumber of 4 “N” calls for any primer strand used to build the
contig will e altewed for either HVI or HVII region provided that the calls on
the complementary strand are unambiguous and not contradictory to the
questionéd nucleotide position(s).

2. Any positions that have ambiguous N calls on both complementary strands
that\cannot be resolved through retesting will result in the failing of the
positive control and all of the associated sample runs.
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GUIDELINES FOR REPORTING
A. Linear array interpretation
1. A sample will not be used for comparisons if:

e The sample displays a suspected partial profile (generally faint signals, more
than 3 weak probe signals and/or the presence of 4 or more‘blank regions
indicate the presence of a partial profile)

e The sample consists of a mixture of DNA (more than'2 apparent
heteroplasmic types could be caused by a mixture)

2. The numeric probe signal calls are the basis forfingar array interpretation.
Conclusions are as follows:
Consistent (cannot | Alliumerical calls match and no locus is inconclusive
exclude)
Inconclusive Thetwoltypes show one difference or one or more of the
regions are inconclusive (see below)
Exclusion Twa orimore differences that show no evidence of
heteroplasmy
3. Heteroplasmy, weak probe signals or type 0 signals are treated as follows:
Weak call versus normal call; .
. . Difference
different probe signal
Weak gpe Weak call versus normal call; same .
signal . Inconclusive
probe signal
Weak call versus type 0 probe signal | Inconclusive
Type 0 signal call versus normal call | Difference
Type 0 probe
i Type 0 signal call versus weak probe .
signal si)glﬁal g P Inconclusive
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Consistent if no
evidence of a partial
profile

Type 0 signal call versus type 0
signal call

Heteroplasmy

Both samples display heteroplasmy

at the same region Consistent

One sample displays heteroplasmy;
one of these probe signals is also Consistent
present in the other sample

One sample displays heteroplasmy;
the probe signals are not presentin Difference
the other sample

B. Sequencing: Reporting of Base Calls

1. Sequence data should be determined fromyboth complementary strands of DNA
for mtDNA regions HVl.and HVII. (Only under special circumstances (see 2.
below) can sequence be reperted for,confirmed data from a single-strand.

a.

All good quality data“that shows concordance for both complementary
DNA strands or cenfirmed single-strand data can be reported. A list of
reported differencessfrom the rCRS must be accompanied by the range of
nucleotides of the region that was sequenced. All possible alternative
alignments dreynot reported.

For sequence“where an ambiguous calling situation occurs for one strand,
it must ‘be“left unresolved and called an “N”. No more than 3 un-
editable N calls are acceptable within any 10 base stretch of strand
sequence data.

Iif an “N” base call is made on one of the DNA strands (eg., due to an
electrophoretic artifact), this base position can still be reported as a base in
the plurality consensus sequence as long as (i) the data on both strands are
not in conflict with each other, and (ii) the data generated from the
complementary or confirmatory DNA strand is clean and there is no
question regarding its base call.

A minimum read length of 90 contiguous base pairs of double-stranded or
confirmed data that forms a contig will be valid for interpretation and for
generating weight assessment.
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A minimum read length of 90 consecutive bases of single-stranded data IS
necessary for any strand to be used to build a contig. Only underspecial
circumstances (see 2. below) can data be reported for a read length.of less
than 90 bases.

2. Special circumstances will arise (eg., length heteroplasmy) whemdata from only
one DNA strand can be obtained or read lengths of greater than90'bases are not
possible.

a.

b.

For samples with HVI or HVII length heteroplasmy, additional primers
should be used in order to obtain as much cemplementary data as possible.
For sequence where no datasis,available”fer one of the complementary
strands, this can still be reported/giventhat the sequencing reaction that
yielded the one strand qf+sequence,data is repeated (confirmed) for this
sample with the same ordifferent primer in the same direction. All of the
data from this regiofin(eg.; resulissfrom two cycle sequencing reactions)
must be concordant between the two sequencing runs. Note: This type of
rerun will satisfyy Conditions, where a difference from rCRS or sequence
heteroplasmy 1s\being reportéd.

