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General Information 
 
Meeting Registration 
Thursday:  3:00 PM to 9:30 PM: Registration Lobby  

 

Friday:   7:30 AM to 12:30 PM: Registration Lobby 

 
Meals  
All meals will be served in Ballrooms B&C; serving hours as listed in the Program. Coffee, tea, and soft drinks are 

available at no charge during the beverage breaks.  

 
Talks and Posters  
All Talks will be presented in Ballroom A.   

 
Posters will be presented in Ballrooms B&C, adjacent to where the meals will be held.  Posters should be hung on 

Thursday at 3 PM and stay up until Sunday morning but must be removed by 9 AM Sunday.  During poster sessions, 

presenters of odd-number posters are asked to stand by their posters 1:30-3:00 PM on Friday and 3:00-4:30 PM on 

Saturday.  Presenters of even-numbered posters should stand by their posters 3:00-4:30 PM on Friday and 1:30-3:00 

PM on Saturday. 

 
The maize meeting is a forum for presenting and discussing unpublished material. Photographing or recording of 
talks and posters is not allowed.   

 

Health and Safety Policy 
The Maize Genetics Cooperation (MGC) is committed to the health and safety of all Cooperation members and 

attendees of the Annual Maize Genetics Meeting (MGM). In keeping with the United States Centers for Disease 

Control (CDC) guidelines, we have developed the following health & safety policy for the 2024 Maize Genetics 

Meeting. 

 

All attendees of the MGM in-person meeting are encouraged to be fully vaccinated against COVID-19 and up to date 

on their flu shots before attending the conference. 

 

You may NOT attend the conference if you: 

a. Are currently required to be in isolation for COVID-19. 

b. Are sick and suspect that you have COVID-19 or the flu. 

c. Have had a fever within the past 24 hours. 

 

Upon picking up your badge at the in-person conference, we will ask you to certify that you have met the above 

requirements. If we find that you have knowingly falsified this information, you will forfeit your membership to the 

Maize Genetics Cooperation and be expelled from the meeting with no refunds. 

 

Masks are encouraged when in common spaces but not required. Attendees wearing masks are encouraged to wear the 

most protective mask possible such as N95, KN95, or at a minimum surgical masks, while at the MGM to limit the 

spread of disease. 

 

If you develop COVID-19 symptoms at the Maize Meeting, please stay in your hotel room, and follow CDC guidance, 

and if you need assistance, please contact the hotel front desk or Tricia Simmons at 720-250-7033.  

 

The MGC has approved these enhanced health and safety measures to protect you, other attendees, and hotel and 

conference staff. All attendees must abide by these guidelines and follow instructions posted on-site. The MGC 

assumes no responsibility for liability or financial hardship that may arise during or as a result of your attendance at the 

meeting. This includes but is not limited to, liability arising from illness, injury, or death associated with infection of 

COVID-19, flu, communicable disease or complications, symptoms or other effects resulting from contracting COVID-

19, the flu, or other communicable diseases. 
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Hospitality  
After the evening sessions on Thursday and Friday there will be informal socializing and poster gazing in Ballrooms 

B&C, with refreshments, games, and open bar provided from 9 PM - 12 AM. On Saturday evening there will be 

informal socializing in the Ballrooms B&C, with refreshments and cash bar from 9 PM - Midnight, trivia from 10 PM - 

12 AM. 

 

Access to recorded sessions  
All talks and sessions will be recorded and available to each meeting registrant. Registrants will receive an invitation 

email to view the recordings within 1-2 weeks after the meeting concludes from the Maize Genetics Cooperation 

(noreply-maize@iastate.edu). If you do not receive the email by March 31st, please check your junk/spam folder. If you 

still haven’t received it, or you are having issues with the site where the videos are hosted, please email 

john.portwood@usda.gov. 

 

Steering Committee 
Please share your suggestions and comments about the meeting with the 2024 Steering Committee 

 

Rubén Rellán-Álvarez, Chair (rrellan@ncsu.edu) 
Sherry Flint-Garcia, co-Chair (sherry.flint-garcia@usda.gov) 
Matthew Hufford, Previous Chair (mhufford@iastate.edu) 
Oyenike Adeyemo (aoadeyemo@unilag.edu.ng) 
Madelaine Bartlett (mbartlett@umass.edu) 
Hank Bass (mbartlett@umass.edu) 
Lander Geadelmann (landerg@iastate.edu) 
Frank Hochholdinger (hochhold@uni-bonn.de) 
Sarah Jensen (sarah.jensen@syngenta.com) 
Stephanie Klein (spklein@iastate.edu) 
Sylvia Morais de Sousa Tinoco (sylvia.sousa@embrapa.br) 
Graziana Taramino (graziana.taramino@bayer.com) 
Feng Tian (ft55@cau.edu.cn) 
Petra Wolters (petra.wolters@corteva.com) 
 
 

Ex officio:  
Carson Andorf - MaizeGDB 
Erin Sparks - Treasurer 
Darwin Campbell – Planning / Audio Visual 
Marty Sachs - Guru 
John Portwood - Logistics Coordinator 
 
Meeting planning: 
Tricia Simmons – Conference Direct 
Garrett Simmons – Conference Direct 
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From the Maize Genetics Cooperation Board of Directors 
 
Maize Genetics Awards: 
 

The 2024 MGC Cooperator Awardees  
 

Carson Andorf, USDA-ARS 
Darwin Campbell, Iowa State University 
John Portwood, USDA-ARS 
 
 

 
    

The 2024 MGC Leadership Awardees  
 

Mark Lubkowitz, Saint Michael’s College 
Ruth Wagner, Bayer Crop Science 

 
 
 

 
The 2024 M. Rhoades Early Career Awardee 

 
Rubén Rellán Álvarez, North Carolina State University 

 
 
 

 
 
The 2024 L. Stadler Mid-Career Awardee 

 
Jinsheng Lai, China Agricultural University 

 
 

 
 
The 2024 R. Emerson Lifetime Awardees 

 
Vicki Chandler, Minerva University 
L. Curt Hannah, University of Florida 
Jesús Sánchez González, Universidad de Guadalajara 
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The Barbara McClintock Prize for Plant Genetics and Genome Studies 
This award has been created to memorialize the unequalled contributions of Dr. 
McClintock through providing recognition to the most outstanding plant geneticists of 
the present era. In memory of the many contributions of Dr. McClintock, this Prize will 
be awarded each year to one or more of the most creative minds and productive scientists 
in the study of plant genome structure, function and evolution, including the analysis of 
gene regulation and epigenetics. 

 

The 2024 Barbara McClintock Prize for Plant Genetics and Genome 
Studies has been awarded to Dr. Caroline Dean who will present a 
McClintock Prize Address on Friday, March 1, 11:40am EST (See Page 
29).   

 

(See https://maizegdb.org/mgc/awards/ for details about each award) 
 
 
 
Support from the National Science Foundation 
 
The National Science Foundation is supporting the 66th-68th Annual Maize Genetics 
Meetings with a grant awarded on November 14th, 2023 (IOS-2329928). This conference 
grant will support the Maize Genetics Network Enhancement via Travel (MaGNET), 
Enhancing Institutional Access (EIA), and Disciplinary Breadth (DB) award programs. These programs 
broaden the participation of historically marginalized groups with an interest in exploring research 
possibilities in maize genetics by providing funding to attend the meeting. These participants are paired with 
a team of mentors that included an early career scientist, an academic PI, and an industry or government 
scientist that engage with the awardees formally and informally before, during, and after the meeting. 
Throughout the meeting participants receive professional development training, and opportunities to engage 
directly with leaders in the field through organized meals with invited speakers. These experiences are vital 
catalysts for the careers of aspiring student and postdoc trainees. We appreciate the support from the 
National Science Foundation for this initiative and are excited about the potential for the grant to 
substantially advance and transform our community. 
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The MaGNET Program and 2024 Awards  
 

MaGNET (Maize Genetics Network Enhancement via Travel) is a program that seeks to recruit and 
retain scientists from diverse backgrounds into the maize research community by encouraging their 
attendance at the Annual Maize Genetics Meeting (MGM). As such, it provides a source of support to help 
students and early career scientists from under-represented groups learn about maize genetics and connect 
with scientists already in the community. Awardees are not required to have previous maize genetics 
research experience, but will hopefully develop an appreciation of the current excitement in the field, and 
become an integral part of the community in the future. The program also provides an opportunity for 
awardees to explore potential collaborations and develop career contacts, and to meet with plenary speakers.  

Each MaGNET Award helps defray the cost of attending the Maize Genetics Meeting, including registration, 
and for in person-meetings- food, lodging and airfare. In addition, each awardee is paired with an 
experienced ‘Maize Mentor’, who will help the awardee navigate the conference. Awardees are identifiable 
by a special notation on their name tags, and many of them are attending the MGM for the first time – please 
congratulate these scientists and welcome them to our famously hospitable conference! 

All applicants must show strong potential for a career in the biological sciences, be either citizens or 
permanent residents of the USA; or employed at a US-based institution, and belong to a group traditionally 
underrepresented in science. To help provide a more integrative and effective experience at the conference 
for student awardees, faculty mentors who accompany one or more eligible student applicants are also 
eligible to apply for a MaGNET award. 

 
2024 MaGNET Awardees 

 
Undergraduate 
Ramsey Chaaban, Davidson College  ....................................................................... Poster #314 
Theresa Clark, Cold Spring Harbor Laboratory  ...................................................... Poster #105 
Gerardo Gonzalez, University of Hawaii ................................................................. Poster #15 
Daniela Meson de la Fuente, Oakland University .................................................... Poster #81 
Hunti Xiong, Hamline University ............................................................................ Poster #6 
 
 
 
Graduate Student 
Clarice Gonzales, Iowa State University .................................................................. Poster #71 
Taylor Isles, Montclair State University ................................................................... Poster #285 
Samantha Jean, Montclair State University .............................................................. Poster #284 
 
 
 
 
 
 
 
 
 
 
 
The MaGNET program of the Maize Genetics Meeting is supported by grant IOS-2329928 from the 
National Science Foundation. 
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 Expanding Institutional Access and Disciplinary Breadth Awards  
 

Expanding Institutional Access (EIA) and Disciplinary Breadth (DB) are two financial aid programs 
that seek to recruit and retain scientists from diverse institutions and plant-related disciplines into the maize 
research community by encouraging their attendance at the Annual Maize Genetics Meeting (MGM). The 
EIA program seeks to welcome scientists from diverse institutions including community colleges, PUIs, and 
masters granting institutions into the maize community by encouraging their attendance at the MGM. The 
Disciplinary Breadth (DB) program seeks to recruit and retain scientists (advanced graduate students, post-
docs, and early-career faculty) from plant-related disciplines into the maize research community. The DB 
program has recently been expanded to support attendance at the meeting for graduate students and postdocs 
from historically underrepresented groups, regardless of discipline. Both programs provide an opportunity 
for researchers from diverse disciplines that have potential to enrich the maize community to learn about 
maize genetics by connecting with scientists in the maize genetics community, exploring potential 
collaborations, and developing career contacts. 

Each award helps defray the cost of attending the Maize Genetics Meeting, including registration, and for in 
person-meetings- food, lodging and airfare. Awardees are identifiable by a special notation in their badges, 
and many of them are attending the MGM for the first time – please congratulate these scientists and 
welcome them to our famously hospitable conference! 

All applicants must show strong potential for a career in the biological sciences, and be either citizens or 
permanent residents of the USA; or employed at a US-based institution. To help provide a more integrative 
and effective experience at the Meeting for student awardees, faculty who accompany one or more eligible 
student applicants are also eligible to apply for a EIA or DB award. 

 
2024 EIA Awardees 

Student 
Emilie Hoffmann, Saint Michael’s College 
Emma Klaas, Truman State University .................................................................... Poster #117  
 
 

2024 DB Awardees 
Student 
Denise Caldwell, Purdue University ........................................................................ Poster #121 
Jieli Wegerif, University of Florida .......................................................................... Poster #274 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The EIA and DB programs of the Maize Genetics Meeting are supported by grant IOS-2329928 from the 
National Science Foundation. 
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Broadening International Participation Awards 

The 2024 Broadening International Participation Award program seeks to promote international attendance 
for researchers from countries that are historically under-represented at the Maize Meeting. This award 
program seeks to enrich the maize community and broaden the opportunities to learn about maize genetics 
by connecting with scientists in the maize genetics community, exploring potential collaborations, and 
developing career contacts. BIP awardees receive waived registration to the recorded talks and sessions.   
 
 
Graduate Students 
Abolade Lawrence Olanrewaju, University of Ibadan, Nigeria 
 
Postdoctoral Researchers 
Priya Garkoti, G.B. Pant University of Agriculture & Technology, India 
Aysha Jameel, Biological Research Centre Szeged, Hungary 
Bikkasani Mythri, Punjab Agricultural University, India 
 
Research Scientists 
Mohammad Ismail, Agricultural Research Center, Egypt 
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FAIR Data Management 
…A Reminder from the MaizeGDB team 

 
MaizeGDB is a founding member of the AgBioData Consortium.  
AgBioData is a consortium of agricultural biological databases with the 
mission of consolidating standards and best practices for acquiring, 
displaying, and reusing genomic, genetic, and breeding (GGB) data. 
 
Member databases of the AgBioData consortium follow the Findable, 
Accessible, Interoperable, and Reusable (FAIR) principles, enhancing the 
accessibility and reusability of large-scale agricultural research data. 
MaizeGDB consolidates vast amounts of published data, simplifying 
discovery and utilization for our community. Your commitment to FAIR 
principles (go-fair.org) enables MaizeGDB and similar platforms to 
integrate and leverage even more data efficiently. Below are essential 
guidelines for applying FAIR data management practices to your 
generated data, as well as to the data you encounter in research papers 
and grant reviews. 

  
● Database Selection and Accession Reporting: Ensure your data, such as DNA/RNA/Protein 
Sequences, genome assemblies, and annotations, are submitted to long-term repositories like NCBI. Always 
include accession numbers in your publication. For maize SNPs, submit them to EVA at EBI. Explore more 
repositories at maizegdb.org/FAIRpractices and consult journal guidelines for additional instructions. 

● Data Publication: Publish your data concurrently with your paper. For datasets not included with the 
article, secure a persistent identifier (e.g., DOI) from the data repository to reference in your paper. Datasets 
can be independently published in journals like Micropublication, ensuring they are linked to the 
corresponding paper. Verify the presence and FAIR compliance of reported data during peer review. 

● Gene and Protein Identifier Usage: Use established identifiers for genes, gene models, and 
genomes. Avoid renaming existing genes. Look up gene symbols at MaizeGDB and use precise gene model 
IDs. For protein data, reference the correct ID from NCBI or UniProt, submitting new sequences to these 
repositories as necessary. Maize nomenclature guidelines: https://www.maizegdb.org/nomenclature  

● Metadata and File Format Standards: Attach comprehensive metadata to your datasets and adhere 
to accepted file formats. Treat metadata with the same rigor as experimental and analysis work. Incomplete or 
poorly described datasets compromise reusability, reproducibility, and overall research quality. 

● Machine-Readable Data Sets: Ensure your data is machine-readable, using permanent identifiers 
and correct terminology (e.g., using correct case for genetic loci, incorporating GO, PO, PATO terms). 
Validate your data against common, established machine-readable formats.  

● Data Management Planning: Allocate sufficient time for meticulous data management, similar to 
the effort dedicated to other research aspects. 

● FAIR Data Standards: Here are some resources: https://www.go-fair.org, 
https://doi.org/10.1093/database/bay088. 

We are always happy to answer your questions on these issues! https://www.maizegdb.org/contact   

https://www.maizegdb.org/nomenclature
https://www.go-fair.org/
https://www.go-fair.org/
https://doi.org/10.1093/database/bay088
https://doi.org/10.1093/database/bay088
https://doi.org/10.1093/database/bay088
https://www.maizegdb.org/contact
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What's NEW at MaizeGDB! 
 
In 2023, MaizeGDB expanded its pan-genomic resources* for the representative B73 genome, all NAM 
founder lines, Pan-Andropogoneae, and other historically important lines. These resources now include: 
● 104 genomes 
● Over 2 million gene model annotations 
● Pan-gene dataset, which includes 58 annotations 
● Over 500 downloadable files  
● 351 target databases in BLAST 
● Genome browsers for select quality genomes with over 1,500 total tracks 
● 400+ high-throughput sequencing data for over 80 tissues/conditions 
● 300+ traits linked to over 40,000 positions in the genome 
● 80+ million SNPs from EVA and Ensembl Plants 
● Genotype data remapped to B73 v5 for 1,500 maize accessions  
● Over 1 million predicted GO terms across 31 genomes 
● Resources for 4 insertion mutation collections 
● MaizeMine has been updated to include B73_v5 and the NAM founder lines 
● PanEffect, a tool for exploring variant effects. 
● AlphaFold and ESMFold protein structures on the browser and gene model pages 
● Protein structure search and comparison tools** 
● Transposable elements, structural variation, regulatory sites, and more… 
 
If you have questions on how to access/use these resources, contact us at 
https://www.maizegdb.org/contact 
 
*Woodhouse MR et al. (2021) A pan-genomic approach to genome databases using maize as a model 
system. BMC Plant Biology. doi: https://doi.org/10.1186/s12870-021-03173-5.  
 
**Woodhouse MR et al. (2023) Maize Protein Structure Resources at the Maize Genetics and Genomics 
Database. Genetics. doi: https://doi.org/10.1093/genetics/iyad016.  
 
Thank you to the 2023 MaizeGDB Editorial Board Members! 
Anuradha Singh, Postdoc, Michigan State University (2nd Year!) 
Qiang Ning, Huazhong Agricultural University, China 
Aimee Uyehara, University of California-Riverside 
Keting Chen, Iowa State University 
Jan Yun, Chinese Agricultural University, China 
 
Editorial Board DEI Papers recommended by CODIE Editors! 
Andrew Egesa, Graduate Student, University of Florida, Gainesville, FL 
 
 
 
 
 
 
 
 
 

https://www.maizegdb.org/contact
https://doi.org/10.1186/s12870-021-03173-5
https://doi.org/10.1186/s12870-021-03173-5
https://doi.org/10.1093/genetics/iyad016
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MaizeGDB has partnered with microPublication Biology! 

 
microPublication Biology (Caltech Publishers) is a new peer-reviewed, open-access journal 
that publishes single experiment results, which are incorporated directly into community 
knowledgebases like MaizeGDB!   
 
microPublication Biology gets your individual research findings, that might otherwise remain 
unpublished, out to the scientific community while providing credit to those who did the work.  
Articles are small (one figure, few pages), peer-reviewed, assigned a DOI and are discoverable on 
PMC, PubMed, EuropePMC, and Google Scholar.   
 
