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Mitochondrial DNA Guidelines

PURPOSE:  Guidelines for mitochondrial DNA testing to ensure clean laboratory practices,

unambiguous sample identification, and relevant control runs.

A. General Procedures: \(1/

‘o

To reduce the possible contamination in the laboratory that could OCCl\‘ between the

analyst and the samples (ii) from one sample to another, or (iii) fro
of DNA within the laboratory.

ancous sources

1. Lab coat, gloves, and mask, eye protection, and/or shleld, must always be
worn while in the exam and pre-ajglificatio . Lab coat, gloves, eye
protection must be worn in the p plific ?@area All gowning must be
done in the vestibules of exam, p or. \, p rooms.

2. Lab coats can be reused fQr od of eek. Afterwards, they should be
thrown out. Masks/face Oé’v can e reused for a period of one week.
Goggles can be expose lightd Stratalinker to extend their time of use.

3. When working in th%\ -Agplification laboratory, gloves must be rinsed
in 10% bleach beforéyeach p ure and in-between the handling of separate
samples.

4. Pipettes must be wipeg @Vl’l with 10% bleach before each procedure, and

followed by
applied for 3Gmiplutes before and following each procedure.

o down with 10% bleach before and after each procedure,
%) thyl Alcohol rinse, and UV light, if available, should be

6. All racks,%ube-openers and any other plastic implements (but not the pipettes)
must be%vosed to UV light in the Stratalinker for a minimum of 30 minutes

can be used for amplification or extraction.
7 -well tube racks taken from the pre-amp room to the post-amp room must

the pre-amp room.

aced into the post-amp bleach bath, rinsed, and dried prior to being returned

All 1.5ml and 0.2ml tubes can be kept in plastic Nalgene boxes or comparable

Qb 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.
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9. 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. ;

B. Nomenclature

The following are suggested naming conventions for use throughouw\ sample
a

processing. The goal of this nomenclature is to ensure that sample re unique

identifiers. \

1. Samples re-extracted for the purposes of duplication (ne@tting): The suffix :
”dup” will be added to the sample name to separatelyN\jdentify the re-extraction
sample from the original, and this syffix will b\' 1ed to these duplication
samples throughout the processing 6 @

*

2. Samples reamplified in order t rove quality of the results or for other
purposes: The suffix “rea ill be to the sample name. If multiple
reamplifications are neci ¥ the nu 1, 2, 3, etc. will be added to the suffix.

3. Atthe 3130xl run ste?* @O

O

QP

- The suffix “recyc” will d to each sample name for samples that are re-
sequenced (e.g. samp c). If multiple re-cycle sequences are necessary,
the numeral 1, 2, 35@ ill be added to the suffix.

- The suffix “con be added to each sample name for samples that are re-
sequenced to rm sequence or length heteroplasmy (e.g. sample-conf). If
multiple gonfifrfiatory sequences are necessary, the numeral 1, 2, 3, etc. will

be ad e suffix.
- The § “reinj” will be added to each sample name for samples that are re-
ng (e.g. sample-reinj). If multiple reinjections are necessary, the
ral 1, 2, 3, etc. will be added to the suffix.
he primer used will be added as suffix to each sample name. This suffix will
always be added last, e.g. sample-B4, sample-recyc-1-B4, sample-conf-2-B4,
sample-reinj-3-B4.

Contig name:
- A contig name should be: FBYY-12345-HVI, or FBYY-12345-HVII, or
FBYY-12345-HVI dup, FBYY-12345-HVII dup

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

MITOCHONDRIAL DNA GUIDELINES

DATE EFFECTIVE APPROVED BY PAGE
04-01-2014 MITOCHONDRIAL DNA TECHNICAL LEADER 6 OF 122

- 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-
HVI, FBYY-12345-PM1-HVI, FBYY-12345-Q1-HVI, FBYY-12345-Q2-HV,

S. Sequencher ID 6

- The sequencher ID of an analyzed run will be identical to that run I 6&
SYY-123.

- The sequencher ID of a case will be identical to the FB case n %
FBYY-12345.

- The sequencher ID for a Missing person case will be the FKNR MP (e.g.

FBYY-12345 MP) q

C. Repeat Analysis of Samples \OK

Repeat testing of a sample can start g@ferem s@s listed below. Appropriate

controls must be used.

1. Extraction stage: A new @)n ne control must be run.
2.

Amplification stage: negatlve and positive control must be
included. The extra 1on negdati control does not need to be repeated if it

previously passed

3. Cycle sequencing: Positivﬁw negative controls must be tested for each primer
used. The original extsg® O negative does not have to be repeated if it passed for
all needed sequenc e original amplification negative does not have to be
repeated if it pas r all needed sequences; a cycle sequencing negative (CAN)
should then Pe (20 pl H,0O) for each primer used. The original positive
control s ul used and suffixed recyc for each primer used; however, any
posmve 1 can also be used as long as the contig of interest can be built with

at p;g ¢ control. Note that if a sample needs to be re-sequenced with a primer

he positive control at that primer failed, then every control or sample in
n needs to be re-sequenced with that primer.

QO

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

MITOCHONDRIAL DNA GUIDELINES

DATE EFFECTIVE
04-01-2014

APPROVED BY PAGE
MITOCHONDRIAL DNA TECHNICAL LEADER 7 OF 122

D.  Batching and Duplication Guidelines

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

second nuclear DNA extraction and STR typing.

Exemplar samples batched and extracted for nuclear DNA may be duplicated @a

For mtDNA,

duplication of a given sample can be accomplished by N\mg one

informative primer for that sample in either HVI or HVIIL.

1. Evidence samples Gb\

a)

b)

c)
d)

2. Ex

a

O

QO b)

c)

Batching of evidence samples will be allowg® at all steps of mtDNA
analysis including the DNA extraction st hen batching evidence
samples at the extraction sta ax1m ber of five samples can be
batched. Duplication at& ractwr@ can be done for case-related

reasons (see supervisof’

Identical mtDN in g at least one evidence sample (two
evidence sa r one e sample plus an exemplar) within a case
are considere uphcat@ e evidence sample.

Duplication of sarr@ t the quantification level is not required. Evidence

samples may cated if they do not match any other sample in the
case at the dj n of a supervisor.

Duph@ﬁf evidence samples may begin at the amplification or cycle
se;&en wfg steps if there is no additional evidence material for extraction

0 lification, respectively.
samples

Batching of exemplar samples from different cases will be allowed at all
steps of mtDNA analysis including the DNA extraction stage.

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

Suspect exemplars will be duplicated if that sample matches an evidence
sample.
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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 b
duplicated. %

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

3. Exemplar with Evidence samples &

With the exception of quantification evidence and exemplar xmust always
be tested separately in time and/or space. Batching of ¢ with exemplar
samples is allowed during the DNA quantitation step. Ba g of evidence with
exemplar samples is also allowed during Agilent anal%ls provided that sample
aliquots are done on each sample typg (evidence plar) at separate times.
Quantification steps do not need to béj@hcated

2
O

Revision Histo N
July 24, 2010 itial version of procedure.
Febru »2011 — Removed “product gel” from Paragraph D.3.

) 12 — Minor revisions in content to generalize terminology for LIMS.
, 2014 — Modified section D (Batching and Duplication Guidelines). Batching of evidence in now allowable at all
teps of mDNA analysis. Policy for duplication of evidence has been modified to be at the discretion of the supervisor
if sample results are not duplicated in the case.
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Hair Evidence Examination
General Guidelines

Refer to Evidence and Case Management Manual for general laboratory guidelines for evide
examination, note-taking, itemization, and preparation for evidence examination.

A. Hair Evidence Examination

1. Record all packaging documentation and open packaging %

(preferred) or comparable (e.g. enclosed space).

0

\’1/

ad -air hood

2. Document the hair examination. Note the hair approxirﬁe ;ength and whether or

not the hair is mounted.

3. If hair is <1 cm in length, see s visor. hair will be consumed
indicate in case notes that the le w consumed for testing and
proceed.

4. For hairs that are loose, pr 1th st or hairs that are mounted, proceed
with demounting (See * ng Haéw Mitochondrial and Nuclear Testing”,

part A) and then retu
Note: It is at the a ﬁr}z to photo document hair mounted on a
is €3

slide at this step. In
5. Take a picture of the full
e Digital or Mideo pj
e If the hair is un
e Place hair o
black, orfdar

an be made.
d it can be placed in a weigh boat.

paper., B
bacl«é&d.
a

e T

ropriate background for photo documentation.
colored hairs should be placed on a white sheet of clean
e, white or light colored hairs should be placed on a darker

digital/Mideo photograph of the full hair,

w step 5 below prior to demounting hair.

Brown,

including a

measurement in the frame. For digital pictures, be sure the digital
mera is set to Macro (flower) and the flash is off before taking the picture.
or Mideo pictures, see Mideo Macro/Microscopic Digital Imaging System

C) below (see part B).
QO 1. Save /export pictures as the LIMS attachments.

ii.  Print digital and Mideo images for case file (see part C).
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B. Mideo Macro/microscopic digital imaging system

1.

N

o°

Make sure the computer is on and all of the proper cables are connected betwee
the Firewire camera and the computer. \

Double-click on the desktop shortcut EZDocPlus.

The main program screen will appear. Click on “Camera” and se ct&cro Cam
M”. The QCam Microcam Control Panel will appear.

Make sure at this point that the stereo microscope is on, th@ource is active,
and the specimen is in focus. When viewing solid, dark b , it is best to use
the ocular light ring to illuminate the sample. When éng slides or thin tissue
samples, use the direct light from the @) base of \' croscope.

<& .
On the Microcam Control Pzﬁ@hown @ight), perform the following:

a. Cth the Live b @ O . QCam Macrocam X
b. Adjust the bi ot t@ttmg is 3 for [ gask | Exposue| Wh,tega|ance| Advanced|

both the horiz&atal andertycal.
c. Check the Flip Imagg box.

futo Expoze | White Balance |

d. Click the Auto ExfoduYe button. b || & |
e. Adjust the inte x of the light and click ~Binning bl
Auto Exposy{r&if the image is too bright or Hoieontd [T 2] | i e

i

too da
Vetical I Load Settings
. . Adjust E_xp_osure -
NOTE: Ifi¢the™ackground color is not white or ¥ kg il
off whitf ce a sheet of paper in view of the
lens lick on the White Balance button. g [ & |

p Sd once completed.
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6. Once the image on the screen is in focus and there is proper contrast, click the

Grab button on the control panel. This will freeze the image on the screen. c

7. Under the Tools menu, select Overlays. Once the panel opens up, perforn@

following: (L

Click on the Measure tab. b‘
Click the Load Calibration button.

Select the calibration based on the current microscop &ni 1cation level.
FOR LINEAR OBJECTS

1) Click on the Length button.

2) Select any of the length tools to measué{@ length of the imaged

e o

object. \
e.  FORNON-LINEAR OBJECT@ o)

1) Click on the Multi @h butt
2) Trace the non-It object by left-clicking the mouse at

desired turn XOI‘HGI‘S& Enter” on the keyboard when

finished. , )y @)
WM |
Owerlay Tgols Split Screen I

ALt Image kﬂsure IMaSk I MHotes I
=& =
2

1R s

[m]Fo

*

{m}

E r

<
I
\ Caolor I - —
@Q Font I Clear tMeazurements I

lermn
Save Load
Calibration Zalibration
I e Delete Calibration
Calibration Calibration Dizplay
Clear Calibration |

Q Mo print zize Change I

E=port Meazurements Frecision

|3 digit=s vI
Send Tia Send Ta
Frort Eack
0K I
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8. Save the image by going to the File menu and selecting Export Image.
9. Save image with case identifying name (e.g. FB07-04117 Item 1A-1). c
10.  Import the saved image into the LIMS as an attachment for the evidence ite@\
C. Printing digital and mideo images for case file &
1. Open Microsoft PowerPoint. \
2. Go to File menu and select Page Set-up. Change slide orien{@QN from landscape
to portrait. Q
3. Import pictures
4. Add Sample ID. Add comments if needed. K
5. Save as FB# in Photo Archives 6 5\'0

R_ev@listory:

July 24, 2010 — Initial version of procedure.
July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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Washing Hair for Mitochondrial or Nuclear DNA Testing

PURPOSE: To prepare hairs for DNA extraction. %

A. Demounting

1. If the hair is loose, then proceed to the appropriate hair washing prﬁ\(ul{ Ifa
“possible root” is observed, the sample should be cut and waghedTdr nuclear
2. If the hair is mounted:

1. Process only one mounted slide at a time.

ii. Turn on the heat plate and adjyst the heat K &Neen 100-110°C. Place
the slide on a heat plate unt@i™he mou% softens and using forceps

DNA testing extraction (see part C).

remove the cover slip. The tant s quickly and hairs will scorch
if left on the heat platest 2. \

iii. The hair will be att o eithe @coverslip or the slide. Remove hair
and place into a bath p to 5 minutes or until the mountant

completely diss ? Hai slides/coverslip containing hairs can be
kept in the xy ath for er than 5 minutes if necessary.

iv. Using clean fortepsaca y remove the hair from the xylene bath

V. It is at the discreti@&the analyst to make a picture of the full hair at this

time.
Vi. Proceed to tl@opriate hair washing procedure.

B. Washing the hai{fogtDNA testing extraction

and a scalpel cut a 2 cm region of the hair or hair shaft. A picture
ihg should be taken at this time. If the hair is also to be tested for
NA, the mitochondrial DNA cutting should be away from the root.
e unused portion of the hair onto the backing of a post-it note and return
e packaging
f “possible tissue” attached to hair is observed, see your supervisor. In some
O cases the hair will not be washed, proceed to step 11 and enter N/A as
Q TergAZyme and Saline lot #.

3 Prepare 5% TergAZyme solution by adding 15ml of GIBCO water to 0.75g of

TergAZyme. Mix well. Record TergAZyme lot #.
4. Using clean forceps, place the hair fragment cutting into a 1.5 ml tube with 1 ml
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Forensic Biology network. All printed versions are non-controlled copies.



PROTOCOLS FOR FORENSIC MITOCHONDRIAL DNA ANALYSIS

WASHING HAIR FOR MITOCHONDRIAL OR NUCLEAR DNA TESTING

DATE EFFECTIVE APPROVED BY PAGE
07-16-2012 DNA TECHNICAL LEADERS 14 OF 122

of 5% TergAZyme solution. Vortex the tube for 1 minute at high speed, and
place into the sonicator for 15 minutes. After sonication, vortex the sample again
for 1 minute at high speed.

5. Prepare a 50 ml Falcon tube and filter cup. Label the tube and filter cup tab it
the sample name. Pre-wet the filter cup membrane with 1 ml of Gibco dH; ‘,\

6. Remove the hair from the TergAZyme with clean forceps, and place th Qn
the filter cup in the center of the membrane. \)

7. Wash the hair with 1 ml of Gibco dH,O. Allow the liquid to asw ugh the

filter.

8. Wash the hair with 1 ml of 0.85% saline. Allow the liqui \ass through the
filter. Record Saline Lot #.

9. Wash the hair with 1 ml of 100% ethanol. Allow the liqgto pass through the

filter.

10.  Remove the filter cup containing the hair and p@n a Kimwipe to let the
ethanol evaporate. Once the filter me‘ e hair will be dry as well.

ne is

11. Transfer the cut hair fragment to @ttom.o&l‘n 1.5 ml tube. Label the tube.

12. Store the tube containing the \»é(agme \ e appropriate “To Be Extracted”
cryobox in the pre-amplific 39 borat ezer.

13.  Proceed to Mltochondrl tydction fi ochondrial DNA testing procedure.

C. Washing the hair for n¥? I@Qstmg extraction

1. For nuclear DNA extracy \Jsing forceps and a scalpel cut up to 1.5 cm of the
proximal region of th&MNr, including the root. Place the unused portion of the

hair onto the backi a post-it note and return to the packaging. A picture of
the root shoul n at this time.

If “possibjg tisSue” attached to hair is observed, see your supervisor. In some
cases t will not be washed, proceed to step 11 and enter N/A as Saline

lot #.
2. P @1 50 ml Falcon tube and filter cup set by labeling the tube and filter cup
@h the sample name. Pre-wet the filter cup membrane with 1 ml of 0.85%
ine. Document Saline lot #.
SOOUsing clean forceps, place the cut hair into the filter cup in the center of the
membrane.
Q Wash the hair with 1 ml of 0.85% saline. Allow the liquid to pass through the
filter. Repeat that step.
5. Wash the hair with 1 ml of 100% ethanol. Allow the liquid to pass through the

filter.
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6. Remove the filter cup containing the hair and place on a Kimwipe to let the
ethanol evaporate. Once the filter membrane is dry, the hair will be dry as well.
7. Transfer the cut hair fragment to the bottom of a clean 1.5 ml tube. Label the tub
8. Store the tube containing the hair fragment in the appropriate “To Be Extracteq”

cryobox in the pre-amplification laboratory freezer.
0. Within the LIMS system, indicate the cutting was made on the evidence jtg % nd
schedule the appropriate DNA extraction procedure using the sample chﬁt Q

wizard. V
10.  Proceed to Mitochondrial extraction for nuclear DNA testing pr: e.

)

Revision History:
July 24, 2010 — Initial version of procedure.
July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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Organic Extraction for Mitochondrial or Nuclear DNA
Testing

Refer to the current Protocols for Forensic STR Analysis manual for extraction, quantitation, \%
amplification, and STR procedures currently on-line for other Nuclear DNA Operations.

PURPOSE: To isolate nuclear or mitochondrial DNA from the hair using :6&1 matic

digestion of the hair followed by an organic extraction. \
A.  Extraction for Mitochondrial and Nuclear DNA testi \
1. Prepare hair for digestion by removing the appropriate gcrocentrifuge tube from
the “To Be Extracted” cryobox. Recogd the Organig ction documentation.
2. Prepare the incubation solution in a 1 tube the following table. Label
this tube with the extraction date ar@ cas @DMMYY-HHMM.

. AN
Reagents :!) >\ ir + extraction negative

Proteinase K (20mg$§x e '30 ulL (15*2)
- A4

DTT (1M) 75 uL(37.5%2)
20% SDS A 7.5 uL(3.75%2)
Organic Extraction B’@V 188 pL(94*2)

3. When extract; @ms of hair, or multiple hairs together, the total volume of the
incubation so@ can be increased 2- to 10-fold, to accommodate the size of the
sample. A%lst the reagent volumes to accommodate these changes. Be sure to
record wolume changes in the documentation.

4. Hav @extraction tube set-up witnessed.
5. @t 150 pLof the incubation solution into the 1.5ml tube containing the hair

leave the remaining solution in the original 1.5ml tube as the negative control.

6. cubate samples for 30 min. in a 1400 rpm shaker at 56°C. Record the number

O of the thermal mixer, the thermal mixer temperature setting and actual
temperature in the documentation.

After 30 min., hairs should be dissolved. If not, incubate for a total of 1-2 hours.

If hairs have not dissolved, add 1uLof IM DTT and incubate overnight. Be sure

to record this on the extraction documentation, if performed. Hairs and control

samples should be both treated the same way. After overnight incubation, record
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the thermal mixer setting and temperature in the documentation.