Situations will arise”which result in severe length heteroplasmy (e.g. in
HVII, 310 C resdlting in a homopolymeric stretch of 13 C residues).
Under these conditions, it will be not be possible to sequence through this
region in eithér the forward or reverse direction. This could result in the
trimming-of_a strand (e.g., C1) and/or will yield runs with sequences
generated from the complementary strand (e.g., D1) primer that are less
than,90 bases. In these cases, the data will be acceptable at less than 90
bases. “~“The guidelines described in b. above for run confirmations will
alsovapply to the confirmation runs necessary in this scenario.

3. In gituations when un-editable “N” base calls are made at a given sequence
position for both DNA strands, then this base will be reported as “N”. Samples
with 3 or more un-editable “N” calls within a 10 base pair region of the
eonsensus sequence in either HVI or HVII are inconclusive.
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C. Criteria for Mixture Recognition
1. More than two heteroplasmic positions in a sample are suggestive gfva DNA

mixture. If possible, the sample should be re-extracted or other samples/in the
same case should be tested.

Samples that contain two heteroplasmic positions might warrant\further testing of
additional samples depending on the circumstances of the case.) This is to make
sure that the sample type in question is not due to a mixture.

D. Sequence Comparisons

1.

The positive control run with that sample must typecorrectly in order to report the
sequence for that sample.

If either extraction or amplification, negative ¢ontrols contain readable sequences,
the associated case sample(S)ymust be.compared to this data before any further
sequence comparisons are made. _The readable extraction or amplification
negative controls must.differ-from all case samples by at least two bases for these
case samples to be intergreted and réported (see Control Tables, section A3).

When comparing sequencegobtained from samples, only the regions in common
will be considered.

A specimen that yields,a"mixture of DNA sequences is reported as inconclusive.
No comparisons.and no statistical evaluation will be performed using this sample.
The number of Cjnucleotides at the HVI polycytosine C-stretch will not be
considered for interpretation purposes if length heteroplasmy is present. Likewise,
the number-af*€ residues exhibited in samples with HVII length heteroplasmy is
highly vatiable and care must be taken when making comparisons. In order for
sequence.concordance to be declared, a common length variant must be observed
in hoth samples being compared.

Differences between samples due to the absence of an HVII common length
variant are treated as one difference.
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6. Match Criteria for Sequencing data

Concordance

When two mtDNA sequences from separate samples (€.g from
two pieces of evidence or from evidence and a maternakfamily
reference source) are consistent with each other in‘the
overlapping regions, the two samples cannot he excluded as
originating from the same person or from having a‘maternal
relationship, respectively.

Inconclusive

The resulting comparison will be consideréd inconclusive
when two mtDNA sequences from separate samples differ by
one difference.

In these cases othefweterence sodrces and/or further testing in
order to obtain more sequence data may be helpful.

Exclusion

The resultingscomparison'will be considered an exclusion
when two mtBDNA sequences from separate samples differ by
two or miore differences;

7. Treatment of sequence“ieteroplasmy

Two identical heteroplasmic bases are present
at the same position insoth samples.

This is not a difference (eg.,
C/T vs. CIT).

One heteroplasmic.base is present in one
sample; a commonbase is present at the same
position in the,other sample.

This is not a difference (eg.,
C/Tvs.C;also C/Tvs. T).

One heteroplasmic base is present in one
sample; a'different base is present at the same
position/in the other sample.

This is a difference (eg., C/T
vs. G).

Revision History:

July 24, 2010 - Initial version of procedure.
September 3, 2010.-Revised version of procedure: sentence removed from paragraph Bb to reflect our current procedures.
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STATISTICAL ANALYSIS
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The frequency of occurrence of evidence samplestypk be reported based on the type of
analysis that was performed. When both Linearyaad DNA sequencing analysis are done
on a given comparison, only the DNA sequencingstieal analysis will be reported.
Nevertheless, the statistics for both analyses ffvdesformed) will be included in thQS e file.