How it works: Each maize microPublication Biology submission will be vetted by MaizeGDB 
curators at the time of peer review to ensure data meets FAIR data standards. Upon acceptance, 
your article is curated into MaizeGDB which couples the publication with curation and 
discoverability in MaizeGDB. The cost to publish is only $250.  
 
Here are some recent maize publications: 
 
Lucas JR, Dupree B. Stomatal pore width and area measurements in Zea mays. MicroPubl Biol. 
2023 Aug 4;2023:10.17912/micropub.biology.000893. doi: 10.17912/micropub.biology.000893. 
 
Hazelwood OS, Hostetler AN, Ikiriko II, Sparks EE. Characterization of mechanosensitive MSL 
gene family expression in Zea mays aerial and subterranean brace roots. MicroPubl Biol. 2023 Jun 
16;2023:10.17912/micropub.biology.000759. doi: 10.17912/micropub.biology.000759. 
 
Siosiou A, Sparks EE, Tsialtas IT. Brace roots in C 3 Poaceae: where have they gone? MicroPubl 
Biol. 2023 Sep 20;2023:10.17912/micropub.biology.000939. doi: 
10.17912/micropub.biology.000939. 
 
For more information: 
Visit the journal: https://www.micropublication.org 
 
Questions can be sent to: 
Karen Yook, Executive Editor (karen.yook@micropublication.org)  
Carson Andorf, Maize Science Officer  (carson.andorf@usda.gov)  

https://www.ncbi.nlm.nih.gov/pmc/
https://pubmed.ncbi.nlm.nih.gov/
http://europepmc.org/
https://scholar.google.com/
https://www.micropublication.org/
mailto:karen.yook@micropublication.org
mailto:carson.andorf@usda.gov
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SCHEDULE	OF	EVENTS	
	

Talks	will	be	held	in	the	Ballroom	A	
Posters	will	be	displayed	in	the	Ballroom	B&C	

	
Wednesday,	February	28,	2024	
	
8:00	AM	–	10:00	PM	 OPTIONAL	PRE-CONFERENCE	WORKSHOPS		
	
8:00	AM	-	12:00	PM	 Maize	Crop	Germplasm	Committee	 Room	302C 

	
1:00	PM	–	6:00	PM	 Corn	Breeding	Research			 Room	302A/B	
	
7:00	PM	–	10:00	PM	 Genetics	of	Maize-Microbe	Interactions			 Room	301A	
	 	
Thursday,	February	29,	2024	
	
8:00	AM	–	6:00	PM	 OPTIONAL	PRE-CONFERENCE	WORKSHOPS		
	
	

8:00	AM	–	5:00	PM	 Corn	Breeding	Research		 Rooms	302A/B	
	 	
8:30	AM	-	5:30	PM	 Genetics	of	Maize-Microbe	Interactions	Workshop	Room	301A			
	
9:00	AM	-	4:00	PM	 Maize	Development	and	Cell	Biology	Workshop	 Room	301B	
	
3:00	PM	-	4:00	PM	 Gramene	Workshop	 Room	304	

	
4:00	PM	-	5:30	PM	 MaizeGDB:	Pan-genome	and	AI	resources	 Room	304	
	
3:00	PM	–	9:30	PM	 REGISTRATION	(Registration	Lobby)	
	
3:00	PM	–	6:00	PM	 POSTER	HANGING	(Ballrooms	B&C)	
	
5:00	PM	–	5:45	PM	 MaGNET	Awardees	and	Mentors	Introductions						 		Room	302B	
	 	
6:00	PM	–	7:00	PM	 DINNER	(Ballrooms	B&C)	
	 	



 
 
2	

 

Thursday,	February	29,	2024	(continued)	
	 	
	
7:00	PM	–	9:00	PM	 SESSION	1	–	WELCOME	/	FOSTERING	DIVERSITY	IN	THE	MAIZE	

COMMUNITY	AND	KEYNOTE	SPEAKER	 		

Chair:	Rubén	Rellán	Álvarez	 Pages	24	&	25.	
	
												7:00	PM	 	 WELCOME	AND	ANNOUNCEMENTS							 (Ballroom	A)	
	
												7:20	PM		 	 Ricardo	Salvador,	Union	of	Concerned	Scientists	 [KS1]	
	 	 Phenomenology	for	maize	experts:	what	do	you	see	when	you	contemplate		
	 	 the	map	of	global	maize	production?	
	
												8:10	PM	 	 Peter	Balint-Kurti,	Agriculture	Research	Service,	USDA	 [KS2]	
	 	 Selected	highlights	of	maize	disease	resistance	genetics	research:		These						
	 	 are	a	few	of	my	favorite	things.	 	
	
9:00	PM	–	12:00	AM	 INFORMAL	POSTER	VIEWING	&	HOSPITALITY		 (Ballroom	B&C)	
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Friday,	March	1,	2024	
	
7:00	AM	–	7:50	AM		 BREAKFAST	(Ballrooms	B&C)	
	
7:30	AM	–	12:30	PM	 REGISTRATION	(Registration	Lobby)	
	
8:00	AM	–	10:10	AM	 SESSION	2	–	THE	GENES	THAT	MAKE	MAIZE	
	 	 Chair:	Madelaine	Bartlett														 	Talks	1-5.	Pages	30-34.	
	
	 8:00	AM		 ANNOUNCEMENTS																																							 (Ballroom	A)	
	
	 8:00	AM	 Xiquan	Gao,	Nanjing	Agricultural	University	 [T1]	

An	exocyst	component	ZmEXO70F4	coordinates	with	jasmonate	signaling	
pathway	to	regulate	maize	immunity	to	Gibberella	stalk	rot	
	

	 8:20	AM	 Annis	Richardson,	University	of	Edinburgh	 [T2]	
			Crazy	leaves	and	truffula	trees	

	
	 8:40	AM	 Yun	Luo,	Huazhong	Agricultural	University	 [T3]	
	 	 A	thiamin	pyrophosphate	kinase	encoding	gene	ZmTDPK2	finely	regulates		
	 	 ear	length	and	grain	yield	in	maize	
	

	 9:00	AM	 George	Chuck,	University	of	California	Berkeley		 [T4]	
	 	 A	novel	domestication	gene	establishes	developmental	boundaries		
	

	 9:20	AM	 Mark	Lubkowitz,	Saint	Michael's	College	 [T5]	
	 	 Leaf	angle	and	curricular	innovation:	a	CURE	for	research	and		 	
	 	 undergraduate	education	
	

	 9:40	AM	 Poster	Lightning	Talks	
	 	
	

10:00	AM	–	10:30	AM	 BREAK		 Ballroom	ABC	Lobby	
	
	
10:30	AM	–	12:30	PM	 SESSION	3	–	KEYNOTE		SPEAKER	AND	MCCLINTOCK	PRIZE	

PRESENTATION		 	
	 	 Chair:	Petra	Wolters	 Pages	26	&	29.		
	
	 10:30	AM	 Introduction	 			(Ballroom	A)	

	
	 10:40	AM	 Terri	Long,	North	Carolina	State	University	 [KS3]	
	 	 From	the	stars	to	your	table	-	plants	as	complex	conduits	for	iron	nutrition	

	

	 11:30	AM	 Mark	Lubkowitz,	Saint	Michael’s	College	
	 	 McClintock	Prize	Presentation	Introduction	
	

	 11:40	AM	 Caroline	Dean,	John	Innes	Center	
	 	 Polycomb	memory	to	register	environmental	exposure	 [M1]	
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Friday,	March	1,	2024	(continued)	
	
12:30	PM	–	1:30	PM	 LUNCH	(Ballrooms	B&C)	
	 MaGNET/PUI	Networking	Lunch		 			 																	 	 (301A)	
	 MGC	BoD	and	MGAC	Lunch	 	 	 	 		 	 (301B)	
	
1:30	PM	–	4:30	PM	 POSTER	SESSION	1	(Ballrooms	B&C)	
	

1:30	PM	–	3:00	PM	 Presenters	should	be	at	odd-numbered	posters.	

3:00	PM	–	4:30	PM	 Presenters	should	be	at	even	numbered	posters.	

Beverages	will	be	available	from	2:30	to	4:00	PM	in	Ballrooms	B&C	
	
4:40	PM	–	6:00	PM	 SESSION	4	–	 NEW	TOOLS	AND	RESOURCES	I	
	 	 Chair:	Lander	Geadelmann		 	 															Talks	6-8.	Pages	35-37.		

	
	 4:40	PM		 Jonathan	Matheka,	University	of	Wisconsin-Madison	 [T6]	
	 	 Optimized	ZmWOX2A-based	transformation	system	enhances	somatic		
	 	 embryogenesis,	transformation	efficiency,	and	gene	editing	efficiency	in		
	 	 maize	(Zea	mays	L.)	and	sorghum	(Sorghum	bicolor	L.)		

	
	 5:00	PM	 Steve	Johnson,	Bayer	 [T7]	
	 	 Harnessing	AI	for	Agricultural	Innovation	
	

	 5:20	PM	 Micah,	Kelleher,	Donald	Danforth	Plant	Science	Center	 [T8]	
	 	 A	practical	haplotype	graph	map	of	the	ZeaSynthetic	population	enables		
	 	 integration	of	teosinte	alleles	into	breeding	efforts	
	
	 5:40	PM	 Poster	Lightning	Talks	 	 	
	
6:00	PM	–	7:00	PM	 DINNER	(Ballrooms	B&C)	
	 Bayer	Student/Postdoc	Dinner	 	 	 (301A)	
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Friday,	March	1,	2024	(continued)	
	
	
7:00	PM	–9:00	PM	 SESSION	5	–	NEW	TOOLS	AND	RESOURCES	II				 	
	 	 Chair:	Graziana	Taramino	
	 	 AWARDS	 		Talks	9-10.	Pages	38-39.	 	
	
	 7:00	PM	 Esteban	Bortiri,	Syngenta		 [T9]	
	 	 Cyto-swapping	in	maize	by	haploid	induction	with	a	cenh3	mutant	
	

	 7:20	PM		 Javier	Mendoza	Revilla,	InstaDeep		 [T10]	
	 	 A	foundational	large	language	model	for	edible	plant	genomes	provides		
	 	 accurate	predictions	of	regulatory	elements	and	gene	expression	in	the		
	 	 maize	genome	
	
	 7:40	PM	 Poster	Lightning	Talks	
	 	
	 8:00	PM	 John	Fowler,	Oregon	State	University	

Presenting:		Cooperator	and	Leadership	Awards	
	

	 8:20	PM		 Andrea	Eveland,	Donald	Danforth	Plant	Science	Center		
	 	 Presenting:		M.	Rhoades	Early-Career,	L.	Stadler	Mid-Career	
	
	 8:40	PM	 Marna	Yandeau-Nelson,	Iowa	State	University	
	 	 Presenting:		R.	Emerson	Lifetime	Awards	 	
	
9:00	PM	–	12:00	AM	 INFORMAL	POSTER	VIEWING	&	HOSPITALITY		 (Ballrooms	B&C)	
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Saturday,	March	2,	2024	
	
7:00	AM	–	8:00	AM		 BREAKFAST	(Ballrooms	B&C)	
	
8:00	AM	–	12:00	PM	 REGISTRATION	(Registration	Lobby)	
	
8:00	AM	–	10:00	AM	 SESSION	6	–	THE	NITROGEN	CONUNDRUM	
	 	 Chair:	Frank	Hochholdinger								 Talks	11-15.	Pages	40-44.	
	
	 8:00	AM	 Jean-Michel	Ane,	University	of	Wisconsin-Madison	 [T11]	
	 	 Biological	nitrogen	fixation	on	the	aerial	roots	of	maize	for	sustainable		
	 	 agriculture		
	

	 8:20	AM	 Janeen	Braynen,	Cold	Spring	Harbor	Laboratory	 [T12]	
	 	 Decoding	nitrogen	use	efficiency	in	maize	and	sorghum:	Insights	from		
	 	 comparative	gene	regulatory	networks	for	sustainable	agriculture		
	
	 8:40	AM	 Sheng-Kai	Hsu,	Cornell	University	 [T13]	
	 	 The	nitrogen	cycle	in	the	rhizosphere	of	diverse	grass	species	in		 	
	 	 Andropogoneae	

	
	 9:00	AM	 Stephanie	Klein,	Iowa	State	University	 [T14]	
	 	 Genomic	structural	variation	underlies	differential	root	responses	to			
	 	 nitrogen	stress	in	maize	

	
	 9:20	AM	 Angela	Kent,	University	of	Illinois	 [T15]	
	 	 Mining	ancient	genomes	for	microbiome	associated	phenotypes	for	nutrient		
	 	 retention	in	agroecosystems		
	

	 9:40	AM	 Poster	Lightning	Talks	 	 	
	

	
10:00	AM	–	10:30	AM		 BREAK		 Ballroom	ABC	Lobby	
	
10:30	AM	–	12:30	PM						SESSION	7	–	KEYNOTE	SPEAKERS	
	 	 Chair:	Hank	Bass	 	 	 	 																Pages	27	&	28.	

	
	 10:30	AM	 Introduction	 	
	
	 10:40	AM	 Anna	Stepanova,	North	Carolina	State	University	 [KS4]	

Leveraging	synthetic	biology	to	monitor	and	control	plant	hormone	activity	
	

	 11:40	AM	 Natalia	de	Leon,	University	of	Wisconsin-Madison	 [KS5]	
	 	 Plant	breeding	and	the	infinitesimal	model:	cause	or	consequence	
	
12:30	PM	–	1:30	PM	 LUNCH	(Ballrooms	B&C)	
	 MaGNET	Lunch	with	Keynote		Speakers	 	 	 (301A)	
	 MGMSC	Meeting	 	 	 	 	 	 (301B)	
	 	 Maize	Genetics	Mentoring	Program	Networking	Lunch										(303)	
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Saturday,	March	2,	2024	(continued)	
	
1:30	PM	–	4:30	PM	 POSTER	SESSION	2	(Ballrooms	B&C)	
	

1:30	PM	–	3:00	PM	 Presenters	should	be	at	even	numbered	posters.	

3:00	PM	–	4:30	PM	 Presenters	should	be	at	odd	numbered	posters.	

Beverages	will	be	available	from	2:30	to	4:00	PM	in	Ballrooms	B&C	
	
4:30	PM	–	6:00	PM	 COMMUNITY	SESSION	-	Maize	Genetics	Cooperative	
	 Marna	Yandeau	Nelson,	MGC	BoD	Chair																																	(Ballroom	A)	
	
6:00	PM	–	7:00	PM	 DINNER	(Ballrooms	B&C)	

				Corteva	Student/Postdoc	Dinner	 	 	 									(301A)	
Syngenta	Student/Postdoc	Dinner	 	 											 									(301B)	

	
7:00	PM	–	8:20	PM	 SESSION	8	–	MAIZE	EVOLUTION	
																																																Chair:		Matthew	Hufford																																Talks	16-19.	Pages		45-48.	
	
	

	 7:00	PM	 Robert	Martienssen,	Cold	Spring	Harbor	Laboratory	 [T16]	
Teosinte	pollen	drive	guides	maize	diversification	and	domestication	by					
RNAi	
	

	 7:20	PM	 Ruth	Epstein,	Cornell	University	 [T17]	
	 	 How	recombination	facilitated	the	domestication	of	maize.	
		

	 7:40	PM	 Michael	Bushe,	University	of	Wisconsin-Madison	 [T18]	
	 	 			Maize	development	is	controlled	by	an	ancient	nutrient	signaling	pathway	
	
	 8:00	PM	 Samantha	Snodgrass,	Iowa	State	University	 [T19]	
	 	 Fractionation	in	the	Tripsacinae	subtribe	
	
8:20	PM	–	8:40	PM	 BREAK		 Ballroom	ABC	Lobby	
	
8:40	PM	–	9:40	PM	 SESSION	9	–	ROOTS	AND	FRIENDS	
																																																Chair:		Stephanie	Klein	 	Talks	20-21.	Pages	49-50.																																																																																
	
	 8:40	PM	 Michelle	Cho,		Washington	University	Saint	Louis	 [T20]	
	 	 ZmIRA1,	a	new	root	system	architecture	gene	identified	by	phenomics	
	
	 9:00	PM	 Jason	Wallace,		University	of	Georgia	 [T21]	
	 	 Genetic	and	environmental	impacts	on	the	maize	microbiome	across	the		
	 	 United	States	
	
	 9:20	PM	 Poster	Lightning	Talks	

	
9:40	PM	–	12:00	AM	 INFORMAL	POSTER	VIEWING	&	HOSPITALITY		 (Ballrooms	B&C)	
10:00	PM	–	12:00	AM	 TRIVIA!!		 (Ballrooms	B&C)	

	 	
Posters	should	be	taken	down	by	12	AM!	
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Sunday,	March	3,	2024		
	

7:00	AM	–	8:20	AM		 BREAKFAST		 	 	 	 	 (Ballroom	ABC	Lobby)	
	
	
8:00	AM	–	9:40	AM	 SESSION	10	–	THE	REGULATED	GENOME	
	 	 Chair:	Sarah	Jensen																																											Talks	22-26.	Pages	51-55.			
	 	
	 8:00	AM	 Andrea	Gallavoti,	Rutgers		University	 [T22]	

Exploring	the	cis-regulatory	landscape	of	the	B73	and	Mo17	genomes	
	

	 8:20	AM	 Sohyun	Bang,	University	of	Georgia	 [T23]	
	 	 Understanding	the	role	of	ZmWUS1	and	cis-regulatory	elements	in	maize		
	 	 inflorescence	development	at	single-cell	resolution	
	

	 8:40	AM	 Sunil	Kenchanmane	Raju,	New	York	University	 [T24]	
	 	 Integrating	single-cell	transcriptomes	links	organ-specific	gene	expression		
	 	 with	function	

	
	 9:00	AM	 Gwonjin	Lee,	University	of	Florida	 [T25]	
	 	 Meiotic	recombination	differs	between	sexes	in	maize.	
	

