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Equivalent 
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Catalog Title: Forensic DNA Analysis Laboratory 
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No

Credits: 1

Schedule Type: Laboratory
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Repeatable: May only be taken once for credit (NR)

Default Grade 
Mode:

Undergraduate Regular

Recommended 
Prerequisite(s):

FRSC 460 is required as a prerequisite or can be taken concurrently

Recommended 
Corequisite(s):

FRSC 460

Required 
Prerequisite(s) / 
Corequisite(s) 
(Updates only):

FRSC 200 Prerequisite
FRSC 201 Prerequisite
BIOL 213 Prerequisite
BIOL 311 Prerequisite

Registration 
Restrictions 
(Updates only):

Registrar's Office Use Only - Registration Restrictions:

Field(s) of Study:

Class(es):

Level(s):

Degree(s):

School(s):

Catalog 
Description:

This laboratory course will present the most common serological and DNA laboratory techniques 
associated with forensic casework as taught in the lecture section of the Forensic DNA Analysis course. 
Students will have hands-on experience with basic forensic DNA procedures including the examination and 

Registrar's Office Use Only - Required Prerequisite(s)/Corequisite(s):

And/Or ( Course/Test 
Code

Min 
Grade/Score

Academic 
Level

) Concurrency?



identification of bodily fluid stains, DNA extraction, quantitation, PCR amplification, genotyping, and 
interpretation.

Justification:
The GMU Forensic Science Undergraduate Program has lacked laboratory courses due to lack of laboratory 
facilities, therefore with the newly acquired shared DNA laboratory our program can now incorporate 
laboratory techniques in the curriculum as it relates to Forensic DNA analysis. FRSC 461 Forensic DNA 
Analysis Laboratory will be a one credit laboratory course which will act as a corequisite and complement 
the lecture course (FRSC 460 Forensic DNA Analysis). This course will also assist in obtaining the FEPAC 
accreditation which requires laboratory components within the forensic science curriculum. This course will 
be a major requirement for all forensic science majors. 

Does this course cover material which 
crosses into another department?

No

Attach Syllabus
FRSC 461 Syllabus-FA19.pdf

Additional 
Attachments

Staffing:
Kelly Knight

Relationship to 
Existing Programs:

FRSC 461 Forensic DNA Analysis Laboratory will be a required course for the B.S. in Forensic Science 
curriculum under the major requirements. There are no other GMU Programs that offer an undergraduate 
Forensic DNA Laboratory.

Relationship to 
Existing Courses:

FRSC 461 Forensic DNA Analysis Laboratory will be a co-requisite to the lecture course FRSC 460 Forensic 
DNA Analysis. 

Additional 
Comments:

Reviewer 
Comments

Key: 16014

Learning Outcomes:
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'�KZ'��D�^KE�hE/s�Z^/dz
&KZ�E^/���E���E�>z^/^�>��KZ�dKZz Ͳ &Z^��ϰϲϭ

&Ăůů ϮϬϭϵ
�ǆƉůŽƌĂƚŽƌǇ�,Ăůů�>ϱϬϮ

/ŶƐƚƌƵĐƚŽƌ͗ WƌŽĨĞƐƐŽƌ�<ĞůůǇ�<ŶŝŐŚƚ͕��ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ�ŽĨ�&ŽƌĞŶƐŝĐ�^ĐŝĞŶĐĞ�
KĨĨŝĐĞ͗ �ǆƉůŽƌĂƚŽƌǇ�,Ăůů�ZŽŽŵ�ϯϰϮϬ ;ŽĨĨŝĐĞ�ŚŽƵƌƐ�ďǇ�ĂƉƉŽŝŶƚŵĞŶƚͿ
�ŵĂŝů͗ ŬŬŶŝŐŚƚϲΛŐŵƵ͘ĞĚƵ ;ƉƌĞĨĞƌƌĞĚ�ŵĞƚŚŽĚ�ŽĨ�ĐŽŶƚĂĐƚͿ
WŚŽŶĞ�η͗ ϳϬϯͲϵϵϯͲϱϰϳϴ ;ŽĨĨŝĐĞͿ
dĞǆƚ͗ &ƵŶĚĂŵĞŶƚĂůƐ�ŽĨ�&ŽƌĞŶƐŝĐ��E��dǇƉŝŶŐ�;ϮϬϬϵͿ�ďǇ�:ŽŚŶ��ƵƚůĞƌ�;ƌĞƋƵŝƌĞĚͿ