The extent of the sequence data that will be usethé database search and tlcal analysis
will be limited to the shortest range and most eovative reporting of the nce in common
between the evidence sample(s) and reference s@npsed in the com[§n on (see previously
discussed sequence reporting criteria). Statlstitalysis will not be pe rformed on partial
Linear Array mitotypes.

\O
Statistics may also be presented comparing evmwample%bwhlch case the statistical
analysis will be limited to the shortest range arabt conse@( e reporting of the sequence in
common between the evidence samples. Q)

population sample mitotypes from Klin al, 200&mplete database is found at:

A. For Linear Array types (mitotypes), the IEbG)twill use a database containing
http://www.cstl.nist.gov/biotech/strbase/NIS )8 BiST mtDNA LINEAR_ARRAY data.xls

This population database conteqléonitotypes ofif@®viduals and is comprised of the
following population groups: Wffican-American (25Zaucasian (286), and Hispanic

(128). o
1. A search of th@abase can be done by useight Summary & Stats excel

spreadsheet [ofated on the Forensic Biology netwAfter the spreadsheet is
opened,@ sure tBequence Outputab is selected. Then enter the Linear
Array m}'t pe at the top of the worksheet in timanner, with exceptions noted
on @stats spreadsheet:

\A When no signal is seen in the Linear Array mitotypeat a given

N position, then a null type (“0”) is used for the déabase comparison at

O that position.
Q~ b. When a weak signal is seen in the Linear Array mittype, the
?‘ numerical type is used for the database compariscet that position.
This is a conservative search strategy.

C. When two signal types are seen in the Linear Arraynitotype at a

given position, then each type is used separatelyrfthe database
search(es) and the resulting counts are combinedhis is a
conservative search strategy.

Controlled versions of Department of Forensic Bijgi®ocuments only exist electronically on the
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2.

Click on thel A Stats tab to view the calculated population statistmsyfour
sample mitotype. The spreadsheet calculates freguestimates for the mitotype
as described below (see B.3). N

B. For sequencing data, use the database amidbedure suggested by thef@

1.

Database /\\'\

The database used to obtain a frequency estisataintajned by the FBI
(Budowle et al 1999, Monson et al 2002) and islal#é for download at the
following web address: A\

http://www.fbi. qov/hq/lab/fsc/backlssu/aprlI20 rl.htm

A copy of the database including the s wmdoﬁvund on mtDNA analysts’
computers. The database contalns 6024-16868HVII (73-340)
sequences from a variety of unre |nd|V|duaIs

Searching Profiles Q

The base pair range of tQeyprofile to be searchbuhited to the shortest range of

reported sequence in mon for both compared sanfpee previously
discussed reportinggNteria).

Click on the A icon on your screen. The shamindow will open. Several
options are selected as indicated below.

Mode: » - search
D se' - forensic

der options (in edit menu):

X
O
&

isting profiles: - not checked
Length variants: - consider multiple insertions ase difference
Partial profiles: - not checked
Statistics: - display up to 2 differences
Listing haplotypes: - check to list haplotypest thygpear multiple times
Date: - check “all profiles”
Heteroplasmic scenarios: - not checked
Helper Apps: - not specified

Enter your profile ID.
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Enter the searchable basepair range for HVI am#t Aldd. Repeat for HVII. If
your sample has the standard read length (see pjostelouble-click on the HVI
or HVIl icons. Enter all differences from the rCRS N

Click search (b\q,g

Select a temporary directory and name for theltefile. /\\'\

The search result consists of the number of sawpikd O;ZQuismatches to the
searched sample in the combined database and dijyiftedifferent ethnic

groups. A\

>
ATTENTION : Kéo

When sequence heteroplasmy is pr&;@@at a givengitmon in the mtDNA
sequence, the mtDNA database \{I searched wiem “N” at that position.

entered, multiple C-stretch th variants at thesame position are
considered as one differ€n): during the databaseasehes of concordant
sequences containingXgjs region and will not adddalitional rarity. In
addition, the numb “C” residues in samples wih HVI length
heteroplasmy is @considered for comparison purpses.