8. When the hair sample is completely dissolved, proceed with the extract to the
purification step (see part B)

0. The hair sample might not completely digest even after the overnight incubatio%
If the hair is chemically treated, straightened, or dyed, it might resist digestfag.
The incubation process might remove the pigment or coloring from a h n
leave it opaque. If this happens, record this observation in the doc % on.
Centrifuge the sample for 3-5 minutes at full speed. Collect the\s atant
(extract) in a new tube, carefully without disturbing the pellet. Agd suffix “—
R” to the sample name and label on the original tube containinlg tieé hair remain
(pellet). Hair remains will be stored with the other sample. P to purification
step with the extract (see part B).

B.  Purification of DNA for Mitochondrial and Nug@)NA testing

I. During the incubation, prepare an fqr ample: one Eppendorf Heavy
Phase Lock Gel (PLG) tube, ongﬁl 0CO , three microcon collection tubes,

and one 1.5 ml tube for xtract. tubes can be centrifuged for 30
seconds at maximum speeg@pNor to saé addition.

2. After incubation, hay, ﬂ& ificaty e set-up witnessed.

3. Transfer each extrac‘%&mplﬁpopriate labeled PLG tube. PLG tubes make
the phase separation betwegn oNgaflic and aqueous layers of an organic extraction
easier. To each PLG tube&an equal volume of Phenol: Chloroform: Isoamyl
Alcohol (25:24:1 PCI e PCIA volume to be added should be 150pul unless
the extraction volu een increased in step A3. PCIA is an irritant that is

toxic. Its use s e confined to a certified fume hood. Gloves and a
mask shoul

n.

4. Shake or brie rtex the tube to achieve a milky emulsion.

5. Centrifu tube in a microcentrifuge for 2 minutes at maximum speed.

6 Insert rdcon DNA Fast Flow filter cup (blue) into labeled microcon tubes for
eac

the Microcon concentrator by adding 100 puL of TE™ to the filter side
) of the concentrator.
8. O ransfer the aqueous phase (top layer) from the PLG tube to the prepared
Microcon concentrator. Do not disturb the PLG layer. Discard the PLG tube
Q containing the organic layer into the organic waste bottle in the fume hood.
. Spin the Microcon concentrator for 25 minutes at 500 rcf.
10.  Transfer the Microcon filter cup into a new labeled Microcon tube and add 400uL.
of TE™to the filter side (top) of the concentrator.
11.  Spin again at 500 rcf for 20 minutes. After this spin, if liquid is still observed on
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the membrane, spin again at 500 rcf for an additional 6 minutes. After this spin, if
liquid is still observed on the membrane, continue spinning for a longer time.

12. Add 20 pL of TE* to the filter side (top) of the concentrator.

13. Invert the blue concentrator cup and place into appropriate microcon collecti%

tubes. Spin at 1000 rcf for 3 minutes to collect samples.
e For mitochondrial DNA testing,
0 Using a pipettor, measure volume collected and record it.
0 Transfer samples to a 1.5 ml microcentrifuge tube for storage

»

N

0 Adjust samples volume to 50 pL using TE™ record these N .
.

e For nuclear DNA testing,
0 Using a pipettor, measure the volume collected 9
0 The volume should be close to 20ul, in controﬁlln

0 Proceed with HVI-HVII amplification with 20l of sa%ﬁ

hair samples. If the
tube (see part 6 above)

volume is >30ul, prepare a neyy microcon f@'\
and spin at 500 rcf, control ax%air sam% or an additional 6 minutes.

After this spin, if liquid @

obs
spinning for a longer thTQ . t '
0 Measure the final v \collect@ record it.

on the membrane, continue

0 Transfer samples t ml mped¢entrifuge tube for storage
0 Send 2.5 pL of Qes (n@r nuclear quantification. If quantitation

results show %hsufﬁgeni ount of nuclear DNA for STR testing, the
extract may theh be mtDNA analysis.

Q
\&O
OQ
O
&
%)

Revision HistorQ@

July 24,

itial version of procedure.

Nove 010 — Added instruction for thermal mixer documentation.

J

S

12 — Minor revisions in content to generalize terminology for LIMS.

13 have been revised for the new microcons.

ber 31, 2012 — YM100 microcons were discontinued by the manufacturer. The manufacturer is now producing the
NA Fast Flow Microcons. All references to the YM100’s have been revised. Spin times in Section B, Steps 11 and
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Duplex Mitochondrial DNA PCR Amplification

performing an in vitro replication of template DNA using oligonucleotide
primers, thermostable DNA polymerase and deoxynucleoside triphosphate @s
(dNTPs) within a thermal cycler.

PURPOSE: To increase the amount of available mtDNA for the purposes of analysis, by %

PROCEDURE: '\&

should be included with each batch of samples being amplified to demon rocedural
integrity. The positive control is a laboratory grade cell line, for whichgh NA type is
known.

Follow the mtDNA pre-amplification guidelines f& i @es and cleaning of the work

surfaces. The following steps have to be perﬁo%1 M the dpdopriate dedicated areas. Evidence

samples and exemplar samples should not ®t \

A positive control, an amplification negative, and an extraction negative cc;@ if applicable)
e mtD

O

A. Preparing the DNA ali fofHQHVII amplification

(o] Amplification can be perf with either Roche or Homebrew reagents.
Homebrew reagents e used for Missing Person’s testing, body
identifications, and ip testing where the sample type is other than a hair
shaft sample. 6

o] When amplifigglextracts which have nuclear DNA quantification data, the target
amount of®&tract to be amplified is:
. g when using Roche reagents

. @[) pg when using Homebrew reagents

o] n amplifying samples that have not been quantified (e.g., hair shaft samples),
O e 20ul of the extract and Roche reagents, only.

00 Table I refers to the preparation of the control samples for the amplification.
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Table I — Control samples for amplification.

Sample DNA (extract) TE™
HL60 Positive Control DNA (100 pg/20 [11) {20 uL --- ’ga
Amplification Negative Control - 20ul O\
Extraction Negative Control,(s) when sample |20 pL - (DJ
amplified neat \
Extraction Negative Control (s) when a Submit 20 puL o l%ﬁxtraction
dilution/concentration of sample extract is negative at th e
amplified dilution/co tion factor or

more co ted than the

samplp-\

Cfo

B. Amplification Setup

1.

QO

For each amphﬁcatlon set d the mbers and samples in the
documentation. Lab n tubes with sample label name and
with date and time fo p0s1 ve negative controls.

If samples require d11ut10r@pare the aliquots in UV’ed 1.5mL tubes, and place
the neat samples backj rage.

Master mix prepa@@
a) Fog\r'g)lcatlon using Roche reagents:

Prepare a Master Mix with Reaction Mix and Primer Mix, The

@Q following calculations are used:

& Reaction Mix: number of samples N x 20 uLL Reaction Mix
CJQ (o] Primer Mix: number of samples N x 10 pL Primer Mix =
__uL

Note: For <6 samples, use N, for > 6 samples, use N+1. To
save on reagents, individual aliquots of Reaction and
Primer Mix can be made.
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o Add Reaction Mix and Primer Mix together to prepare
Master Mix.
(o] Vortex the Master Mix and centrifuge briefly.
(o] Aliquot 30 puL of the Master Mix into the bottom of eac 6
labeled 0.2 ml reaction tube.
b) For amplification with Homebrew reagents: \(L
o Prepare Reaction Mix and Primer Mix master mi cordlng to
Homebrew amplification documentation. Th xwmg amounts

of reagents per sample are used:

Reaction Mix Volume Primer Volume
Reagents per sample per sample
UltraPure dH20 3.7 8 re dH20 6 uL
GeneAMP 10X 5 \ HVIF 1 uL

PCR Buffer | & }>\

2.5mM dNTPs N ~/100M HVIR 1 uL

25mM MgCl, U 48 %S ) 100M HVIIF 1 uL

S5U/LL Amﬁ)

Gold DNA Q}L 100JM HVIIR 1 uL
Polymerase sg
Total Reacti§nK

Total Primer Mix

Mix volum 20 uL
volume per sample

sample

10 uL

Gﬂ: following calculations are used:
Reaction Mix: number of samples + 1 (N + 1) x Reaction

@Q Mix Reagent Amount=__ pL

Primer Mix: number of samples + 1 (N + 1) x Primer Mix

& Reagent Amount=__ pL

0 o Vortex the Reaction and Primer Mix and centrifuge briefly
O o Aliquot 20 pL of the Reaction Mix and 10 pL of the primer mix
Q into the bottom of each labeled 0.2 ml reaction tube.
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4. Add samples into the 0.2ml tubes. Use a sterile filter pipette tip for each sample

addition. Open only one tube at a time for sample addition. The final
aqueous volume in the PCR reaction mix tube will be 50 uL. Transfer the
appropriate volume of target DNA or TE™ to each respective sample tube. After
the addition of the DNA, cap each sample before proceeding to the next tub, R
necessary, spin down the tubes at 1000 rcf for a few seconds. Q

When finished, place the rack with the 0.2ml tubes in the pre-amp roﬁ\
dumbwaiter. Send the samples up to the post-amp room.

C. Thermal Cycling QQD\

1.

2.

Turn on the Perkin Elmer 9700 Thermal Cycler. \

Use the following settings to ampliampleqz\'

Soak for 14 minutes

9700 Thermal Cycler \ﬁﬁcatl 1s as follows-
User: mtDNA &é - Denature 92 °C for 15 seconds
C)Qles - Anneal at 59 °C for 30 seconds

File: lamtdna - Extend at 72 °C for 30 seconds
Incubation at 72 C for 10 minutes

50 Storage soak at 4 °c indefinitely

Place the tubes in ay in the heat block, slide the heated lid over the tubes,
ulling the handle forward. Place the microtube rack used to
set up the ga\'

for PCR in the post-amp room bleach bath
Start ‘@ by performing the following steps:

a@ The main menu options are RUN CREATE EDIT UTIL USER. To
select an option, press the F key directly under that menu option.

Verify that the user is set to “mtDNA” if not, select the USER option (F5)

to display the “Select User Name” screen.

e

Use the circular arrow pad to highlight “mtDNA.” Select the ACCEPT
option (F1).
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d. Press the RUN button (F1) and select the “lamtdna” file.

e. Verity that the reaction volume is set to 50 pL and the ramp speed is set t
9600 (very important). &

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

The run will start when the heated cover reaches 103 °C. The%en will
then display a flow chart of the run conditions. A flashingihg&ndicates
the step being performed, hold time is counted down. e number is
indicated at the top of the screen, counting up. %

g. Be sure to record the use of the thermal cycler jjiéhe documentation under
the appropriate instrument nan& \

h. Upon completion of the a @cation,&he STOP button repeatedly
until the “End of Run”

n is dis , and remove your samples.
Select the EXIT op ). Wi condensation from the heat block
with a Kimwipe 1 the li ed to prevent dust from collecting on
the heat bloc the j &nt off.

Qs, place them in the appropriate 2-8 °C

1. After removing you\%
refrigerator for sto@. Samples should be separated according to sample
type (exempla 1&nce, or quality control). Record the date and time of

when sampl amplified on the cover of the 0.2 mL PCR storage
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IMPORTANT:

Turn instruments off ONLY when the Main Menu is displayed, otherwise there will be a Power
Failure message the next time the instrument is turned on. It will prompt you to review the
history. Unless you have reason to believe that there was indeed a power failure, this is n: “’K
necessary. Instead, press the STOP button repeatedly until the Main Menu appears.

In case of a real power failure the 9700 thermal cycler will automatically resume thﬁ\i the
power outage did not last more than 18 hours. The Uninterruptible Power Sup IK ) present
in the amplification room will power the thermal cyclers for about 2-3 hoursg S‘\e case of a total
power outage. The history file contains the information at which stage o S% ing process the
instrument stopped. Consult with the QA team and/or the Technical Leam how to proceed.

Revision His
July 24 Initial version of procedure.
Sl @ 22, 2010 — Added procedure for Homebrew amplification. Changed title of procedure.
%, 2012 — Minor revisions in content to generalize terminology for LIMS.
Nfhber 24, 2014 — Changed all instance of “Sterile” and/or “Irradiated” water to “UltraPure” water.
May 1, 2015 — Clarified what type of testing can be performed using Homebrew reagents.
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Quantitation using Agilent 2100 Bioanalyzer

PURPOSE- To quantify the amplified product of the mitochondrial hypervariable regions I %
and II, in order to establish the input of DNA for linear array analysis and/or cycle sequencinA
The DNA 1000 assay is capable of analyzing amplified DNA fragments in the range of 2 0
bp, and in the concentration range of 0.5-20 ng/uL.

A. Preparing the documentation: '\&

a. Prepare a new Agilent Test Batch, and select samples for apahs
b. Exemplar samples and positive controls should be run at 2 % d2) and 5-fold
(d5) dilutions. Hair and evidence samples should be rur{d1 (neat) and d2.

Negative controls should be run d1 (ngat). Prepare (pytsamples accordingly.

c. Exemplar and evidence samples may uantitat e same Agilent run;
however, they must be al1quotted fi ntltat arately

d. Prepare the plate record, and m mples into the associated plate
wells.

e. Download the plate recor onﬁrée .CSV file is saved in the appropriate
network location.

C)

a. Follow the documentaiéto prepare dilutions. Add H,O first in all tubes where
needed.

b. Vortex and ce i@ bes between serial dilutions

c. Aliquot all V@S less than 2 pl using a 2 pl pipette.

d. When pip ample for dilution or quantitation, pick up from the top of the
solution@ tly on the meniscus) to avoid carrying sample on the outside of the

tip.
e. [ﬁ‘or quantification. Vortex and centrifuge every tube before use.

C. Prgc\gg re

Q a. Ifthe Gel-Dye mix is not prepared, proceed to SECTION A.
b. If the Gel-Dye mix is already prepared, proceed to SECTION B.
c. For analysis of data only, proceed to SECTION C.

B. Preparing the samples
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POWDER-FREE GLOVES ARE REQUIRED FOR THE HANDLING OF AGILENT
CHIPS. POWDER FROM LATEX GLOVES COULD CLOG THE MICRO-CHANNELS

ON A CHIP. 6
N

Section A- Preparing the gel-dye mix

1. Allow the DNA dye concentrate (blue tube) and the DNA gel matrix (red tube@me
to 37°C in the heat block.

2. ALWAYS PROTECT THE DYE CONCENTRATE FROM THE L %ortex the
DNA dye concentrate (blue tube) and spin down. Add 25 pL of't oncentrate (blue
tube) to the DNA gel matrix vial (red tube).

3. Vortex the mixture for 10 seconds to ensure cqmplete mixs‘@xd transfer the entire
mixture to the top receptacle of a spin filter, @
with the lot numbers of the DNA centrat& DNA gel matrix, and your initials
and the date. K

5. One tube of gel-dye mix is e%h for@ms, and will last for 4 weeks. Discard the gel-
dye mix 4 weeks after the date of pt\gparftion. Protect the gel-dye mix from light, and
store at 4 °C. Record the creatio ONihe gel-dye mixture in the LIMS.

Section B- Loading and running & Agilent Bioanalyzer 2100

*
4. Centrifuge for 15 minutes at 6000 rplﬁ;‘&card t r and label the gel-dye mix tube

2100 Expert System Setting@gide of the window, click on system) are saved by default as:
1. Data Files Name:\geri@¥fiumber, data, time are checked.
2. Data Files direc&l‘Create Daily subdirectories” is checked.
3. Data File fo N‘Binary format” is checked.
4. Nothing &ed in “Run and Results”, “Auto Export,” and, “Default Export
Direcg
O

AL TING INTO THE CHIP MUST BE DONE DIRECTLY ON THE GLASS AT
T TTOM OF THE WELL, NEVER ON THE SIDES OF THE WELL.

1. Allow the gel-dye mix to equilibrate to room temperature.
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2. Have a witness check samples and worksheet. Record the run name, the lot#, analyst,

date, time, and the Agilent machine, in the documentation. Open a new DNA chip

3. Pipette 9 uL of gel-dye mix into the bottom of the well marked ]} Make sure ther %
no bubbles, if any use a 1pl pipette tip to remove them. Place it in the priming e&
and fill out usage log. Make sure the base plate of the station is set to position (s
clip on the syringe trigger is set to the lowest position. Make sure the syrin on is
pulled back to the 1 ml mark, and close the lid of the priming station. (&u for the
“click.”)

4. Grab the syringe with your index fingers under the fins on the s@ody and thumbs
on the plunger. Swiftly and steadily, press down on the plunger 1 it locks under the
silver trigger. Make sure your thumbs are not in the way of rigger lock or it will not
work. Let the chip pressurize for 60 seconds.

sure,tlf?@ nge comes back to 0.3-0.4 ml.
Wge ba 1, and open the chip priming
e capll{ for proper filling.
6. Pipette 9 uL of gel-dye mix ¢ <bhe tw marked G. Make sure there are no
bubbles, if any use a 1 tip t%ove e
7. Vortex and spin down the DNA@&(er (green tube), and pipette 5 pL of marker into
a

each of the 12 sample wells er well. Each well must be filled, even if it will not
be used.

5. Release the syringe with the trigger, and
Wait for 5 seconds, pull slowly the*
station. Turn the chip over and ins

8. Vortex and spin dov\@ NA ladder (yellow tube), and pipette 1 pL of ladder into the
lower right well with the ladder symbol.

9. Add 1 pL of, ﬁed DNA to each well. If a well is not used, add 1 pL of dH,O into
the well.

10. Plac&}@c p in the IKA vortexer and vortex at ~2200 rpm for 60 seconds.
11. chips within 5 minutes.

12. Start the collection software by clicking on the symbol on the desktop.
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13.  Click on “instrument” on the left panel and place the cursor in one cell of the Sample
Name column, click on the right button of the mouse, select import, choose the .CSV text
file that was created for the run (see A7). The software might give a warning “failed %

import the text file.” Ignore, and press OK. \
14. Once the machine is highlighted in the upper left-hand corner of the screen, op id.
The icon should now show the lid open as well. Insert the DNA 1000 chip a fully
close the lid. The machine icon will now change to a blue chip on the scre ake sure

the “Assay Class” in the “Assay Details” panel (middle right panel) i A 1000”. If
the assay class is different than DNA 1000 see a supervisor before stgming the run.

15.  Adjust the sample # in the Data Acquisition Parameters field, if ne@ary.

16.  Click on the START button. s&
The run will begin with a pre-heat and should{taje appro@ ely 35-40 minutes for a full

chip.
p o &
17. The ladder sample will process f@ﬁs a ggoNddea to monitor this sample to make

sure the upper and lower marke{ oyt out C(@: ly (15 bp and 1500 bp).

18. Immediately after the run (less th SQ)%utes), remove the sample chip. The electrodes
need to be cleaned with the clea trode cleaner chip within 5 minutes after the run.
To do this, begin by filling o e large wells with 350 pL of deionized water. Place
the electrode cleaner in th@em 2100 Bioanalyzer and close the lid for 10 seconds
(and not more than IOSQ n the lid, remove the electrode cleaner chip, and let the pin
set dry for another 1{ seqotds (and not more than 10s), then close the lid. Drain and dry
the electrode cleaggr Chp.