�ŽƵƌƐĞ��ĞƐĐƌŝƉƚŝŽŶ͗� dŚŝƐ�ůĂďŽƌĂƚŽƌǇ�ĐŽƵƌƐĞ�ǁŝůů�ƉƌĞƐĞŶƚ�ƚŚĞ�ŵŽƐƚ�ĐŽŵŵŽŶ�ƐĞƌŽůŽŐŝĐĂů�ĂŶĚ��E��ůĂďŽƌĂƚŽƌǇ�ƚĞĐŚŶŝƋƵĞƐ�
ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĨŽƌĞŶƐŝĐ�ĐĂƐĞǁŽƌŬ�ĂƐ�ƚĂƵŐŚƚ�ŝŶ�ƚŚĞ�ůĞĐƚƵƌĞ�ƐĞĐƚŝŽŶ�ŽĨ�ƚŚĞ�&ŽƌĞŶƐŝĐ��E���ŶĂůǇƐŝƐ�ĐŽƵƌƐĞ͘�
^ƚƵĚĞŶƚƐ�ǁŝůů�ŚĂǀĞ�ŚĂŶĚƐͲŽŶ�ĞǆƉĞƌŝĞŶĐĞ�ǁŝƚŚ�ďĂƐŝĐ�ĨŽƌĞŶƐŝĐ��E��ƉƌŽĐĞĚƵƌĞƐ�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ĞǆĂŵŝŶĂƚŝŽŶ�ĂŶĚ�
ŝĚĞŶƚŝĨŝĐĂƚŝŽŶ�ŽĨ�ďŽĚŝůǇ�ĨůƵŝĚ�ƐƚĂŝŶƐ͕��E��ĞǆƚƌĂĐƚŝŽŶ͕�ƋƵĂŶƚŝƚĂƚŝŽŶ͕�W�Z�ĂŵƉůŝĨŝĐĂƚŝŽŶ͕�ŐĞŶŽƚǇƉŝŶŐ͕�ĂŶĚ�ŝŶƚĞƌƉƌĞƚĂƚŝŽŶ͘ dŚĞ�
ƐĐŚĞĚƵůĞ�ŝƐ�ƐƵďũĞĐƚ�ƚŽ�ĐŚĂŶŐĞ�ďĂƐĞĚ�ŽŶ�ƉƌŽŐƌĞƐƐ͘��dŚĞ�ŝŶƐƚƌƵĐƚŽƌ�ǁŝůů�ĐŽŵŵƵŶŝĐĂƚĞ�ǁŝƚŚ�ƐƚƵĚĞŶƚƐ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�
ƐĞŵĞƐƚĞƌ�ǀŝĂ ĞŵĂŝů͖�ĞǀĞƌǇ�ƐƚƵĚĞŶƚ�ŵƵƐƚ�ĐŚĞĐŬ�ƚŚĞŝƌ�'Dh�ĞŵĂŝů�ĨƌĞƋƵĞŶƚůǇ͘

�ŽƵƌƐĞ��ŽƌĞƋƵŝƐŝƚĞ͗ &Z^��ϰϲϬ

�ŽƵƌƐĞ�KďũĞĐƚŝǀĞƐ͗
¾ �ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ďĂƐŝĐ�ďŝŽůŽŐŝĐĂů�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ůĂďŽƌĂƚŽƌǇ�ƐŬŝůůƐ͕�ŝŶĐůƵĚŝŶŐ�ƉƌŽĨŝĐŝĞŶƚ�ƵƐĞ�ŽĨ�ĂůƚĞƌŶĂƚĞ�

ůŝŐŚƚ�ƐŽƵƌĐĞƐ͕�ŵŝĐƌŽƉŝƉĞƚƚĞƐ͕�ĐĞŶƚƌŝĨƵŐĞƐ͕�ŵŝĐƌŽƐĐŽƉĞƐ͕�ƚŚĞƌŵĂů�ĐǇĐůĞƌƐ͕�ĂŶĚ�ĐĂƉŝůůĂƌǇ�ĞůĞĐƚƌŽƉŚŽƌĞƐŝƐ͘
¾ �ďŝůŝƚǇ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ĂŶĚ�ƉĞƌĨŽƌŵ�ĨŽƌĞŶƐŝĐ�ƐĞƌŽůŽŐŝĐĂů�ĂŶĚ��E��ĂŶĂůǇƐŝƐ�ƉƌŽĐĞĚƵƌĞƐ͕�ĚƌĂǁ�ůŽŐŝĐĂů�

ĐŽŶĐůƵƐŝŽŶƐ�ďĂƐĞĚ�ŽŶ�ĚĂƚĂ�ŽďƚĂŝŶĞĚ͕�ĂŶĚ�ƉƌĞƐĞŶƚ�ŝŶĨŽƌŵĂƚŝŽŶ�ŝŶ�Ă�ƐĐŝĞŶƚŝĨŝĐ�ĨŽƌŵĂƚ͘
¾ �Ŷ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ĞǀŝĚĞŶĐĞ�ŚĂŶĚůŝŶŐ�ĂŶĚ�ƋƵĂůŝƚǇ�ĐŽŶƚƌŽů�ŵĞĂƐƵƌĞƐ͘�

DŝƐƐĞĚ��ůĂƐƐĞƐ͗���ƚƚĞŶĚĂŶĐĞ�ŝƐ�D�E��dKZz�Ăƚ�Ăůů�ĐůĂƐƐ�ŵĞĞƚŝŶŐƐ͘����ŵŝƐƐĞĚ�ůĂď�ĐŽƵůĚ�ĂĨĨĞĐƚ�Ăůů�ĨƵƚƵƌĞ�ůĂďƐ͕�ĂƐ�ƐŽŵĞ�ŽĨ�
ƚŚĞ�ĞǆĞƌĐŝƐĞƐ�ĂƌĞ�ĐƵŵƵůĂƚŝǀĞ͘���ǆĐƵƐĞĚ�ĂďƐĞŶĐĞƐ�ǁŝůů�ŽŶůǇ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ�ǁŚĞŶͬŝĨ�ƉƌŽƉĞƌ�ĚŽĐƵŵĞŶƚĂƚŝŽŶ�ŽĨ�ƚŚĞ�ĂďƐĞŶĐĞ�ŝƐ�
ƉƌŽǀŝĚĞĚ͘��DĂŬĞͲƵƉ�ůĂďƐ�ĨŽƌ�ĞǆĐƵƐĞĚ�ĂďƐĞŶĐĞƐ�ǁŝůů�ďĞ�Ăƚ�ƚŚĞ�ĚŝƐĐƌĞƚŝŽŶ�ĂŶĚ�ĂǀĂŝůĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ŝŶƐƚƌƵĐƚŽƌ͘