3. Frequen%eqﬁnate

a. Prequency estimate when the Linear Array mitetypmtDNA sequence
Qis observed at least once in database.

Even though mtDNA sequen}; [l polycytosine lengtlvariants are

Raw frequency estimates for the occurrence of a ggm mtDNA profile

D
(32\ in the general population is based on the countingnethod as follows:
?g ) p=x/N (Eq. 1)
Where p is the frequency estimate; x is the nurobémes a profile has

been observed in the population database, andh¥ isumber of profiles
in the population database.
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A confidence interval must be calculated from thgutts of the database
search in order to correct the counting results&mpling errors
according to the following equation N

Q
p +1.96 [(p) (1-p)/NT* (Eq. 2) 3
©)

The u,oper 95% confidence interval value (upper '\r 1.96 [(p) (1-
p)/N]*3) is calculated as the maximum frequenc coweeavithin
each population of the same mitotype or mtDNA Saqaes the searched

rofile.
p \OK
The upper bound estimate can be ca d autcatigitusing the
Popstats spreadsheet for sequenci tistibe &rA Summary and
Stats spreadsheet found on the Féensic Biologyarktdrive.
Example #1: The Linear Agr c%otype or mtDNA sequae is observed
3 times in a database cor@ﬂing 2000 sample pmofilThe frequency
estimate is 3/2000 =0 ; the upper bound ottiméidence interval is
equal to 0.0015 +1. .0015)(0.9985)/206G} 0.0015 + 0.0017 =
0.0032.

Meaning of ple #1: With 95% confidence, the imaxn true

e mtDNA profile is 0.0032 or 0.3286,1 in 310. In other

b. Rrequency estimate when the Linear Array mitoty@ or mtDNA
Q/Qsequence is not observed in the database.

The following equation is used:

S
\
Q_C)\z\ 1-0™™ (Eq. 3)
v

a is the confidence coefficient (use 0.05 for a 9&®nfidence interval),
and N is the number of individuals in the populatio
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Example #2: The Linear Array mitotype or mtDNA seqae is observed
0 times in the database containing 2000 samplélgsofThe frequency
estimate is 1-0.05°%°= 1-0.999 = 0.001. N

Meaning of example #2: For a database size of 26i@ttyp Q
sequence profiles, the frequency of a mtDNA praﬁbﬁacﬁlﬁg ved in the
database is 0.001 or 0.1%; or 1 in 1000, or, wibn itence, 99.9%
of the population can be excluded as being thec%xlhe evidence.

Iaftindatabase search
en@stimates for four
anic, Cauasian, and
eport to draw any inference
ributor(s) d the evidence.

C. Based on the FBI database, the mtDNA po
software supplies separate results of the
major populations (African-American, g
Asian Origin). It is not the intent of
as to the population origin of the

d. The Linear Array mitotype @Iation database ofKline, et.al., 2005,
supplies separate results éthe frequency for theemajor populations
(African-American, Ca lan, Hispanic). Itis nothe intent of the
report to draw any | nce as to the population ogin of the
contributor(s) of the gvidence.

N

e. Reports willé%ent the upper bound 95% confidece interval

estimatz&&ach population group, and express thias a percentage

andaf ency, e.g., an upper bound 95% confiderdnterval
estirg@ of 0.5% (1 in 200). Frequency estimateilwoe rounded

d 0 nearest 10 or single whole number. The iaht of the report
ig tO present a conservative range of estimatesthie strength of the

mitochondrial DNA comparison.
&
Q
X
<&
v

Revision History:
July 24, 2010 - Initial version of procedure.
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When all of the sequencing analysis is completed for a case, and upon request from
member s of the court, a CD containing all of the data for that case may be created to fulfill

therequest. N
1. Insert a blank CD into the computer, and open glogram “Roxio/C r Home.”
Click on the “Data,” section and select “Data Disc. '\@