	 9:20	AM	 Oliver	Marchus,	Ohio	State	University	 [T26]	
	 	 x1	encodes	a	putative	RNA-binding	protein	required	for	paramutations	at		
	 	 multiple	loci	
	

9:40	AM	–	10:00	AM	 BREAK		 Ballroom	ABC	Lobby	
	
	
10:00	AM	–	11:40	AM						SESSION	11	–	METABOLIC	REGULATION	
	 	 Chair:	Sherry	Flint-Garcia																			 										Talks	27-30.	Pages	56-59.	

	
	 10:00	AM		 Elsbeth	Walker,	University	of	Massachusetts,	Amherst	 [T27]	
	 	 Strigolactone	control	of	iron	homeostasis	in	maize.	
	
	 10:20	AM	 Ankita	Abnave,	University	of	Toledo	 [T28]	
	 	 Upper	level	and	cross	hierarchical	regulation	of	predominantly	expressed		
	 	 phenolic	genes	in	maize	
	

	 10:40	AM	 Manwinder	Singh	Brar,	Clemson	University	 [T29]	
	 	 Elucidating	the	metabolomic	and	single-cell	transcriptomic	landscape	of		
	 	 maize	leaf	senescence	
	
	 11:00	AM	 Jonathan	Gent,	University	of	Georgia	 [T30]	
	 	 Potent	pollen	gene	regulation	by	DNA	glycosylases	in	maize	
	
	 11:20	AM	 CLOSING	REMARKS	(Rubén	Rellán	Álvarez	and	Sherry	Flint-Garcia)	
	
	

	 11:30	AM	 ADJOURNMENT	
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Poster List 

Biochemical and Molecular Genetics 
P1 Jacob Olson 

<olson169@purdue.edu> 
Annotation of gene-metabolite functional relationships using 
multi-omics mapping of the Sorghum Bioenergy Association Panel 

P2 Jazmin Abraham-Juarez 
<jazmin.abraham@cinvestav.mx> 

Autoimmune mutants reveal new immunity pathways in maize 

P3 Juliana Yassitepe 
<juliana.yassitepe@embrapa.br> 

Challenges and insights from establishing a maize transformation 
laboratory 

P4 Nadia Mourad Silva 
<nmourad@ufl.edu> 

Changes in sorbitol metabolism impact kernel sink strength and 
seed size 

P5 Allison Barnes 
<allison.barnes@usda.gov> 

Characterization of the maize membrane lipidome in a large 
collection of introgression lines derived from crosses between B73 
and traditional maize varieties and teosintes  

P6 Irina Makarevitch 
<imakarevitch01@hamline.edu> 

Characterizing expression of meristem genes in a Lig5 maize 
mutant 

P7 Hui Liu 
<huil@ksu.edu> 

Comparative study of approaches for gene activation in maize  

P8 Shivreet Kaur 
<skaur7@ncsu.edu> 

Delving into the biochemical underpinnings of disease resistance 
for southern leaf blight in maize 

P9 Charles Hunter 
<cthunter3@gmail.com> 

Disruption of allene oxide cyclase results in jasmonic acid 
deficiency despite incomplete loss of 12-OPDA 

P10 Elad Oren 
<eo235@cornell.edu> 

Elucidating freezing tolerance in tripsacum: Insights from 
combined transcriptome and proteome 

P11 Anson Siu 
<acsiu@wisc.edu> 

Empirical assessment of the Wisconsin Crop Innovation Center 
high throughput maize gene editing pipeline 

P12 Natalie Deans 
<natalie.deans@uga.edu> 

Engineering a terpene-depleted chassis in tomato fruit for 
production of high value terpenes 

P13 Jonathan Ojeda-Rivera 
<joo29@cornell.edu> 

Engineering root N remobilization after grain filling to decrease 
greenhouse gas emissions and N leaching in corn agriculture 

P14 Yuguo Xiao 
<yxiao@danforthcenter.org> 

Exploring the genetics of drought resilience in sorghum 

P15 Gerardo Gonzalez 
<ggg7@hawaii.edu> 

Finding a high throughput DNA extraction method for maize 

P16 Lincoln Koehler 
<lck4@illinois.edu> 

Functional genomics of coordinated nitrogen and phosphorous 
signaling in maize 

P17 John Gray 
<john.gray5@utoledo.edu> 

GRASSIUS 2.0 Knowledgebase: Updated resources and tools for 
regulomics in the grasses 

P18 Rebecca Selby 
<becca.selby@syngenta.com> 

Gene editing of two maize chalcone synthase paralogs results in 
conditional male sterility 

P19 Amanpreet Kaur 
<kaur60@purdue.edu> 

Gene expression identifies a role of maize ortholog of dwarf and 
low tillering (gras42) in brassinosteroid signaling 

P20 Bharath Kunduru 
<bkundur@clemson.edu> 

Genetic architecture of stalk lodging resistance in maize 

P21 Jason Punskovsky 
<jpunskovsky576@gmail.com> 

Genetic interaction analysis of maize meristem regulators 

P22 Dirk Winkelman 
<dwink@iastate.edu> 

Glossy2 and Glossy2-like demonstrate both unique and 
overlapping functions in maize cuticular wax formation. 
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P23 Lorenzo Concia 
<lconcia@tacc.utexas.edu> 

High-sensitivity transcriptional profiling of maize root tips via 
nascent and nuclear RNA sequencing 

P24 Lina Gomez-Cano 
<gomezca5@msu.edu> 

Identification of genes associated with phenolic metabolism 

P25 Brian Dilkes 
<bdilkes@purdue.edu> 

Identifying physiologically relevant transcriptional regulatory 
mechanisms in tetrapyrrole biosynthesis using natural and 
induced variation in Mg2+ chelatase in maize. 

P26 Ella Hampson 
<ellagh@hawaii.edu> 

Identifying the functional determinants of ZmEhd1 - a putative 
maize flowering time activator using a protoplast system. 

P27 Jaclyn Nicole Uy 
<uyjnr69@hawaii.edu> 

Improving transformation and regeneration of tropical inbred 
lines using calcium channel blockers 

P28 Sylvia Morais de Sousa Tinoco 
<sylvia.sousa@embrapa.br> 

Inoculation effect of phosphate-solubilizing bacteria on the 
microbiota of maize cultivated under different phosphate 
fertilization conditions 

P29 Sarah Lipps 
<slipps@illinois.edu> 

Insights into genomic regions associated with resistance and 
susceptibility to Gibberella ear rot 

P30 Huda Ansaf 
<hah34@umsystem.edu> 

Integration of proteomics and phosphoproteomics provides insight 
into the protein-bound amino acid regulation in the opaque2 
mutant 

P31 Fausto Rodriguez-Zapata 
<frodrig4@ncsu.edu> 

Introgression of a highland maize chromosomal inversion 
decreases flowering time in a phosphorus-independent manner, 
and leads to minor perturbations of the leaf phosphorus starvation 
response transcriptome. 

P32 Ruthie Stokes 
<rstokes@ncsu.edu> 

Investigating the expression regulation  and enzymatic activity of 
the adaptive gene hpc1 

P33 Diana Ramirez Segovia 
<daramir3@ncsu.edu> 

Investigating the maize systemic disease response to the southern 
leaf blight pathogen, Cochliobolus heterostrophus. 

P34 Ankush Sangra 
<ankush.sangra@uga.edu> 

Investigating the role of the cis-regulatory modules and hopscotch 
in maize domestication QTL teosinte branched1 

P35 Estefania Elorriaga 
<eelorri@ncsu.edu> 

Investigation of tissue-specific translation regulation by uORFs in 
maize 

P36 Zachary Turpin 
<zachturpin92@gmail.com> 

MOA-seq identifies candidate cis-elements associated with 
response to submergence. 

P37 David Skibbe 
<david.skibbe@syngenta.com> 

Maize cytoplasm genotype is a key determinant of transformability 

P38 Anna Block 
<anna.block@usda.gov> 

Maize Terpene Synthase 1 impacts insect pest behavior via the 
production of monoterpene volatiles β-myrcene and linalool. 

P39 Israel Arellano 
<i_a67@tamu.edu> 

Maize-specific LOX4 and LOX5 genes subfunctionalize to play 
contrasting roles in defense against necrotrophic and 
hemibiotrophic pathogens 

P40 Tianxiao Yang 
<tianxiao.yang@ufl.edu> 

Maize rough endosperm6 (rgh6) encodes a predicted DEAD-box 
RNA helicase and affects miRNA processing in endosperm 
development 

P41 Meghan Brady 
<meghan.brady@uga.edu> 

Minus directed kinesin allows chromosome 10 haplotypes to 
compete 

P42 Marie Javelle 
<marie.javelle@limagrain.com> 

Modular base editing 

P43 Rajdeep Khangura 
<rkhangur@purdue.edu> 

Molecular identification of two Mu-suppressible alleles 
of lesion28 as insertions in UROPORPHYRINOGEN III 
SYNTHASE 
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P44 Jeonghwa Oh 
<jeonghwa.oh@cnrs.fr> 

Natural variation in maize root hydraulic architecture may offer 
new insights into plant drought responses 

P45 Tyler Ferris 
<tyler.ferris@huskers.unl.edu> 

Nutritional and biophysical characteristics of CRISPR-generated 
low kafirin, waxy sorghum 

P46 Juliana Yassitepe 
<juliana.yassitepe@embrapa.br> 

Phenotyping transgenic events for drought resistance 

P47 Rohit Kumar 
<mohank@clemson.edu> 

Proteomic and metabolomic landscape of the arbuscular 
mycorrhizal symbiosis in maize roots 

P48 Namrata Jaiswal 
<namrata.jaiswal@usda.gov> 

Pseudomonas syringae pv. tomato DC3000 induces defense 
responses in diverse maize inbred lines 

P49 Brianna Griffin 
<bdg@iastate.edu> 

Roles of REL2 mediated transcriptional co-repression in maize 
immunity 

P50 Katherine Gray 
<kgray3@ufl.edu> 

Roles of vacuolar invertase genes (Ivr1 & Ivr2) in the pollination 
biology of maize 

P51 Mingsheng Peng 
<mingsheng.peng@bayer.com> 

Site-directed integration of microbial HemG-type 
protoporphyrinogen IX oxidase (PPO) at a target site in corn 
genome creates tolerance to PPO-inhibiting herbicides  

P52 Taylor Scroggs 
<taylor.scroggs@uga.edu> 

Systematic exploration of transcription factor function in maize 

P53 Raksha Singh 
<raksha.singh@usda.gov> 

Tar spot and fisheye lesions exhibit distinct yet overlapping 
transcriptomic signatures, suggesting a complex interplay of 
shared and specific pathways modulated by Phyllachora maydis. 

P54 Olga Zimina 
<oz32@cornell.edu> 

Targeting meiotic crossovers in maize 

P55 Wen-Yu Liu 
<wliu34@ncsu.edu> 

The maize E3 ligase ZmCER9 specifically targets activated NLRs 
for degradation 

P56 Holly Anderson 
<hollyaa2@illinois.edu> 

Transcriptomic variation during kernel development in near-
isogenic purple maize cultivars 

P57 James Birchler 
<birchlerj@missouri.edu> 

Transformation of Fast Flowering Mini Maize (FFMM) 

P58 Mateusz Zelkowski 
<mz548@cornell.edu> 

Unlocking meiotic recombination in the maize genome. 

Cell and Developmental Biology 
P59 George Chuck 

<georgechuck@berkeley.edu> 
A KNOX-BLH homeodomain complex targets a major 
domestication locus 

P60 Xiaosa Xu 
<xjkxu@ucdavis.edu> 

A nuclear moonlighting function of maize trehalose-6-phosphate 
phosphatase in inflorescence branching 

P61 Zongliang Chen 
<zlchen@waksman.rutgers.edu> 

A regulatory module of LITTLE ZIPPER and ROLLED 
LEAF1/REVOLUTA controls ligule development in maize 

P62 yuebin wang 
<1310214636@qq.com> 

A spatial transcriptome map of the developing maize ear 

P63 Ryaniah Ellis 
<ryaniah1.ellis@famu.edu> 

Analysis of Pistachio root proteome to salt stress 

P64 Harrison Bell 
<bellhar@oregonstate.edu> 

Automated image analysis of maize pollen for phenotypic 
measurements 

P65 Thu Tran 
<tran@cshl.edu> 

Catalytic and non-catalytic TREHALOSE-6-PHOSPHATE 
SYNTHASES (ZmTPSs) interact with RAMOSA3 to control 
embryo and post-embryo development 



 12 

P66 Alec Chin-Quee 
<chinquee2@ufl.edu> 

Cause and consequences of abnormal Meiosis II division in bige7 
heterozygotes 

P67 Sinead Cahill 
<sbcahill@ucsd.edu> 

Characterizing the phenotypic rescue of D-erythrose in salt-
stressed maize and its role in stress-response regulation and 
development 

P68 Pasquale Hendrawinata 
<hendrawp@oregonstate.edu> 

Cloning the classic maize metaxylem mutant, wilted1 (wi1) by 
chromosome walking and RNA sequencing 

P69 Emily Wheeler 
<eamarkha@ncsu.edu> 

Comparison of DNA replication timing profiles between B73 and 
NC350 maize lines 

P70 John Hodge 
<jghodge@illinois.edu> 

Coupling computer vision with spatial analysis of cell patterning 
allows the genetic basis for stomatal density to be dissected into 
component traits related to known developmental mechanisms in 
maize 

P71 Clarice Gonzales 
<clariceg@iastate.edu> 

Crosstalk between auxin and jasmonic acid in maize root 
development 

P72 Lily O'Connor 
<loconnor@danforthcenter.org> 

Defining the gene regulatory networks of bHLH122 and bHLH51 
in maize anther development 

P73 Irene Ikiriko 
<iikiriko@udel.edu> 

Determining the impact of plant architecture on lifespan stalk 
flexural stiffness 

P74 Taran Kermani 
<kermani@udel.edu> 

Development of a lineage tracing line for maize brace root 
developmental studies 

P75 Jared Carter 
<Jared.Carter@Syngenta.com> 

Development of an accessible and scalable maize pollen storage 
technology 

P76 Kyle Swentowsky 
<swentow@cshl.edu> 

Developmental genetics and genomics of perennial regrowth in 
Zea diploperennis 

P77 Lukas Evans 
<Le95@cornell.edu> 

Drawing the line: interactions of maize transcription factors to 
coordinate proximodistal and mediolateral patterning in the maize 
leaf 

P78 Nandhakumar Shanmugaraj 
<shanmug@cshl.edu> 

Elucidating the role of TERMINAL EAR1 (TE1) in maize 
development and stress 

P79 Devin O'Connor 
<doconnor@pairwise.com> 

Engineering dominant maize yield-component improvement with 
gene editing 

P80 Jessica Ji 
<jjessica@iastate.edu> 

Fast Turnaround Maize Transformation Service by Crop 
Bioengineering Laboratory at Iowa State University 

P81 Daniela Meson De La Fuente 
<dmeson@oakland.edu> 

Functional and genetic analysis of alternatively spliced transcript 
isoforms of a conserved RNA Binding Motif Protein 48 (RBM48) 
essential for the splicing of U12-type introns 

P82 Emilia Pierce 
<emiliap@udel.edu> 

Functional characterization of maize nitrogen transporters 

P83 Yan Zhou 
<yzhou86@iastate.edu> 

Genetic regulation of self-organizing azimuthal canopy 
orientations and their impacts on light interception in maize 

P84 Jaspreet Sandhu 
<jsandhu@danforthcenter.org> 

Growth hormones BR and GA modulate spikelet meristem identity 
through the RAMOSA1 pathway in Setaria and maize 

P85 Kevin Begcy 
<kbegcy.padilla@ufl.edu> 

Heat stress at the bicellular stage inhibits sperm cell development 
and their transport into pollen tubes 

P86 Thomas Dresselhaus 
<thomas.dresselhaus@ur.de> 

Heat stress induced pollen tube growth arrest and sterility 
supported by a MaizeStressDB 

P87 Fisher Stines 
<fisher.stines@syngenta.com> 

Herbicide safener Metcamifen significantly improves the recovery 
of doubled haploid maize seedlings via in vitro culture 
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P88 Ella Townsend 
<ellatownsend90@gmail.com> 

High-throughput root phenotyping to investigate phenotypic 
relationships between early auxin response and adult crown root 
phenotyping 

P89 Brian Zebosi 
<bzebosi@iastate.edu> 

Individual and collective tissue-specific roles of 
BRASSINOSTEROID INSENSITIVE1 (BRI1) receptor-like kinase 
to plant development and BR signaling in maize. 