ZĞƋƵŝƌĞĚ�DĂƚĞƌŝĂůƐ͗
x >ĂďŽƌĂƚŽƌǇ�ĐŽĂƚƐ͕�ƐĂĨĞƚǇ�ŐŽŐŐůĞƐ͕�Ă�ŶŽŶͲƉƌŽŐƌĂŵŵĂďůĞ�ĐĂůĐƵůĂƚŽƌ͕�ĂŶĚ�ĐůŽƐĞĚͲƚŽĞĚ�ƐŚŽĞƐ�ĂƌĞ�ƌĞƋƵŝƌĞĚ͘
x dŚƌĞĞͲƌŝŶŐ�ďŝŶĚĞƌ�ǁŝƚŚ�Ăƚ�ůĞĂƐƚ�ϭϮ�ŝŶĚĞǆ�ĚŝǀŝĚĞƌƐ�
x &Žƌ�ƚŚĞ�ĚĂƚĂ�ŝŶƚĞƌƉƌĞƚĂƚŝŽŶ�ƐĞĐƚŝŽŶ͕�ŝƚ�ŝƐ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŚĂƚ�ǇŽƵ�ďƌŝŶŐ�Ă�ůĂƉƚŽƉ�ĐŽŵƉƵƚĞƌ�ďƵƚ�ŝƚ�ŝƐ�ŶŽƚ�

ƌĞƋƵŝƌĞĚ͘

'ƌĂĚŝŶŐ Θ��ǆĂŵ͗ WƌĞͲůĂď�ƋƵŝǌǌĞƐ͕�ǇŽƵƌ�ĐĂƐĞ�ĨŝůĞ�ĂŶĚ�ƌĞƉŽƌƚ͕�ĂŶĚ�ĨŝŶĂů�ĞǆĂŵ͕�ǁŝůů�ĚĞƚĞƌŵŝŶĞ�ǇŽƵƌ�ŐƌĂĚĞ�ŝŶ�ƚŚŝƐ�ĐŽƵƌƐĞ͘�
dŚĞƌĞ�ǁŝůů�ďĞ�ŶŽ�ŵĂŬĞͲƵƉ�ƋƵŝǌǌĞƐ�Žƌ�ĞǆĂŵƐ�ƵŶůĞƐƐ�ƚŚĞ�ƐƚƵĚĞŶƚ�ŚĂƐ�ĂŶ�ĞǆĐƵƐĞĚ�ĂďƐĞŶĐĞ�ǁŝƚŚ�ƉƌŽƉĞƌ�ĚŽĐƵŵĞŶƚĂƚŝŽŶ͘

x WƌĞͲůĂď�ƋƵŝǌǌĞƐ͗ �ĂĐŚ�ǁĞĞŬ͕�Ă�ƉƌĞͲůĂď�ƋƵŝǌ�ǁŝůů�ďĞ�ƉŽƐƚĞĚ�ŝŶ��ůĂĐŬďŽĂƌĚ ƚŚĂƚ�ǁŝůů�ĂƐƐĞƐƐ�ǁŚĞƚŚĞƌ�ǇŽƵ�ŚĂǀĞ�ƌĞĂĚ�
ĂŶĚ ƵŶĚĞƌƐƚŽŽĚ�ŬĞǇ�ƉŽŝŶƚƐ�ŝŶ�ƚŚĞ�ůĂďŽƌĂƚŽƌǇ�ƉƌŽĐĞĚƵƌĞ�ĐŽŶĐĞƌŶŝŶŐ�ƐĞƚƵƉ͕�ŚĂŶĚůŝŶŐ�ŽĨ�ĐŚĞŵŝĐĂůƐ ĂŶĚ�ǁĂƐƚĞ͕�
ƐĂĨĞƚǇ͕�ĞƚĐ͘�dŚĞƐĞ�ƋƵŝǌǌĞƐ�ĂƌĞ�ĚƵĞ�ďĞĨŽƌĞ�ƚŚĞ�ůĂď�ƉĞƌŝŽĚ�ďĞŐŝŶƐ͘
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x >ĂďŽƌĂƚŽƌǇ�EŽƚĞďŽŽŬ͗ �ůů�ƐƚƵĚĞŶƚƐ�ŵƵƐƚ�ƉƵƌĐŚĂƐĞ�Ă�ϯͲƌŝŶŐ�ďŝŶĚĞƌ͘��DĂƚĞƌŝĂůƐ�ƉĞƌƚĂŝŶŝŶŐ�ƚŽ�ĞĂĐŚ�ůĂď�ƐĞƐƐŝŽŶ�
ƐŚŽƵůĚ�ďĞ�ƐƚŽƌĞĚ�ƚŽŐĞƚŚĞƌ�ŝŶĐůƵĚŝŶŐ�ůĂď�ƉƌŽƚŽĐŽůƐ͘��^ƉĞĐŝĨŝĐ�ŝŶƐƚƌƵĐƚŝŽŶƐ�ĂŶĚ�ƌĞƋƵŝƌĞŵĞŶƚƐ�ǁŝůů�ďĞ�ƉŽƐƚĞĚ�ŽŶ�
�ůĂĐŬďŽĂƌĚ͘