&
0\‘»

QO
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Section C- Data collection, analysis, electronic filing

When the Bioanalyzer 2100 run is complete, go to the Data & Assay field. The main window
will show the gel image, sample list, and chip summary. Any problems detected by the softwgr
will be indicated with yellow triangles above the lanes in the gel image (see troubleshootir%&

1- Ladder:
Select the Ladder sample on the sample list. The main window should show the foll \g peaks
(11 ladder peaks plus lower-LM- and upper-UM- markers):

15bp  Lower Marker \

25bp  Ladder %

50bp Ladder Q

100bp Ladder

150bp Ladder
200bp Ladder

300bp Ladder

400bp Ladder ‘\A
500bp Ladder \Q
700bp Ladder C)
850bp Ladder ?3

1000bp Ladder
1500bp Upper Marker

0, o

2—Samples: Xg

Click on the individual sample one\ mple list. The positive control and sample lanes should
show two peaks, indicating th I and HVI amplified products (around 420-490 bp) for
samples amplified with HV@VH multiplex primers. All samples should have the lower

marker (~15bp) and uppe;\' r (~1500bp).
3-Manual editing: @Q

If the upper ed (UM) or lower marker (LM) is present but not labeled properly, right click
on the pea ‘size bp” in the table and select “manually set upper marker” or “manually set
lower m, " respectively.

If ar peak, HVI and/or HVII are present but not labeled or if an extra peak is present: right
click on the peak, select “manual integration”, add or remove peak at that position (bp).

Smaller amplified product peaks in samples with severely unbalanced HVI and HVII peak
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heights due to potential length heteroplasmy may be manually edited. Be sure to record any and
all edits within the run documentation.

4-Export data to the network:
The data are automatically saved in a “yyyy-mm-dd” folder as “DESS47045XX\yyyy -mm \
mm-ss.xad” (a shortcut on the desktop). If from AG1: DES547045xx is DES5470451 %
AG2:DES547045xx is DES54704524.
%.xad file
file(s) in

a- Open the yyyy-mm-dd_hh-mm-ss.xad file, make edits if necessary, sav
as DES547045xx\yyyy-mm-dd_hh-mm-ss-analystinitials.xad. Transfer th

M:\MITO_DATA\Agilent Archive\yyyy\ yyyy-mm-dd-hh-mm-ss folder.
b- Create a PDF file by going to the “file” menu and selecting :@
ab

2% ¢

When the print
window opens, select “Run Summary”, “electropherograms” and “Res le”, choose “all
wells” if it is a full chip, or fill in the well numbers of used wel r a partial chip. Select

“Include Ladder”, one per page, PDF. Click on * to select t e. Select the appropriate
folder on the network. Add analystinitials before * (én the p e Click save.

c- Check that PDF and.xad file (s) are p n M.\ ”DATA\Agilent
Archive\yyyy\ a new yyyy-mm-dd-hh-mm- ss’g
2100 expert software KO
If analysis or review is done at a dlffgent tim the run or from another computer, open the

2100 Expert software.

Select “data” in the “contexts” column @ eft side of the window.

Go to file

Open

Select the folder with the ru @mt to review/analyze in M:\MITO DATA\Agilent
Archive\Y EAR\XXXXXXXXXXEX

Select the appropriate.xa&@e of the run

Click open

After analysis/re& IF ANY EDITS/CHANGES ARE MADE, do not forget to re-save the
.xad file with -ngWewerinitials” at the end of its name. Create a new PDF file. Print and initial.

O

Seata Entry, Review, Filing, Rerun

DATA TAB ENTRY
Open the appropriate Agilent batch to review and edit, as necessary.
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bp * : peak position manually called

bp ** : peak position edited out manually %
A

bp " : spikes position manually removed

v

LM*: sample lower maker manually cam

UM*: sample upper maker manuall (\llev

Samples \

HVII and HVI peaks should be discrete and approximately 400 to 500bp respegti or the peak
will be inconclusive. Samples with multiple peaks or peak imbalance due Xential sequence
length heteroplasmy may be manually edited. %

The “Vol, Used” refers to the volume aliquotted of the original ampli &ample.
Sample edits: 6

If a sample is edited, enter the location in bp follofye} by on
above. If special edits are needed, document the he s
was necessary for any sample, including * adder,

documentation.
> o

Once the editing is complete in the A¢1ilent Sdftwgre, save the file, and export the final results to
the appropriate network location. \

e symbols from the table
its column. Indicate if editing
if so, record the edits in the

Import this Agilent data file into the K&sttem against the Agilent batch data. This will
automatically update the dilution f: 7 and input the HVI and HVII initial values. This, in

turn, will calculate the value of nd HVII, and output the final “Conc, Mean HVI-HVII”
value for each sample in thefatgt

REVIEW TAB ENT \
Fill the “Intrepretatio lumn following the guidelines in the table below:

O\
‘&\ - one dilution
HVII BN Comments

[0.5-20] Na20] | HVII and HVI mean concentration will be used for further testing USE
I 5-20] | non-INC peak concentration value will be used for further testing USE
[0.5° INC non-INC peak concentration value will be used for further testing USE
INC INC Rerun RQ

2 dilutions

| Comments |
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dilution A |pass|dilution A within + 2.5 X dilution USE

— use lower value
dilution B |pass B -
dilution A |pass|dilution A outside + 2.5 Xdilution| Rerun RQ \D
dilution B [pass B Rerun RQ D

Na

dilution A |pass use for further testing US

— n/a
dilution B | INC n/a -
dilution A | INC a n/a -
dilution B |pass use for further testing USE

If both dilutions are INC

dilution A| INC /a Rerun proprlate %ﬁl RQ, dx
dilution B| INC Re prop RQ, dx
appropriate dilution example 1

dilution 2 [ <0.5 a IOt \ate dilution RQ, d1
dilution 5 | <0.5 appropriate dilution RQ, d1
appropriate dilution example 2 N A

dilution 2 | >20 Wa fReMt appropriate dilution RQ, d10
dilution 5 | >20 N n at appropriate dilution RQ, d100

If both dilutions are INC for any other reason thab centration value out of range, see supervisor

INC = sample inconclusive 5\&

USE = concentration will be sue rther testing
RQ = sample will be requan@’a
e

dx = sampel will be requant t dilution x

¢ If the ladder .g., discrete bands) or upper or lower markers are not present (e.g.,
can’t be edited) t 1s inconclusive, all samples have to be requantified, indicate as such in

each sample Int tion cell.
* If on@ oth markers are not called, the run is inconclusive, all samples have to be
requantifj icate as such in each sample Interpretation cell.
¢ ample peak concentration value is out of range it will appear as INC
Ifa le was called INC for any other reason than the value range it will appear as INC. A
comment can be added to explain why the peak was called INC in the “notes” of the review sheet.
In both cases the concentration of only one peak could be used for further testing instead of the
mean concentration of both peaks and USE added in the comments column (see table above).
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¢ If the ladder fails manually select “fail” as the “Ladder Result”, if not select “Pass”.

¢ If the ladder marker (s) fail(s) circle “fail” as the “Ladder Result”, if not select “Pass”. %
REVIEW
in section D.

After review, the reviewer will indicate the appropriate samples for the next r&&es tep, as
indicated by the Interpretation results of each sample.

RERUNS Q

1. After review, the analyst will set up a new Ag@t batch ;ﬁnecessary samples that

were indicated as reruns.
RS
S
For troubleshooting, refer to the Ag@loo ﬁ;’\@yzer Maintenance and Troubleshooting

Guide Edition 11/November 2003.pd¥archive§gp/MITO DATA folder.
&
X
&
S
O

Rev' ory:
Ny 24, 2010 — Initial version of procedure.

July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.

The reviewer will review the documentation, as well as any comments based on the Qa}\{xlﬂers
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Mitochondrial DNA Linear Array Analysis

PURPOSE %

For the detection of sequence variation targeting 18 positions within the hypervariable rs%s
(HVI) and IT (HVII) of the human mitochondrial DNA (mtDNA) genome. Large sam ets’Can
be screened wusing immobilized oligonucleotide strips via a biotin/strep \Sgl
hybridization assay (Roche Linear Array Mitochondrial DNA HVI/HVII lﬁglék
a\e

inked
equence
Typing Kit is used), allowing the identification and comparison of questi amples and

known samples.

PROCEDURE K

The following procedure will take approximatel@hours.

procedure that sufficient amounts of Linear Arra
are available. If not, contact the QA team tqQ I or é\ ore. The Linear Array procedure
can accommodate 24 samples per tray, an%‘.\? re th trays can be run simultaneously in

one shaking waterbath. If less than 2 les eing run, leave empty wells between
samples whenever possible to avoid spi cont@ion. A single tray should contain only

exemplar samples or evidence sa . D € exemplars and evidence together in the
same tray. Do not run evidence Yor exe sample types from the same case in one
Linear Array experiment (e.g. stag g the run of 2 trays in one Linear Array

experiment; one tray contains evij from a given case, the other tray contains an
exemplar sample from the same o&

A.  Hybridization C)
N\

1. Turn o @haking water bath to 55 °C, at 50-70 rpm. Do not leave uncovered.
Be s at there is enough water covering the base of the bath before proceeding.

2. 0; on the circulating stationary water bath to 45 °C. Warm the Wash Buffer.
0 Remove samples from storage, vortex and spin down in a centrifuge. Arrange
Q your amplified samples in a tube rack, and record the Linear Array

documentation.

4. Using forceps, remove an appropriate number of Linear Array strips; arrange on a
kimwipe, and label the clear end with a pen containing non-soluble ink so that the
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black bar is on the left side of the strip. Place the array strips in the 24-well
tray in the same orientation. Cover the tray with the lid. Take care not to touch
the stripes on the strips with gloves or scrape with forceps.
5. Label an appropriate number of 1.5 ml microcentrifuge tubes. \%

6. Have a witness check the set up. (LQ

7. Add: - 15 pl of Denaturation Solution \b‘

- Up to 21.4 pl of PCR product
Whenever possible, the target amount of 75 ng of ampliﬁe@%A should be
used for the Linear Array assay.

If the concentration of amplified DNANn an extrac ’sg%ng /4 ul (<2.5ng/ pl),
do not use for Linear Array. Ream léhe samt&fth more input DNA or
proceed directly to DNA sequencighg
: O
8. Add 3 ml of pre-warmed W&@hffer tQQ Linear Array strip.

9)

9. Add the denatured sa &to th '@thin each appropriate well.
Do not add the sam irecty onto the strip.

10.  Mix by rocking gently. the tray with the lid, foil, and add two weights on
the top. Place in the sb{" water bath for 15 minutes.

When § minutes@ eft on the previous step, prepare the Enzyme Conjugate
solution using thegt6llowing formula:

Number, ples x 3.3 ml Wash Buffer
Num samples x 12 pl Enzyme Conjugate

1N to mix, cover with foil, and add a weight to the top to prevent from tipping
OO r. Place in the circulating water bath to keep warm.

Remove the tray from the shaking water bath, uncover, and pour off the Wash
Buffer from the labeled end of the strips. Wipe the condensation from the lid and
edges of the tray.
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12.  Add 3 ml of pre-warmed Wash Buffer to each strip. Rinse by carefully rocking

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

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

Add 3 ml of the Enzyme Conjugate solution to each strip with a dis ﬁe
pipette. @

Cover with lid and foil, add weights, and place the tray in the shakm&\er bath
for 5 minutes.

Remove the tray from the shaking water bath, uncover, an@sb\ff the Enzyme
Conjugate solution from the labeled end of the strips. Wip condensation
from the lid and edges of the tray.

seconds, and pour off from the la end Qf

Add 3 ml of pre-warmed V\N@nffer str1p

Cover with lid and f we1 @1 place in the shaking water bath for 12
minutes.

Add 3 ml of pre-warmed Wash Buffe@eac}@\inse by rocking for 10

Remove the tray from the @ng water bath, uncover, and pour off the Wash
Buffer from the label f the strips. Wipe the condensation from the lid and

edges of the tray. Q

Add 3 ml of @ ed Wash Buffer to each strip. Rinse by rocking for 10
seconds, off from the labeled end of the strips.

Add @Cltrate Buffer to each strip.

§ with lid and foil, add weights and shake at Room Temp for 5 minutes at
01 rpm.

QO
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23.  In a glass container, prepare the Color Development solution using the
following formula:
Number of samples x 3.3 ml Citrate Buffer %
Number of samples x 4 pl 3% Hydrogen Peroxide \
Number of samples x 0.15 ml Chromogen (L
Swirl to mix and use immediately. bk

Citrate Buffer from the labeled end of the strips. Wipe th sation from the

24.  Remove the tray from the room temperature shaker, uncover }‘)our off the
lid and edges of the tray. @

25.  Add 3 ml of the Color Development&luﬁon to e&;@np by using a disposable

pipette.

26.  Cover with lid and foil, add w4 and & t Room Temperature for a
minimum of 10 minutes a minutes, briefly check color
development. If strip 1s f ly deV , continue development for an
additional 5 mlnutes nt is normally complete after 15 minutes;
however, further incu t10n cal be one at the analyst’s discretion. Color
development must be stopp cre is any indication of the appearance of blue

non-specific background s@ g. Record the total time of color development on
the Linear Array docu! 1on.

27.  Remove the tra @e room temperature shaker, uncover, and pour off the
Color Devel solution from the labeled end of the strips. Wipe the
condensat& the lid and edges of the tray.

28. Stop Qor development by adding 5 ml of dH,O to each strip. Rinse by
rogiig®or 20-30 seconds.
29. \bur off the dH,O from the labeled ends of the strips. Repeat the dH,O rinse
Oprocess twice more. When finished, either immediately proceed to the
O photography stage (preferred) or store the strips in a hybridization tray filled with
Q dH,O (not more than several hours) and photograph later. Record the date, time
and a brief description of samples on the lid.
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30. Clean trays with ethanol or isopropanol and rinse with dH,O. If after rinsing with

ethanol or isopropanol and the dye is still present, repeat the cleaning, but let

stand for half an hour, and then rinse. c

B.  Photography

Using forceps, arrange the developed Linear Array strips on an acrylic tr \h e the
supplied ruler from Roche as a guide. The black bar on the left side of th &‘ ould be
used to align the strips to the ruler. Be sure to keep the strips moist.

No more than 12 strips should be photographed at a time. If %‘e more than 12
strips present, the second photograph needs to inclyd positive and a
(amplification or extraction) negative control strlp taken b the first set of strips.

1. Once arranged on the tray, place the &onto QK y stand Turn on spotlights as
necessary.

2. Attach the digital camera to, }onpy stm@y screwing it in place. Adjust the height
and focus of the came <¢hat e strips and ruler are visible and clearly
focused. Optimal settingXinclude @?ﬂg the camera to the macro mode (which is the
flower image beneath the OK ‘Wytton); manual focusing the image by pressing half
way down on the shutter re utton; and by also adjusting the white balance by
selecting Menu: White B & e: White Bal. Preset, select Measure, and then frame
the reference object (w1 V¥ light sources turned on) and press OK.

3. Connect the cam(? e computer, open MS Powerpoint and insert the image into a
blank slide text box label the image with the picture’s reference number as
LAmmddy)@n from the associated Linear Array worksheet date and time. Save
ppt file M:\MITO DATA\Photo Archives\Linear Array Photo Archive folder
using ture’s reference number. Export the image as a .JPEG file, and save into
the network location. Attach this JPEG file to the LIMS Linear Array test

@é Print image, initial and date the picture, and proceed to interpret the results.

QO
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C. Interpretation of Results

A Allele Calling %

1. All interpretations must be made from the photo documentation of the LineQ

Array strips. (L

2. Fill in the corresponding bands on the Linear Array documentat'on&d on the
ruler markings. ]\

3. Weak bands are considered any bands that have an in %igniﬁcantly
less than the other bands within the same hypervariab on on the same
strip. All weak bands should be recorded as “wX”, w, X is the actual probe

signal. 6 \

4. In the case where two bands are p t at e location, record both bands
as “X/Y” where X is the first B& umeri nd Y is the second.
The weak band rule may g ply, su{k at “wX/wY”, “wX/Y” and “X/wY”

are all the possibilities. K
5. If no bands are preseniat a proRe Igcation, enter “0” for that location in the
spreadsheet. If no bands aréﬁesent in any of the probe locations, all locations
should be marked with a -
B. Control Sample Guidelineso
1. Check the ne@y controls to make sure there are no bands present.

2. The H sitive control, run with each amplification set, should yield the
follm@ robe signals:

obe | 16093 | 1A | 1Cc | 1D | 1E | IA | 1IB | IIC | 1ID | 189
0 L60 1 1 1 2 2 2 6 1 1|1

QO See “INTERPRETATION GUIDELINES - GUIDELINES FOR CONTROLS”
on how to proceed if there are any problems.

C. Interpretation and further testing strategy
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D.

1. See “INTERPRETATION GUIDELINES - LINEAR ARRAY” for comparison of
allele calls.

2. Based on the case context, the following samples need to proceed to ¢ b
sequence analysis: \

Included exemplars
One representative sample for all probative evidence \(b
Samples with partial profiles »‘

All negative and positive controls if any sample from t N h is being
sequenced \

No sequencing is required for:

Excluded exemplars

Apparent mixtures 5\'0K

Redundant evidence samples

the negative controls and sa

A yields that cannot easily be re-

IMPORTANT: if any linear array 1dlza requlred make sure sufficient
amplification product for cycle sb@nng i erved. This is especially valid for
ith

amplified.

Depending on the case it mlght be ﬂ\ ry to omit the linear array repeat.

O

Sequence concordance \’g

correlated to

rlying sequence variants for concordance checking.

1. For all sing @‘ sarnples with probe signals, the linear array results are
e

found on the network.

2. This 3264? an automated fashion using the Linear Array Summary & Stats

sprea

3. @ first page of the spreadsheet, fill in the sample name.

A.

QO

Fill in the probe signals interpreted from the previous section into the
corresponding cells.

The following rules must be applied:

1) Input weak bands with a “w” followed by the numerical type.
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2) Input multiple bands, e.g., x/y, on two separate sheets, one with the

‘6 2 13 2

and one with the “y,” with the following exception. If
w2/w3 call is present at 1C, then enter “w2/w3” at this location\%

3) Input null bands with a zero. Q
B.Print out the spreadsheet to include in the casefile. gm?‘
C. Print out the results to a pdf document, and attach the pdf to the LI r the Linear
Array test batch.

4. The spreadsheet will provide the following sequence che HL60 positive

control:
Probe Designat @Seqnel&sanatlon

16093 \ L 093 T

{6\ N\6126 T

16129 G

KM.&' C)' 16304 T

HVI ?\ C) 16309 A

16311 T

& 16362 C

.& 16270 C

W\ 16278 T
Q‘ A 73G

C) 1B 146 T
150 T

\ 152 C
@%1 1IC 189 A
195T

{S\ 198 C
OQ 200 A

11D 247 G

QO 189 189 A

4.Assay results can be translated into sequencing results based on the spreadsheet
calculations, and compared against the other samples. Null alleles are not convertible.
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5.For reference, the probe designations and sequence variations are presented below.