P90 Charles Maus 
<mausc17@students.ecu.edu> 

Investigating links between pectin dynamics and meristem activity 
in maize  

P91 Andrea Sama 
<asama@ucsd.edu> 

Investigating the effect of environmental stress on metabolite 
localization and signaling in plants 

P92 Richie Eve Ragas 
<rgr86@cornell.edu> 

Investigating the role of higher-WOX3 transcription factors 
during robust patterning of leaf-margin orientation and tassel 
spikelet development 

P93 Lizeth Dominguez 
<lizethd2@illinois.edu> 

Is more always better? Progress and promise of autotetraploid 
sweet sorghum 

P94 Vital Nyabashi 
<vitalnya@iastate.edu> 

K-means clustering analysis of gene expression across endosperm 
development 

P95 Stephanie Martinez 
<smart046@ucr.edu> 

KATANIN’s role in cell division positioning and cell elongation in 
maize 

P96 Xiaosa Xu 
<xjkxu@ucdavis.edu> 

Large-scale single-cell profiling of stem cells uncovers regulators 
of plant shoot development 

P97 Thanduanlung Kamei 
<thanduan@udel.edu> 

Linking brace root development to function 

P98 Josh Strable 
<jjstrabl@ncsu.edu> 

Maize ETHYLENE INSENSITIVE3-LIKE genes are central 
regulators of shoot growth 

P99 Lander Geadelmann 
<landerg@iastate.edu> 

Maize developmental transcription factors affect and interact with 
aberrant phyllotaxy1 in regulating phyllotaxy 

P100 Camila Medina 
<medinamm@oregonstate.edu> 

Making good connections: How transverse veins span the maize 
leaf vascular network 

P101 Arif Ashraf 
<arif.ashraf.opu@gmail.com> 

Nuclear membrane proteins and their functions beyond the 
nuclear membrane 

P102 Jingjing Tong 
<jjtong@udel.edu> 

PEG-mediated transient gene expression in maize root protoplast 

P103 Siddique Aboobucker 
<siddique@iastate.edu> 

Parallel spindle genes restore haploid male fertility – removing a 
bottleneck in doubled haploid technology 

P104 Ramesh Katam 
<ramesh.katam@famu.edu> 

Phytoextraction potential of Quinoa and wheat grown under 
saline conditions as a measure for adaptation to salt stress 

P105 Theresa Clark 
<tclark@cshl.edu> 

Plant regeneration using morphogenic regulators 

P106 Penelope Lindsay 
<lindsay@cshl.edu> 

Regulation of maize ear development by a CLAVATA-related 
receptor complex 

P107 Jason Gregory 
<jasongregoryj@gmail.com> 

Regulation of meristem size by the REL2corepressor family 

P108 Ruqiang Zhang 
<rz444@cornell.edu> 

Single-cell RNAseq analysis and dynamic modeling of leaf-angle 
variation in the maize leaf canopy 

P109 Wesley Neher 
<wnehe001@ucr.edu> 

The maize preligule band is subdivided into distinct domains with 
contrasting cellular properties prior to ligule outgrowth 

P110 Shawn Kaeppler 
<smkaeppl@wisc.edu> 

The Wisconsin Crop Innovation Center: a public resource for 
maize transformation and gene editing research 
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P111 Liuyang Chu 
<lchu@uni-bonn.de> 

The boron deficiency response during primary root development 
of maize 

P112 Hailong Yang 
<hailongyang@umass.edu> 

The cis-regulatory evolution of GRASSY TILLERS1 (GT1) over 
deep time 

P113 Fernanda Ghenov 
<fghenov@hawaii.edu> 

The flowering phenotypes of temperate and tropical maize grown 
in short and long day field environments 

P114 J.Aaron Avalos-Calleros 
<aaronac089@ksu.edu> 

The genetic basis of callus development and resources for genetic 
transformation of maize 

P115 Harrison Flieg 
<fliegh@oregonstate.edu> 

The heterofertilization and kernel abortion phenotypes in maize 
gex2 mutants are consistent with differential fertilization recovery 
of egg and central cells. 

P116 Heather Jones 
<s1808249@ed.ac.uk> 

The maize fusedleaf1 mutant   

P117 Emma Klaas 
<eklaas43@gmail.com> 

The role of the plant growth hormones auxin and cytokinin in 
maize mutants lsn1 and Hsf1 

P118 Emily Wear 
<emily_wear@ncsu.edu> 

Tracking S-phase progression: Sequential dual labeling of 
replicated DNA with EdU and BrdU in maize root tips 

P119 Sessen Daniel Iohannes 
<iohannes@cshl.edu> 

Tradeoffs, balance and drift: the genetics of paralogous 
compensation in the maize meristem 

P120 Nicholas Gladman 
<gladman@cshl.edu> 

Transcriptomic profiles of developing meristems across sorghum 
accessions reveal nuanced regulatory pathways towards panicle 
morphology 

P121 Denise Caldwell 
<denisecaldwell74@gmail.com> 

Uncovering the infection strategy of Phyllachora maydis during 
maize colonization: A comprehensive analysis 

P122 Diana Ruggiero 
<ruggiedi@oregonstate.edu> 

Understanding leaf vascular density through quantitative genetics 
and high-throughput phenotyping 

P123 Trisha McAllister 
<trishamcallister13@gmail.com> 

Unravelling the role of LIGULELESS2 in maize 

P124 David Zimmerman 
<djz3@illinois.edu> 

Vasculature connection in maize “Twin-Grafts” 

P125 Nicholas Francis 
<francini@oregonstate.edu> 

WHETSTONE1 (WTS1), a single dominant locus from the W22 
background suppresses Wavy auricle in blade2 (Wab2) 

P126 Leslie Harris 
<harriles@oregonstate.edu> 

Wavy Auricle in Blade2 (Wab2) overexpresses tcptf15 and is 
suppressed by one copy of wavy auricle in blade1 (wab1) loss-of-
function 

P127 Norman Best 
<norman.best@usda.gov> 

ZmCAND1 is hyposensitive to auxin treatment and controls maize 
growth and development 

P128 Craig Cowling 
<ccowling@iastate.edu> 

ZmPILS6 is an auxin efflux carrier required for maize 
morphogenesis 

P129 Prameela Awale 
<pa96f@umsystem.edu> 

tasseless5 (tls5) affects plant height and reproductive development 
in maize by regulating internode elongation and tassel emergence. 

Computational and Large-Scale Biology 
P130 Carson Andorf 

<carson.andorf@usda.gov> 
MaizeGDB: AI-driven resources for maize 

P131 Carson Andorf 
<carson.andorf@usda.gov> 

A unified VCF dataset from 1,500 diverse maize accessions and 
resources to explore the genomic landscape of maize 

P132 Jack Gardiner 
<jack.m.gardiner@gmail.com> 

MaizeMine: Tools for exploring genomic datasets from the maize 
research community 
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P133 Olivia C. Haley 
<olivia.haley@usda.gov> 

The prediction of Zea mays (maize) and Fusarium graminearum 
host-pathogen protein-protein interactions using fine-tuned 
protein language models and diffusion 

P134 Rita Hayford 
<rita.hayford@usda.gov> 

Identification and annotation of stress response transcriptional 
regulatory mechanisms in maize 

P135 Ethalinda Cannon 
<Ethy.Cannon@usda.gov> 

Pan-gene and gene family data at MaizeGDB 

P136 Alexandria Tran 
<tran30@illinois.edu> 

A developmental series transcriptomic study of nitrogen-related 
heterosis 

P137 Linqian Han 
<linqian.han@wsu.edu> 

A multi-omics integrative network map of maize 

P138 Niaz Chowdhury 
<nchowdhury2@huskers.unl.edu> 

A multi-organ maize metabolic model connects temperature stress 
with energy production and reducing power generation 

P139 Jodi Callwood 
<jodicall@iastate.edu> 

Advancing maize phenotyping through automation and data 
analysis 

P140 Keting Chen 
<kchen@iastate.edu> 

Are the non-coding regions really non-coding? Large-scale 
identification of orphan genes from B73 v5 genome 

P141 Xianran Li 
<xianran.li@usda.gov> 

BRIDGEcereal webapp for survey and graph indel-based 
haplotypes from pan-genomes 

P142 Travis Wrightsman 
<tw493@cornell.edu> 

Benchmarking across-species RNA expression prediction within 
maize and its wild relatives 

P143 Terry Casstevens 
<tmc46@cornell.edu> 

Breeders' genomic hub: Integrating analysis tools with data 

P144 Joseph Cristiano 
<jcristia@udel.edu> 

Brobot & RootTaggingGui: An image acquisition and processing 
pipeline for high-volume phenotyping 

P145 Hank Bass 
<bass@bio.fsu.edu> 

Chromatin structure and particle mapping in maize root tip nuclei 
using MNase digestion assays. 

P146 Arun Seetharam 
<arnstrm@iastate.edu> 

Chromosome-level assembly and comprehensive annotation of the 
W22 and PH207 maize inbreds 

P147 Leigh Mickelson-Young 
<lamickel@ncsu.edu> 

Comparison of rRNA depletion methods in maize 

P148 Arnaud Desbiez-Piat 
<arnaud.desbiez-piat@inrae.fr> 

Coupling ecophysiology and genetics in a digital environment for 
modeling crop adaptation 

P149 John Fowler 
<fowlerjo@oregonstate.edu> 

EarVision.v2 detects spatial effects of pollen mutations on kernel 
distribution across the maize ear 

P150 Zong-Yan Liu 
<zl843@cornell.edu> 

Enhancing plant genome annotation through DNA language 
model: A focus on arabidopsis and maize 

P151 Daniel Kick 
<daniel.kick@usda.gov> 

Ensembles of deep learning, machine learning, and linear models 
outperform individual models for maize yield prediction in diverse 
environments 

P152 Justin Walley 
<jwalley@iastate.edu> 

Genetic determinants of Northern Corn Leaf Blight resistance 
revealed by multi-scale systems genetics 

P153 Joan Barreto Ortiz 
<jbarreto@umn.edu> 

Genomic analysis of stability in grain composition in maize 

P154 Doreen Ware 
<ware@cshl.edu> 

Gramene PanMaize: One-stop pan-genome browser for exploring 
the rich genetic diversity in maize 

P155 Katie Murphy 
<kmurphy@danforthcenter.org> 

High-throughput phenotyping of maize stress responses in 
controlled environments 

P156 Lara Brindisi 
<ljbrindisi@gmail.com> 

Identification of cold-adapted proteins in Poaceae using machine 
learning and comparative genomics 
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P157 Rommel Jr. Garrido 
<garri318@umn.edu> 

Impacts of structural variants on accurate SNP imputation 

P158 Sarah Jane McMorrow 
<smm477@cornell.edu> 

Improving polyploid and heterozygous genome interpretation 
using hidden Markov models 

P159 Sanzhen Liu 
<liu3zhen@ksu.edu> 

K-mer trait association mapping and prioritization of candidate 
genes with Homotools for structural comparison 

P160 Rajdeep Khangura 
<rkhangur@purdue.edu> 

Life, the universe, and everything for $42: WideSeq mapping of 
maize mutants 

P161 Zhikai Liang 
<zhikai.liang@ndsu.edu> 

Mapping genomic elements in response to heat stress in maize 

P162 Nikee Shrestha 
<nshrestha5@huskers.unl.edu> 

Mapping loci controlling sorghum seed color using computer 
vision models pre-trained in distantly related grain crops 

P163 Jeff Bennetzen 
<maize@uga.edu> 

Microbial Partner (MiPner) analysis for the discovery and study 
of microbe-microbe interactions 

P164 J. Vladimir Torres-Rodriguez 
<vladimir.torres@unl.edu> 

Population level gene expression can repeatedly link genes to 
functions in maize 

P165 Michael Tross 
<mtross2@huskers.unl.edu> 

Predicting cell type specific expression of maize gene models 
using DNA sequence 

P166 Jingjing Zhai 
<jz963@cornell.edu> 

Prioritizing deleterious mutations in Maize by DNA language 
model 

P167 Brandon Webster 
<webst250@msu.edu> 

Remote sensing for response to nitrogen fertilizer in maize 

P168 Doreen Ware 
<ware@cshl.edu> 

Swift pan-genomic methods for comprehensive genome annotation 
in maize genomes 

P169 Josue Fernandez Canela 
<jf68753@uga.edu> 

The establishment and progression of microbial communities 
associated with the developing seedling roots of maize and 
sorghum 

P170 Noelle Svoboda 
<nsvoboda6@gmail.com> 

The maize rhizoplane microbial community 

P171 Kate Eastman 
<eastman@purdue.edu> 

Transcriptomic responses in maize and green foxtail to Poaceae-
adapted and generalist lepidopteran herbivores 

P172 Quinn Johnson 
<qyj2@cornell.edu> 

Unraveling the chromatin environment of double-strand breaks 
leading to crossovers and non-crossovers 

P173 Grace Vincent 
<gmvincen@ncsu.edu> 

Utilizing hyperspectral field imagery for accurate southern leaf 
blight severity grading in maize 

Cytogenetics 
P174 Juli Jing 

<jj696@cornell.edu> 
An F-box protein ACOZ1 functions in crossover formation by 
ensuring proper chromosome compaction during maize meiosis 

P175 James Birchler 
<birchlerj@missouri.edu> 

B chromosome mediated effects on A chromosomes 

P176 Hafiza Sara Akram 
<ha20be@fsu.edu> 

Elucidating the relationship between DNA replication timing 
within S-phase and the spatial organization of chromatin within 
maize nuclei 

P177 Hua Yang 
<yanghu@missouri.edu> 

Global modulation of gene expression in aneuploidy combinations 
in maize 

P178 Yibing Zeng 
<yz77862@uga.edu> 

Stability of chromosome segregation by synthetic maize 
centromeres 

P179 James Birchler 
<birchlerj@missouri.edu> 

The long journey of Barbara McClintock’s slides defining the 
NOR 
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P180 Hua Yang 
<yanghu@missouri.edu> 

Unveiling the molecular mechanism of the B chromosome 
nondisjunction—a component of its drive mechanism 

Education & Outreach 
P181 Aimee Schulz 

<ajs692@cornell.edu> 
A seed dispersal game: curriculum for teaching plant 
domestication and adaptation to students of all ages 

P182 Daniel Levin 
<dlevin2@umd.edu> 

Broader impact through teacher education: Teachers confront the 
messiness of scientific practice 

P183 Edward Buckler 
<esb33@cornell.edu> 

CENSA: Create a sustainable food system for nitrogen: Moving 
synthetic nitrogen from the field to barn 

P184 Vivian Bernau 
<vivian.bernau@usda.gov> 

Characterizing and distributing maize diversity: The NCRPIS 
maize collection 

P185 Katherine Gray 
<kgray3@ufl.edu> 

Evolution of genome editing regulations: Comparative analysis in 
model countries 

P186 Marlies Wouters 
<mwouters@inari.com> 

From the Inari gene editing toolbox: CRISPR/Cas-mediated 
enhancer insertion in maize 

P187 Mark Lubkowitz 
<Mlubkowitz@smcvt.edu> 

Leaf angle and curricular innovation: a CURE for research and 
undergraduate education 

P188 Brandi Sigmon 
<bsigmon2@unl.edu> 

MARVEL: An inclusive student persistence framework to close 
equity gaps in STEM workforce development 

P189 Bianca Sheridan 
<bsheridan@fsu.edu> 

The Maize-10-Maze project, an educational public chromosome 
map garden with mutants of maize at FSU and online. 

Quantitative Genetics & Breeding 
P190 Sergio Perez-Limoon 

<sjp6181@psu.edu> 
A MAGIC Population to study functional diversity in mexican 
native maize  

P191 Qi Mu 
<qimu@udel.edu> 

A MYB transcription factor underlying plant height in sorghum 
and maize reveals functional connections across natural alleles, 
mutant, and edited alleles  

P192 Alexander Liu 
<aliu@danforthcenter.org> 

A Rootless1 knockdown allele affects maize nodal root 
development, changing root system architecture and function.  

P193 Nate Korth 
<nate.korth@gmail.com> 

A case for GERM: calculating Genotype by Environment by 
Rhizosphere Microbiome interactions to improve crop yield and 
resilience. 

P194 Grace Nystrom 
<gnystrom@wisc.edu> 

A cat-and-mouse game for the stay-green phenotype in maize 
hybrids 

P195 Lauren Whitt 
<lwhitt@danforthcenter.org> 

A comparative approach for selecting orthologous candidate 
genes underlying signal in elemental accumulation genome-wide 
association studies across multiple species 

P196 Zachary Traylor 
<zbtyxb@umsystem.edu> 

A new ethanol extraction method in maize using lab-scale, dry-
grind technology 

P197 Sarah Oliver 
<sloxmd@umsystem.edu> 

A tale of two functions: Exploring Asparagine's impact on human 
health and the environment 

P198 Yawei Li 
<yaweil@iastate.edu> 

AI-driven image-based high-throughput phenotyping and genetic 
analysis of plant architecture in maize 

P199 Eduardo Oliveira 
<eduardovo@usp.br> 

Analysis of B73 seed phenotype changes in response to tropical 
conditions 
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P200 August Thies 
<athies@danforthcenter.org> 

Analyzing the impact of 40 years of breeding and low nitrogen 
environments on maize root system architecture using X-ray 
imaging 

P201 Hannah Pil 
<hdpil@ncsu.edu> 

BZea: A diverse teosinte introgression population for investigating 
agronomic traits in maize 

P202 Paul Scott 
<paul.scott@usda.gov> 

Breeding corn for organic production systems 

P203 Jonathan Niyorukundo 
<niyorukundoj@gmail.com> 

Breeding for color and improved protein content in sweet corn 
and popcorn 

P204 Jagdeep Singh Sidhu 
<jagdeeproots@gmail.com> 

Breeding for root traits in cereal crops 

P205 Cinta Romay 
<mcr72@cornell.edu> 

CERCA - Circular Economy that Reimagines Corn Agriculture 

P206 Cristian Zavala Espinosa 
<c.zavala@cgiar.org> 

CIMMYT Maize Lines (CMLs): A fundamental resource for maize 
breeders and geneticists 

P207 Melissa Draves 
<madcfr@umsystem.edu> 

Characterizing heirloom maize of the United States 

P208 Amparo Daza 
<dazacastanon@wisc.edu> 

Cold tolerance evaluation in maize through seedling establishment 
strategies 

P209 Mariana Vianna 
<viannam@ufl.edu> 

Comparing k-mer-based and SNP-based GWAS approaches to 
identify structural variants in sweet corn 

P210 Kiara Kappelmann 
<kiarak@iastate.edu> 

Comprehensive kernel analysis in large DH populations derived 
from intercrossing germplasm enhancement of maize lines  

P211 Jinliang Yang 
<jinliang.yang@unl.edu> 

Contribution of tropical alleles to heterosis in root traits and root-
associated microbial traits under varied nitrogen conditions 

P212 Akanksha Singh 
<singh412@purdue.edu> 

D16 – A game-changer in the quest to generate short-stature corn 
hybrids 

P213 Xia Zhang 
<xia.zhang@syngenta.com> 

Developing transformable haploid inducers to meet commercial-
scale genome editing in maize 

P214 Nirwan Tandukar 
<ntanduk@ncsu.edu> 

Discovering phosphorus efficiency alleles in maize and sorghum 
by combining multiple omics datasets and advanced modeling 
statistics 

P215 Patrick Sydow 
<pws5408@psu.edu> 

Dissecting the genetic architecture of root traits in the 
MEXIMAGIC population 

P216 Irene Gentzel 
<gentzel.3@osu.edu> 

Effects of maize chlorotic mottle virus and potyvirus resistance on 
maize lethal necrosis disease 

P217 Greg Schoenbaum 
<gregorys@iastate.edu> 

Effects of plot orientation and leaf angle on maize grain yield 

P218 Solomon Oloruntoba Samuel 
<sosamuel@ncsu.edu> 

Examining the dynamics of microbe-driven heterosis in maize 

P219 Rafaela Prado Graciano 
<rafaela.graciano@ufl.edu> 

Exploring the application of phenomic selection in corn breeding. 