x �ĂƐĞ�ĨŝůĞ͗ zŽƵƌ�ĐĂƐĞ�ĨŝůĞ�ƐŚŽƵůĚ�ďĞ�Ă�ĐŽŵƉůĞƚĞ�ŶĂƌƌĂƚŝǀĞ�ŽĨ�ǇŽƵƌ�ǁŽƌŬ�ŽŶ�ƚŚĞ�ĐĂƐĞ͘��/ƚ�ƐŚŽƵůĚ�ĐŽŶƚĂŝŶ�Ăůů�ĐŚĂŝŶ�ŽĨ�
ĐƵƐƚŽĚǇ�ĚŽĐƵŵĞŶƚƐ͕�ĚŽĐƵŵĞŶƚĂƚŝŽŶ�ŽĨ�Ăůů�ĐŽŵŵƵŶŝĐĂƚŝŽŶƐ͕�ǇŽƵƌ�ĐĂƐĞ�ŶŽƚĞƐ͕�Ăůů�ĂŶĂůǇƐŝƐ�ǁŽƌŬƐŚĞĞƚƐ͕�ĂŶĚ�
ƐƚĂƚŝƐƚŝĐĂů�ĂŶĂůǇƐĞƐ͘��^ƉĞĐŝĨŝĐ�ŝŶƐƚƌƵĐƚŝŽŶƐ�ĂŶĚ�ƌĞƋƵŝƌĞŵĞŶƚƐ�ǁŝůů�ďĞ�ƉŽƐƚĞĚ�ŽŶ��ůĂĐŬďŽĂƌĚ͘

x >Ăď�ƌĞƉŽƌƚ͗ zŽƵ�ǁŝůů�ďĞ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ŐĞŶĞƌĂƚŝŶŐ�Ă�ĨŝŶĂů�ůĂďŽƌĂƚŽƌǇ�ƌĞƉŽƌƚ�ĨŽƌ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ�ǇŽƵƌ�ĐĂƐĞ͘���ĨƚĞƌ�
ĐŽŵƉůĞƚŝŶŐ�ƚŚĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ĐĂƐĞ͕�ǇŽƵ�ǁŝůů�ĐŽůůĂƚĞ�ǇŽƵƌ�ƌĞƐƵůƚƐ�ĂŶĚ�ĨŽƌŵ�ĐŽŶĐůƵƐŝŽŶƐ�ďĂƐĞĚ�ƵƉŽŶ�ƚŚĞ�ƉƌŽĨŝůĞƐ�
ŐĞŶĞƌĂƚĞĚ�ĨƌŽŵ�ƚŚĞ�ĞǀŝĚĞŶĐĞ͘��^ƉĞĐŝĨŝĐ�ŝŶƐƚƌƵĐƚŝŽŶƐ�ĂŶĚ�ƌĞƋƵŝƌĞŵĞŶƚƐ�ǁŝůů�ďĞ�ƉŽƐƚĞĚ�ŽŶ��ůĂĐŬďŽĂƌĚ͘

x &ŝŶĂů�ĞǆĂŵ͗ ��ĐĂůĐƵůĂƚŽƌ�ǁŝůů�ďĞ�ĂůůŽǁĞĚ�ĚƵƌŝŶŐ�ƚŚĞ�ĨŝŶĂů͘��zŽƵ�ŵĂǇ�ƵƐĞĚ�Ă�ƉƌŽŐƌĂŵŵĂďůĞ�ĐĂůĐƵůĂƚŽƌ�ƉƌŽĨŝĚĞĚ�ƚŚĞ�
ƐƚƵĚĞŶƚ�ĐĂŶ�ƐŚŽǁ�ƚŚĂƚ�ƚŚĞƌĞ�ĂƌĞ�ŶŽ�ƉƌŽŐƌĂŵƐ�ŽŶ�ƚŚĞ�ĐĂůĐƵůĂƚŽƌ͘��^ƚƵĚĞŶƚƐ�ĂƌƌŝǀŝŶŐ�ŵŽƌĞ�ƚŚĂŶ�ϭϬ�ŵŝŶƵƚĞƐ�ůĂƚĞ�ƚŽ�
ĂŶ�ĞǆĂŵ�ǁŝůů�ŶŽƚ�ďĞ�ƉĞƌŵŝƚƚĞĚ�ŝŶ�ƚŚĞ�ĐůĂƐƐƌŽŽŵ ĂŶĚ�ǁŝůů�ŶŽƚ�ďĞ�ĂůůŽǁĞĚ�ƚŽ�ƚĂŬĞ�ƚŚĞ�ĞǆĂŵ͘��KŶĐĞ�ƚŚĞ ĞǆĂŵ�ŚĂƐ�
ƐƚĂƌƚĞĚ͕�ǇŽƵ�ĂƌĞ�ŶŽƚ�ƉĞƌŵŝƚƚĞĚ�ƚŽ�ůĞĂǀĞ�ƚŚĞ�ƌŽŽŵ�ƵŶƚŝů�ǇŽƵ�ŚĂǀĞ�ƚƵƌŶĞĚ�ŝŶ�ǇŽƵƌ�ĞǆĂŵ�ƐŽ�ƉůĞĂƐĞ�ďĞ�ƐƵƌĞ�ƚŽ�ƵƐĞ�
ƚŚĞ�ƌĞƐƚƌŽŽŵ�ďĞĨŽƌĞ�ĐůĂƐƐ͘