2. Depending on the specific request, the levelhefdisc will be c@ed according to the
following:
K/
xO

CD Main Window Q>
- “Evidence” File . Q
- Analyzed 3130xI Run Files 6\
- Analyzed 3130x! data files \\
- Sequence Analysis Report C)O
- Sequencher Evidence Project File\
O

S
- “Exemplars’ File O(\
- All analyzed 3130xI RurlEjies
- Analyzed 31 data files
- Sequence £) lysis Report
- Sequencher Exe@ar Project File

O

3. Ensure that all @9X| data is imported fromAimalyzed Archive on the network, NOT
the superhero avchive.

To ens@«he quality of the disc, it isadvisableto copy all of the necessary data to a
tion on the local computer that will create the CD. Once all of the

sing
r@éry files have been compiled in this file on the local hard drive, according to
Q_ ree structure above, the entire contents of the local file can be added to the CD.
4, ?\ For the “Volume Label” fill in the casefile numat (eg. FB05-0234).

5. Label the new disk with the casefile numbere @isk should be delivered to the Quality
Assurance Manager for transmittal.

Revision History:
July 24, 2010 - Initial version of procedure.
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OLIGONUCLEOTIDE PRIMER SEQUENCES
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07-24-2010 ELI SHAPIRO 10F1
Region | Primer Nucleotide (base) Sequence Size (no. of bages)
A1t 5'- CAC CAT TAG CAC CCA AAG CT -3' g@(\v
( )
A4 5'- CCC CAT GCT TAC AAG CAAGT -3 G&b'
J

MV Bl 5'- GAG GAT GGT GGT CAA GGG AC -3 A\'\ 20

B4 5-TTT GAT GTG GAT TGG GTT T -3' Q\ 19

/
HVIF? |5- CTC CAC CAT TAG CAC CCAA-3' A\ 19
HVIR 5-ATT TCA CGG AGG ATG GTG 32 (\(b' 18
N

Cil 5-CTC ACG GGA GCT CTC CAR@ -3' 20

C2  |5-TTATTT ATC GCA CCT AGG-TTC AAT -3 24
i DI |5-CTG TTA AAA GTG CAXCC GCC A -3 22

D2 5-GGG GTT TGG T(g\!‘ék)ﬁ\A TTTTTT G -3 22

HVIIF |5- CAC CCT ATT(A@ CAC TCA CG -3 20

NI
HVIIR [5-CTGTTA W GTG CAT ACC GC -3 20
N

1. Nucleotide sequences for primers&, B1, 84, C2, D1, and D2 are from the FBI LaboratoryA~Nnalysis Unit Il
Mitochondrial DNA Analysis Protocol NA Protocblanual, DNA Amplification - Rev. 8, Issue Date 02/05 for primers
Al, B1, C1, C2, D1, and D2; mtDNA@ tocol Manu@jcle Sequencing - Rev. 8, Issue Date 09/10/0gffioners A4 and B4).

The primer sequences in the @@)NA Protocol Marare based on those described in the following:

Wilson MR, DiZinno JA, Poian ey D, Replogle J, Bude, B. Validation of mitochondrial DNA sequengifior forensic
casework analysis. Int@Leg Med 1995; 108:68-74

Wilson MR, Polan , Butler J, DiZinno JA, Regli® J, Budowle B. Extraction, PCR amplificatiomdasequencing of
mitochondrial om human hair shafts, BioTedunes1995; 18(4):662-669.

equences for oligonucleotide primdYIF, HVIR, HVIIF, HVIIR are from the product iest for the LINEAR
ondrial DNA HVI/HVII Region-Sequence Pyng Kit that is available from Roche Applied Saien (Cat. No.
-001; product information is availablenatw.roche-applied-science.com). The primer segegrin the typing kit
on those described in:

Gabriel MN, Calloway CD, Reynolds RL, Primorac Ddentification of human remains by immobilized seqce-specific
oligonucleotide probe analysis of mtDNA hepervdeategions | and Il. Croat Med J 2003; 44:293-298.