Probe Designations Sequence Variation Detected
16093
16093 1 A T T T C
16093 2 N
‘A
16126 16129 \l/
1A1 T ¢ T A C G G T
1A2 A T T
1A3 . . . . . A . .
A )
16304 16309 16311 Q\o
1C1 ANG T A C A T A G T A
- 1C2 . . C - e e e K
= IC3 Coe C e O .
1C4 \
1Cw2/w3 e i} S
N
16362 * \s
1D1 C G
o (& &
O 16278
1E1 C AYC T @ G A T A C C
1E2 A e e e e e T .
1E3
« « T r\\ e e e e e e e
A 1 T G
A 2 4'—.0 ..
Q 146 150 152
IB1 c c T ¢C A T C C T A
11B2 Q . C . . . . . .
1IB3
. . . . . . . . C .
= 1B
; L] . C L] . . . L] C .
T I . . . . . . T . . .
0 B7 . . . . . . T . C .
(‘ L] . C L] . . T L] C .
N
O 189 195 198 200
1C1 GAACAT CTTACTAAA
1IC2 e e e e . e C o e e e e .
1IC4
1IC5 C T
e o G o s e R I
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247
D1 T T G A A

1ID2 . e A . .

189 195 '63
1891 G A A C A T A C /T«
1892 . . G . e e e e .

A

* Both 189 1 and 189 2 probes are degenerate at position 195 with respect to the presence of either a‘i (\Mse.

TROUBLESHOOTING
P

Problem: No bands on a Linear Array strip where there shouldtbe.

Possible causes ’@utions
@ expi &/ dates on all reagents, and
. \&na e né&\mecessary.

Quality of reagents is inappropriate C)Q M re Enzyme Conjugate and Color

& pment Solutions were not made more
X~ C

5 minutes prior to use.

O\ Check that all reagents were added at accurate
K volumes.

All of the proper reagents were nosa ed Make sure that Citrate and Wash buffers were
< ’ not switched at any steps.

Q’\' Check quantitation assay.
No DNA present @ Check other strips: problem may be isolated
to one well or PCR sample.

Check temperature of water bath, and ensure
that all steps were done at the proper
temperature.

DNA was not denatured properly Make sure Denaturation Solution was added
to sample.
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Make or purchase new Denaturation Solution.

\®)
. Do not allow DNA to incubate with Q
DNA degradation . )
g Denaturation Solution for more than 60
minutes. fa

Problem: High Background b(\

Possible causes

\
\

Solutio

Color Development step not performed at
room temperature or temperature of the room
is too high.

Repeat typing and ensu color
development step is Igtfo ed on an orbital
{'@ ure, between +15 and

shaker at room te
+2

Insufficient or improper water washes

following Color Development. X

Nl

Py

N that &ps were washed 3 times for
canb

ast E stconds per wash: wash times
per

Excess Color Development Solutig x\-}
remaining in tray following aspirat%& C

sed or additional washes can be
Color Development Solution is
uately removed.

pouring-off of solution.
S

Developed strips exposed to strong light
/or not kept wet during 1nterpretat10%

imaging.

De-ionized water can be applied with a squirt
bottle during photography if necessary. Align
all strips prior to turning on photography

steps.

f\ lights.
Inadequate agitation of the ring Check speed of rotating water bath (50-70
Hybridization, ConJug or Wash rpm). Verify that solutions are washing over

strips. Repeat typing.

Excess Amount of e Conjugate: SA-

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

POD added to @nue Conjugate Solution.

Tr@ roperly cleaned prior to use.

Ensure trays were not cleaned with detergents
or bleach; thoroughly clean and dry the
affected trays. Clean trays with ethanol or
isopropanol and rinse with dH,O. Discard
tray if discolored even after proper cleaning.

Wash bottles are contaminated.

Thoroughly clean and dry wash bottles.
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Revision History:
July 24, 2010 — Initial version of procedure.
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September 3, 2010 — Revised version of procedure: Paragraphs B3 and B4 have been rewritten into one paragraph B3 only
to reflect our current procedure
July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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EXO-SAP-IT Sample Cleanup

PURPOSE:  Prior to cycle sequencing, unincorporated primers and nucleotides present in the
amplification reaction are deactivated by the addition of ExoSAP-IT.

PROCEDURE: \(1/

1. Create a new ExoSAP-It test batch in the LIMS system, and fill in the \%ssary
documentation.

2. Confirm the tube label and sample description for each sample. Q run should include
a positive control and an amplification negative control. No is very important for
these entries to be in 3130x] format; do notase spaces following characters: \ /

:*“><|?‘)

<
3. Based on each sample’s previous Aappr \values for each column in the
ExoSAP-It batch will be automatlr%
analyst, and then the batch sh @save will trigger the automatic values to
populate in the data, and the atio e ExoSAP-It volume and the new
concentration will automaticaly er

For a detailed description of t ulatlons performed in this spreadsheet, refer to
Appendix D — Detailed Cyc 30x! Spreadsheet Calculations.

There should be lu@XOSAP IT added for every Sul of sample in the
amplification tu

4. Use the fol @g settings to incubate the samples:

lled iaaN “Vol Misc” must be entered by the

97 @ermal Cycler The ExoSAP-IT file is as follows:
r: mtDNA - Soak at 37°C for 15 minutes
Q - Soak at 80°C for 15 minutes
File: exosap-it
Storage soak at 4°C indefinitely
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5. Place the tubes in the tray in the heat block, slide the heated lid over the tubes, and fasten

the lid by pulling the handle forward.
6. Start the run by performing the following steps: %

a. The main menu options are RUN CREATE EDIT UTIL USER. T an
option, press the F key directly under that menu option. i/

b. Verify that the user is set to “mtDNA.” If not, select the USER g ES) to
display the “Select User Name” screen. \

c. Use the circular arrow pad to highlight “mtDNA.” Select ‘QCCEPT option
(F1).

d. Select the “exosap-it” file, and press té&UN bu@F 1).

e. Verify that the reaction Volum t to 50§ e ramp speed is set to 9600
(very important).

f. If all is correct, selec &q) (@n (F1).

flow chart of the run conditions. shing line indicates the step being performed; the
hold time is counted down. umber is indicated at the top of the screen, counting

up. Q
Upon completion of Eﬁliﬁcation, remove samples and press the STOP button

repeatedly until thK“Q of Run” screen is displayed. Select the EXIT option (F5).
Wipe any cond von from the heat block with a Kimwipe and pull the lid closed to
prevent dust @Sollecting on the head block. Turn the instrument off.

The run will start when the heatesov reaches 37°C. The screen will then display a

7. When th\bdtch is complete, the new concentration value must be “pushed” to the
Exo t’d DNA sample within the LIMS system. From this point forward, the
P-I1t’d DNA sample will be the point of all cycle sequencing testing for mtDNA
sis.

Revision History:
July 24, 2010 — Initial version of procedure.
July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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Cycle-Sequencing

PURPOSE: Following the duplex mtDNA amplification, the samples identified as probative %
will be sequenced to determine the mtDNA profile. The Sanger method is used to cycle \
sequence the mtDNA in question using fluorescent dideoxynucleoside triphosphate bases %‘n
terminators. The Applied Biosystems Big Dye Terminator Cycle Sequencing Kit is u\

PROCEDURE:

N\
P

1. The cycle sequencing reactions are done in a 96-well plate. e samples and
reagents needed for cycle sequencing and be witnessed accoréto the sample names
and order listed on the Cycle Sequencing doc@ypentation.

2. The amount of template DNA and water fore &mle is calculated by the
LIMS system. This calculation takes a%ccountﬁ tal volume and concentration of

amplified product present in the sa be fo the ExoSAP-IT procedure.
The target amount for cycle seq&gng is amplified product.
The following formula is the used to each sample for cycle sequencing

4 uL of Big Dye Terminator Read@uctlon Mix + 2 pL of Sequencing Buffer + 3.2 uL
Primer (1 uM concentraﬂon)@ A template + Water = 20 pL total volume.

Samples with less than 5 @mphﬁed product in 3puLmay be cycle-sequenced using

3uLof the sample
3. If a dilution of te IQ%NA is necessary, it will be indicated on the cycle sequencing
documentation 1/10th" where x is the input volume. If no dilution is necessary,
i1l be “neat.” The amount of water sufficient to make 20uL I reaction
alculated. If a sample is a negative control sample, the mtDNA
of zero will result in a default template input of 3uL, with the notation of
ttached to the sample The documentation cannot indicate dilution factors
than 1/10. For situations where the amount of DNA indicated is less than 1pL
10 dilution, calculate the volume of extract required @1/100 dilution (multiplication
y 10), and use this volume of a 1/100 dilution. Also calculate, by subtraction, the
correct volume of water to add to the reaction. Note the correct aliquots on the
documentation as a deviation of the procedure.
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For a detailed description of the calculations performed in this spreadsheet, refer to Appendix
D- Detailed Cycle Sequencing/3130xI Spreadsheet Calculations.

4. A master mix for each primer can be made with the following formula: '\6
a For (N+2) samples, add
e 4 ulLx (N+2) Big Dye Terminator Ready Reaction Mix \(L
e 2 uLx (N+2) Sequencing Buffer v
e 3.2 uLx (N+2) primer (1uM concentration)
A master mix for each sample DNA can be made with the follow{ ula:
b. For N samples, add: \
e X puLx (N) mtDNA sample DNA, \6&: X is th nt of mtDNA needed as
calculated by the system.
e Y uLx (N) Water, where Y 1%@1% @ter needed as calculated by the
system 6
Note: The calculations for the aster mentloned above are done by the LIMS
system. They are located by%ng eagents” tab.
c. Include all controls for e @rlmer that is used for a sample. If a sample is
repeated starting at th e sequencing step the original negative controls do not

have to be repeated @e first test was successful.
d. The re-cycle%’encing step requires the following:

e A n?ycle sequencing amplification negative control for each primer
u re-cycle sequencing to account for the cycle sequencing reagent.
0®10sitive control, for each primer used in re-cycle sequencing to report
0 n the integrity of the reaction.
0 Samples can be re-cycle sequenced with more (-recych) or less (-recycl) input
O DNA if necessary. Based on validation, up to 90ng of DNA can be used for
Q recych. If recych sample volume would be more than 3uL, see supervisor.
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5. Use the following settings to amplify the cycle sequencing samples:
9700 Thermal Cycler The cycle sequencing amplification file is as follows:dj
User: mtDNA Soak at 96 °C for 1 minute Q
25 cycles: (L
File: BDT cycle seq - Denature 96 °C for 15 seconds \
- Anneal at 50 °C for 1 seconds b‘
- Extend at 60 °C for 1 minutes \
Storage soak at 4 °C indeﬁnitelyQ
g

Reviyjon Mistory:
Ju¥24, 2010 — Initial version of procedure.

July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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SDS Cleanup

PURPOSE: To help separate the primers from the cycle-sequenced DNA with the addition o%
2% SDS to the samples, prior to Centri-Sep filtration. \

Q
PROCEDURE: bk%

Do not refrigerate the 2% SDS tubes. This will cause the SDS to precipitate ot¢ of solution.
Store the 2% SDS tubes at room temperature. Ensure that there is cipitate in the
tube before adding to samples. Q

I. Add 2uL of 2% SDS to each tube of cycle-sequenced DNA&HCX and spin down the
plate(s) in a centrifuge. \

2. Place the tubes in a thermal cycler, usinqggollo @nditions—
N\

»
9700 Thermal Cycler @; 2% S ubation file is as follows:

0
User: mtDNA ?“ Cﬁk at 98 °C for 5 minutes

\ torage soak at 25 °C for 10 minutes
File: SDS

‘\v

3. When the tubes are back t@h temperature following the 25 °C soak, proceed to the

Centri-Sep purificatio O
RS
o)
$

Rev ry:
,2010 — Initial version of procedure.
Jul¥16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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PURPOSE:

Centri-Sep Sample Filtration

Prior to sample electrophoresis, sequenced products must be purified in order to %

remove unincorporated dye terminators. \

A.

Procedure for Single Columns (I/Q

1.

(98]

9]

Qfo

Gently tap columns to insure dry gel material has settled to botto %
column. Remove top column cap and add 800 uL of sterile o raPure dH,O to
one column for each sequencing reaction.

Replace top cap and mix thoroughly by inverting colum?%ortexing briefly. It
is important to hydrate all of the dry ggl. Allow co o hydrate for at least 2
hours at room temperature. As the co s are ng you will need to label
one sample collection tube (1.5 m ocentp ube) for each sequencing
reaction. You will also need QnQa tubaufNeach hydrated column. These do

not need to be labeled. Q\ \

Once the columns ar d, re ny air bubbles by inverting the column
and sharply tapping 1%@ umyf al ng the gel to slurry to the opposite end of
the column. Stand thecolu feht and allow the gel to settle while in a
centrifuge tube rack. K

column end stopp, the bottom. Allow excess column fluid to drain into a
wash tube bygz)e tly tapping the column into the wash tube then allowing to
sit for approx ly 5 minutes. Remove the column from the wash tube, discard
the liqui reinsert the column into the wash tube.

Once the gel is settlegﬁove first the top column cap, and then remove the

Spi &ssembly at 700 x g for 2 minutes to remove interstitial fluid. Be sure to
tie orientation of the columns. At this point the columns should be used as
as possible for the loading of cycle-sequenced DNA product.

Load entire sequencing reaction volume (20 pL) to the top of the gel. Be careful
to dispense sample directly onto the center of the gel bed without disturbing the
gel surface.

Place column into labeled sample collection tube and spin at 700 x g for 2
minutes maintaining original orientation. The purified sample will collect in the
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bottom of the tube.

8. Discard the column and dry the sample in a vacuum centrifuge (approximately 6
15-20 minutes). Do not over dry samples. \

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

1. Determine how many strips are necessary to filter the ampliﬁ%\nples.
Separate the desired number of strips by cutting the foil b he strips with
SCiSsors.

Cut at the narrowest part of the bott he tub

*
3. Peel off the top foil and arrang, strips @l on deep-well centrifuge plates.
Spin the plates at 750 rcf f@muteé ove the liquid.
4. Arrange the newly d?& stri@@ew 96-well plate. Add the amplified

2. Open the well outlets on each strip by ;ﬁtting off tl\@om edge with scissors.

sample to each colum

5. Once all of the samples @tied, place the 96-well plate with the Centri-Sep 8
Strips into the centrifi %nd spin at 750 rcf for 2 minutes.

6. Confirm that ¢ samples passed through the strip into the wells of the 96-
well plate, an{l digcard the Centri-Sep 8 Strip.

7. Evapor@ samples in the 96-well plate at 75 °C in a thermalcycler with the lid

open.@

8. ﬁamples are not going to be loaded immediately, they should be stored as
0 ed pellets at 4°C for no longer then 14 days. When ready, proceed to 3130xI

O setup.
R_ev@listory:

July 24, 2010 — Initial version of procedure.
July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
November 24, 2014 — Changed all instance of “Sterile” and/or “Irradiated” water to “UltraPure” water.
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ABI 3130x] Sequencing

samples following cycle sequencing and cleanup. The system uses 96-well plates containing
samples of interest, and can process 16 separate samples with each injection. Sequence d
generated at the end of the run for downstream sequencing analysis.

PURPOSE: The 3130x| 16-capillary array system is used to electrophoretically analyze %

A. Setting up a 3130x| Run '\&

1. Turn on the computer. Make sure computer is fully booted o‘ indows
desktop. To login, the User should be “ocmelims” and the $word should be
“passwOrd”. If the instrument is not on, turn it on. The tatus bar light will
change from solid yellow (indicates ingtrument is to blinking yellow
(indicates machine is communicating comp nd then to solid green
(indicates instrument is ready for c

2. On the desktop, click on th@cut for @spectlve instrument’s data file. The

main path to this data file
E:\Applied Biosyste Qectlon\data\gﬁ 130x1\Instrumentname

3. Once there, create a maste@using the following format:
“InstrumentnameYearg mber Files” (e.g. Batman08-015 Files) within the
appropriate archive @; e.g. Batman 2008). Move the 3130x]l mtDNA files into
this master file.

Start > All Programs > AppliedBiosystems > Data Collection >

4. Open the beata Collection v3.0 software by double clicking on the desktop
Icon ors
Run 3 Data Collection v3.0 to display the Service Console..

applications are off indicated by the red circles. As each
activates, the red circles (off) change to yellow triangles
g) eventually progressing to green squares (on) when they are
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o

# Service Console

Service Console

Messaging Service Messaging Service

Datta Service / Data Service \ : >

Instrumert Service bei Instrument Service %Q
Viemer 1 Viewer v\

Restart All Stap All

NOTE: This process could take several minutes. The Ser@Console
must not be closed or it will shut down the ap tlon.

Once all applications are running, the Ql datio a Collection window will
be displayed at which time the S dow may be minimized.
5. Check the number of inj ect the c 1n the LIMS and in the

Foundation Data Colle llcklng on the ga3130x1 > instrument

name > Instrument t e ers are not the same, update the LIMS
system. Ifthe numbe s noyty QC. Proceed only if the number of
injections you are runmng usage number is < 150.

Foundation Data Collection Version 3.0 - Mo User is logged in

File View ServiceTods Wizards Help

FEREBI B

E A GA hstrunents

Broiioon GA Instrumients = ga1304 > Crick -
W Detebase Manager i Bl
= Elges130d
Pt Marager nstrumert 0 fCrick Array Serial Number: BE01476
@ Protocol Manager Run ID: Array Length: 36 cm
{hMotiie Manager Plage Harne: Array Usege: 12
& GHRun History Systedgtus: lde Polymer Typs: POPd
Crick
? e S - ~Sensor Velles Everls
Egpmhm er. = Off EP okage—— [-EP Currert [L3:48:50 Systen Srarus: Idle
Elevert Loy EP. == O 600.0 WA 113:48: 50 Requested to exit diagnosties state.
\13:43: .
Bl spetial Run Schedul S 13:43:45 Systen Status: Diagmostic

[13:43:45 Requested to enter into diamostics state.

-
TR L 3 a3: a1 Systen Status: Idle

OvenDoor. == Closzd _Im 43:41 Requested to exit diagnostics state.
sutosampler: = Ren | || 0000 ]| Koo ] |[13:42:34 systen sratus: Dismostic
Laser Power | LaserCunent | |13:42:34 Requested to enter into diaguostics state.