�ŽƵƌƐĞ��ǀĂůƵĂƚŝŽŶ͗��

x WƌĞͲ>Ăď�YƵŝǌǌĞƐ�;ϭϬйͿ
x >ĂďŽƌĂƚŽƌǇ�EŽƚĞďŽŽŬ�;ϭϱйͿ
x �ĂƐĞ�&ŝůĞ ;ϮϱйͿ

x >Ăď�ƌĞƉŽƌƚ ;ϮϱйͿ
x &ŝŶĂů��ǆĂŵ ;ϮϱйͿ

ϭϬϬ�����������н ϴϳͲϴϵ������н� ϳϳͲϳϵ������н ϲϬͲϲϵ������
ϵϱͲϵϵ�������� ϴϯͲϴϲ������ ϳϯͲϳϲ������ ϬͲϱϵ�������&
ϵϬͲϵϰ��������Ͳ ϴϬͲϴϮ������Ͳ ϳϬͲϳϮ������Ͳ

>ĂƚĞͬDĂŬĞƵƉ�WŽůŝĐǇ͗

DĂŬĞƵƉ�ƉĂƌƚŝĐŝƉĂƚŝŽŶ�ƉŽŝŶƚƐ�ǁŝůů�ŶŽƚ�ďĞ�ŐŝǀĞŶ͘��/Ĩ�ǇŽƵ�ĂƌĞ�ĞǆƉĞƌŝĞŶĐŝŶŐ�ĞǆƚƌĞŵĞ�ĐŝƌĐƵŵƐƚĂŶĐĞƐ�ƚŚĂƚ�ǁŝůů�ƉƌĞǀĞŶƚ�ǇŽƵ�ĨƌŽŵ�
ƚƵƌŶŝŶŐ�ŝŶ�ĂŶ�ĂƐƐŝŐŶŵĞŶƚ�ŽŶ�ƚŝŵĞ͕�ǇŽƵ�ŵƵƐƚ�ŶŽƚŝĨǇ�ƚŚĞ�WƌŽĨĞƐƐŽƌ�ĂƐ�ƐŽŽŶ�ĂƐ�ƉŽƐƐŝďůĞ͘��&Žƌ�Ă�ůĂƚĞ�ƐƵďŵŝƐƐŝŽŶ�ƚŽ�ďĞ�
ĂƉƉƌŽǀĞĚ�ǁŝƚŚŽƵƚ�ƉĞŶĂůƚǇ͕�ĚŽĐƵŵĞŶƚĂƚŝŽŶ�ŵƵƐƚ�ďĞ�ƉƌŽǀŝĚĞĚ�ƚŽ�ƚŚĞ�WƌŽĨĞƐƐŽƌ�;ŝ͘Ğ͘�ĚŽĐƚŽƌ͛Ɛ�ŶŽƚĞͿ͘��&Žƌ�ůĂƚĞ�ƐƵďŵŝƐƐŝŽŶƐ�
ƚŚĂƚ�ŚĂǀĞ�ŶŽƚ�ďĞĞŶ�ĂƉƉƌŽǀĞĚ͕�ƚĞŶ�ƉĞƌĐĞŶƚ�ǁŝůů�ďĞ�ĚĞĚƵĐƚĞĚ�ĞĂĐŚ�ĚĂǇ�ĂŶ�ĂƐƐŝŐŶŵĞŶƚ�ŝƐ�ƚƵƌŶĞĚ�ŝŶ�ůĂƚĞ͘���ƐƐŝŐŶŵĞŶƚƐ
ƌĞĐĞŝǀĞĚ�ŵŽƌĞ�ƚŚĂŶ�ϱ�ĚĂǇƐ�ĂĨƚĞƌ�ƚŚĞ�ĚƵĞ�ĚĂƚĞ�ǁŝůů�ŶŽƚ�ďĞ�ĂĐĐĞƉƚĞĚ͘
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hE/s�Z^/dz�Z�^KhZ��^

'Dh�,ŽŶŽƌ��ŽĚĞ͗
^ƚĂŶĚĂƌĚƐ�ŽĨ�ĂĐĂĚĞŵŝĐ�ŝŶƚĞŐƌŝƚǇ�ĂƐ�ƐĞƚ�ĨŽƌƚŚ�ďǇ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ĂƌĞ�ƐƚƌŝĐƚůǇ�ŽďƐĞƌǀĞĚ�ĂŶĚ�ƌŝŐŽƌŽƵƐůǇ�ĞŶĨŽƌĐĞĚ�ŝŶ�ƚŚŝƐ�ĐůĂƐƐ͘�
dŚĞ�ĐŽŵƉůĞƚĞ�,ŽŶŽƌ��ŽĚĞ�ŝƐ�ĂƐ�ĨŽůůŽǁƐ͗�dŽ�ƉƌŽŵŽƚĞ�Ă�ƐƚƌŽŶŐĞƌ�ƐĞŶƐĞ�ŽĨ�ŵƵƚƵĂů�ƌĞƐƉŽŶƐŝďŝůŝƚǇ͕�ƌĞƐƉĞĐƚ͕�ƚƌƵƐƚ͕�ĂŶĚ�ĨĂŝƌŶĞƐƐ�
ĂŵŽŶŐ�Ăůů�ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�'ĞŽƌŐĞ�DĂƐŽŶ�hŶŝǀĞƌƐŝƚǇ�ĐŽŵŵƵŶŝƚǇ�ĂŶĚ�ǁŝƚŚ�ƚŚĞ�ĚĞƐŝƌĞ�ĨŽƌ�ŐƌĞĂƚĞƌ�ĂĐĂĚĞŵŝĐ�ĂŶĚ�ƉĞƌƐŽŶĂů�
ĂĐŚŝĞǀĞŵĞŶƚ͕�ǁĞ͕�ƚŚĞ�ƐƚƵĚĞŶƚ�ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�ƵŶŝǀĞƌƐŝƚǇ�ĐŽŵŵƵŶŝƚǇ͕�ŚĂǀĞ�ƐĞƚ�ĨŽƌƚŚ�ƚŚŝƐ�ŚŽŶŽƌ�ĐŽĚĞ͗ ^ƚƵĚĞŶƚ�ŵĞŵďĞƌƐ�ŽĨ�
ƚŚĞ�'ĞŽƌŐĞ�DĂƐŽŶ�hŶŝǀĞƌƐŝƚǇ�ĐŽŵŵƵŶŝƚǇ�ƉůĞĚŐĞ�ŶŽƚ�ƚŽ�ĐŚĞĂƚ͕�ƉůĂŐŝĂƌŝǌĞ͕�ƐƚĞĂů͕�Žƌ�ůŝĞ�ŝŶ�ŵĂƚƚĞƌƐ�ƌĞůĂƚĞĚ�ƚŽ�ĂĐĂĚĞŵŝĐ�
ǁŽƌŬ͘