Kline MC, Vallone PM, Redman JW, Duewer DL, Callgn@D, Butler JM. Mitochondrial DNA typing screendth control
region and coding region SNPs. J Forensic Sci 260377-385.
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APPENDIX B
MITOCHONDRIAL DNA PRIMER LOCATIONS
DATE EFFECTIVE APPROVED BY PAGE
07-24-2010 ELI SHAPIRO 10F1
N @ o
5 g e 5 AV
—] HVI — 342 bp | HVII — 268 bp %%H
L
HVI Primers HVII Primer
4
HVIF —» HVIFE —
‘\.
Al —> Cl— .r\(b'
>
Ad—* < C2—
«— B4 C)OO +«— D2
< Bl AN <« D1
\&O
+<— HVIR O(\ <— HVIIR

O

The above diagrams are not to scaleQﬁkprimesitpms are relative to the table below. All areow
e)

indicate the directions (forward or re that primer amplifies along the hypervariable region.
HVI (16024 - 16365) f\'ﬁg} bp HVII (73 - 340) = 268 bp
4
Primer Oclaosition1 Primer Position*
N
HVIF M?S HVIIF 15
Al (/0 15978 Ci 29
A4? VY | 16100 C2 154
\ g
B4 (",(\ 16182 D2° 306
B Q’ 16410 D1 429
HV 16418 HVIIR 429

"Nucleotide position is defined as the first basthat5’ end of the primer.
2 primers A4 and B4 are used to resolve C-stretogtiepolymorphisms in HVI.
®Primer D2 is used when necessary to resolve thesestrand sequence when C-stretch polymorphignesent in HVII.

Revision History:
July 24, 2010 - Initial version of procedure.
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APPENDIX C
REVISED CAMBRIDGE REFERENCE SEQUENCE
DATE EFFECTIVE APPROVED BY PAGE
07-24-2010 ELI SHAPIRO 10F1

Hypervariable Region | (HVI)

16024- TTCTTTCATG GGGAAGCAGA TTTGGGTACC ACCCAAGTAT ,\(1/
16064- TGACTCACCC ATCAACAACC GCTATGTATT TCGTACATTA (19
16104- CTGOCAGCCA CCATGAATAT TGTACGGTAC CATAAATACT \

16144- TGACCACCTG TAGTACATAA AAACCCAATC CACATCAAAA \@
16184- CCCCCTCCCC ATGCTTACAA GCAAGTACAG CAATCAACCC \
16224- TCAACTATCA CACATCAACT GCAACTCCAA AGCCA!

16264- CACCCACTAG GATACCAACA AACCTACCCA CCCTTAACA

16304- TACATAGIAC ATAAAGCCAT TTACCGTACA TAGCA A

16344- CAGTCAAATC CCTTCTCGIC CC - 16365( end) (5\,

Hypervariable Region 11 (HVI1) &
O

73- ATGCACGOGA TAGCATTGOG AGACGCTGGA GCAC

113- CCTATGICGC AGTATCTGTC TTTGATT CATCCT

193- ACTTACTAAA GIGIGITAAT TAATT. TTGTAGGACA
233- TAATAATAAC AATTGAATGI CT ACTTTCCACA
273- CAGACATCAT AACAAAAAAT TT CCCCCCCTCC
313- CCCCCTTCTG GCCACAGCAC TTARACAC- 340( end)

153- ATTATTTATC GCACCTACGT TCAATAT§ AGGCGAACAT
GCC

Human Mitochondrial DNA Revised Car@q}ge RefereBequence,

LOCUS NC 012920 16 bp DNA circular PRI 30-APR:Q0
DEFINITION Homo sapi itochondrion, complete gsie.