EZS.U i EWZ.U A |
onn A

O Check the LIMS to see when the POP6 was last changed. If it is >7 days, proceed
with POP6 change (See part F of this Section) and then return to Step 9.
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7. Check the level of POP6 in the bottle to ensure there is enough for your run
(approximately 600 uL is needed per injection). If there is not, proceed with
POP6 change (See part F of this section) and then return to Step 9. c

‘ ||t PDP motor i
i
Syringe fitting L1 | ‘ PDP motor cover
LR |
= L !
i J - Capillary array tip

Water seal L o =
Waste fitti — 4@ i @

aste fitting I ®)

Water trap _ = — Capillary array
Mounting pin N
Capillgry ki
lc Interconnect tube

Buffer valve pin
Lower polymer block
Mounting pin

=2

Piston
Pump chamber

Pump block

Check valve

)
) /
Jolymer supply tube - = 7:’::)::;4/ /

Polymer supply
bottle cap with
hole

Polymer \
supply bottle A |

Electrode _ %’

8. If you are the first runzn the ir@)nent of the day, proceed with steps 9 - 17. Ifa

run has already been perfo on the instrument that day, skip to “Creating a
Plate ID” K

Overflow hole

>
—\ Buffer fill-line

Buffer jar (16 mL ancde reservoir)

0. Close the instrume @Jrs and press the tray button on the outside of the
instrument to 'réxe autosampler to the forward position.

10.  Wait until%e autosampler has stopped moving and then open the instrument
doors.

11. ¢ the three plastic reservoirs from the sample tray and anode jar from the
of the lower pump block and dispose of the fluids.

Q@

Rinse and fill the “water” and “waste” reservoirs to the line with Gibco® water.
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13. Make a batch of 1X buffer (45 ml Gibco® water, 5 ml 10X buffer) in a 50mL
conical tube. Record the lot number of the buffer, date of make, and initials on
the side of the tube. Rinse and fill the “buffer” reservoir and anode jar with 1X c

buffer to the lines. \
14.  Dry the outside and inside rim of the reservoirs/septa and outside of the a
using a Kimwipe and replace the septa strip snugly onto each reservoir. e
items are not dry, arcing could occur thus ruining the capillary ar% lymer
blocks.

15.  Place the reservoirs in the instrument in their respective p(@% as shown
below:

xO
Water Reservoir @Vater Reservoir
\@ O\

(waste) (rinse)
2 ‘N N 4
Cathode ResdN(os" & Empty
(1X bugtlr D

1
16. Place the anode jar at the bwcge lower pump block.

17. Close the instrumentédé'qo

B. Creating a Plate@

1. Click oroé\?late Manager line in the left window.

2. S

O

00 Click on OK.

mport from the bottom of the screen. Find the text file that was
ously saved in the master file for the 3130xI run data (e.g. B0O8-015.txt file
esent in the Batman08-015 files folder)
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C. Preparing the DNA Samples for Sequencing

Arrange amplified samples in a 96-well rack according to how they will be\%

loaded into the 96- well reaction plate. Sample order is as follows: A1,
C1,Dl1... GI, H1, A2, B2, C2... G2, H2, A3, B3, C3, etc. Thus the
loaded in a columnar manner where the first injection correspon

s Al

to H2, the second injection corresponds to wells A3 to H4 and SO Label

the side of the reaction plate with the name used for the Plat itha
sharpie. \

formamide to each dried sample and mix to bring the le into solution.

4. Remove the Hi-Di formamide from the freezer and allo§i haw. Add 10pL of

opened tubes of Hi-Di formami .

Once formamide is thawed an@d, dis«é\me tube. Do not re-freeze

samples into the 96-wel

ea rlate wells. The injections are grouped

5. If single Centri-Sep colum ‘@r used he entire 10 pL of the resuspended
th

into 16 wells startin so on moving down two columns ending

with 2G, 2H, for a tot¥ of 16 lls Fill any unused wells that are part of an

injection set (eg. containing&6 samples) with 10 pL of Hi-Di formamide.

6. Once all of the sampl ve been added to the plate, place the 96-well septa over

the reaction plate a ly press the septa into place. Spin plate in the

centrifuge forq} te
7. Remove tl\'2 ion plate from the base and heat denature samples in the 95°C

heatblo
minu entrifuge the tray for one minute after the heat/chill.

8. denatured, place the plate into the plate base. Secure the plate base and
0 te with the plate retainer.

QO IMPORTANT:

and septa strip holes do not align correctly.

minutes followed by a quick chill in the 4°C chill block for 5

Damage to the array tips will occur if the plate retainer

Do not write on the septa with pen, markers, sharpies,
etc. Ink may cause artifacts in samples. Any unnecessary
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markings or debris on the septa may compromise
instrument performance.

Thep;lateassembly components are assembled as follows:

Plate retainer

Septa

Sample plate

Plate base

D. Placing the Platep-n@ e Autosampler (Linking and Unlinking Plate)

Th¥®Autosampler holds up to two, 96-well plates in tray positions A and

. To place the plate assembly on the autosampler, there is only one

orientation for the plate, with the notched end of the plate base away
from you.

0. C)Q the tree pane of the Foundation Data Collection v3.0 software click on GA
Instrument > ga3130xl > instrument name > Run Scheduler > Plate View

QO. Push the tray button on the bottom left of the machine and wait for the
autosampler to move forward and stop at the forward position.

11. Open the doors and place the tray onto the autosampler in the correct tray
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position, A or B. There is only one orientation for the plate.

12.  Ensure that the plate assembly fits flat in the autosampler. Failure to do so ma 6
allow the capillary tips to lift the plate assembly off the autosampler. y\

When the plate is correctly positioned, the plate position indicator on %
View page changes from gray to yellow. Close the instrument doors 1
the autosampler to move back to the home position.

NOTE: When removing a plate from the autosampler, @ul not to hit
the capillary array. Plate B is located directly under th&ayray, so be

especially careful when removing this tray

Linking/Unlinking the Plate record to Plate
13. On the plate view screen, clicR e plat at you are linking. If the plate ID
is not available click Find sele late ID created for the run.
14.  Click the plate positi or B@@)Hesponds to the plate you are linking.

NOTE: It may take a minbga the plate record to link to the plate
depending on the size of @ mple sheet.

If two plates are bei@ﬂ, the order in which they are run is based on the order in
which the plates \@: inked.

Once the Kqus been linked, the plate position indicator changes from yellow
to green@ linked correctly and the green run button becomes active.

15. To a plate record just click the plate record you want to unlink and click
ink”.

E. éﬂng Run Schedule and Starting Run

In the tree pane of the Foundation Data Collection software, click GA
Instruments > ga3130xl > instrument name > Run Scheduler > Run View.

2. The RunID column indicates the folder number(s) associated with each injection
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in your run (e.g. Batman-2008-0114-1600-0197). The folder number(s) and the
run ID should be recorded in the LIMS.

3. Click on the run file to see the Plate Map or grid diagram of your plate on the
right. Check if the blue highlighted boxes correspond to the correct place
the samples in the injections. "6

4. NOTE: Before starting a run, check for air bubbles in the polym% cks. If
bubbles are present, click on the Wizards tool box on the to ect
“Bubble Remove Wizard”. Follow the wizard until all b I\{ are removed.

5. Click on the green Run button in the tool bar when y e ready to start the run.
When the Processing Plate dialog bo opens (Yous\' out to start processing
plates...), click OK.

6. To check the progress of a run on th Array Viewer or Capillaries
Viewer in the left window iewer window will show the raw

data of all 16 Caplllarres The llaries Viewer window will show you

the raw data of the c é) 0 view.

IMPORTANT: Always ex¥frofff the Capillary Viewer and Cap/Array
Viewer windows. Durrn , do not leave these pages open for extended
periods. This may ca% overable screen update problems. Leave the
Instrument Status w. open.

The Vlslble sdttin ould be:

c12.2kV EP current (no set value)
@Q ower prerun 15 mW Laser Power during run 15mW
@ er current (no set value) Oven temperature 50°C

ted values are: EP current constant around 40-60 pA starting current
EP current constant around 70-80 pA running current
0 Laser current: S.0 A+1.0 A

0 is good practice to monitor the initial injections in order to detect problems.
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F. Water Wash and POP Change

and POP change procedure.

Refer to Section A for schematic of 3130x| while proceeding with the water wash %

1.

2.

10.

11.

12.

13.

Remove a new bottle of POP6 from the refrigerator. \(LQ

Select Wizards > Water Wash Wizard \b‘

Click “Close Valve” %\

Open instrument doors and remove the empty POP bottlg.

With a dampened Kimwipe®, wipe th§polymer %@lee and cap. Dry.

Replace POP bottle with the wat&@lle ﬁlk{@% e top with Gibco® Water.
L 4

Remove, empty, and replac node jar on the lower polymer block.
Click “Water Wash.” & pro L@S will take approximately 4 minutes.
When the water wash is ﬁnﬁ%d click “Next”

Select “Same Lot” or @nt Lot”

Remove wate 0@ om the lower polymer block. Dry supply tube and cap with
a Kimwipe®

Replaca@m new bottle of room temperature POP.

Cli ext.”

14. c}b‘ick “Flush.” This will take approximately 2 minutes to complete.

16.

Inspect the pump block, channels, and tubing for air bubbles.

Click “Next.”
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3130x1 Genetic Analyzer Troubleshooting

Instrument Startup

Observation

Possible Cause

Recommended Actio l fi

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

Instrument not started up
correctly.

: 4®6
‘Q\\

v QO

Make sure the oven doog*is
closed and locked an ont

doors are closed
everything is g\,\/ operly,
in

start up 1n g
sequence
a. Log o of the computer.

b. the instrument.

instrument on. Wait for the
green status light to come on.
e. Launch Data Collection
software.

c.@ up the computer.
ter the computer has
oted completely, turn the

Red light is blinking.

&

\
:)O

Incorr;t{@ up procedure.

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.

6(;

O
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Observation Possible Cause Recommended Action

Computer screen is frozen. | Communication error. This | There will be no loss of data.

may be due to leaving the However, if the instrument is i
user interface in the the middle of a run, wait fi
Capillary View or Array run to stop. Then, exit

View window. Collection software a rt as

described above. N

Autosampler does not move Possible communication Restart the sy; aﬁd then
to the forward position. crror, press the T,

OR

Oven or instrument d s a%& and lock the oven
not closed. § .

. Close the instrument doors.
c. Press the Tray button.

Communication within the Databas&(ﬁﬁ Old files need to be cleaned out

computer is slow. ?\ C)O of the database. Follow proper
the ABI Prism 3130xI Genetic

manual procedures described in
@\ Analyzer User’s Manual.
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Spatial Calibration
Observation Possible Cause Recommended Action

Unusual peaks or a flat line
for the spatial calibration.

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

Improper installation of the
detection window.

Ezs‘;zﬁ;;ij:@@@“% &

& o‘e>
?3 Q)
Dirty de%g%vindow.

@)
X

&

O
U
&

Reinst&etection
make sure it fits

wind.
in roper position.

%l’eck for a broken capillary,
articularly in the detection
window area. If necessary,
replace the capillary array

using the Install Array
Wizard.

Check or repeat spatial
calibration.

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

Persistently bad spatial
calibration results.

G

’®} 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 Action
No signal. Incorrect preparation of Replace samples with fresh V

sample.

Air bubbles in sample tray.

samples prepared with fres
formamide

Centrifuge sampl &nove
air bubbles.
AN

D

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

If the spectral calibration fails,

Clogged capillary

O

file

Incorrect par
and/or es sm@
Insuf&gt ﬁlhn@n

Expire(@ix standards
&
O

clogged gpillaries during
@y fill on the cathode

Refill theCdpyNaries using
manua ol. Look for

Correct the files and rerun the
calibration.

Check for broken capillaries
and refill the capillary array.

Check the expiration date and
storage conditions of the
matrix standards. If
necessary, replace with a fresh
lot.

Spike in the data.

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 to
room temperature; do not heat
to thaw rapidly. Swirl to
dissolve any solids. Replace

the polymer if it has expired.
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Run Performance

Observation

Possible Cause

Recommended Action

No data in all
capillaries

Bubbles in the system.

Visually inspect the polymer QD

block and the syringes for
bubbles. Remove any

using the Change Pol;&c}
Wizard. If bubbles {8 Yersist,
perform the follo®NnE:

a. Remove theycdpillary array.
b. Clean @olymer bottle.
c. Replac ymer with fresh

poly

No signal.

Dead space at bottom of's
tube.

ple

Failed reacti{& O
Crackedyl;oken ap gry
N

x\o

C\ ge the sample tray.

2

Bent capillary arréx\A 6\<“Replace the capillary array

Repeat reaction.

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

Low signal strength.

N
%
&

N

\ " ]
Poor 6® formamide.
I@icient mixing.

N

Weak amplification of DNA

Instrument/Laser problem

Use a fresh lot of formamide
Vortex the sample thoroughly,
and then centrifuge the tube to

condense the sample.

Re-amplify the DNA.

Run instrument diagnostics.
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Observation Possible Cause Recommended Action

Elevated baseline

Possible contamination in the
polymer path.

Possible contaminant or crystal
deposits in the polymer.

Wash the polymer block with
hot water. Pay particular QD
attention to the pump block, t
ferrule, the ferrule screw
the peek tubing. Dry a
by vacuum pump b
replacing them o
instrument.

Bring the@mer to room
temperdture, swirl to dissolve

its. Replace polymer
%ﬂed

calibration.

Poor spectral cahbra:&g 6 }erform new spectral
\

C g)dlrty OO

Detectlo§

Place a drop of methanol onto
the detection cell window.

\
KO
OQ
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Observation Possible Cause Recommended Action
Loss of resolution. Too much sample injected. Dilute the sample and reinject.
Poor quality water. Use high quality, ultra pure QD

water. Q
Poor quality or dilute running Prepare fresh runnirb%ilk

buffer.

Poor quality or breakdown of Use a fres olymer.
polymer.

Capillary array used for nzore R@ith new capillary

than 150 injections.

correct storage conditions.

Degraded formami@@ 6\<bse fresh formamide and ensure
Imprope in&gen and& Notify QA to check default

conditio C . settings.
Poor resolution in some | Insufficient ﬁlh&o\éray. Refill array and look for
capillaries. O cracked or broken capillaries. If

problem persists contact

Q,\g Technical Support.
= -
)
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Observation Possible Cause Recommended Action
No current Poor quality water. Use high quality, ultra pure

Water placed in buffer reservoir
position 1.

Not enough buffer in anode
reservoir.

Buffer is too dilute.

Bubbles present in the polymer
block and/or the capillary, /or
peek tubing. @

. <@ be hidden in the peek
\

nubing.

water.

Replace with fresh runnj Q
buffer. \

Add buffer up to\ f{b&e

Prepare n@unning buffer.

P x and inspect the
3O

ent for bubbles. They

Elevated current.

&. v

Decomposed p

Incorrec‘%ér dl@
Arcing m% lock.

fa\

Open fresh lot of polymer and
store at 4°C.

Prepare fresh 1X running
buffer.

Check for moisture in and
around the septa, the reservoirs,
the oven, and the autosampler.

G
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Observation Possible Cause Recommended Action
Fluctuating current Bubble in polymer block. Pause the run, check the

polymer path for bubbles, andQD

remove them if present.

A slow leak may be present in the | Check polymer block 1gaks.

system. Tighten all fittings. b‘
Incorrect buffer concentration. Prepare fres \\ni buffer.
Not enough buffer in anode. Add bufft o the fill line.

Clogged capillary. 6 R%Q@ illary array and check
gs.

Arcing. - \AQ 6\<5 heck for moisture in and
A

around the septa, the reservoirs,
the oven, and the autosampler.

LY

Poor performance of Poor qualjityortamid \d Prepare fresh formamide and
capillary array used for ‘ ’ reprep samples.
fewer than 150 runs. \ )

Incorrect buff; Prepare new running buffer.

Poor quah Slmple, possible Desalt samples using a

clean eded. recommended purification

I el protocol (e.g., microcon).
Migration time L¥alin the system. Tighten all ferrules, screws and
\ check valves. Replace any

becomes progressivelQ~

slower. @ faulty parts.
& Improper filling of polymer Check polymer pump force. If
0 block. the force needs to be adjusted,
OCJ make a service call.
Q Expired polymer. 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, making
sure the bottle is clean and erD

Arcing in the anode —
lower polymer block.

Moisture on the outside of the
lower polymer block.

Dry the lower blockw l
damaged, repla, eﬂQ
polymer bloeb\

Error message, “Leak
detected” appears. The
run aborts.

Air bubbles in the polymer path.

Pump block system
loose/leaking. *

é\

Lower pump burnt out. | Replace the lower block.
When there 1s@ensatlon in the

reservoir( 1l cause

electrop, s problems and

burn fiywwer block

6\<Nand tubing is tightly secure.

Check %or bubbles and remove
if @t, then check for leaks.

e sure all ferrules, screws,
Ferrule in capillary end of block

may be positioned wrong or
missing. Check for this ferrule.

Buffer jar fills very

&

O

quickly with polymer. \

\Lower polymer block is not

A@Dﬁles in the polymer path.

correctly mounted on the pin
valve.

Check for bubbles and remove
if present. Then, look for leaks.

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

‘QQ
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Observation Possible Cause Recommended Action

Detection window pops | Tightening of the array ferrule Loosen the array ferrule knob to
out while replacing the | knob at the gel block causes high | allow the secure placement onD

capillary array. tension. the window. Re-tighten a
Replacing the window close the detection doo [6
in the correct f\(L
orientation is difficult. !?
Detection window To loosen the d\ec ton
stuck. It is difficult to window:
remove when changing a.Undo t y ferrule knob
the capillary array. and pulpthepolymer block
to gou to first notch.
6 ove the capillary comb
@ . the holder in the oven.

capillary array around the

\ detection window area, and
O apply gentle pressure equally on
C)O both sides.

d. Release.

6\<~c. Hold both sides of the

Revisio; History:

July 24, 2010 — Initial version of procedure.
July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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Mitochondrial DNA Sequencing Analysis

PURPOSE: To compile the sequence data generated by the ABI 3130xl into a project f
analysis, by editing the sequence data and compiling a consensus sequence
can be compared with the revised Cambridge Reference Sequence (r@t
determine the mitochondrial DNA type.

\
PROCEDURE: ,\b‘

The data following the 3130x1 run will be saved on the local 3130x1 computés \eparate
injection folders. These folders, along with the run statistics and the run $hedS*Wwill be saved into
a folder in the Mito Data drive. The run data is also copied into an AnglysiS Folder in the

Mito Data drive for analysis. Samples run using the ABI Big Dy@na‘[or kit will need to be
processed using ABI Sequence Analysis software fo baseca assigned. Once the files
have been processed with Sequence Analysis, the e im bin‘[o the GeneCodes
Sequencher software alignment program for QOQ S se&@analysis and interpretation of

the mitochondrial DNA type.

A. Transfer of the 3130x| ru Qa in master file

1. On the desktop, click dn th: shgat for the respective instrument’s data file. The
main path to this data file j \

E:\Applied Blosyste s@C\data collection\data\ga3130xI\Instrumentname

Once there, 1@3@\16 injection folders of the runs you wish to analyze.