P220 Melaku Gedil 
<m.gedil@cgiar.org> 

Expression analysis of key genes controlling resistance to Striga 
hermonthica in tropical maize inbred lines 

P221 Silvio Salvi 
<silvio.salvi@unibo.it> 

Fine mapping and positional cloning of a major root system 
architecture QTL in maize 

P222 Kirsten Hein 
<kirsten.hein@colostate.edu> 

Functional genetics of G×E QTL for root system architecture in 
maize 

P223 Tao Zhong 
<tzhong3@ncsu.edu> 

GWAS analysis reveals resistant genes to maize southern leaf 
blight 
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P224 Daniel Laspisa 
<Daniel.Laspisa@uga.edu> 

Genetic determinants of aerial root formation in maize: Prospects 
for harnessing biological nitrogen fixation 

P225 Leticia Prada de Miranda 
<leticiapradam@gmail.com> 

Genetic potential of tropical, temperate, and mixed maize 
populations evaluated in tropical environments 

P226 Dayane Cristina Lima 
<dclima@wisc.edu> 

Genetic analysis of yield, combining ability, and agronomic 
performance in non-Stiff Stalk elite germplasm in a factorial 
mapping population 

P227 Hongyu Jin 
<hjin5@huskers.unl.edu> 

Genetic elucidation of maize leaf length and width traits 

P228 Cuixia Chen 
<cxchen@sdau.edu.cn> 

Genetic map-based cloning of two major QTL genes for husk 
number in maize (Zea Mays) 

P229 Olamide Adesina 
<oadesina@ksu.edu> 

Genetic mapping of resistance to Goss's wilt of maize 

P230 Jacob Hinrichsen 
<jhinrich@iastate.edu> 

Genome-wide dissection of leaf angle variation across the canopy 
in maize 

P231 Diana Marcela Escamilla 
Sanchez 
<descamil@iastate.edu> 

Genomic selection: Essence, applications and prospects 

P232 Alain Charcosset 
<alain.charcosset@inrae.fr> 

Genomic prediction and landscape genomics in a large maize 
landraces collection using high-throughput pool genotyping 
identifies promising sources of diversity for prebreeding 

P233 Huyu Liu 
<baixuefenfenxi@gmail.com> 

High intensity phenotyping sites:  multi-scale, multi-modal sensing 
to identify the genetic regulation of plasticity/phenotypic stability. 

P234 Eric Rodene 
<eric.rodene@huskers.unl.edu> 

High-throughput phenotyping and machine-learning based 
approaches for time-series crop assessment using UAV imagery 

P235 Phil Brailey-Jones 
<pab14613@uga.edu> 

Host-specificities of microbial consortia revealed by metagenomic 
approaches in Sorghum bicolor 

P236 Mercy Fakude 
<mfakude@iastate.edu> 

Identification of genomic regions associated with the causal QTL 
of SHDG trait in Ames diversity panel by GWAS  

P237 Hwi Moon 
<hmoon3@ncsu.edu> 

Identification of waxy genotype from iodine-stained maize pollen 
image by linear discriminant analysis 

P238 Joseph DeTemple 
<detemplj@iastate.edu> 

Incorporating gene network information into the prediction of 
maize flowering time 

P239 Beatrice Konadu 
<bak234@cornell.edu> 

Introgression of Zea diploperennis to transfer perennial-like root 
N remobilization to maize (Zea mays) 

P240 John Searl 
<jsearl@wisc.edu> 

Kernel morphology influences maize hybrid seed production 
efficiency 

P241 Collin Luebbert 
<cluebbert@danforthcenter.org> 

Leveraging above and below ground phenotyping of a maize 
synthetic population containing teosinte alleles in nitrogen limited 
field conditions to identify nitrogen efficiency alleles  

P242 Ramesh Kanna Mathivanan 
<rmathivanan2@huskers.unl.edu> 

Linking known and previously uncharacterized genes to roles in 
maize metabolism and whole plant phenotype using paired 
transcriptomic and metabolic data from a field grown maize 
diversity panel 

P243 Harel Bacher 
<hb435@cornell.edu> 

Longitudinal modeling of stomatal conductance potentiates the 
optimization of water-use efficient maize 

P244 Asher Hudson 
<ahudson3@ncsu.edu> 

Maize hybrids display negative heterosis for induced defense while 
maintaining disease resistance 

P245 Erik Ohlson 
<erik.ohlson@usda.gov> 

Managing maize lethal necrosis disease using traditional and 
molecular breeding 
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P246 Mohamed El-Walid 
<mze3@cornell.edu> 

Mapping freezing tolerance in tripsacum by bulk segregant 
analysis 

P247 Alexander Mullens 
<mullens3@illinois.edu> 

Mapping tissue-specific disease resistance to Xanthomonas 
vasicola pv. vasculorum in maize 

P248 Matthew Wendt 
<wendtmat@iastate.edu> 

Multi-environment multivariate genome wide association studies 
identify candidate loci underlying cuticular wax accumulation and 
composition on maize silks. 

P249 Ty Thomas 
<tsthoma2@ncsu.edu> 

Multi-environmental RNA-seq reveals the extent of genotype-by-
environment interactions as it relates to gene expression. 

P250 Robert Twohey III 
<twohey2@illinois.edu> 

Optimizing a high-throughput screening method to identify the 
genetic regulators of VPD transpirational breakpoints in Zea 
mays 

P251 Michael Burns 
<burns756@umn.edu> 

Optimizing simulations for digital breeding that accurately 
parallels empirical data 

P252 Sarah Jensen 
<sarah.jensen@syngenta.com> 

Pangenome-based haplotype genomic prediction outperforms 
SNP-based prediction methods for North American corn breeding 

P253 Tae-Chun Park 
<tcpark@iastate.edu> 

Performance of triple cross hybrids with varying genetic distances 
among inbred parents 

P254 Thomas Hartwig 
<thartwig@mpipz.mpg.de> 

Phenotypic heritability in maize can be largely explained by 
genetic variation at transcription factor binding sites 

P255 Jensina Davis 
<jdavis132@huskers.unl.edu> 

Phenotypic plasticity in a maize hybrid population across a 
precipitation and elevation gradient spanning Iowa and Nebraska 

P256 Dongdong Li 
<ddli@iastate.edu> 

Phenotypic plasticity in flowering time in maize-teosinte 
introgression populations shaped by interaction between 
domestication loci and diurnal temperature range 

P257 Denise E. Costich 
<dc58@cornell.edu> 

Phenotypic selection of maize adapted to temperature extremes as 
a strategy to maintain productivity under global climate change 

P258 Matthew Runyon 
<mrunyon2@illinois.edu> 

Pipe dream or partitioning reality? Exploring extreme maize 
phenotypes and their role in programming senescence 

P259 Harshita Mangal 
<hmangal2@huskers.unl.edu> 

Profiling population level gene expression from a field grown 
sorghum diversity panel for comparative analysis with maize 

P260 Waqar Ali 
<wali3@huskers.unl.edu> 

Quantitative genetic analysis of variants contributing to variation 
in yield component traits in maize 

P261 Justine Drouault 
<justine.drouault@inrae.fr> 

Reconsidering the genetic diversity underlying photoperiod-
sensitivity for maize adaption to climate change. 

P262 Anna Giulini 
<annapiamaria.giulini@crea.gov.it> 

Response of mature maize kernels to inoculation with Aspergillus 
flavus 

P263 Ruairidh Sawers 
<rjs6686@psu.edu> 

Response to arbuscular mycorrhizal fungi in field grown maize 

P264 Diego Goncalves Caixeta 
<caixeta@iastate.edu> 

Self-organizing maps for clustering tropical maize inbred lines 
cropped under low and high nitrogen inputs in Brazil 

P265 Pearl Abu 
<plabu@wacci.ug.edu.gh> 

SeqSNP-based genic markers revealed the genetic structure and 
identified candidate genes for low soil nitrogen tolerance in 
tropical quality protein (QPM) maize inbred lines 

P266 Samantha Snodgrass 
<snodgras@iastate.edu> 

Single parent expression and heterosis in a diverse diallel F1 
population 

P267 Lydia Keller 
<lydiaekeller@gmail.com> 

Spatial analysis of stomatal patterning from computer vision-
annotated images for GWAS/TWAS of a diverse biomass sorghum 
population 
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P268 Yingjie Xiao 
<yxiao25@mail.hzau.edu.cn> 

Target-oriented prioritization: a breeding decision tool for 
genomic selection 

P269 Seongmin Hong 
<smhong.info@gmai.com> 

The core collection enriched for Korean maize (Zea mays L.) 
landraces reveals seed texture correlated morphological 
characters and novel multi-aleurone layer phenotypes 

P270 Gen Xu 
<gxu6@unl.edu> 

The dominance of gene expression controlled by trans-eQTLs 
contributes to heterosis of phenotypic traits in maize 

P271 Chengxiu Wu 
<cxwu@webmail.hzau.edu.cn> 

The maize ontogenetics: complexity, diversity and dynamics 

P272 Aaron Kusmec 
<amkusmec@iastate.edu> 

The many contexts of genetic effects 

P273 Sendi Mejia Jimenez 
<smejiaji@purdue.edu> 

The recessive lesion mimic mutation (les-2014) results from the 
loss of function of the only hpl1 gene in maize 

P274 Jieli Wegerif 
<jieliwegerif@ufl.edu> 

The role of Grassy Tillers 1 in drought response of Sorghum 
bicolor 

P275 Randall Wisser 
<randall.wisser@inrae.fr> 

The shape of data: a new concept for understanding crop diversity 

P276 Jianming Yu 
<jmyu@iastate.edu> 

To explain and to predict: Genetic diversity, environmental 
context, and phenotypic plasticity 

P277 Karlene Negus 
<knegus@iastate.edu> 

Transformers for genomic selection 

P278 Christopher Mujjabi 
<mujjabi2@illinois.edu> 

Unveiling the effects of organic nitrogen fertility and weed 
competition on corn hybrid agronomic performance and root 
architecture characteristics 

P279 Max Braud 
<mbraud@danforthcenter.org> 

Using remote and proximal sensing to quantify plant architectural 
variation across maize diversity  

P280 Qiuyue Chen 
<qchen295@wisc.edu> 

Weighted records prediction for hybrid maize performance 

Transposons & Epigenetics 
P281 Justin Scherer 

<jts34805@uga.edu> 
Analysis of de novo mutator transposon insertions across tissue 
types 

P282 Jonathan Cahn 
<cahnjonathan@gmail.com> 

Bi-directionally expressed enhancers harbor the molecular 
signatures of maize domestication 

P283 Kaitlin Higgins 
<kaitlinj@iastate.edu> 

DNA glycosylase Mdr1 underlies a connection between DNA 
methylation and imprinted gene expression 

P284 Samantha Jean 
<jeans5@montclair.edu> 

Data mining dynamic transposable elements - Helitrons - using 
LSTM model 

P285 Taylor Isles 
<taylor.isles@outlook.com> 

Dynamic genomic evolution via active LTR transposable elements 
in maize 

P286 Julian Somers 
<jms53460@uga.edu> 

Exploring the timing and regulation of the sporophyte-to-
gametophyte transition (SGT) 

P287 Mateus Mondin 
<mmondin@usp.br> 

Exploring tissue-specific variation in knob chromatin accessibility 

P288 Manisha Munasinghe 
<mmunasin@umn.edu> 

Genetic determinants of hybrid decay in backcross populations of 
maize 

P289 Kempton Bryan 
<kempton@uga.edu> 

Genomic consequences of repeated chromosomal breakage 
  

P290 Mohammad Mahmood Hasan 
<m.hasanbot@gmail.com> 

High-resolution crossover maps highlighting the role of DNA 
methylation in meiotic recombination of maize. 
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P291 Yirui Sun 
<s.yirui@uga.edu> 

Influence of the DNA glycosylase MDR1 on histone modifications 
in endosperm 

P292 Jason Lynn 
<jlynn@cshl.edu> 

Maize AGO2 is involved in RNAi balance and epigenetic 
inheritance through the male germline 

P293 Natasha Dhamrait 
<ndhamrait@ucdavis.edu> 

Maize domestication through the lens of transposable elements 

P294 Claire Menard 
<menar060@umn.edu> 

TIPs and tricks for identifying transposable element insertion 
polymorphisms using short-read data 

P295 Surinder Chopra 
<sic3@psu.edu> 

The maize ufo1 and its mysterious function in kernel development 

P296 Maike Stam 
<m.e.stam@uva.nl> 

Vgt1: a cis-regulatory element regulating flowering time and 
growth speed   

P297 Kathryn Koirtyohann 
<kmk20cn@fsu.edu> 

mRNA splicing variation in mop1-1 mutant maize 

Evolution and Population Genetics 
P298 Ilksen Topcu 

<ilksen.topcu@tamu.edu> 
Crop domestication in Zea mays has contrasting effects on 
microbiome community structure in above and below-ground 
microbiota 

P299 Akwasi Yeboah 
<akwasiyeboah97@gmail.com> 

Determination of genetic and epigenetic regulations of meiotic 
recombination under domestication in maize 

P300 Madsen Sullivan 
<madsens2@illinois.edu> 

Distribution and impact of functional glossy15 haplotypes on 
phase change, flowering, and grain drydown  

P301 Wei-Yun Lai 
<wl748@cornell.edu> 

Evolutionary mining of cold tolerance alleles in maize for future 
farming sustainability 

P302 Heather Chamberlain-Irwin 
<hchamber@iastate.edu> 

Genetic legacies of the first ancient South American State in 
archaeological maize 

P303 Joseph Atemia 
<j.atemia@fzjuelich.de> 

Genome-wide association studies to establish the genetic basis of 
agro-morphological and climatic factors in wild maize relatives 

P304 Nicholas Gladman 
<gladman@cshl.edu> 

Gramene 2024: A comparative resource on plant reference 
genomes, pan-genomes and pathways 

P305 Senthilkumar Velmurugan 
<senthilkumaranpbg12@gmail.com> 

Maize x teosinte synergy: A holistic vision for climate-resilient 
crop evolution through integrated innovative breeding strategies 

P306 Elli Cryan 
<epcryan@ucdavis.edu> 

Molecular evolution of a maize hybrid barrier over 12 million 
years suggests epistatic silencing 

P307 Michelle Stitzer 
<mcs368@cornell.edu> 

Revisiting the subgenome ancestry of maize 

P308 Charles Hale 
<coh22@cornell.edu> 

Scaling analyses of cis-regulatory evolution across hundreds of 
wild grass species 

P309 Michael Anokye 
<anomic17@gmail.com> 

Shoot-level phenotyping reveals adaptive variation in the grass 
genus Hordeum 

P310 Rebecca Piri 
<rdp22327@uga.edu> 

Tandem repeat structure and conservation in maize 

P311 Jonathan Acosta 
<jonathan.acosta@cinvestav.mx> 

The influence of heavy metal response in the origin and 
domestication of maize 

P312 Aimee Schulz 
<ajs692@cornell.edu> 

Uncovering the genetic basis of perenniality in the 
Andropogoneae 

P313 Catherine Hardy-Ramey Li 
<chli6@illinois.edu> 

Unraveling the genetic basis of kernel protein concentration in the 
Illinois long term selection experiment through near-isogenic lines 
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P314 Tyrus Cryan 
<tycryan@davidson.edu> 

Phenotypic selection in SynAdapt, a genetically diverse maize-
teosinte hybrid population 

Late Poster Submissions 

P315 Michael Scanlon 
<mjs298@cornell.edu> 

Homology of the grass cotyledon: A multiplexed transcriptomic 
analysis 

P316 Pyu Pyu Win 
<pwin@hamilton.edu> 

Investigation of Zea mays Ab10 Kindr/Knob180 meiotic drive 
system in budding yeast 

P317 Naima Akter 
<nakter@hamilton.edu> 

Characterizing the kinetochore-microtubule binding interface and 
meiotic spindle structure of Zea mays 

P318 Aniruddha Pathak 
<anipath@iastate.edu> 

Regularized AMMI model for multi-environment agricultural trials 
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Keynote Speaker Abstracts 
Keynote Speaker 1                                                   Thursday, February 29  7:20 PM EST 
 

@cadwego 
Phenomenology for maize experts: what do you see when you contemplate 
the map of global maize production? 
(submitted by Ricardo Salvador <rsalvador@ucsusa.org>) 
Full Author List: Salvador, Ricardo J1 
1 Union of Concerned Scientists; Washington DC, USA 20006 
 
An agricultural system is the landscape expression of a set of human values, on the view 
of geographer Carl Sauer (1889 - 1975.) “The material manifestations of culture are land 
use, settlement patterns, technology, and other artifacts.” The community of maize 
researchers and technologists has contributed to the creation of six global basins of 
agricultural hyper-productivity. The values manifested by the existence of these basins 
reflect prioritization of return to financial capital, industrial specialization and efficiency, 
at the expense of environmental degradation (global warming, soil erosion, hypoxia) and 
human displacement (decrease in the number, and migration, of both self-provisioning 
and industrial farmers.) To the extent that maize researchers intend their activities and 
contributions to be unqualified social goods, there is a need for this community to address 
the incongruity between those intentions and the actual social outcomes. The 
communities affected by the spread of industrial maize production, together with 
scientists whose expertise is understanding the grand currents and drivers of cultural 
development—anthropologists, historians, sociologists—can enrich the universe of 
considerations and evaluation of the “maize improvement” project. 
 
Funding acknowledgement: Members of the Union of Concerned Scientists 
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Keynote Speaker 2                               Friday, March 17  11:40 AM EST 
 

 
Selected highlights of maize disease resistance genetics research: These are 
a few of my favorite things. 
(submitted by Peter Balint-Kurti <pjbalint@ncsu.edu>) 
Full Author List: Balint-Kurti, Peter J.1 
1 Plant Science Research Unit, USDA-ARS, Raleigh NC, USA 

The maize genetic system has many unique and attractive features.  While, perhaps 
surprisingly, it has not been used as much as some other systems in molecular-genetic 
studies of plant disease resistance, a number of important discoveries in this area have 
been made using maize. 

The southern corn leaf blight epidemic of 1970, caused by the widespread distribution of 
(what turned out to be) a disease susceptibility gene, resulted in losses of ~$8 billion 
(2023 dollars).  Maize pathologists were instrumental in helping ensure that the epidemic 
lasted just a single year.  This epidemic has often been cited as a cautionary tale 
regarding the dangers of genetic uniformity.  I will propose alternative perspectives and 
lessons that might be drawn from this event. 