ACCESSION NC_Q @) AC_000021

VERSION NC_0Ng20.1 Gl: 251831106

SOURCE itothondrion Homo sapiens (human)

ORGANISM @'ﬂo sapiens

Eukaryota; Metq /Chordata; Craniata; Vertebatdeleostomi; Mammalia; Eutheria; Euarchontogjires

Primates; H@T&{ ini; Catarrhini; Hominidae; Homo.

REFR

And%on S, Bankier AT, Barrell BG, de Bruijn MHp@son AR, Drouin J, Eperon IC, Nierlich DP, Roe BA
Sanger F, Schreier PH, Smith AJ, Staden R, Young 8&quence and organization of the human mitoafend
genome Nature 1981; 290: 457-465. MEDLINE- 81 52BPUBMED-7219534

Andrews RM, Kubacka I, Chinnery PF, Lightowlers RNuyrnbull DM, Howell N. Reanalysis and revisiontbg
Cambridge reference sequence for human mitochdnBifigA. Nat. Genet. 1999; 23 (2): 147. MEDLINE-
99438386 PUBMED- 10508508
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APPENDIX D
DETAILED CYCSEQ/3130XL SPREADSHEET CALCULATIONS
DATE EFFECTIVE APPROVED BY PAGE
02-28-2011 ELI SHAPIRO 10F1
Example:
Sample Quant # of LA input Misc. Quant Exo-Sap DNA (ul) Comme ',%
P vol. (uL) | LA's vol. (ul) vol. (ul) | (ng/4 ul) (ul) H 'P\ \(ul)
Amp. Neg 4 0 0 0 0 9.2 3.0 ’gt\‘n o 7.8
Sample 5 1 5.4 0 56 7.9 4.3 \ r\&@ﬁil. 6.5
_  — AN
Calculations for Amplification Negative:

1. A total of 4uL of the amplification negativeasvaliquotted for quantification. The quantificativalue was
below the limit of detection (nd) for that sampdeéd a linear array was not r Therefore, thdéyahanters 4
into the “Quant vol.” field and 0 each into the 6# LA's”, “LA input voI."& ¢ vol.”, and “Quant value”
fields.

2. The total remaining reaction volume is caltedaby the spreadsheet e®46 uL (50 L stavidigme minus 4
pl used for quantification).

3. The amount of ExoSAP-IT required is calculdtgdhe spreadsh@‘a
ExoSAP-IT for every 5 pL of amplified product. Thuhe @n
the spreadsheet enters 9.2 into the “ExoSAP-ITd fie

4. The amount of template to add to the cycleiseging ra/qtion is calculated by the spreadshieethis case, a
gel value of 0 instructs the program to enter tlaxi olume amount of 3 pL into the templatedfielThe
spreadsheet also enters “Control” into the comn’ékased on the nd quantification value.

5. Finally, the amount of water is calculated e previously calculated sample volume t&enthe total
volume quantity sufficient at 10.8 pL. This mamixture is now ready to be added to the cydigisacing

reaction. Q,\'

Calculations for Sample: @

1. In this example, 5 pL of amplif'@ample vadigiuotted for quantification. Also, 5.4 pL of tlsample was
used for Linear Array analysi; e user also tsfuinto the “Quant vol.” field along with the wwhe of 5.4

ccording to the following gline: 1 pl of
reaction volume is divided by 5 H&ind

(UML) used for the Linear Ar, nalysis into theA‘input vol.” field. The user inputs O into the &¢. Vol.”
field. Finally, the user i he concentratiatue into the “Quant” field. This field is based the amount of
sample DNA in a volume‘ef 4 pL.

2. The total reactio Ifme is calculated by dpecadsheet to be 39.6 pL, which is equal to tdirsg volume
minus 5 uL for antification volume, 5.4 pleddor the Linear Array (50 - 5 - 5.4 = 39.6).

3. The amount SAP-IT required is then dateed as before. The spreadsheet calculateshtbaetction
requires 7, of ExoSAP-IT (39.6/5).