Copy th &'mjection folders into the master file (e.g. Batman08-015 files) that
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B. Sequence Analysis

1. Open the Sequence Analysis program by double clicking on the icon. Logj
using your username and password. \

2. Click on the import samples icon in the upper left of the screen, or dd
Sample(s) under the File menu. 'F/

3. In the new window that pops up, locate the master file of the h\t you wish to
analyze. Click on the individual run files within the master %nd for each one
click Add Selected Samples>> at the bottom of the win%f s this is done, a
list in the right of the window will populate with the sappe/rom the run. Click

OK when finished importing samples. O

4. The Add Sample Status window indicat progress of importing the
samples. When this finishes, th ples v pear in the top window of the
screen. Maximize this area 1ng t er divider bar to the bottom of the
window. %

5. The samples should e th o@under BC (base calling) checked. Click on
the Green Arrow at tKe top of%he Jcreen to begin the analysis of the samples.

6. The Analysis Status wi
As samples are analy
around the check b

ill indicate the progress of analyzing the samples.
¢ BC column will display a green, blue or yellow box

t&s a successful base calling for that sample

Green:
Blue : @wates a problem in base calling the data for that sample
Yellow: \ dicates that there is no data to be analyzed for that sample
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8. Print the analysis report page. Click on the Analysis Report button at the top of

10.

1.

12.

the page (white button with “r; A is in red and R in blue), or select Analysj
Report under the Analysis menu at the top of the screen. When the report
opens, right click on the column headings for the analysis report. Dese
following options- PP Status, Peak 1, Base Spacing, # Low QV, # %
High QV, Sample Score, CR Start, and CR Stop. The visible colum\\sw%mgs
will show the following- BC Status, Well, Cap #, LOR, ‘A’ S/N ? , ‘G’
S/N, ‘T’ S/N, Avg S/N. To ensure that all sample identificatio to one row,

deselect “Fit Columns to Window” (lower left of screen) se ize ‘8” font, and
increase the width of “Sample File Name” column.

Adobe PDF. Be sure the page set-u s set to p before creating the PDF

Create a PDF file of the Analysis Report by clicl;@mt and send the file to
file. Check the PDF file to make that t lete Sample Names and

Sample Descriptions are present ( “Jnot cy If necessary, make formatting
adjustments, resend Adobe P 11e a@ck Followrng the successful
creation of the PDF ﬁle, sd der (e.g., save in B08-040 with run
name B08-040 Analysis that i arned within the Analyzed Archive.

Attach the PDF Ana%srs Re@o the LIMS for the cycle-sequencing batch.
Close the PDF Analysis Rep\rt the Analysis Report screen.

Click Exit under the E@ u to close out the Sequencing Analysis program.
The Analysis R@ will be placed together with the run review sheet, the

3130x] run dheey and the 3130xl cycle-sequencing worksheet for review and
archrvrng
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C. Sequencher %

Before you begin Sequencher, make sure that the USB key is fully inserted in

USB port on the computer, and the computer fully recognizes the key. If s @

the computer will make a “Ding-Dong” sound. Starting Sequencher w % thls
USB key will cause the program to lock out all editing capabilities. b‘

1. Open Sequencher. Under the Contig menu, select Consensus to sic Standards.
This only needs to be done after opening Sequencher for the firs Once set, it will
remain until the program is closed. Also, check to make,s that the Assembly
parameters used to create contigs are set to the proper setti Click on the box in the
upper left-hand corner that is marked “Asselgbly Param The following settings
should be selected:

Assembly Algorithm: N Dirty, \a (radial button)
Optimize Gap Placement: Q Us ligner (check box)
1 3' Gap Placement (check box)

Minimum Match Pe e: 05% (slide bar)
Minimum Overlap: 20 (slide bar)
Assemble By Name: \ not Enabled (deselected)

2. Under the File menu, g@ mport and select Sequences.

under File of{Type select “With Chromatogram Sequences.” To select all of the
files pres 1d the Shift key, and click on the last file. Once the files are
selected@ Open. Maximize the analysis window to view all of the samples
and s

4. \@ the appropriate reference sequence into the project for every contig that
O eds to be built. The reference files (HVI.spf or HVILspf) are located on the

3. Find the seq@ s that were copied to the Analyzed Archive. To simplify,

O Forensic Biology network (Mito Data/Reference Seqs).
Q These files can be saved to the desktop or local hard drive for easier access.

5. Holding down the Shift or the Control key, click on imported rCRS file, and the
forward and reverse sequence files that will make up the contig.
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6. At the top of the screen, click on the Assemble to Reference button. If the

contain quality data, they will not import into the contig. Name the cogt

samples contain viable data, the contig will be formed. If the samples do n%
N

according to the sample name and hypervariable region sequenced. (e.g.-
HVID)

7. Select the new Contig icon by clicking on it once. In the Contig m&t the top
of the screen, select Trim to Reference Sequence. \

8. Double click on the Contig icon. When the contig diagr %ﬂow opens, click
on the Bases button at the top left of the screen. KQ

quence files above the
dow and the consensus
al sequences, including the
n by placing the cursor on the
and dragging the sequence up or

A new window will open showing«the indivi
rCRS reference sequence at the é of t
sequence at the bottom of the w.
reference sequence can be up o
name of the sequence in er le

down. &0 O

Under the consensu sequengi’ a series of “¢” and “+” symbols. The “*”
symbols highlight base ¢&gll dfsagreements from the rCRS and the “+”
symbols highlight ambi @! in the consensus sequence.

0. To view the chrom data and the sequence data together, highlight a base
in the consensus nce and click the Show Chromatograms button at the top
of the screen{ TRiS"will open a second window showing the chromatogram data
for all of t%: ences in the contig. Notice that the reverse primer sequence has
been rey and compiled in the process of building the contig. Adjust the

positi @the two screens so that all of the sequence data is visible along with

th atogram data, and so all of the base positions can be reviewed. Use this
y and review all sequence positions.

1 OTO quickly move from one ambiguity to the next in the consensus sequence, click
b on the first base in the sequence and then press Control-N simultaneously on the
Q keyboard. This will jump both the sequence data and chromatograms to the next
ambiguous position. To find only the instances where the contig is in
disagreement between the strand data, click on the sequence data and press
Control-D.
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IMPORTANT- In the instances where length and/or sequence heteroplasmy
is present and yields single-stranded DNA regions and/or ambiguous bases,

or un-editable N calls are present, the consensus setting on the Sequenche %
program must be set to Plurality mode to analyze that particular samp

11.  Within the LIMS, create the appropriate contig samples, and indi (t%hich

primer samples are associated with each appropriate contig. All edi ims, and
modifications to the contig sequence must be recorded kg the LIMS
documentation. %

12.  To edit a base call, click on the base in question in the sensus sequence or
individual sequence, and press the appropriate letter gn e keyboard according to
the following: \

Standard Codes
A- Adenine ‘\A

C- Cytosine
&

T- Thymine

G- Guanine K

N- AmbiguouQ ( )
*See Nomenclatur@\ion of this manual for further discussion.

13. To delete a base, cI@ﬂ the base in question and do one of the following:

a. To hﬁygbases fill in from the left side of the strand, press the delete
ke
b. e the bases fill in from the right side of the strand, press the
kspace key, and follow the on-screen instructions.

14. sert a base, press the Tab key and follow the on-screen instructions.
lbo To shift the entire strand, place the cursor over the strand in question and press
and hold the Ctrl key. The cursor will turn into a open hand icon. Click and hold
Q using the icon and the hand will “grab” the strand, allowing you to move the
entire strand left or right.

16. To move a single base, place the cursor over the base in question and press and
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hold the Alt key. The cursor will turn into a lasso icon. Click and hold using the
icon and the lasso will “grab” the base, allowing you to move the base.

17. To highlight a section of the sequence, click on the beginning base in'%;
sequence you wish to highlight, and then move the cursor to the last bas
sequence section, press and hold the Shift key, and click on the final bas ?L

'\

19.  When the sequencing analysis and editing are complete&ontigs that were
built need to be archived in the appropriate folders. To ar contigs, hightlight
contigs that are to be archived together, go to filg export > selection as
subproject. Click on Browse button and select fi Qor contig to be archived.
Make sure that the format is set to ‘S ncher Click the Export button.
Enter project name, e.g. PC% -hhm&osmve control contigs and

18. To review edits press and hold Ctrl E.

FBXX-12345 for sample contf

e Positive Control contigs s e arc(g as follows: M:MITO _DATA/PC

Archwe/year/PCmmdd

e Samples contigs s as follows: M:/MITO_DATA/Project
Archives/sample ty ]@ Sample type should be ‘Casework’ for
evidence and assoc1ated exdqplars and should be ‘Missing Person cases’ for all

Missing person samples

From this pomt d the saved contigs can be further modified with
additional prij @1 s, edited, and resaved as outlined above.

The follow'gl;rgl ocedures should only be done once the analysis of the contig
is comp@ d the contig is ready for review.

20. @) tigs have been exported and archived, open appropriate project, go to the
ig menu and click on Compare Consensus to Reference. If necessary,

den the contig name column to view the entire contig name. To print, select
OReports, Entire Table, Open Report, and Print. Select portrait as the

QO orientation, and print.
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21.  Print the Compare Consensus to Reference page again, but this time send the

22.

23.

24.

25.

file to Adobe PDF. Click Print. Save the PDF file in the master run file, named
as the sample name eg. “FB05-0005m hair 1 HVI” Close the Adobe windo
Close the Difference Review window. Attach this PDF to the LIMS sysge

within the contig sample. Q

At the top of the sequence comparison page, click on the Summ@\tton.
When the Summary View window opens, click on File, Print Setl?‘ d select
d

“landscape.” Then click on the Ruler button at the top of the adjust the
margins (triangles on ruler) and adjust column spacing as r%d to print entire

sample ID. Q

Print the Summary page. To do this, select the File ﬁe and select Print.

Print the Summary page again, but tRisfime se file to Adobe PDF. Click

Print. Save the PDF file in the r run, fifeNYdmed as the sample name plus

“sum,” eg. “FB05-0005m hait VI sum lose the Adobe window. Attach
¢

this PDF to the LIMS withih@ ontig 9&

individual sequence f{{es. Thd seguence window of the file will open. Click on
the Show Chromatogram uttST at the top of the screen. A new window will
open. In the upper left co a slider bar, the four-color bases and two buttons:
a dot and a vertical bag NOT CLICK THE VERTICAL BAR, AS THIS
WILL ERASE T YADER FROM THE PRINTED PAGE.

Print this chrom wm as edited data, trimmed to the hypervariable region of
interest. To@ 1s, select the File menu and select Print Setup. Select
landscapfsq orientation, and print.

a. @)u are printing the forward strand, under Page Range select the

Click on the Overw utt(tﬂJ Qe Contig Diagram, double click on the

four (4) pages of the chromatogram.

RST four (4) pages of the chromatogram.
\ If you are printing the reverse strand, under Page Range select the LAST

QO Repeat step 25 for every separate chromatogram file.

26.

Create an Adobe PDF file for this chromatogram as edited data, trimmed to the
hypervariable region of interest. To do this, select the File menu and select Print
Setup. Select landscape as the orientation, and print to Adobe DPF from the
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drop-down list. Click OK. Under the File menu, select Print.

a. If you are printing the forward strand, under Page Range select t
FIRST four (4) pages of the chromatogram. \

b. If you are printing the reverse strand, under Page Range select %T
four (4) pages of the chromatogram.

Confirm that the Adobe PDF is selected, and click Print. Sa F file in
the master run file, named as the sample name plus the prim \1 “FB05-0005m
hair 1 HVI A4.” Close the Adobe window. Attach this @ e LIMS within
the contig sample.

Repeat step 26 for every separate ¢ omatogram@

27. Click on the Overview button. @
AQ

28.  The lines at the top of th m 1n& the forward and reverse strands in
relation to the rCRS se and t en bar below the lines indicates which
areas of the rCRS ar %redéyvallable sequence data. If the sequence is
present in both the ard afd rgverse strand, the bar will be green with thin
white strips on the top anégo m. If there is a partial coverage in only one
direction, the bar will con@ light blue pattern.

29.  Print out the Contig@gram. Under the File menu, select Print Setup. Select
landscape as th tation, and print (select printer from the drop-down list).
Click OK. the File menu, select Print. Confirm that the appropriate
prlnter 1s and click Print.

30. Prlnt % ntlg Diagram page again, but this time send the file to Adobe PDF.
ndscape as the orientation, and click Print. Save the PDF file in the

ster run file, named as the sample name plus “map,” eg. “FB05-0005m hair 1
I map.” Close the Adobe window. Attach this PDF to the LIMS within the

0 contig sample.
O

01. The final step of Sequencher analysis is to prepare the export data file from
Sequencher for the LIMS. This will allow the contig data to import into the
contig sample within the LIMS. To do this, open the contig and select “Compare
Consensus to Reference” from the Contig menu. Click on the “Reports” button at
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the top of the screen. Select the radio button for “Entire Table” and from the drop
down menu, select the report format as “Variance Table Report.” Save the
variance table as a text file to the appropriate network location and import into t
LIMS for the appropriate contig. &

32.  After the import is completed in the LIMS, and the contig data is @he
analyst can run the reports for the mtDNA Run Review and Positl\{:bntrol

Reviews, and print these reports as necessary for review. \b‘

D. File Output and Construction QQ)

Arrange the paperwork in following order, from bottom to toé
Run/rerun review sheets 6 &
Control review sheets .

Sequencher Chromatogram pﬁo@s af n@a )- landscape

Contig Diagram- Iandscapé)v OK

Summary View- IandSC£

Editing Sheet O
Compare Consensus t Referel@ortrait

Landscape pages should be arr \@in the file so that the right side of the landscape
view faces the top edge of ﬂ& e, and the left side of the landscape view faces the
bottom side of the file.

E. Data Review < ,O

1. Once a he Sequencher data has been completed and the file have been
archi ass the entire set of sample printouts for one 3130 run to another IA for
da few.

o a0 o

2. c}br the A performing the review, the following steps must be performed.

O a. Open the respective file from the appropriate archive located in the
Q MITO_DATA directory. Review all sequencher files.

b. For each sample, including Positive Control(s), ensure that all edits
reflected in the editing documentation are valid and accounted for within
the data set.
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C. For positive controls, ensure that the proper type is displayed on the

Compare Consensus to Reference page.

d. For negative controls, open the bases and chromatogram windows f@b

primer for each sample to ensure that no base calling data is
necessary, attempt to re-build a contig using questionab %

controls.

ative

e. Ensure for every sample that the documentation is as \%m order and
reflects the entire project and sample names. %

3. If a problem is found, mark the occurrence within th mentatlon and return
the documentation to the original anal

F. __ Archiving the Sequencher Daﬁ!\A

€>\

Data will be archived in BIND ASEF , and ELECTRONIC FILES.
ARCHIVED IN BINDERS: Q C)

Instrument binders (e.g. Batman O

3130x1 report, original

Analysis report, original

Editing reports for Ne c Is that could build into a contig, original

Run review reports 1g

PC Binder Q
For each posi

Positive
Contig ms, orlglnal
Se summaries, original
g reports, original
erence review sheets, original
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FB CASEFILES:
3130x1 report, copy
Run review report(s), copy

Positive control review report, copy

FB sample contigs, originals

Positive control editing report, copy (bg

Contig diagrams \b‘

Sequence summaries
Editing reports \
Difference review sheets Q%

ARCHIVED IN ELECTRONIC FILES:

Analyzed run files (e.g. B08-015) 6
Run files @ . Q@
3130 report *\Q 6\

Run review reports Q
e

Analyzed run sequence files
&a co

Neg controls that could builv

PC archives (e.g. PC_053108-1306) \@
PC Sequencher file O
PC editing report K

PC review report Q,\'

FB project archive (e.g. FB@S)
FB Sequencher ﬁ&
FB editing repob

N » If a positive CTR is sequenced twice (e.g., during QC tests), the
will stay the same as in PCmmddyy-hhmm but a lettered suffix will be
ed after each new sequencing as in PC-mmddyy-hhmm-A, PC-mmddyy-

Ohhmm-B....

QO

A backup of all of the sequencing data contained in the MITO_DATA directory will be archived

by DOITT.
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Revi istory:
July’24, 2010 — Initial version of procedure.

July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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Sequence Nomenclature and Alignment

Nucleotide positions are designated according to the standard one-letter code based on tl%
nomenclature system adopted by the International Union of Pure and Applied Chemu&g
(IUPAC; see table below). Note that an “N” is used to denote unresolved sequence amb

where N can be any one of the four bases. TUPAC codes that designate two pos

should only be used in instances of sequence heteroplasmy. \

IUPAC code Base designation IUPAC code %\\ H‘emgnatmn

G Guanine AorG
A Adenine Y A CorT
T Thymine K U GorT
C Cytosine AorC
N

1
GATor‘“ 9\§ CorG
S ) AorT

@1 the questioned sample and the revised Cambridge
Reference Sequence RS) are generated and printed out from the Comparison
Report file in Sequgndher. These differences are organized by hypervariable
region (eg., gme(di)ference review file is generated for each HVI and HVII
region). Thg difterences are listed in order of occurrence on the mtDNA
molecule.

A.Using Sequencher 4.9

1. Sequence differences be

2. In m Qes the alignment of a given mtDNA sequence with that of rCRS is
rward. However, care must be taken in the placement of insertions and
ons in reference to that of rCRS according to the following standard
O menclature:
QO a. Characterize profiles using the least number of differences from the

reference sequence. Align the 310 T base in the rCRS with a T whenever
possible.
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b. If there is more than one way to maintain the same number of differences

with respect to the reference sequence, differences should be prioritized in
the following order: (i) substitutions: transitions are favored ov
transversions, (ii) insertions/deletions (indels). \%

c. Insertions and deletions should be placed furthermost 2 a
homopolymeric region, with respect to the light strand \offj #CRS.
Insertions and deletions should be combined in situations w he same
number of differences to the reference sequence i tamed In
situations involving the “AC” motif, treat this motif, homopolymenc
region with respect to indels in the AC repeat regj %lgnmem rules a,
b, and ¢ are described in Budowle, et al, 2007, casework samples
where alternative alignment following the hifsarchy of Wilson, et al,
2002a,b, is also possible, the lternatlve i ent does not need to be
included in the case file.

3. Insertions (INS) should be li the 1] &a particular nucleotide position.
Insertions are documented t notl 51te immediately 5' to the insertion
followed by a point an for t t insertion, a “2” if there is a second

insertion, and so on.

4. Deletions (DEL) shoX:be elexactly where the known base in the reference
sequence is missing 1n sample sequence to minimize the number of
differences between tloned sample and the rCRS reference sequence.
Deletions are note a “” on the Sequencher printout in the consensus
sequence.

5. Sequence ego{)lasmy (also known as point or site heteroplasmy) occurs when

a single e contains at least two mtDNA sequences that differ at one or two
nuclegtyd™ positions. The appropriate one-letter [IUPAC code will be used during
th g of a given site that shows sequence heteroplasmy. This designation

e reflected in the Sequencher Comparison Report. In addition, the presence
sequence heteroplasmy at the given nucleotide position for the respective
heteroplasmic bases will be recorded on the sequence editing documentation.

QO
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6. Length heteroplasmy occurs in regions that contain many tandem C nucleotides.