The first plant disease susceptibility and resistance genes were identified in maize.  
Studies of the maize Rp1 common rust resistance locus were important in our 
understanding of the complex nature of many plant resistance loci.  Further work 
with Rp1 demonstrated the cell autonomous nature of the plant hypersensitive defense 
response (also known as HR).  More recently, auto-active variants of Rp1 have been used 
to describe the molecular genetic architecture that controls HR. 

The excellent resources available in maize for quantitative genetic studies have enabled 
some of the most detailed studies describing the basis of quantitative disease resistance 
and multiple disease resistance.  Several maize quantitative disease resistance genes have 
been identified over the past decade, informing our understanding of the complex basis of 
plant quantitative disease resistance. 

I will discuss these ‘selected highlights’ with some reference to our own work.   I will 
further discuss prospects and applications of our burgeoning knowledge in this area.    
 
Funding acknowledgement: National Science Foundation (NSF), United States 
Department of Agriculture (USDA) 
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Keynote Speaker 3                     Friday, March 1  10:40 AM EST 
 
From the stars to your table - plants as complex conduits for iron nutrition 
(submitted by Terri Long <terri_long@ncsu.edu>) 
Full Author List: Long, Terri1 
1 Dept. of Plant and Microbial Biology, NC State University, Raleigh, NC 27695 

Iron is a ubiquitous micronutrient that plays critical roles in central metabolic processes 
for all living organisms. The mechanisms by which plants extract iron from soil and 
maintain iron homeostasis are particularly intriguing. While it is relatively abundant, in 
most soils iron is insoluble and therefore of limited bioavailability, however excess iron 
accumulation in plants can lead to cellular damage. Thus, plants must extract sufficient 
quantities of iron from recalcitrant soil environments, while also ensuring that iron 
content does not exceed a specific range. Arabidopsis and other dicots have evolved 
mechanisms to sense iron deficiency in the shoot, which triggers roots to solubilize, 
reduce and uptake iron across multiple root cell types before transport to the shoot. 

Using a combination of molecular and confocal microscopy analysis, cell-type specific 
transcriptional profiling, and mathematical modeling we have uncovered several 
molecular mechanisms that control how plants recognize and respond to iron deficiency 
stress in a root cell-specific manner. Our findings provide new evidence for how distinct 
alternations in the root cortex control carbon metabolism in response to iron deprivation, 
and how iron deficiency causes specific developmental alterations in the root vasculature 
and epidermis. Together, these mechanisms operate to fine-tune root growth and 
physiology in the face of suboptimal growth conditions, while also  providing new 
avenues for exploring inter- and intracellular nutrient stress response in plants. 
 
Funding acknowledgement: National Science Foundation (NSF), United States 
Department of Agriculture (USDA) 
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Keynote Speaker 4                                           Saturday, March 2  10:40 AM EST 
 

 
Leveraging synthetic biology to monitor and control plant hormone 
activity 
(submitted by Anna Stepanova <atstepan@ncsu.edu>) 
Full Author List: Stepanova, Anna N.1 
1 Department of Plant and Microbial Biology, North Carolina State University, Raleigh, NC, 
USA 

Phytohormones are critical regulators of plant development and environmental responses. 
In the past three decades, the molecular pathways that govern hormone biosynthesis, 
signaling, and catabolism have been largely mapped out using a combination of genetics, 
molecular biology, biochemistry, and cell biology approaches. Despite the major 
progress, our ability to monitor and precisely control hormone action remains limited. 
With the development of inexpensive DNA synthesis technologies and the rise of 
synthetic biology as a new discipline at the intersection of molecular genetics and 
engineering, new molecular tools can now be built to enable hormone tracking and 
targeted hormone manipulation. We have generated a synthetic biology toolbox that 
allows rapid construction of multi-hormone transcriptional reporters. In addition, we are 
building CRISPR-based logic gate devices to confer novel, highly restricted patterns of 
expression to any genes of interest using a limited set of available native and synthetic 
drivers. The latter technology can be employed to tune the expression levels and subtract 
undesired domains of expression from existing drivers to precisely control output genes 
of interest, such as hormone biosynthesis, signaling, or catabolism genes, to regulate 
plant architecture, responses to stress, and other traits of interest. By combining multi-
hormone reporters and genetic logic devices, we aim to shed fresh light on the 
mechanistic role of hormones in orchestrating plant development and stress physiology. 
That knowledge can then be relied upon to develop resilient next-generation crops. 
 
Funding acknowledgement: National Science Foundation (NSF) 
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Keynote Speaker 5                                           Saturday, March 2  11:40 AM EST 
 
Plant breeding and the infinitesimal model: cause or consequence 
(submitted by Natalia de Leon <ndeleongatti@wisc.edu>) 
Full Author List: de Leon, Natalia1 
1 Department of Biology, University of Wisconsin, Madison, WI, USA 

Breeding relies on genetic variation generated through random mutagenesis and 
recombination and simultaneously shapes such variation by the process of selection. 
Starting with the domestication processes which led to the development of modern crops, 
to contemporary tools that refine artificial selection, large beneficial effects controlling 
targets of selection are expected to be fixed, limiting subsequent improvements to genes 
of minor effect. This limitation, however, does not result from biological constraints but 
rather from the allelic purge induced by selection. The practical consequence of this is 
that enhancing economically important traits in plants exclusively through the exploration 
of existing variation is unlikely to yield significant progress, particularly at the scale 
demanded by a growing global population. The advent of modern technologies, including 
genotype-agnostic transformation and editing resources, enable breeders to move away 
from a traditional breeding lottery approach to a situation where it is now feasible to 
deliberately optimize combination of alleles that can be further exploiting from a 
breeding context. As we consider sources of variation and methods to evaluated and 
harness them effectively, it is important to consider where such variation is prevalent and 
which techniques hold promise for generating the magnitude of changes required to meet 
global demand.  This presentation will discuss how selection processes have likely 
altered variation and the ramifications for technological applications aimed at increasing 
the efficiency of breeding efforts.  

Funding acknowledgement: United States Department of Agriculture (USDA), National 
Science Foundation (NSF), Foundation for Food & Agricultural Research (FFAR), 
National Corn Growers Association (NCGA), Iowa Corn Growers Association (ICGA) 
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McClintock Prize Abstract 
McClintock Prize (M1)                     Friday, March 1  11:40 AM EST 

 
Polycomb memory to register environmental exposure 
(submitted by Caroline Dean <caroline.dean@jic.ac.uk>) 
Full Author List: Dean, Caroline1 
1 John Innes Centre, Norwich, NR4 7UH, UK 

Plants are completely tuned to their environment, changing their metabolism and growth 
in response to short-term changes and their development in response to long-term trends. 
A question that fascinated Barbara McClintock was how the environment affected plant 
genome functioning, but this is still relatively poorly understood. We have addressed this 
question by studying how naturally fluctuating temperature signals are registered 
throughout winter in the process of vernalization, a process that aligns flowering with 
favourable spring conditions. In Arabidopsis, vernalization involves the epigenetic 
silencing of the floral repressor FLC. At its simplest this a cold-induced Polycomb 
silencing mechanism showing many parallels to Polycomb regulation generally. 
However, further dissection has shown that multiple aspects of the noisy temperature 
signals influence many processes distributed throughout the FLC regulatory network. 
These function directly through co-transcriptional changes of FLC sense and antisense 
transcription, and indirectly through reduced cell division. These temperature-dependent 
inputs are integrated through promotion of a low probability Polycomb-mediated 
chromatin switch. This occurs locally at each allele and holds the memory of that 
temperature exposure through the rest of development. The talk will describe our 
understanding of this environmentally mediated epigenetic switching mechanism.  
 
Funding acknowledgement: Royal Society, BBSRC, Wellcome, ERC 
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Short Talk Abstracts 
SESSION 2 – THE GENES THAT MAKE MAIZE 
Chair: Madeleine Bartlett                                            Friday, March 1. 8:00 AM – 10:10 AM EST  

T1 
An exocyst component ZmEXO70F4 coordinates with jasmonate signaling 
pathway to regulate maize immunity to Gibberella stalk rot 
(submitted by Xiquan Gao <xgao@njau.edu.cn>) 
Full Author List: Gao, Xiquan1 2 3; Ma, Liang1 2 3; Xie, Fugui1 2 3; Wang, Qing1 2 3 
1 State Key Laboratory of Crop Genetics & Germplasm Enhancement and Utilization, Nanjing Agricultural 
University, Nanjing, Jiangsu Province, 210095, P. R. China 
2 College of Agriculture, Nanjing Agricultural University, Nanjing, Jiangsu Province, 210095, P. R. China 
3 Collaborative Innovation Center for Modern Crop Production co-sponsored by Province and Ministry, 
Nanjing Agricultural University, Nanjing, Jiangsu Province, 210095, P. R. China 
 
Gibberella Stalk Rot (GSR) caused by Fusarium graminearum is one of the most 
devastating diseases worldwide, which significantly reduces the production and quality, 
and restricts the application of mechanic harvesting technology in maize. Despite that 
several resistance genes associated with GSR have been cloned, more candidate genes 
need to be characterized, and the complex genetic and molecular mechanisms underlying 
GSR immunity await to be fully dissected, considering that the trait is controlled by many 
minor-effect loci. We identified a novel GSR-resistant QTN qRGS1, 
and ZmExo70F4 was identified as the candidate gene via Genome-wide association study 
(GWAS), allelic analysis, and gene functional analysis. Using yeast-two hybrid library 
screening, combined with RNA-seq and WGCNA, multiple immune signaling 
components, including those from jasmonates signaling pathways, were identified to be 
associated with ZmExo70F4-meidated immunity to GSR. The interactions between 
ZmEXO70F4 and its potential interacting proteins including ZmMYC7 was confirmed 
and their functions in GSR immunity were validated. ZmMYC7 was further found to 
modulate GSR immunity through regulating isoflavonoids production. The results 
obtained will not only help us to deep insights into the complex GSR resistance 
mechanisms, but also provide novel genetic resources for molecular breeding of maize 
stalk rot resistance. 
 
Funding acknowledgement: JBGS [2021-002] project from the Government of Jiangsu 
Province, the National Key Research and Development Program of China (grant #: 
2020YFE0202900), Beijing Lantron Seed CO., LTD 
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T2  
Crazy leaves and truffula trees 
(submitted by Annis Richardson <annis.richardson@ed.ac.uk>) 
Full Author List: Prigge, Michael J.1; Sluis, Aaron2 3; Morffy, Nicholas4; de Neve, Amber2 3; Szutu, 
Whitney1; Abraham-Juárez, María Jazmín5; Johnson, Kjel2 3; Do, Nicole1; Lavy, Meirav1; Hake, Sarah2 3; 
Strader, Lucia4; Estelle, Mark1; Richardson, Annis E2 3 6 
1 Department of Cell and Developmental Biology, School of Biological Sciences, University of California 
San Diego, La Jolla, CA, USA 
2 USDA Plant Gene Expression Center, 800 Buchanan Street, Albany, CA 94710. 
3 Department of Plant and Microbial Biology, University of California Berkeley, CA. 
4 Department of Biology, Duke University, Durham, NC, USA 
5 Laboratorio Nacional de Genómica para la Biodiversidad (LANGEBIO), Unidad de Genómica Avanzada, 
Centro de Investigación y de Estudios Avanzados (CINVESTAV), Irapuato, 36821, Mexico. 
6 Institute of Molecular Plant Sciences, School of Biological Sciences, University of Edinburgh, Edinburgh, 
UK. 
 
Plant architecture is crucial in determining productivity. In maize the iterative 
development of units called phytomers; composed of a node, internode, axillary meristem 
and organ such as a leaf; defines final plant shape. Modulation of the growth and 
development of each part of the phytomer also contributes to morphological diversity 
underpinning differences in productivity. Auxin plays a key role in regulating phytomer 
development, however the pathway that decodes its effects is not well understood, in part 
due to few reported auxin mutants with vegetative phenotypes. Here we present two 
dominant maize mutants with opposing vegetative phenotypes; Hoja loca1(Oja) 
and Truffula(Trf); both of which have defects in auxin transcriptional 
response. Oja plants often fail to produce leaves at each node, and those that do form can 
be midribless or tube-shaped. Oja is due to a mutation in the highly conserved degron 
motif of the auxin response repressor ZmIAA28. In contrast, Trf plants develop extra 
leaves at nodes, which can have multiple midribs. The Trf mutation is located in the 
DNA-binding domain of ZmARF28, a member of the repressive class-B Auxin Response 
Factor clade that we know relatively little about. Our unique comparative analysis of 
maize and moss, species separated by ~500 million years of evolution, reveals a novel 
evolutionarily conserved degron motif, shedding light on a new pathway for class-B ARF 
regulation in plants. Through investigating Oja and Trf we not only build new 
understanding of auxin-regulated phytomer development in maize, but also uncover 
fundamental components of auxin response regulation important for land plants. 
 
Gene / Gene Models described: Oja (ZmIAA28), Trf (ZmARF28); GRMZM2G035465, 
Zm00001eb408800 
Funding acknowledgement: National Institutes of Health (NIH), National Science 
Foundation (NSF), United States Department of Agriculture (USDA), UKRI 
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T3 
A thiamin pyrophosphate kinase encoding gene ZmTDPK2 finely regulates 
ear length and grain yield in maize 
(submitted by Yun Luo <1332803470@qq.com>) 
Full Author List: Luo, Yun1; Liu, Yu1; Yan, Jianbing1 2 3 
1 National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 
430070, China 
2 Hubei Hongshan Laboratory, Wuhan 430070, China 
3 Yazhouwan National Laboratory, Sanya 572024, China 
 
Enhancing the grain yield of maize is imperative to meet the escalating demands for 
maize-derived products in food, feed, and fuel. Ear length (EL) serves as a crucial 
determinant of grain yield and, consequently, stands as a pivotal target trait in maize 
breeding. However, only a limited number of EL quantitative trait loci (QTLs) have been 
identified and cloned, with their underlying molecular mechanisms remaining largely 
elusive. Here, we characterize an EL QTL, qKB6.2, to identify a maize gene controlling 
flower number and ear length. The qKB6.2 encodes a thiamin diphosphokinase2 
(TDPK2), a gene that involves phosphorylating thiamin into thiamin pyrophosphate 
(TPP) in the cytoplasm. CRISPR/Cas9 knockout lines of ZmTDPK2 exhibited lower TPP 
levels in the developing ear, reduced florets number, EL and thus decreased grain yield. 
Interesting, the maize EL of ZmTDPK2 overexpression lines exhibited a trend of initially 
increasing and then decreasing with the rising expression levels of ZmTDPK2, suggesting 
that the optimal EL is manifested at the appropriate ZmTDPK2 expression levels. The 
favorable haplotype frequency of qKB6.2 in the association population is only 0.4%, 
which is rare. And, in comparison with the hybrid lines constructed with NILqkb6.2, the EL 
and grain yield of hybrid lines constructed with favorable haplotype NILqKB6.2, increased 
by 6.3%-17.4%, and 5.5%-17.4%, respectively. Moreover, foliar application of a 0.04% 
TPP solution on the leaf surface has been shown to elevate the yield of maize, rape and 
rice. Our findings suggest that ZmTDPK2 serves as a critical role in TPP-mediated female 
inflorescence development, EL and grain yield, and also provide a tool to improve grain 
productivity by optimizing ZmTDPK2 expression levels or foliar application of TPP in 
other cereals. 
 
Gene / Gene Models described: ZmTDPK2; Zm00001d037916 
Funding acknowledgement: National Natural Science Foudation of China and China 
Postdoctoral Science Foundation 
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T4 
A novel domestication gene establishes developmental boundaries 
(submitted by George Chuck <georgechuck@berkeley.edu>) 
Full Author List: Dong, Zhaobin1 2; Hu, Gaoyuan2; Shemyakina, Elena1; Whipple, Clinton3; Chuck, 
George1 
1 University of California Berkeley, Albany, CA USA 94710 
2 China Agricultural University, No. 2 Haidian District, Beijing, China 
3 Brigham Young University, Provo, UT, USA 84602 
 
Early farmers selected for a suite of different vegetative and reproductive crop traits 
during domestication but identifying the causative loci has been hampered by their 
epistasis and functional redundancy.  Using ChIP-seq combined with genome wide 
association analysis, we uncovered a developmental regulator that controls both 
categories of traits while acting upstream of multiple domestication loci.   Mapping of 
four maize domestication and improvement QTL identified tasselsheath4 (tsh4) as a 
strong candidate gene.  We show that tsh4 functions redundantly with a pair of homologs 
to bind and activate three domestication genes, teosinte branched1, tassels replace upper 
ears1 and teosinte glume architecture1.  tsh4 is in fact a novel domestication gene that 
establishes developmental boundaries and specifies meristem versus lateral organ fates.  
TSH4 does this by employing an unusual mechanism where it targets and represses the 
very same microRNAs that negatively regulate it via a double negative feedback loop.  
 TSH4 then cements these boundaries by binding to AUX IAA genes to repress auxin 
responsiveness in lateral organs and redirect the flow of auxin to axillary meristems to 
enable their growth.  One such meristem is the spikelet pair meristem that is responsible 
for doubling seed yield in maize versus teosinte and is missing in higher 
order tsh4 mutants.  A comparison of the maize versus teosinte alleles of tsh4 within 
introgressed backgrounds revealed that the former contains a small intron deletion and is 
more highly expressed. Thus, by selecting for this high expressing allele early farmers 
were able to modify a variety of key architectural traits to maximize yield gain, 
placing tsh4 at the top of the domestication hierarchy. 
 