4. Incalc the amount of template requii@dthe cycle sequencing reaction, the spreadshstetietermines
the n centration of the DNA sample after aoidiof ExoSAP-IT by the dividing the original comteation
[( p1L)(39.6 pL)] by the new volume (47.5.ulfhe new concentration (11.67 ng/ pL) is thenduse
(%; ate the volume of sample needed to equal & sgmple DNA [(5 ng)/(11.67 ng/ pL) = 0.428 pLUf.the
fihal volume is less than 1 pL, the spreadshedtimdicate that a dilution is necessary in the “Coemt” filed.
In this example, the spreadsheet calculation itel&cthat 4.3 ul of a 1/10 sample dilution is reejir

5. As before, the spreadsheet indicates the ahoduvater necessary to yield a total of 10.8 plsafple volume
for the next step of cycle sequencing.

Revision History:
July 24, 2010 — Initial version of procedure.
February 28, 2011 — Step 1 under “calculations&nple” modified.

Controlled versions of Department of Forensic Bijgi®ocuments only exist electronically on the
Forensic Biology network. All printed versions am@n-controlled copies.



	TOC next
	01-MITOCHONDRIAL DNA GUIDELINES 072410
	Mitochondrial DNA Guidelines_Archive 022811

	02-HAIR EVIDENCE EXAMINATION 072410
	Hair Evidence Examination_Archived 071612

	03-WASHING HAIR FOR MITOCHONDRIAL OR NUCLEAR DNA TESTING 072410
	Washing Hairs for Mitochondrial or Nuclear DNA Testing_Archived 071612

	04- ORGANIC EXTRACTION FOR MITOCHONDRIAL OR NUCLEAR DNA TESTING 110410
	Organic Extraction for Mitochondrial or Nuclear DNA Testing_Archived 071612

	05-DUPLEX MITOCHONDRIAL DNA PCR AMPLIFICATION 122210
	Duplex Mitochondrial DNA PCR Amplification_Archived 071612

	07-QUANTITATION USING AGILENT 2100 BIOANALYZER 072410
	Quantitation Using Agilent 2100 Bioanalyzer_Archived 071612

	08- MITOCHONDRIAL DNA LINEAR ARRAY ANALYSIS 030910
	Mitochondrial DNA Linear Array Analysis_Archived 071612

	09-EXO-SAP-IT SAMPLE CLEANUP & CYCLE-SEQUENCING WORKSHEET 072410
	Exo-Sap-It Sample Cleanup & Cycle-Sequencing Worksheet_Archived 071612

	10-CYCLE-SEQUENCING 072410
	Cycle-Sequencing_Archived 071612

	11-SDS CLEANUP 072410
	SDS Cleanup_Archived 071612

	12-CENTRI-SEP SAMPLE FILTRATION 072410
	Centri-Sep Sample Filtration_Archived 071612

	13-ABI 3130xl SEQUENCING 072410
	ABI 3130xl Sequencing_Archived 071612

	14- MITOCHONDRIAL DNA SEQUENCING ANALYSIS 072410
	Mitochondrial DNA Sequencing Analysis_Archived 071612

	15-SEQUENCE NOMENCLATURE AND ALIGNMENT 072410
	Sequence Nomenclature and Alignment_Archived 071612

	16-EDITING GUIDELINES 072410
	Editing Guidelines_Archived 071612

	17-INTERPRETATION GUIDELINES 090310
	Interpretation Guidelines_Archive 030711

	18- STATISTICAL ANALYSIS 072410
	Statistical Analysis_Archived 071612

	19-CREATION OF A CASEFILE CD 072410
	Creation of a Casefile CD_Archived 071612

	20- REFERENCES 072410
	References_Archived 071612

	APPENDIX A 072410
	Appendix A_Archived 071612

	APPENDIX B 072410
	Appendix B_Archived 071612

	APPENDIX C 072410
	Appendix C_Archived 071612

	APPENDIX D 022811
	Appendix D_Archived 071612