'Dh��ŵĂŝů͗ ŚƚƚƉ͗ͬͬŵĂƐŽŶůŝǀĞ͘ŐŵƵ͘ĞĚƵ
�ĂĐŚ�ƐƚƵĚĞŶƚ�ŝƐ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ĂĐƚŝǀĂƚŝŶŐ�ƚŚĞŝƌ�'Dh�ĞŵĂŝů�ĂĐĐŽƵŶƚ�ĂŶĚ�ĐŚĞĐŬŝŶŐ�ƚŚĞŝƌ�ĂĐĐŽƵŶƚ ŽŶ�Ă�ƌĞŐƵůĂƌ�ďĂƐŝƐ�ĨŽƌ�
hŶŝǀĞƌƐŝƚǇ�ĂŶĚ�ĐůĂƐƐ�ĂŶŶŽƵŶĐĞŵĞŶƚƐ͘��

'Dh�WŽůŝĐĞ�WŽůŝĐǇ͗ ϳϬϯͲϵϵϯͲϮϴϭϬ
/Ĩ�ǇŽƵ�ĂƌĞ�ĐƵƌƌĞŶƚůǇ�ĞŵƉůŽǇĞĚ�ǁŝƚŚ�Ă�ůĂǁ�ĞŶĨŽƌĐĞŵĞŶƚ�ĂŐĞŶĐǇ�ĂƐ�Ă�ƐǁŽƌŶ�ŽĨĨŝĐĞƌ�ĂŶĚ�ǁŽƵůĚ�ůŝŬĞ�ƚŽ�ĐĂƌƌǇ�Ă�ĨŝƌĞĂƌŵ�ŽŶ�
ĐĂŵƉƵƐ�ĂŶĚ�ŝŶƚŽ�ĐůĂƐƐ͕�ǇŽƵ�ŵƵƐƚ�ĐŽŶƚĂĐƚ�'Dh�WŽůŝĐĞ��ĞƉĂƌƚŵĞŶƚ�ĂƐ�Ă�ĐŽƵƌƚĞƐǇ͘��

'Dh�^ƚƵĚĞŶƚƐ�ǁŝƚŚ��ŝƐĂďŝůŝƚŝĞƐ͗ ŚƚƚƉ͗ͬͬŽĚƐ͘ŐŵƵ͘ĞĚƵ
/Ĩ�ǇŽƵ�ĂƌĞ�Ă�ƐƚƵĚĞŶƚ�ǁŝƚŚ�Ă�ĚŝƐĂďŝůŝƚǇ�ĂŶĚ�ǇŽƵ�ŶĞĞĚ�ĂĐĂĚĞŵŝĐ�ĂĐĐŽŵŵŽĚĂƚŝŽŶƐ͕�ƉůĞĂƐĞ�ƐĞĞ�ŵĞ�ĂŶĚ�ĐŽŶƚĂĐƚ�ƚŚĞ�KĨĨŝĐĞ�ŽĨ�
�ŝƐĂďŝůŝƚǇ�ZĞƐŽƵƌĐĞƐ�Ăƚ�ϳϬϯͲϵϵϯͲϮϰϳϰ͘���ůů�ĂĐĂĚĞŵŝĐ�ĂĐĐŽŵŵŽĚĂƚŝŽŶƐ�ŵƵƐƚ�ďĞ�ĂƌƌĂŶŐĞĚ ƚŚƌŽƵŐŚ�ƚŚĂƚ�ŽĨĨŝĐĞ͖�ǇŽƵƌ�
ŝŶƐƚƌƵĐƚŽƌ�ŝƐ�ŶŽƚ�ŽďůŝŐĂƚĞĚ�ƚŽ�ŵĂŬĞ�ĂĐĐŽŵŵŽĚĂƚŝŽŶƐ ǁŝƚŚŽƵƚ�ĚŽĐƵŵĞŶƚĂƚŝŽŶ�ĨƌŽŵ�K�^͘