Gene / Gene Models described: tsh4, ub2, ub3, tb1, tru1, tga1; Zm00001eb316740, 
Zm00001eb035030, Zm00001eb199880, Zm00001eb054440, Zm00001eb141160, 
Zm00001eb175150 
Funding acknowledgement: National Science Foundation (NSF), United States 
Department of Agriculture (USDA) 
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T5  
Leaf angle and curricular innovation: a CURE for research and 
undergraduate education 
(submitted by Mark Lubkowitz <mlubkowitz@smcvt.edu>) 
Full Author List: Lubkowitz, Mark1; Evans, Lukas2; Scanlon, Michael J2; Yu, Jianming3; Boris, Brandon 
N1; Hoffmann, Emilie S1; Koutsoufis, Kaitlyn M1 
1 Saint Michael's College, Colchester, VT, USA 05439 
2 Plant Biology Section, School of Integrative Plant Science, Cornell University, Ithaca, NY, USA 14853 
3 Department of Agronomy, Iowa State University, Ames, IA, USA 50011 
 
Undergraduate research is arguably the single most important experience for inspiring 
students to pursue graduate school and STEM careers. Yet, most students never have the 
opportunity to engage in research simply because of time and limited institutional 
resources. Course Based Undergraduate Research Experiences (CUREs) address these 
issues since students and institutions are already committed to classes. CUREs are not 
new to undergraduate curricula but they often occur as a singular opportunity as opposed 
to a curricular foundation, and therefore lack the impact of a prolonged research 
experience. To address this issue, we have developed a four-year CURE program that 
consists of eleven courses spanning four STEM majors. Students experience a breadth of 
research systems, questions, approaches, and analyses at every developmental level and 
the scale of the program ensures that a significant portion of every student’s education is 
research based. Here we present an overview of our CURE program and then illustrate 
how undergraduate researchers are helping to identify transcription factors that control 
leaf angle in maize. Leaf angle is an important trait that has historically been manipulated 
by breeders to increase planting density and therefore yield. Since the auricle contributes 
significantly to leaf angle, undergraduates helped perform a yeast one hybrid screen using 
the promoters of narrowsheath1, liguleless1, liguless3, and roughsheath1; all genes that 
are expressed in the pre-ligular band during leaf development. Surprisingly, all of these 
genes were bound by some combination of only four transcription factors in the Lateral 
Organ Boundary (LOB) family, including ramosa2. The  small number of transcription 
factors identified as well as the overlap suggests that these four genes are in the same 
regulatory network and function early in auricle development. This finding illustrates 
how undergraduate education, CUREs, and discovery can be joined to the benefit of all 
parties. 
 
Gene / Gene Models described: ns1, lg1, lg3, rs1, ra2; GRMZM2G069028, 
Zm00001eb067740, GRMZM2G087741, GRMZM2G087741, Zm00001eb299420, 
Zm00001eb299420 
 
Funding acknowledgement: National Institutes of Health (NIH), National Science 
Foundation (NSF) 
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SESSION 4 – NEW TOOLS AND RESOURCES I 
Chair: Lander Geadelmann                                            Friday, March 1. 4:40 PM – 6:00 PM EST  

T6  
Optimized ZmWOX2A-based transformation system enhances somatic 
embryogenesis, transformation efficiency and gene editing efficiency in 
maize (Zea mays L.) and sorghum (Sorghum bicolor L.) 
(submitted by Jonathan Matheka <matheka@wisc.edu>) 
Full Author List: Matheka, Jonathan M.1; Collier, Ray1; Walter, Nathalie1; Animasaun, David1 3; Kaeppler, 
Shawn M.1 2; Kaeppler, Heidi F.1 2 
1 Wisconsin Crop Innovation Center, University of Wisconsin, Middleton, WI, USA 
2 Department of Plant and Agroecosystem Sciences, University of Wisconsin, Madison, WI, USA 
3 Department of Plant Biology, University of Ilorin, Ilorin, Nigeria 
 
Embryogenic cultures are key components of many maize genome engineering/editing 
systems. Production of embryogenic cultures is, however, highly genotype dependent. 
Previously, we identified an embryogenesis-related maize gene, ZmWOX2A, and 
demonstrated that when constitutively expressed it enabled somatic embryogenesis and 
regeneration of phenotypically normal plants of the recalcitrant maize genotype, B73. 
Initial comparisons with a BBM+WUS-based system showed that the 
constitutive ZmWOX2A system generally resulted in lower somatic embryogenesis and 
transformation frequencies (TF). To optimize the ZmWOX2A-based system, the effects of 
6 terminators, 6 promoters, and 6 enhancer-containing introns were evaluated as 
components of the ZmWOX2A transcriptional unit (TU). Of the 6 termination sequences 
tested, the tobacco extensin terminator (EUt) significantly increased ZmWOX2A-induced 
somatic embryogenesis (SE) and was used in TUs testing promoter and intron effects. 
The promoters driving expression of ZmWOX2A that were tested for effects on TF and 
plant phenotype included constitutive (ZmUbi1p), scutella epidermis-specific (PLTPp), 
and 4 novel, embryo-specific promoters we recently cloned and characterized. 
Significantly more somatic embryos were produced per explant with the ZmUbi1p, 
relative to PLTPp; however, there was no significant difference in TFs between 
the ZmUbi1p- or PLTPp-driven ZmWOX2A/EUt constructs. Two of the four embryo-
specific promoters yielded efficient TFs, but below that of either 
the ZmUbi1 or PLTP promoters. The highest performing embryo-specific promoter 
(Php20719a) was then paired in 6 intron combinations to compare effects on TF in 
the ZmWOX2A system. Three of the introns significantly increased TF of 
the Php20719ap-containing TUs more than that of the unmodified Php20719ap, two of 
which also outperformed PLTPp. Optimized ZmWOX2A TUs were then tested on several 
maize and sorghum genotypes and efficient TFs achieved in both species. Optimized 
vectors were also tested in maize editing experiments and resulted in efficient generation 
of edited, phenotypically normal plants and progeny.  
 
Funding acknowledgement: National Institute of Food and Agriculture (NIFA)-United 
States Department of Agriculture (USDA)-Hatch grants #1020442 and 1013262, and 
National Science Foundation (NSF)-IOS grant # 1917138 
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As the depth and complexity of scientific data and literature expand, the role of artificial 
intelligence (AI) has become increasingly pivotal. AI techniques are proving to be an 
indispensable tool for sifting through and integrating disparate streams of information, 
paving the way for unprecedented breakthroughs. From protein design to cell fate 
determination, there are a growing number of examples of AI technologies providing key 
contributions to scientific discovery. Bayer Crop Science is fully engaged in the pursuit 
of cutting-edge solutions for the next wave of maize agricultural production. To achieve 
this, we have adopted a multi-level strategy that harnesses the latest developments in AI 
technology. In this session, we will shed light on how Bayer Crop Science is leveraging 
AI for large-scale yield prediction, redefining phenotyping with computer vision 
techniques, and augmenting the productivity of individual scientists. Furthermore, we 
will unveil our approach to Machine Learning Operations (MLOps), which plays a 
crucial role in sustaining and advancing the complex array of AI models that are integral 
to our product development pipeline. This talk aims to provide insights into the multi-
level, dynamic contributions AI can play in modern agricultural research. 
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Domestication, adaptation, and inbreeding of modern maize has resulted in a significant 
loss of the genetic diversity found in the wild species of maize, teosinte. Genetic variation 
in teosinte could provide a useful source of diversity lacking in modern maize cultivars. 
However, the lack of high-resolution genetic resources for the study of teosinte has made 
it difficult to associate that variation with agronomic traits. We produced a genetic map 
of the Zea Synthetic population, a genetic resource created by randomly mating a 38-
accession synthetic breeding population consisting of 11 geographically diverse teosinte 
(Zea mays ssp. parviglumis), B73, Mo17, and the 25 inbred Nested Association Mapping 
(NAM) founders. After 6 generations of random mating, 2000 DHs were produced, 
originally to study inbreeding depression.Our approach leverages full genome sequences 
of the population’s parent genomes using the practical haplotype graph (PHG), a server 
mounted pangenome built from a SQL database populated by a reference panel of whole 
genome sequences. To mirror the makeup of our Zea Synthetic population, we filled a 
reference panel with data from the whole-genome sequences of B73, Mo17, the 25 inbred 
NAM founders, and 11 teosinte pseudo-genomes. Approximately 4.6 million haplotypes 
were sampled from individuals and groups in this diverse panel to populate the PHG with 
individual and consensus reference haplotypes. These haplotypes were paired with low 
coverage GBS sequences from the 2000 DHs to accurately impute WGS data for the 
entire population for use in association mapping.  Our map is able to identify QTL 
associations for traits such as flowering time and Cadmium accumulation as well as 
identify regions of segregation distortion and those that have experienced selection. 
 
Funding acknowledgement: United States Department of Agriculture (USDA), Donald 
Danforth Plant Science Center 
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Modern agriculture is increasingly reliant on traited hybrid maize because of its superior 
yield, resistance to insect damage, and ease of weed control. Detasseling of female line 
plants during commercial seed production costs millions of dollars annually and lowers 
seed yield. The use of Cytoplasmic Male Sterility (CMS) avoids detasseling and 
decreases the cost of hybrid seed. However, conversion of female maize lines to CMS 
involves several rounds of backcrosses after the initial cross to a CMS donor line to 
reconstitute the traited female Recurrent Parent (RP) with minimal linkage drag. This 
process can take up to 2 years and results in approximately 95% Recurrent Parent (RP) 
recovery. Maize mutants of the centromeric histone H3 (cenH3) gene can form haploids 
that inherit only chromosomes of the pollinating parent but the cytoplasm from the 
female parent. We successfully used a cenH3 mutant to cyto-swap seven Non-Stiff Stalk 
elite lines by using them as pollen donors to cenH3 mutant ears, identifying haploids by 
genotyping, and doubling their genome. The rate of haploids recovered was 5% and 
genotyping with a large panel of markers confirmed the Double Haploids are 100% RP. 
We created a cenH3 mutant line that carries the dominant embryo color marker R1-
scm2 and a CMS-C cytoplasm to perform conversions to CMS by cyto-swapping. This 
line was used to convert nine Stiff Stalk and four sweet corn lines to CMS in under 10 
months, averaging 5% of haploids in the F1. The lines converted to CMS by cyto-
swapping are 100% isogenic to RP and have no genome from the conversion line. The 
conversion line has no transgenic elements and has been declared exempt from regulation 
status by the USDA. We envision that cyto-swapping with cenH3 will be applicable in 
CMS deployment in diverse crops to create superior hybrid varieties. 
 
Gene / Gene Models described: cenH3, R1-scm2; Zm00001eb291210, 
Zm00001eb429330 
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Significant progress has been made in the field of plant genomics in recent years, 
especially through the increased use of high-throughput methodologies that characterize 
multiple genome-wide molecular phenotypes. Given the time and cost of performing 
these experiments, a critical step for more efficient crop improvement is effectively 
leveraging them to make accurate predictions from genomic sequences alone.  
We present a novel foundational large language model, the Agronomic Nucleotide 
Transformer (AgroNT), based on the transformer architecture and pre-trained on 
reference genomes from 48 edible plant species. To explore how the AgroNT performs 
on predictions from genomic sequences alone, we further fine-tune it with genome-wide 
high-throughput experiments and compare performance to other available models. In 
multiple prediction tasks and across diverse plant species, we show that AgroNT obtains 
state-of-the-art predictions for many genomic elements in multiple plant genomes.  
In maize, we apply the AgroNT to multiple prediction tasks related to gene regulation. 
We have shown it has high performance (AUC = 0.99) in classifying maize transcripts as 
protein-coding (mRNA) or potentially regulatory (lncRNAs). Leveraging Assay for 
Transposase-Accessible Chromatin with high-throughput sequencing (ATAC-seq), it also 
classifies chromatin regions as open with high accuracy (AUC = 0.98). Next, we explored 
AgroNT’s ability to make numerical predictions from promoter sequences. First, we 
predict promoter strength as measured by Self-Transcribing Active Regulatory Region 
sequencing (STARR-seq) and obtain high correlation between observed and predicted 
values (average R2 0.73). We also use in vivo RNA-seq experiments to predict gene 
expression levels across 23 diverse maize tissues and show that our predictions correlate 
well with experimentally measured values (average R2 0.62).  
These results show that our foundational large language model has learned functional 
genomic features and can accelerate trait research via discovery of gene regulatory 
features from sequence alone, potentially accelerating efforts in genomic improvement. 
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Maize (Zea mays L.) is an important crop due to its high yield and versatility, 
contributing significantly to global food security and economic stability. We have shown 
that some maize landraces from southern Mexico obtain 29–82% of their nitrogen from 
the atmosphere by hosting nitrogen-fixing (diazotrophic) communities in a mucilage 
produced by their aerial roots after rain. The maize mucilage is produced by border cells 
that detach from the aerial root cap in a process similar to the underground root cap. 
However, border cells are much more abundant and larger in the mucilage from aerial 
roots than those produced by underground roots. We characterized the aerial root 
development of several maize landraces and showed the effect of both genetic and 
environmental factors. A quantitative trait loci approach was conducted in biparental and 
doubled haploid populations to identify plant genes controlling the number of nodes with 
aerial roots and their thickness. Humidity and soil nitrogen also affect aerial root 
development. We successfully isolated over 150 distinct diazotrophs from maize 
mucilage, developed non-fixing mutants as controls, and enhanced ammonium-excreting 
mutants from some of these isolates. The distinct symbiotic relationship of diazotrophs 
with maize aerial roots offers a promising avenue for utilizing biological nitrogen fixation 
to reduce reliance on synthetic fertilizers and promote more productive and sustainable 
agricultural practices. 
 
Funding acknowledgement: United States Department of Agriculture (USDA), 
Department of Energy (DOE) 
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The dual role of nitrogen in plant growth is essential yet potentially harmful in excess, 
posing challenges for agricultural productivity and environmental sustainability. 
Understanding plant adaptation to varying nitrogen levels is crucial for developing crops 
with improved nitrogen use efficiency (NUE). This study aimed to: 1) identify conserved 
regulatory architectures between dicots and monocots using Yeast One-Hybrid (Y1H) 
Gene Regulatory Networks (GRNs), and 2) characterize subnetworks within these GRNs 
related to nitrogen limitation and recovery in maize and sorghum. We constructed a 
maize-specific GRN, comprising 1625 Protein-DNA Interactions (PDIs) with 70 
promoters and 301 transcription factors (TFs), and compared it to an existing Arabidopsis 
GRN. Our analysis revealed that 18% of the conserved interactions in the Arabidopsis 
GRN were matched by 11% in maize, indicating weaker conservation among transporter 
genes but significant conservation in the nitrate assimilation pathway (38 PDIs in 
Arabidopsis, 65 PDIs in maize). The bZIP family of transcription factors emerged as key 
regulators in maize, especially bZIP18/bZIP30, which demonstrated substantial outdegree 
interactions and feed-forward loops. Under hydroponic conditions with varying 
ammonium nitrate concentrations, maize and sorghum plants were grown and their leaf 
and root tissues sampled for RNA-seq analysis. Both species exhibited variable 
proportions of differentially expressed genes (DEGs) across different time points and 
tissues. In maize, DEGs peaked at 38% in leaves after 3 hours and 27% in roots during 
the 24.5-hour recovery phase. Sorghum displayed 35% of genes differentially expressed 
in leaves at 3 hours and 27% in roots at 24.5 hours. Among various transcription factors, 
maize and sorghum showed divergent expression patterns, particularly within the bZIP 
family and NIN-LIKE PROTEIN (NLP) transcription factors known for nitrogen 
regulation. This study illuminates complex genomic regulatory frameworks underpinning 
plant adaptability to fluctuating nitrogen levels, providing valuable insights for selecting 
genotypes with enhanced NUE, contributing to sustainable agricultural practices. This 
project was funded by the USDA-ARS award number 8062-21000-044-000D. 
 
Funding acknowledgement: United States Department of Agriculture (USDA) 
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Nitrogen (N) fertilization in modern crop production has a profound impact on the N 
cycle in the ecosystem. Excess N in the soil leads to nitrous oxide (N2O) emissions and 
to nitrate (NO3-) leaching. Breeding for efficient N use and recycling in a cropping 
system is crucial for global sustainability. An optimized strategy for N reuse may not 
exist in modern crops given the lack of selection and strong bottleneck during 
domestication. However, we hypothesize their wild relatives may keep the favorable 
phenotypes. Hence, we examined the N cycle in the rhizosphere of 39 grass species 
related to maize and sorghum. We discovered significant phylogenetic variation in 
potential nitrification rates and NO3- loss in the rhizosphere soil of diverse species. 
Contrary to our hypothesis, all annual species including sorghum and maize are amongst 
the N “Conservationists,” inhibiting nitrification and conserving N within the system. 
Many perennials are either "Leachers" that enhanced nitrification and leaching or "Nitrate 
Keepers" with similar nitrification enhancing effect but lost less NO3-. Although this 
result rejects our hypothesis, it unveils the diverse abilities to influence soil microbial 
chemistry and the varying N use efficiencies of grass species. We investigated the native 
habitat environments of the studied species and showed that several soil characteristics 
including acidity and fertility have been the key drivers shaping the plant-microbe 
interaction in the rhizosphere. Using comparative genomic and transcriptomic 
approaches, we nominated key genes encoding transporters for inorganic N and 
secondary metabolites that underlies the phylogenetic variation in rhizosphere N cycle. 
We anticipate these genes could be harnessed to improve agricultural sustainability with 
further functional studies. 
 
Funding acknowledgement: National Science Foundation (NSF), United States 
Department of Agriculture (USDA) 
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Uncovering the functional relationships between genome and phenome are critical for 
efficiently selecting desirable traits for plant resilience to environmental stress. Unlike 
genomic prediction that uses markers to link genotype to phenotype, whole genome 
assemblies can be used to predict phenotypic outcomes based on structural variation in 
genic and the vast intergenic regions. Using the maize Nested Association Mapping 
(NAM) population, we sought to identify structural variants associated with root growth 
angle (RGA), a root architectural trait that is important for nitrogen (N) acquisition and 
plastic in low N environments. Gene candidates contributing to RGA have been recently 
detected, but the genetic control of its plasticity is poorly understood. We surveyed the 
NAM founders in the field under high and low N and identified two genotypes that 
warranted further investigation because of their contrasting root responses to low N: B73 
(steep-angled and non-responsive to stress) and Oh7B (whose RGA became significantly 
steeper under low N). In a followup field study, we observed a wide range of RGA 
plasticity in response to low N in the NAM family of recombinant inbred lines derived 
from B73 and Oh7B. Using linkage mapping, we identified genomic regions associated 
with RGA plasticity and evaluated these regions further by developing a tool to compare 
genomic structural variation between B73 and Oh7B. To bridge the gap between 
phenotypes and genome regions, we also assessed differential transcript abundance 
within these regions using RNAseq to identify specific elements that could account for 
these differential phenotypic responses to low N. Our results demonstrate that we can 
identify new breeding targets for increased resiliency by using a multiomics approach. 
 