These regions are commonly referred to as polycytosine or C-stretch regions.
Length heteroplasmy refers to a sample that has at least two types, each o%

differing by the total number of C nucleotides at a given C-stretch. \
a. It will be noted if a given casework sample has length hetero % in
HVI. The number of C residues, however, in the area with ngth
heteroplasmy will not be recorded. Length heteroplasmy I most
commonly arises when there is a substitution of a C fi at position
16,189. The reference type in HVI is CsTC4. Sequgege\ showing length
heteroplasmy in HVI will be truncated to fit the ormat including

the T to C change at position 16,189.

b. It will be noted if a given cas k samp @length heteroplasmy in
HVII. Length variants in HVI » com bserved in the number of
C residues preceding a T 1 e at po 10. It is often possible to
determine unamblguod e dom ngth variant in this region. The
profile used for fu y51s 1 ncher should be composed of
only the major ty eterm1 y the analyst.

B.Using Sequencher 4. IB C)

1. Sequence differences b the questioned sample and the revised Cambridge

Reference Sequence are generated and printed out from the Difference
Review file in Seqie These differences are organized by hypervariable
region (eg., rence review file is generated for each HVI and HVII
region). Thg differences are listed in order of occurrence on the mtDNA

molecule. > (reference) and “Con” (consensus) indicate what bases are
present g rCRS and the questioned sample, respectively, at the designated

mtDl\@ uence positions.

O\}((\

QO
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2. In most cases, the alignment of a given mtDNA sequence with that of rCRS is

straightforward. However, care must be taken in the placement of insertions and
deletions in reference to that of rCRS according to the following standa%

nomenclature:

a. Characterize profiles using the least number of differences he
reference sequence. Align the 310 T base in the rCRS with a TYV ever
possible.

b. If there is more than one way to maintain the same Bir\of differences
with respect to the reference sequence, differences ”% e prioritized in
the following order: (i) substitutions: transiti% are favored over
transversions, (ii) insertions/deletions (indels)oﬁ

s&ed furthermost 3' to a

the light strand of rCRS.

ined in situations where the same
number of differe&% the {e¥eknce sequence is maintained. In
situations involvi @1 “AC”Q f, treat this motif as a homopolymeric

region with r to ﬁ,@ e AC repeat region. Alignment rules a,

b, and c are d€scribed{in Budowle, et al, 2007. For casework samples

where alternative ak%l nt following the hierarchy of Wilson, et al,

2002a,b, is also {@ le, the alternative alignment does not need to be
eTile.

C. Insertions and deletions s@d be
homopolymeric region, respe
Insertions and deletior uld be

included in th

Insertions arq dogifented by first noting the site immediately 5' to the insertion

3. Insertions (INS d be listed to the right of a particular nucleotide position.
followed ayoint and a “1” for the first insertion, a “2” if there is a second
insertio SO on.

nce is missing in the sample sequence to minimize the number of
erences between the questioned sample and the rCRS reference sequence.

6,9

4. ]?@& (DEL) should be listed exactly where the known base in the reference

Deletions are noted by a on the Sequencher printout in the consensus

QO sequence.
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5. Sequence heteroplasmy (also known as point or site heteroplasmy) occurs when

a single sample contains at least two mtDNA sequences that differ at one or two
nucleotide positions. The appropriate one-letter IUPAC code will be used duri

the editing of a given site that shows sequence heteroplasmy. This designa; 'c%
will be reflected in the Difference Review. In addition, the presence of se,

heteroplasmy at the given nucleotide position for the respective het ic
bases will be documented on the editing sheet. \
6. Length heteroplasmy occurs in regions that contain many tan nucleotides.

These regions are commonly referred to as polycytosine stretch regions.
Length heteroplasmy refers to a sample that has at le %types, each one
differing by the total number of C nucleotides at a given C-Nggdtch.

a. It will be noted if a given casawork samm\? length heteroplasmy in
HVI. The number of C resié howe the area with HVI length

heteroplasmy will not be @rded. heteroplasmy in HVI most
commonly arises whe ‘Eh&e is a ution of a C for a T at position
16,189. The referet@be in CsTCs4. Sequences showing length
heteroplasmy in BV IyWwi ated to fit the CsTC, format including

ill be
the T to C ch tpos'¢'0) ,189.
v

b. It will be noted if a&z casework sample has length heteroplasmy in
HVII are commonly observed in the number of
C residues pre &@1 T residue at position 310. It is often possible to
fruously the dominant length variant in this region. The

Revision History:
July 24, 2010 — Initial version of procedure.
July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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Editing Guidelines

Sequencher base calls can be modified if the underlying data support it. The analyst can change
an “N” call into a base determination, insert an additional base, remove a position, or trim a
sequence. A base call must not be edited without proper justification.

Reasons for base removal are: ;(L

- Extra base inserted due to broad peak, peak artifact, or analysis default spa

Reasons for base insertion are: \
- Base omitted however authentic peak is present %

- To maintain proper spacing

Reasons for changing a base to an “N” or to a degenerate [UPAC ®&e
- Ambiguous bases are detected g\,
- Dye or electrophoretic artifact 1nterferen

- Due to sequence or length heteroplasn;\A E \
Reasons for changing an “N” call to a bas \Q
- Base omitted or called “N”, (@r authen@)eak 1s present
- Dye artifact or electrophor erfe
- Neighboring peak interfere 6
Reasons for trimming a sequence:

- Trimmed to remove end seq equence tail removal)
- Trimmed rCRS and seque other (shorter) sequence position for duplication

Editing for other reasons sh d documented with a comment explaining the edit.

Many software calls ca@@sﬂy resolved and corrected by the analyst. However, ambiguous
situations should not ted. If an electrophoresis problem is suspected, this sample should be
re-injected. Sequ iformation at each base position should be confirmed by data from both
DNA strands w ossible. Single-stranded regions present due to length heteroplasmy, must
be confirme nfirmatory sequencing of the same strand in the same direction. The
Sequenchekcgmplementary strand alignment will flag conflicts between the two sequencing
diregs r all strands imported into the contig.

Revision History:
July 24, 2010 — Initial version of procedure.
July 16, 2012 — Minor revisions in content to generalize terminology for LIMS
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Interpretation Guidelines

GUIDELINES FOR CONTROLS

A. Negative controls

Q

Negative controls are considered negative if there is no detectable DNA %n the

O

quantitation procedure and no “readable” sequence is seen after 3130)(1'%e phoresis.
if

For DNA sequencing analysis, the controls are also considered neg 'V\
obtained, but it cannot align to the reference sequence.

quence was

A “readable” sequence from a negative control run is a sequencf that can be aligned to

the rCRS for >90 consecutive bases with no nyore than 4 “@ within any 10
consecutive bases. Tb @

Two negative controls are associated.wi,& ch sag che extraction negative (ext neg
or e neg) and the amplification negqi mp n; trols. The former tests for potential

DNA introduced during extracti rough

ification, while the latter tests for the

presence of any backgrou that ntroduced during the amplification, or
present in the amplification nts. Bot these controls need to be processed for all

sequencing primer sets. \

Flow charts for passing, faili% esting negative controls is as follows:

1. Agilent Q
cO

Peak obsw\lﬂtf negative control No Control passes
6\@ T
\} !
OC) Is it < 0.5 ng/pl? —— Yos —>| Control passes
No
L 4

Requantify to confirm result®
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* If confirmed, the following actions should be taken:

if re-amplification is clean.
0 If the extraction negative control still yields a peak
re-amplification, it is preferable to re-extract if morz sdgaple is

o For extraction negative controls
0 Re-amplify to confirm presence of DNA, samples can proc&b
ng

available. If sample amount is limiting, analyst proceed
with caution. The results are only vali e sequence
detected for the amplification negative c does not match
any of the associated samples or any of O%\ples in the case.

0 If the amount of DNA present in, t xtraction negative
control exceeds 10% of any associ sample (DNA amounts
determined by Agilspt), that sarlk invalid.

. For amplification ne contro]{b
0 Re-amplify se:@et. . Q
o Ifsample an is limy t is left to the analyst’s discretion
to proce sth the a 1cation set since this result indicates
that {tcp ckgrou@ NA is limited to the amplification
c ube gat an being ubiquitous in all samples. The
resKlts are \only valid if the sequence detected for the
amplificaon negative control does not match any of the
associ mples or any of the samples in the case.
o If mount of DNA present in the amplification negative

c?‘) exceeds 10% of any associated sample, that sample is
lid.

Ses.

Note: Ag fggd negative controls may be sequenced for quality control
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2. Linear array

Band observed in negative control No Control pasfes 1

Yos \}\

W
Re-hybridize to confirm results®

N
xO
* If confirmed, the following actio@ld be tz@i
co

o For extraction ne n Q
0 Re- amphf re hy to confirm presence of DNA.

Sample reted and sequenced if the re-

ampl n do 1eld linear array signals.
o] ﬁ available is limited, proceed to sequencing
onot i et linear array
n negatlve controls
sample set.
e amount is limiting, it is left to the analyst’s discretion
the data of this amplification set since this result
icates that the background DNA is limited to the
amplification control tube rather than being ubiquitous in all
samples. The results are only valid if the linear array type
@Q detected for the amplification negative does not match any of

& the associated samples or any of the samples in the case.

O

QO

o For amphﬁc
0 Re-a
o If
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3. Sequencing results c

Sequence observed in negative \(I/Q

control sample b‘
l N

Does it align to Cany ually call the

rCRS? NO é sequence? A
) b\(\ Vs NO

l

Doces it align to
sequeice? rCRS?

YES NO .
OQ YES |

l l Control passes
Con ils* Control passes*™

o5

é@sequence data is present for an extraction or amplification negative control,

%
Oo,,

but does not have base calls assigned, an analyst should manually assign base
calls to determine if the sequence data can be aligned to the rCRS and if it is a

QO “readable” sequence.
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* If an extraction or amplification negative control contains a “readable”
sequence, the results should be confirmed by recycle-sequencing. If

confirmed, then the test fails and retesting must start at the point of sample
extraction or amplification. If the amount of original sample present is %

limiting, the DNA extract is limiting or the re-amplification yields th
results, then sample results can be interpreted and reported if the seqie

0

is

different from all associated samples in the case. The deterrnlned nce for

the extraction or amplification negative control must contain ¢
sequence in order to be used in sequence comparisons wit samples

If both extraction and amplification negative control froge same test

contains “readable” sequence, the extraction negatiyd\annot be interpreted

because the amplification may havz’ntroduced minant. The test fails

and all samples and the extraction

tive rnlﬁ‘y re-amplified and re-
sequenced

**If an extraction or amph&@o negaty Qntrols contain sequence data that
0

can be aligned to the 1

mtDNA superv1s0 efore p
testing can be done 1f fu

ng with further testing. The following
ting is deemed necessary:

r <90 cutlve bases, the test passes however
the results should Q' cycle -sequencing. If confirmed, see a
oce

e For an extraction @ e control, re-amplification of the negative control
y

in question fol
e  For an ampli on negative control, re-amplification of the entire

ampli@@ t.

re-extraction of associated samples if necessary.

NOTE:@ is necessary to re-sequence a casework sample from the cycle
e

quence step, a new cycle sequencing amplification negative

O

control (CAN) must be created for this round of cycle sequencing.

This negative control must yield a negative result for the results to

00 be valid.

QO
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B. Positive controls

The positive control (HL60) is included for each amplification and must produce %
sequence that is consistent with the known polymorphisms. The positive control s A
must yield results for the full read length of the associated sample contig, but at 3@
minimum, HVI, 16024-16365, HVII, 73-340, or both. In addition, the positiveﬁ;) 1
serves as the run control. Therefore, in order to be valid, every run must ha ositive
control that passes specification.

The known polymorphisms in comparison to the rCRS are as foll@

HVI HVII \O&

16,069 T 73 G 6 (b‘
16,193 T 150
16278 T e>\
16362 C 3\@

T

iﬁ’

This sequence will produce the fol 1ng linear array type:

Probe | 16093 1’6 1C 1D 1E | ITA | IIB | IIC | 1ID | 189
HL60 1 1 2 2 2 6 1 1 1

If the positive controNfajls to produce the expected result, all samples associated with this
control fail. If it i9&uspected that the problem is not related to the amplification but could
stem from a sulgcyuent step, the positive control and all of the samples can be retested

starting ei&e@t e cycle sequencing or the 3130xI injection step.

In cage dye interference or electrophoretic artifact, some N calls in the positive
co 11 be allowed as follows

QO A maximum number of 4 “N” calls within any 10 base stretch for any primer

strand used to build the contig will be allowed for either HVI or HVII region

provided that the calls on the complementary strand are unambiguous and not
contradictory to the questioned nucleotide position(s)
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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.

Q0

Guidelines for Reporting &
A. Linear array interpretation \\

I.

QO

A sample will not be used for comparisons if:

The sample displays a suspected partial profile (g @lly faint signals, more
than 3 weak probe signals and/or t resence more blank regions
indicate the presence of a partla

The sample consists o of D ore than 2 apparent
heteroplasmic types co& cause 1xture)

The numeric probe s alls as1s for linear array interpretation.
Conclusions are as fo

Consistent (cannot @ erical calls match and no locus is inconclusive

exclude)
Inconclusive O { The two types show one difference or one or more of the
( ) regions are inconclusive (see below)
Exclusi Two or more differences that show no evidence of
~ heteroplasmy

\\&U
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3. Heteroplasmy, weak probe signals or type 0 signals are treated as follows: c
Weak call versus normal call; . N
different probe sienal Difference
ifferent probe signa \qv'
Weak probe Weak call versus normal call; same %\
signal . Inconcjyst
probe signal \'\
Weak call versus type 0 probe signal g% sive
Type 0 signal call versus normal ca ference
>
Type 0 signal call %grsus Weak@ Inconclusive
Type 0 probe signal
signal . .
Tvpe 0 si st 1 Vers e 0 Consistent if no
P evidence of a partial
signal
) profile
]@b ay heteroplasmy Consistent
¢ same
One s@ displays heteroplasmys;
Heteronlasm 0 & ¢se probe signals is also Consistent
p Y t in the other sample
N3
ne sample displays heteroplasmy;
the probe signals are not present in | Difference
the other sample

B. Sequenci

&

Qs

orting of Base Calls

uence data should be determined from both complementary strands of DNA

QO

a.

for mtDNA regions HVI and HVII. Only under special circumstances (see 2.
below) can sequence be reported for confirmed data from a single-strand.
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one DNA strand

nucleotides of the region that was sequenced. All possible alternative
alignments are not reported.

it must be left unresolved and called an “N”. No more than
editable N calls are acceptable within any 10 base stretch % nd

For sequence where an ambiguous calling situation occurs for one str&

sequence data.

If an “N” base call is made on one of the DNA stran ., due to an
electrophoretic artifact), this base position can still b \rﬂted as a base in
the plurality consensus sequence as long as (i) the e% oth strands are
not in conflict with each other, and (ii) the dmenera‘[ed from the
complementary or confirmatory DNA stran Kclean and there is no

question regarding its base calE

A minimum read length o @ontigu@e pairs of double-stranded or
confirmed data that fo conti e valid for interpretation and for
generating weight a ent. \

A minimum Cng‘[h onsecutive bases of single-stranded data is
necessary for My stran{l togoe used to build a contig. Only under special
circumstances (see 2beldW) can data be reported for a read length of less

than 90 bases.
\O

obtained or read lengths of greater than 90 bases are not

2. Special circumstz@i\ﬂ arise (eg., length heteroplasmy) when data from only

possible.

1d be used in order to obtain as much complementary data as possible.

a. &S&mples with HVI or HVII length heteroplasmy, additional primers
u

o°°§

or sequence where no data is available for one of the complementary
strands, this can still be reported given that the sequencing reaction that
yielded the one strand of sequence data is repeated (confirmed) for this
sample with the same or different primer in the same direction. All of the
data from this region (eg., results from two cycle sequencing reactions)
must be concordant between the two sequencing runs. Note: This type of
rerun will satisfy conditions where a difference from rCRS or sequence
heteroplasmy is being reported.
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C. Situations will arise which result in severe length heteroplasmy (e.g. in

HVII, 310 C resulting in a homopolymeric stretch of 13 C residues
Under these conditions, it will be not be possible to sequence through &e
region in either the forward or reverse direction. This could resulj=ig't

trimming of a strand (e.g., Cl) and/or will yield runs with es
generated from the complementary strand (e.g., D1) primer that less
than 90 bases. In these cases, the data will be acceptable a han 90

bases. The guidelines described in b. above for run ations will
also apply to the confirmation runs necessary in this S%Xio.

In situations when un-editable “N” base calls are mad a given sequence
position for both DNA strands, then this base will b orted as “N”. Samples
with 3 or more un-editable “N” calls within Xﬁ ase pair region of the
consensus sequence in either HVI o 11 are(\b clusive.

C. Criteria for Mixture Recognition ‘\AQ 6\0

1.

More than two heterop positi \1 a sample are suggestive of a DNA

mixture. If possibl?&am@l@ be re-extracted or other samples in the
d

same case should be t&ted.

Samples that contain two plasmic positions might warrant further testing of
additional samples del g on the circumstances of the case. This is to make
sure that the sample@ n question is not due to a mixture.

D. Sequence CompariQS)O

1.

The pos@bontrol run with that sample must type correctly in order to report the
seque@ r that sample.

2. i er extraction or amplification negative controls contain readable sequences,
t

&

3.

associated case sample(s) must 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 interpreted and reported (see Control Tables, section A3).

When comparing sequences obtained from samples, only the regions in common
will be considered.
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4. A specimen that yields a mixture of DNA sequences is reported as inconclusive.

No comparisons and no statistical evaluation will be performed using this samplec

5. The number of C nucleotides at the HVI polycytosine C-stretch 111
considered for interpretation purposes if length heteroplasmy is present
the number of C residues exhibited in samples with HVII length hete y is
highly variable and care must be taken when making comparlsons rder for

sequence concordance to be declared, a common length variant. t e observed
in both samples being compared. \

Differences between samples due to the absence of an II common length
variant are treated as one difference.

6. Match Criteria for Sequencing data 6 &
rom separate samples (e.g. from

When two m?ﬁ sequ

two p1ec 1denc om evidence and a maternal family
refere rce) arq sistent with each other in the

Concordance ng r two samples cannot be excluded as
orlg ating figm e same person or from having a maternal

relatlonslmrespectlvely.

A
The @g comparison will be considered inconclusive

w mtDNA sequences from separate samples differ by
Inconclusive 6 ifference.

Chn these cases other reference sources and/or further testing in
\ order to obtain more sequence data may be helpful.

Q‘ The resulting comparison will be considered an exclusion
E on when two mtDNA sequences from separate samples differ by
two or more differences.

QO
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7. Treatment of sequence heteroplasmy

Two identical heteroplasmic bases are present | This is not a difference (eg

at the same position in both samples. C/T vs. C/T).
One heteroplasmic base is present in one This is not a dlfferené\iy
sample; a common base is present at the same | C/T vs. C; also C/

position in the other sample.