tƌŝƚŝŶŐ��ĞŶƚĞƌ͗���ŚƚƚƉ͗ͬͬǁƌŝƚŝŶŐĐĞŶƚĞƌ͘ŐŵƵ͘ĞĚƵ
&Žƌ�ŐĞŶĞƌĂů�ƋƵĞƐƚŝŽŶƐ�ĂŶĚ�ĐŽŵŵĞŶƚƐ�ƉůĞĂƐĞ�ĐŽŶƚĂĐƚ�ǁĐĞŶƚĞƌΛŐŵƵ͘ĞĚƵ Žƌ�ĐĂůů͗
ϳϬϯͲϵϵϯͲϭϮϬϬ�;ZŽďŝŶƐŽŶ�,Ăůů��ϭϭϰ͕�&ĂŝƌĨĂǆ��ĂŵƉƵƐͿ
ϳϬϯͲϵϵϯͲϭϴϮϰ�;�ŶƚĞƌƉƌŝƐĞ�,Ăůů�Ϭϳϲ͕�&ĂŝƌĨĂǆ��ĂŵƉƵƐͿ
ϳϬϯͲϵϵϯͲϰϰϵϭ�;�ƌůŝŶŐƚŽŶ��ĂŵƉƵƐͿ
ϳϬϯͲϵϵϯͲϴϰϱϭ�;WƌŝŶĐĞ�tŝůůŝĂŵ��ĂŵƉƵƐͿ
�ůů�ĂƉƉŽŝŶƚŵĞŶƚƐ�ĂƌĞ�ŵĂĚĞ�ƚŚƌŽƵŐŚ�ƚŚĞ�ŽŶůŝŶĞ�ƐĐŚĞĚƵůŝŶŐ�ƐǇƐƚĞŵ�ƐŽ�ƉůĞĂƐĞ�ĚŽ�ŶŽƚ ĞŵĂŝů�Žƌ�ĐĂůů�ƚŽ�ƐĐŚĞĚƵůĞ�
ĂƉƉŽŝŶƚŵĞŶƚƐ͘�/Ĩ�ǇŽƵ�ǁŽƵůĚ�ůŝŬĞ�ƚŽ�ĐĂŶĐĞů�ĂŶ�ĂƉƉŽŝŶƚŵĞŶƚ�ǇŽƵ�ŵĂǇ�ĚŽ�ƐŽ�ǀŝĂ�ƚŚĞ�ŽŶůŝŶĞ�ƐĐŚĞĚƵůĞƌ͕�ƐŝŵƉůǇ�ƐĞůĞĐƚ�ǇŽƵƌ�
ĂƉƉŽŝŶƚŵĞŶƚ�ĂŶĚ�ĐůŝĐŬ�ƚŚĞ�Η�ĂŶĐĞů�ĂƉƉŽŝŶƚŵĞŶƚΗ�ďŽǆ�Ăƚ�ƚŚĞ�ďŽƚƚŽŵ�ŽĨ�ƚŚĞ�ƌĞƐĞƌǀĂƚŝŽŶ�ĨŽƌŵ�ĂŶĚ�ƚŚĞŶ�ΗƐĂǀĞ͘

hŶŝǀĞƌƐŝƚǇ�>ŝďƌĂƌŝĞƐ͗ ͞�ƐŬ�Ă�>ŝďƌĂƌŝĂŶ͟�ŚƚƚƉ͗ͬͬůŝďƌĂƌǇ͘ŐŵƵ͘ĞĚƵͬŵƵĚŐĞͬ/Dͬ/DZĞĨ͘Śƚŵů
DĂƌŐĂƌĞƚ�>Ăŵ͕�WŚǇƐŝĐĂů ^ĐŝĞŶĐĞƐ >ŝĂŝƐŽŶ�>ŝďƌĂƌŝĂŶ͖�ŚƚƚƉ͗ͬͬŝŶĨŽŐƵŝĚĞƐ͘ŐŵƵ͘ĞĚƵͬĨŽƌĞŶƐŝĐƐ
&ĞŶǁŝĐŬ�>ŝďƌĂƌǇ͕��Ϯϰϰ͕�ϳϬϯͲϵϵϯͲϮϮϭϮ͕�ŵůĂŵϯΛŐŵƵ͘ĞĚƵ