One heteroplasmic base is present in one This is a g e (eg., C/T
sample; a different base is present at the same | vs. G).

position in the other sample. §

Revision History
July 24,2010 @ersmn of procedure.
September 3& Revised version of procedure: sentence removed from Paragraph Bb to reflect current procedures.
March 7, eneral clarifications added; removed decision matrix for negative controls and added flow charts;
p B.1 revised to reflect “a maximum number of 3 ‘N’ calls...”
2012 — Changed current interpretation guideline regarding the number of “N” calls within 10 consecutive bases
om 3 to 4; Minor changes and typographical corrections.
, 2012 — Minor revisions in content to generalize terminology for LIMS.
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Statistical Analysis

analysis that was performed. When both Linear Array and DNA sequencing analysis are don

on a given comparison, only the DNA sequencing statistical analysis will be reported.

Nevertheless, the statistics for both analyses (when performed) will be included in the t@}%
y

The frequency of occurrence of evidence sample types will be reported based on the type of %

The extent of the sequence data that will be used for the database search and statisti sis
will be limited to the shortest range and most conservative reporting of the seq common
between the evidence sample(s) and reference sample(s) used in the compar 5 n se previously
discussed sequence reporting criteria). Statistical analysis will not be per 8 n partial
Linear Array mitotypes.

Statistics may also be presented comparing evidentia samples 1 case the statistical
analysis will be limited to the shortest range and mo nservatl rting of the sequence in
common between the evidence samples. @

A. For Linear Array types (mitotypes

population sample mitotypes fro
http://www.cstl.nist.gov/biotech/strba:

use a database containing

; complete database is found at:
_mtDNA_LINEAR_ARRAY_data.xls

This population database conEins mit@s of 666 individuals and is comprised of the
following population groups: Afri }*American (252), Caucasian (286), and Hispanic
(128). é

1. A search of this dat@mn be done by using the LA Summary & Stats excel
spreadsheet locatQ the Forensic Biology network. After the spreadsheet is
opened, makq surg the Sequence Output tab is selected. Then enter the Linear
Array mit%lp the top of the worksheet in this manner, with exceptions noted

on the s@ readsheet:
a. AV

hen no signal is seen in the Linear Array mitotype at a given
@ position, then a null type (“0”) is used for the database comparison at
that position.
O . When a weak signal is seen in the Linear Array mitotype, the
O numerical type is used for the database comparison at that position.
Q This is a conservative search strategy.
c. When two signal types are seen in the Linear Array mitotype at a
given position, then each type is used separately for the database
search(es) and the resulting counts are combined. This is a
conservative search strategy.
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2.

Click on the LA Stats tab to view the calculated population statistics for your
sample mitotype. The spreadsheet calculates frequency estimates for the mitotype
as described below (see B.3).

B. For sequencing data, use the database and the procedure suggested by the FBI. \

1.

QO

O

Database \(»

The database used to obtain a frequency estimate is maintained
(Budowle et al 1999, Monson et al 2002) and is available for load at the

following web address:
http://www.1bi. gov/hq/lab/fsc/backissu/apri12002/miller1

A copy of the database including the sarch windo @und on mtDNA analysts’
computers. The database contains H 6024- 1& and HVII (73-340)
sequences from a variety of unre t@ndmd

S
Searching Profiles K

reported sequence in ddmmon compared samples (see previously

The base pair range ﬁE;i. q searched is limited to the shortest range of
discussed reporting crlterla

Click on the mtDNA 1%&09 your screen. The search window will open. Several
options are pre—seleq@ indicated below.

Mode: < ,O - search

Database: - forensic

Unde Qns (in edit menu):

Li rofiles: - not checked
h variants: - consider multiple insertions as one difference

\Bﬂial profiles: - not checked

Statistics: - display up to 2 differences

Listing haplotypes: - check to list haplotypes that appear multiple times

Date: - check “all profiles”

Heteroplasmic scenarios: - not checked

Helper Apps: - not specified
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Enter your profile ID.

Enter the searchable basepair range for HVI and click Add. Repeat for HVIIL. If
your sample has the standard read length (see above) just double-click on the IK
or HVII icons. Enter all differences from the rCRS.

Q
Click search. \(L
N

Select a temporary directory and name for the results file.

The search result consists of the number of samples with O&na‘cches to the
searched sample in the combined database and divided intoNdifferent ethnic
groups.

ATTENTION: 6 %\O

R
When sequence heteroplasm@resent \ iven position in the mtDNA
sequence, the mtDNA dat&@e ill b ched with an “N” at that position.

polycytosine length variants are
variants at the same position are
considered as one different%g duTing the database searches of concordant
sequences containing thi&on and will not add additional rarity. In
addition, the numbegﬁ > residues in samples with HVI length

entered, multiple C-3¢retch 1

Even though mtDN?&ge)nc

heteroplasmy is no idered for comparison purposes.
3. Frequency 65639

a. @tncy estimate when the Linear Array mitotype or mtDNA sequence
@ bserved at least once in database.

in the general population is based on the counting method as follows:

QO p=x/N (Eq. 1)

Where p is the frequency estimate; x is the number of times a profile has
been observed in the population database, and N is the number of profiles
in the population database.

0 Raw frequency estimates for the occurrence of a given mtDNA profile
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O

QO

A confidence interval must be calculated from the results of the database
search in order to correct the counting results for sampling errors

according to the following equation c

p+1.96 [(p) (1-p)/N]"* (Eq.2)

The upper 95% confidence interval value (upper bound =p + 1. ) (1-
p)/N1"?) is calculated as the maximum frequency of occurren ithin
each population of the same mitotype or mtDNA sequenik e searched

profile. %

The upper bound estimate can be calculated autom lly using the
Popstats spreadsheet for sequencing statistics ﬁe LA Summary and
Stats spreadsheet found on theéorensic Bioj@xetwork drive.

Example #1: The Linear mito‘gy@DNA sequence is observed
3 times in a database ¢ ing 20 \a ple profiles. The frequency
estimate is 3/2000 =N OQP5; the ound of the confidence interval is
equal to 0.0015 {&0015 85)/2000]"* = 0.0015 + 0.0017 =

0.0032. @)
Meaning of exampl lggth 95% confidence, the maximum true
frequency of the profile is 0.0032 or 0.32%, or 1 in 310. In other

words, at least %0 of the population can be excluded as the source of

the evidenceQ

Freq@timate when the Linear Array mitotype or mtDNA
se% 1s not observed in the database.

§ following equation is used:

1-a'™ (Eq.3)

a is the confidence coefficient (use 0.05 for a 95% confidence interval),
and N is the number of individuals in the population.
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@"’Q
O

O

Example #2: The Linear Array mitotype or mtDNA sequence is observed
0 times in the database containing 2000 sample profiles. The frequency

estimate is 1-0.05"2°%° = 1.0.999 = 0.001. c

Meaning of example #2: For a database size of 2000 mitotypes or
sequence profiles, the frequency of a mtDNA profile not observe
database is 0.001 or 0.1%; or 1 in 1000, or, with 95% confidenc %
of the population can be excluded as being the source of the e&uce

Based on the FBI database, the mtDNA populatio \Qbase search
software supplies separate results of the freque r%‘nates for four
major populations (African-American, Hispanirc,%ucasian, and
Asian Origin). It is not the intent of the rep o draw any inference
as to the population origin O% contrib of the evidence.

pulat»&abase of Kline, et.al., 2005,
supplies separate resi the fr he cy for three major populations
(African-America asian anic). Itis not the intent of the

report to draw i erence@ the population origin of the
contributor( e evj e@

The Linear Array mitot

Reports will prese pper bound 95% confidence interval
estimate for each latlon group, and express this as a percentage
and a freque an upper bound 95% confidence interval
estimate of Q 1 in 200). Frequency estimate will be rounded

down to t 10 or single whole number. The intent of the report
is to a conservative range of estimates of the strength of the

m'u;&c' drlal DNA comparison.

Revi istory:
July’24, 2010 — Initial version of procedure.

July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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Creation of a Casefile CD

When all of the sequencing analysis is completed for a case, and upon request from members

the court, a CD containing all of the data for that case may be created to fulfill the request

1. Insert a blank CD into the computer, and open the program “Rox1o/Crea
Click on the “Data,” section and select “Data Disc.”

2. Depending on the specific request, the levels of the disc will be cre \%rdmg to the
following: %

CD Main Window

- “Evidence” File é
- Analyzed 3130xl Run Files \
- Analyzed 3130xI data ﬁle

- Sequence Analysis R@gog \Q
- Sequencher Evidence Pr, 6
- “Exemplars” File
- All analyzed 3130? O
- Analyzed 3130xI dat ]@)
- Sequence Analysagp
- Sequencher Exempla ect File

o

the superhero archiv

3. Ensure that all 3130xl datb ported from the Analyzed Archive on the network, NOT

To ensure the 2 ity of the disc, it is advisable to copy all of the necessary data to a

single locatio

the local computer that will create the CD. Once all of the

necessary ﬁ@lave been compiled in this file on the local hard drive, according to
the tree ure above, the entire contents of the local file can be added to the CD.

4. For@)’ olume Label” fill in the casefile number, (eg. FB05-0234).

5. 1 the new disk with the casefile number. The disk should be delivered to the Quality
ssurance Manager for transmittal.

Revision History:
July 24, 2010 — Initial version of procedure.
July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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Appendix A —Oglionucleotide Primer Sequences

Region Primer |[Nucleotide (base) Sequence Size (no. of bas
Al 5'- CAC CAT TAG CAC CCA AAG CT -3 2‘((\ \
A4 5'- CCC CAT GCT TAC AAG CAA GT -3' ’@ v
VI Bl 5'- GAG GAT GGT GGT CAA GGG AC -3' \ 20
B4 5'-TTT GAT GTG GAT TGG GTT T -3' (JSb\ 19
HVIF® |5'-CTC CAC CAT TAG CAC CCA A -3' W 19
HVIR  |5'- ATT TCA CGG AGG ATGGTG -3' \O‘ 18

Cl1 5'- CTC ACG GGA GCT| > 20

C2  |5-TTATTT ATC GAQECT AC AAT -3 24

DI 5'- CTG TTA AAECQNG CAPASC GCC A -3 22
HVII N

D2 |5-GGGGT TG AN TTT TTT G -3 2

HVIIF |5 CAC CCT ATTQAS€AC TCA CG -3 20

HVIIR |5-CTG TTA %0}(} CAT ACC GC -3' 20

1. Nucleotide sequences for ppf te, A4, B1, B4, C1, C2, D1, and D2 are from the FBI Laboratory
DNA Analysis Unit II Mitd&¢hgpidrial DNA Analysis Protocol (mtDNA Protocol Manual, DNA
Amplification - Rev. 8, Isst Date 02/01/05 for primers Al, B1, C1, C2, D1, and D2; mtDNA Protocol
Manual, Cycle Sequenci ev. 8, Issue Date 09/10/04 for primers A4 and B4). The primer sequences
in the FBI mtDNA Pr(@) Manual are based on those described in the following:

Wilson MR, DiZ%n® JA, Polanskey D, Replogle J, Budowle, B. Validation of mitochondrial DNA
sequencing fgiN\ofensic casework analysis. Int J of Leg Med 1995; 108:68-74.

Wilsga @ Polanskey D, Butler J, DiZinno JA, Replogle J, Budowle B. Extraction, PCR amplification,
and @ ncing of mitochondrial DNA from human hair shafts, BioTechniques 1995; 18(4):662-669.

2. Nucleotide sequences for oligonucleotide primers HVIF, HVIR, HVIIF, HVIIR are from the product
insert for the LINEAR ARRAY Mitochondrial DNA HVI/HVII Region-Sequence Typing Kit that is
available from Roche Applied Sciences (Cat. No. 03-527-867-001; product information is available at

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

APPENDIX A
OLIGONUCLEOTIDE PRIMER SEQUENCES

DATE EFFECTIVE APPROVED BY PAGE
07-16-2012 MITOCHONDRIAL DNA TECHNICAL LEADER 116 OF 122
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Kline MC, Vallone PM, Redman JW, Duewer DL, Calloway CD, Butler J]M. Mitochon ria@A typing
screens with control region and coding region SNPs. J Forensic Sci 2005; 50:377-3 85\
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Appendix B — Mitochondrial DNA Primer Locations

O

\

4—?VIR C)O <— HVIIR

The above diagrams are not to scale. All p@sitiom are relative to the table below. All arrows

S 2 - s Q
° ° 0 o 3]
—  HVI-342bp | HVII - 268 bp
HVI Primers HVII Prim@_
HVIF — HVIIF — ‘V
Al — % —>(be
Ad—* @ . Q cC2—>
~— B4 sQ\A %\*_ D2
«— %() ') <— D1

indicate the directions (forward or reverse) ¢ primer amplifies along the hypervariable region.

HVI (16024 - 16365) = 34’7&« HVII (73 - 340) = 268 bp
Primer ,~l’:®i0n1 Primer Position'
HVIF 559%-} HVIIF 15
A"
Al N%78 Cl 29
A4? 16190 C2 154
2 M 3
B4 D 16182 D2 306
Bl (\\) 16410 DI 429
N
H@ 16418 HVIIR 429

"Nucleotide position is defined as the first base at the 5’ end of the primer.
? Primers A4 and B4 are used to resolve C-stretch length polymorphisms in HVI.
3 Primer D2 is used when necessary to resolve the reverse strand sequence when C-stretch polymorphism is present in HVII.
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Appendix C- Revised Cambridge Reference Sequence

Hypervariable Region I (HVI)

16064- TGACTCACCC ATCAACAACC GCTATGTATT TCGTACATTA
16104- CTGCCAGCCA CCATGAATAT TGTACGGTAC CATAAATACT
16144- TGACCACCTG TAGTACATAA AAACCCAATC CACATCAAAA
16184- CCCCCTCCCC ATGCTTACAA GCAAGTACAG CAATCA/@

16024- TTCTTTCATG GGGAAGCAGA TTTGGGTACC ACCCAAGTAT \(L

16224- TCAACTATCA CACATCAACT GCAACTCCAA AGCCAC
16264- CACCCACTAG GATACCAACA AACCTACCCA CCCTT
16304- TACATAGTAC ATAAAGCCAT TTACCGTACA TAGC§TTA
16344- CAGTCAAATC CCTTCTCGTC CC -1636x%¢nd) &

Hypervariable Region IT (HVII) A@ \

73- ATGCACGCGA TAGCATTGCG GCT CCGGAGCAC
113- CCTATGTCGC AGTATCTGT GCCTCATCCT
153- ATTATTTATC GCACCTA CA A AC AGGCGAACAT

193- ACTTACTAAA GTGTGTTA T TAA THAATGC TTGTAGGACA
233- TAATAATAAC AATTGAATGT CACAGCC ACTTTCCACA
273- CAGACATCAT AACAAAAA CACCAAA CCCCCCCTCC
313- CCCGCTTCTG GCCACAGC TAAACAC- 340(end)

Human Mitochondrial DNA Revis C(J;@?dge Reference Sequence,

LOCUS NC_012920
DEFINITION Hom
ACCESSION N
VERSION
SOURCE

bp DNA circular PRI 30-APR-2010
s mitochondrion, complete genome.
0 AC_000021
712920.1 GI: 251831106
1tochondrion Homo sapiens (human)

ORGANISM Q Homo sapiens
Eukaryota&, a; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires;

Prlmatfs Norrhini; Catarrhini; Hominidae; Homo.
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Appendix D- Detailed CycSeq/3130xl Calculations

e

Example:
Cont, N

Vol, Num of . Mean 1,

Sample Quant | Linear \1]&01"11,*;;7]?;2]‘; Mi‘s]:l(’pl) HVI- \g:[,)];::l(;- VOI(’p]l))NA Com&e\ H,0
(uL) | Arrays HVII M)

(ng/4 ul) N
Amp. Neg 4 0 0 0 0 9.2 3.0 rL\C(}trol 7.8
‘10‘ th s

Sample 5 1 54 0 56 7.9 43 1/10™ dil. 6.5

Calculations for Amplification Negative:

1. A total of 4uL of the amplification negative was $otted for Kﬂ@ication. The quantification
value was below the limit of detection (nd) fo t samples a linear array was not run.
Therefore, the analyst enters 4 into the “\2@ t” ﬁe@ each into the "Num of Linear
Arrays”, “Col, Linear Array”, “Vol, Misa” ONC VI-HVII” fields.

2. The total remaining reaction volume i lated to L (50 pL starting volume minus 4 pl
used for quantification).

3. The amount of ExoSAP-IT requi ue’calcul Qcording to the following guideline: 1 pul of
ExoSAP-IT for every 5 puL of edp u@Thus, the current reaction volume is divided by
5 (46/5) and 9.2 is automatically§nput int§the)‘ExoSAP-IT” field.

4. The amount of template to add to the c&lehsequencing reaction is calculated. In this case, a quant
value of 0 instructs the program to e@ e maximum volume amount of 3 pL into the template
field. The system automaticaK%l rs “Control” into the comments field based on the nd
quantification value.

5. Finally, the amount of Wat&kulated based on the previously calculated sample volume to
make the total volume ﬂu:aj sufficient at 10.8 puL.. This DNA/water mixture is now ready to be
added to the cycle seq g reaction.

Calculations for Sampleq

1. In this exam % L of amplified sample was aliquotted for quantification. Also, 5.4 puL of the
sample w. for Linear Array analysis. The user also inputs 5 into the “Vol, Quant” field
along w4 volume of 5.4 (uL) used for the Linear Array analysis into the “Vol, Linear Array”

\/ iato the “Conc, Mean HVI-HVII” field. This field is based on the amount of sample DNA

ﬁel§ user inputs 0 into the “Vol, Misc” field. Finally, the user inputs the concentration

olume of 4 pL.
2. Ohe total reaction volume is calculated to be 39.6 uL, which is equal to the starting volume minus
5

pL for the quantification volume, 5.4 uL used for the Linear Array (50 - 5 - 5.4 =39.6).

3. The amount of ExoSAP-IT required is then determined as before. The calculation indicates that

the reaction requires 7.9 uL of ExoSAP-IT (39.6/5).

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

APPENDIX D
DETAILED CYCSEQ/3130XL CALCULATIONS

DATE EFFECTIVE APPROVED BY PAGE
07-16-2012 MITOCHONDRIAL DNA TECHNICAL LEADER 122 OF 122

4. In calculating the amount of template required for the cycle sequencing reaction, the system firs
determines the new concentration of the DNA sample after addition of ExoSAP-IT by tl%
dividing the original concentration [(56 ng/4 uL)(39.6 uL)] by the new volume (47.5 ul). e
new concentration (11.67 ng/ uL) is then used to calculate the volume of sample needed Wa
5 ng of sample DNA [(5 ng)/(11.67 ng/ pL) = 0.428 uL]. If the final volume is les nNSLL,
the system will indicate that a dilution is necessary in the “Comment” filed. In thi ei\a e, the

calculation indicates that 4.3 ul of a 1/10 sample dilution is required. }

5. As before, the system indicates the amount of water necessary to yield a total fm
sample volume for the next step of cycle sequencing. %\

uL of

Revigs iSpory:
, 2010 — Initial version of procedure.
FeMliary 28, 2011 — Step 1 under “calculations for sample” modified.

July 16, 2012 — Minor revisions in content to generalize terminology for LIMS.
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