�ŽƵŶƐĞůŝŶŐ�ĂŶĚ�WƐǇĐŚŽůŽŐǇ�^ĞƌǀŝĐĞƐ�;��W^Ϳ͗ ;ϳϬϯͿ�ϵϵϯͲϮϯϴϬ͖�ŚƚƚƉ͗ͬͬĐĂƉƐ͘ŐŵƵ͘ĞĚƵ

hŶŝǀĞƌƐŝƚǇ�WŽůŝĐŝĞƐ͗
dŚĞ�hŶŝǀĞƌƐŝƚǇ��ĂƚĂůŽŐ͕�ŚƚƚƉ͗ͬͬĐĂƚĂůŽŐ͘ŐŵƵ͘ĞĚƵ͕�ŝƐ�ƚŚĞ�ĐĞŶƚƌĂů�ƌĞƐŽƵƌĐĞ�ĨŽƌ�ƵŶŝǀĞƌƐŝƚǇ�ƉŽůŝĐŝĞƐ�ĂĨĨĞĐƚŝŶŐ�ƐƚƵĚĞŶƚ͕�ĨĂĐƵůƚǇ͕�
ĂŶĚ�ƐƚĂĨĨ�ĐŽŶĚƵĐƚ�ŝŶ�ƵŶŝǀĞƌƐŝƚǇ�ĂĐĂĚĞŵŝĐ�ĂĨĨĂŝƌƐ͘�KƚŚĞƌ�ƉŽůŝĐŝĞƐ�ĂƌĞ�ĂǀĂŝůĂďůĞ�Ăƚ�ŚƚƚƉ͗ͬͬƵŶŝǀĞƌƐŝƚǇƉŽůŝĐǇ͘ŐŵƵ͘ĞĚƵͬ͘��ůů�
ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�ƵŶŝǀĞƌƐŝƚǇ�ĐŽŵŵƵŶŝƚǇ�ĂƌĞ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ŬŶŽǁŝŶŐ�ĂŶĚ�ĨŽůůŽǁŝŶŐ�ĞƐƚĂďůŝƐŚĞĚ�ƉŽůŝĐŝĞƐ͘
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'�KZ'��D�^KE�hE/s�Z^/dzͲ&KZ�E^/���E���E�>z^/^�>��KZ�dKZz ʹ &Z^��ϰϲϭ

tĞĞŬ dŽƉŝĐ �ƵĞ

ϭ >���^�&�dz

Ϯ
ZĞǀŝĞǁ�ŽĨ��ƋƵŝƉŵĞŶƚ�hƐĞ�Θ��ĂůĐƵůĂƚŝŽŶƐ͕�^ĞǆƵĂů��ƐƐĂƵůƚ�<ŝƚƐ͕�
ĂŶĚ��ǀŝĚĞŶĐĞ�ZĞĐĞŝǀŝŶŐ

WƌĞͲ>Ăď�YƵŝǌ�ϭ

ϯ �ǀŝĚĞŶĐĞ�WƌŽĐĞƐƐŝŶŐ͕��ůƚĞƌŶĂƚĞ�>ŝŐŚƚ�^ŽƵƌĐĞƐ͕�^ĞƌŽůŽŐǇ�dĞƐƚŝŶŐ�
ĨŽƌ��ůŽŽĚ

WƌĞͲ>Ăď�YƵŝǌ�Ϯ

ϰ ^ĞƌŽůŽŐǇ�dĞƐƚŝŶŐ�ĨŽƌ�^ĞŵŝŶĂů�&ůƵŝĚ
WƌĞͲ>Ăď�YƵŝǌ�ϯ

ϱ ^ĞƌŽůŽŐǇ�dĞƐƚŝŶŐ�ĨŽƌ�^ĂůŝǀĂ͕�hƌŝŶĞ͕�ĂŶĚ�&ĞĐĞƐ
WƌĞͲ>Ăď�YƵŝǌ�ϰ

ϲ �E��^ĂŵƉůĞ�WƌĞƉĂƌĂƚŝŽŶ WƌĞͲ>Ăď�YƵŝǌ�ϱ

ϳ �E���ǆƚƌĂĐƚŝŽŶ
WƌĞͲ>Ăď�YƵŝǌ�ϲ

ϴ �E��YƵĂŶƚŝƚĂƚŝŽŶ
WƌĞͲ>Ăď�YƵŝǌ�ϳ

ϵ W�Z͗��DƵůƚŝƉůĞǆ��ŵƉůŝĨŝĐĂƚŝŽŶ�ŽĨ�^dZ�>ŽĐŝ WƌĞͲ>Ăď�YƵŝǌ�ϴ

ϭϬ ^dZ�'ĞŶŽƚǇƉŝŶŐ�ďǇ��ĂƉŝůůĂƌǇ��ůĞĐƚƌŽƉŚŽƌĞƐŝƐ
WƌĞͲ>Ăď�YƵŝǌ�ϵ

ϭϭ ^dZ��ĂƚĂ��ŶĂůǇƐŝƐ ĂŶĚ�/ŶƚĞƌƉƌĞƚĂƚŝŽŶ
WƌĞͲ>Ăď�YƵŝǌ�ϭϬ

ϭϮ �E��^ƚĂƚŝƐƚŝĐƐ
WƌĞͲ>Ăď�YƵŝǌ�ϭϭ

ϭϯ EK��>�^^Ͳd,�E<^'/s/E'

ϭϰ &ŝŶĂů��ĂƐĞ�WƌĞƉĂƌĂƚŝŽŶ�ĂŶĚ�ZĞǀŝĞǁ

ϭϱ &/E�>��y�D
�ĂƐĞ ĨŝůĞ�ĂŶĚ�ƌĞƉŽƌƚ
WůĞĂƐĞ�ďƌŝŶŐ�ǇŽƵƌ�ůĂď�ŶŽƚĞďŽŽŬƐ�
ĂƐ�ǁĞůů�ĨŽƌ�ŐƌĂĚŝŶŐ͘

EŽƚĞ͗�dŚĞ�ƐĐŚĞĚƵůĞ�ŝƐ�ƐƵďũĞĐƚ�ƚŽ�ĐŚĂŶŐĞ͕�ƉůĞĂƐĞ�ůŝƐƚĞŶ�ĨŽƌ�ĂŶŶŽƵŶĐĞŵĞŶƚƐ�ĚƵƌŝŶŐ�ĐůĂƐƐ͘����ĚĚŝƚŝŽŶĂů�ƌĞĂĚŝŶŐ�
ĂƐƐŝŐŶŵĞŶƚƐ�ŵĂǇ�ďĞ�ĂĚĚĞĚ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�ƐĞŵĞƐƚĞƌ͘��
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