Funding acknowledgement: United States Department of Agriculture (USDA) 
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Plant-microbe interactions in the rhizosphere govern availability of nutrients and are a 
target for improving crop sustainability. However, the ability of modern crops to recruit 
and structure their microbiome has been altered by domestication and breeding. Selection 
for crop plants based on aboveground traits in high nutrient environments has 
inadvertently led to changes to belowground plant physiology and relationships with the 
soil microbiome, altering microbiome functions that contribute to sustainability and 
environmental quality (e.g. nutrient acquisition, nutrient retention, and GHG production). 
We hypothesized that plant genotypes differ in their ability to recruit microbial functional 
groups, and ultimately that the functional profile of the microbial community can be 
treated as a selectable plant phenotype and optimized through plant breeding.  We 
surveyed the rhizosphere microbiome of diverse maize genotypes to compare their 
capability to recruit microbial nitrogen cycling functional groups and examined rates of 
nitrogen transformations. Significantly different N cycling microbial communities were 
observed among maize genotypes that represent the endpoints of directed evolution, as 
well as among germplasm selected under different levels of fertilization. Our results 
showed significantly lower rates of nitrification and denitrification in ancestral lineages 
of maize (teosinte). Maize-teosinte near isogenic lines were used to narrow down the 
genetic region associated with these nutrient retention traits to explore the mechanistic 
basis for these microbiome-associated phenotypes. We explored the combinatorial effect 
of plant-microbe interactions for their ability to both provision (via N fixation) and retain 
nutrients, which resulted in elevated nutrient acquisition by the crop as well as 
sustainable environmental outcomes. Our results link host-associated microbiome and 
ecosystem function, and demonstrate the genetic capacity to optimize recruitment of N-
cycling functional groups and improve crop sustainability. Identifying microbiome-
associated phenotypes will allow breeders and ecosystem scientists to select crop 
cultivars that improve the efficiency and sustainability of agriculture and protect 
environmental quality.   
 
Funding acknowledgement: United States Department of Agriculture (USDA), Illinois 
NREC 
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Meiotic drivers subvert Mendelian expectations by manipulating reproductive 
development to bias their own transmission. Chromosomal drive typically functions in 
asymmetric female meiosis, while gene drive is normally postmeiotic and typically found 
in males. Using single molecule and single-pollen genome sequencing, we 
describe Teosinte Pollen Drive, an instance of gene drive in hybrids between maize (Zea 
mays ssp. mays) and teosinte mexicana (Zea mays ssp. mexicana), that depends on RNA 
interference (RNAi). 22nt small RNAs from a non-coding RNA hairpin 
in mexicana depend on Dicer-Like 2 (Dcl2) and target Teosinte Drive Responder 1 
(Tdr1), which encodes a lipase required for pollen viability. Dcl2, Tdr1, and the hairpin 
are in tight pseudolinkage on chromosome 5, but only when transmitted through the 
male. Introgression of mexicana into early cultivated maize is thought to have been 
critical to its geographical dispersal throughout the Americas, and a tightly linked 
inversion in mexicana spans a major domestication sweep in modern maize. A survey of 
maize landraces and sympatric populations of teosinte mexicana reveals correlated 
patterns of admixture among unlinked genes required for RNAi on at least 4 
chromosomes that are also subject to gene drive in pollen from synthetic 
hybrids. Teosinte Pollen Drive likely played a major role in maize domestication and 
diversification, and offers an explanation for the widespread abundance of "self" small 
RNAs in the germlines of plants and animals. 
 
Gene / Gene Models described: tdr1 GRMZM2G390678; Dcl2 (Dcl105) 
GRMZM2G301405 
 
Funding acknowledgement: National Institutes of Health (NIH), National Science 
Foundation (NSF), HHMI 
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Since maize was domesticated 10,000 years ago, its genome composition has been 
radically altered. Although selection during domestication reduced the genetic diversity 
of maize, meiotic recombination counteracted this reduction through the breakage of 
linkages between loci. Therefore, recombination has played a major role in shaping the 
genomic landscape of modern maize. It has been hypothesized that domestication 
increases global recombination rates. However, the role of recombination during 
domestication has not been thoroughly investigated and the intricate relationship between 
the recombination landscape and maize domestication has not been examined. Studying 
this phenomenon on a fine scale requires large high-resolution recombination maps, 
which do not exist in plants. To explore the maize recombination landscape during 
domestication, we inferred past recombination events through the population genomics 
method of coalescence, which is a backward-in-time approach to reconstruct a 
population’s genealogy. We also used an identity-by-descent analysis, which identifies 
shared haplotype blocks. Together, these approaches yielded one million recombination 
events enabling us to construct the first high-resolution maps of recombination rates in 
plants. These unparalleled maps permitted us to examine the variation between the maize 
and teosinte recombination landscapes. First, we were able to confirm domestication 
increased the global recombination rate in maize (0.71 cM/Mb) compared to teosinte 
(0.63 cM/Mb). We also found that maize recombination rates were additionally increased 
at the boundaries of domestication selective sweeps, suggesting that recombination 
increased the efficiency of selection. To understand mechanistically how recombination 
rates evolved, we investigated recombination genes in maize and teosinte. We found 
selection signatures in recombination genes in maize and identified some of those genes 
to be either candidates for direct selection targets or located within domestication 
selective sweeps. We propose that selection during domestication affected recombination 
patterns which in turn made selection more efficient. 
 
Funding acknowledgement: National Science Foundation (NSF) 
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The rate of development in maize is stable under many stresses but its tempo changes 
significantly when nutrients, including nitrogen or carbohydrates, are limiting. TARGET 
OF RAPAMYCIN (TOR) is a deeply conserved eukaryotic protein kinase that monitors 
cellular resources to coordinate growth and development with the availability of these 
essential nutrients. To study the impact of changing nutrient availability on maize 
development, we designed a nutrient-limiting assay with sixteen unique conditions to 
precisely toggle nutrient-sensitive developmental responses in growing maize embryos. 
We performed functional genomic experiments including transcriptomics, quantitative 
proteomics and phosphoproteomics, metabolomics, polysome profiling, and Ribo-seq on 
embryos grown under these conditions. Combined with phenotypic and targeted 
molecular analyses, these experiments demonstrate that TOR precisely responds to 
changes in sugar availability by regulating gene expression at every level—
transcriptionally, post-transcriptionally, translationally, and post-translationally. We have 
identified thousands of DEGs, hundreds differentially abundant metabolites, and dozens 
of phosphorylation events all dependent on TOR’s response to nutrient levels. More 
specifically, we have identified deeply conserved residues in TOR targets that are 
identical across 150 million years of evolution. We have also identified novel targets and 
networks in maize related to C4 photosynthesis and grass developmental patterning. 
Together, these data provide a map for future genetic interventions to enhance nutrient 
use efficiency in maize. 
 
Gene / Gene Models described: tor1; Zm00001eb285840 
 
Funding acknowledgement: National Institutes of Health (NIH), National Science 
Foundation (NSF), United States Department of Agriculture (USDA) 
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Polyploidy and fractionation— the processes by which genomes grow and shrink in 
size—characterize plant genome evolution. The rate of fractionation has typically been 
studied using a single species relative to a diploid reference or a set of species each 
descendent from different whole genome duplication events (WGD). From these, 
fractionation has been hypothesized to occur quickly after the initial WGD event and the 
genome re-diploidized before subsequent speciation events. The ancestral species of the 
Tripsacinae subtribe, which contains the genera Tripsacum and Zea, underwent  a WGD 
~12MYA after divergence from Sorghum. The descendant species that comprise the 
subtribe, including maize, have since fractionated back to a diploid-like state with Zea 
genomes comprised of 10 chromosomes and Tripsacum 18. Previous work in maize 
demonstrate ongoing fractionation at the timescale of hundreds of years, much more 
recent than earlier hypothesized. To better estimate the timing and rate of fractionation, 
we use high-quality, de novo assemblies of genomes across the Tripsacinae. We 
developed a pipeline to accurately identify shared and segregating fractionation of 
homoeologs across 35 Tripsacinae genomes. Using parsimony, the timing of fractionation 
is estimated across the clade. Preliminary findings suggest that, while most fractionation 
is shared across all genomes and occurred before the divergence of genera or right after, 
Tripsacum shows more retention of homoeologs than Zea, indicating that the rate of 
fractionation varies between lineages. Substantial chromosomal rearrangements and 
downsizing appear to uniquely characterize Zea species.  By using a wide sampling of 
genomes descending from a single WGD event, we gain a better understanding of the 
complex and dynamic processes of genome evolution after polyploidy and provide a 
framework for future exploration of other ancient polyploids.   
 
Funding acknowledgement: National Science Foundation (NSF), United States 
Department of Agriculture (USDA) 
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Despite roots being a major organ essential to the well-being and survival of the plant the 
inherent difficulties in phenotyping them have resulted in inadequate knowledge of their 
genetic control. Recent techniques developed in our lab have allowed high-throughput 
quantification of roots in 2D and 3D to find genetic factors that regulate root system 
architecture (RSA). We applied these tools to the Illinois Long Term Protein Selection 
Strains (ILTPS) that have been recurrently selected for >100 years for their high and low 
protein content in the kernel, hypothesizing that the direct selection of nitrogen content in 
kernels also led to indirect selection of root phenotypes involved in nitrogen uptake. 
Using the recombinant inbred population of the ILTPS, the Illinois Protein Strain 
Recombinant Inbreds (IPSRIs), we performed a genome-wide association study (GWAS) 
with root traits extracted from 2D images of field-grown maize. A gene that we will refer 
to as Ideal Root Architecture 1 (ZmIRA1) was identified and is thought to function in 
central carbon-nitrogen metabolism. ZmIRA1 was confirmed to have promoter indels and 
differential expression between Illinois High Protein (IHP) and Illinois Low Protein (ILP) 
inbred lines, defining two alleles. In field experiments conducted in 2020 and 2022 with 
the IPSRI population, field-grown root crowns were measured from X-ray tomography-
generated models and a custom feature extraction pipeline. We found that possessing 
either the IHP or ILP allele for ZmIRA1 was correlated with phenotypic differences in 
maize RSA. Subsequent examination of ZmIRA1 was done by CRISPR-Cas9 knockout 
mutants in a B73 background. In a greenhouse experiment with high nitrogen, we found 
that the mutants have specific root system architectural differences compared to the WT 
validating the potential link between central metabolism and root growth. 
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Microbes live on, around, and inside maize, yet we know relatively little about what most 
of them are doing and how they impact the plant. Two key questions are to what degree 
the local environment and host genetics shape these microbial communities, and what 
sort of interactions happen between them. To address these questions, we performed two 
analyses of maize microbiomes across the US as part of the Genomes to Fields Initiative. 
Our first analysis focused on soil and endophyte microbiomes from young (<1 month 
old) plants at 30 locations. We confirm that the plant acts as a strong filter, with 
endophyte communities severely restricted relative to soil and rhizosphere ones. We also 
find that endophyte communities are much more interconnected than soil and rhizosphere 
communities, with many more microbe-microbe interactions present. We find few 
consistent effects from specific environmental variables (pH, nutrient levels, etc.), and 
soil and rhizosphere communities are actually more consistent across locations than 
endophyte communities. Our second analysis focused on stalk endophytes in 20-30 
hybrids at 20 locations, sampled at anthesis. We find that host genetics by itself has 
almost no consistent effect across environments, yet gene-by-environment interaction is 
substantial. This pattern holds across multiple measures of microbial diversity and is 
consistent with previous data from the maize rhizosphere. These results imply a 2-step 
model where the environment determines the initial diversity that is then modified by 
host genetics. This modification is not consistent across environments, implying there is 
no “ideal” microbiome for a genotype. We do find associations between the stalk 
endophyte community and environmental conditions (especially soil potassium), which 
merit further investigation. Taken together, these results indicate that the maize 
microbiome is a complex trait subject to strong gene-by-environment interaction, and this 
fact needs to be taken into account when designing future experiments. 
 
Funding acknowledgement: United States Department of Agriculture (USDA), 
Foundation for Food and Agriculture Research 
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The domestication and improvement of many plant species frequently involved 
modulation of transcriptional outputs and continues to offer much promise for targeted 
trait engineering. The cis-regulatory regions controlling trait-associated transcriptional 
variants however reside within non-coding regions that are currently poorly annotated. 
This is particularly true in large crop genomes such as maize where regulatory regions 
constitute only a small fraction of the total genomic space. The current understanding of 
transcriptional regulation in eukaryotic organisms with large genomes posits that 
transcription factors (TFs) bind to short DNA sequence motifs (TF binding sites or 
TFBSs) in small regional clusters of accessible chromatin called cis-regulatory modules 
(CRMs), and control the gene expression changes responsible for plant developmental 
programs and environmental responses. CRMs can be in proximity of core promoters, 
upstream and downstream of the genes they regulate, and can even be located tens or 
hundreds of kilobases away from their regulated targets, complicating their identification. 
While sequences matching TFBS motifs are highly abundant within a genome, only a 
very small fraction is actually bound by TFs and affect gene expression. To improve the 
characterization of the functional regulatory space in maize, we used DAP-seq (DNA-
affinity purification sequencing) to profile binding sites for ~200 TFs belonging to 30 
distinct TF families in both B73 and Mo17 genomes. This allowed us to capture the DNA 
binding landscape of distinct TF families, and to assemble a panel of 66 TFs that 
represent a large portion of TFBS diversity. Overlap with orthogonal datasets of 
accessible chromatin regions uncovered the portion of the genome occupied by functional 
CRMs. Comparative analysis of TF binding in the two genomes revealed extensive 
variation in position, organization and structures of CRMs; the majority of this diversity 
is caused by existing structural variation. Guided by high-resolution maps of proximal 
and distal CRMs, we are disrupting specific CRMs and measuring phenotypic outcomes, 
with a focus on genes regulating plant architecture and biotic stresses. Our approach 
identifies functional CRMs and ultimately aids in understanding how TF-DNA binding 
and its variability in different genetic backgrounds affects gene regulation and ultimately 
phenotypic outcomes in maize. 
 
Funding acknowledgement: National Science Foundation (NSF) 
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Maize inflorescences arise through cell divisions from a group of undifferentiated stem 
cells within the inflorescence meristem. The organization of stem cells in the meristems 
is maintained by WUSCHEL (WUS) in the organizing center, which is situated beneath 
the stem cells. WUS encodes a homeodomain transcription factor whose expression is 
regulated by a negative feedback loop with CLAVATA3. The Barren 
inflorescence3 (Bif3) mutant in maize is caused by a tandem duplicated copy 
of ZmWUS1, and it displays phenotypic alterations in ear, enlarged inflorescences and 
reduced numbers of spikelet-pair meristems. We hypothesized 
that ZmWUS1 overexpression alters gene expression by modifying cis-regulatory 
elements (CREs) near target genes. The precise target region of WUS remains elusive due 
to restricted expression and activity of WUS in specific cells. Here, we performed an in 
vivo approach, single-cell Assay for Transposase-Accessible Chromatin with sequencing 
(scATAC-seq) in early developing ears in wild type and Bif3 mutants to identify CREs 
affected by overexpressed ZmWUS1. We identified 14 distinct cell types, including 
organizing center with high chromatin accessibility around ZmWUS1 correlating with its 
known expression. Using the ZmWUS1-bound motif TGAATGAA, obtained in DNA 
Affinity Purification and sequencing (DAP-seq) experiments, we found ZmWUS1binding 
activity in outer cells, encompassing stem cells. This suggests ZmWUS1 migration from 
the organizing center to outer cells. However, alternative CREs were observed in the 
organizing center of Bif3, but not in outer cells. This indicates that in Bif3, 
excess ZmWUS1 binds non-target CREs in the organizing center, leading to altered gene 
regulation. Further investigation revealed increased chromatin accessibility in CREs of 
the Bif3 organizing center, enriched with the motif TWAT, distinct from the one 
identified in DAP-seq. These findings show that altered ZmWUS1 levels influence its 
binding behavior in the organizing center of Bif3, and may explain the drastic phenotypic 
changes observed in mutant ears. 
 
Gene / Gene Models described: ZmWUS1; Zm00001eb067310 
Funding acknowledgement: National Science Foundation (NSF) 
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Root architecture determines spatiotemporal control of resource exploration and 
acquisition, leading to crucial implications in plant productivity. Little is known about 
cell type differences among these roots at the molecular level and how these affect 
cellular organization, development, and function. Here, we present a comparative study 
of single-cell transcriptomes from the embryonic primary and seminal roots and post-
embryonic lateral and crown roots in maize B73. Integration of scRNAseq datasets 
combining more than 24,000 cells revealed conserved and unique transcriptional 
programs in cell type specification and allowed dissection of gene expression pattern 
changes within cell types. While primary and secondary roots morphologically differ in 
their number of cortical layers, we didn't see significant differences in the number of cells 
with cortical identity.  However, a significantly higher number of cells showed 
endodermis identity in lateral roots, revealing a potential root-type specific transcriptional 
specialization. Post-embryonic crown roots showed an overrepresentation of genes 
involved in water transport, epidermis differentiation, and response to stress compared to 
primary and seminal roots. We also identified genes that switched cell-type-specific 
expression patterns across root types. For example, grassy tillers1, a class I HD-Zip gene 
that controls lateral branching, showed broad expression across all cell types in the lateral 
roots, while its expression was restricted to specific cell types such as pericycle and less 
differentiated xylem and phloem in primary and seminal roots, and almost absent in 
crown roots. The gt1 mutant phenotype consistently shows longer lateral roots, 
suggesting that gt1’s growth suppression phenotypes are conserved in shoot and root. 
These results together show the potential of scRNAseq in unraveling functionally 
relevant molecular complexity of root architecture in maize.   
 
Gene / Gene Models described: gt1; Zm00001eb007950 
Funding acknowledgement: National Science Foundation (NSF) 
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Meiotic recombination is a fundamental biological process that exchanges genetic 
material between homologous chromosomes during meiosis. It involves the physical 
swapping of DNA strands, known as crossover (CO), which influences genetic diversity 
in offspring. However, a comprehensive understanding of the patterns and regulation of 
COs, especially in female and male meiocytes in maize, remains to be elucidated. In this 
study, we used parental inbred lines from the maize nested association mapping (NAM) 
populations, representing more than 85% of intraspecies genetic diversity in maize, to 
explore variations and factors involved in meiotic recombination between the sexes. We 
performed genotyping-by-sequencing (GBS) on approximately 3,000 backcrossed (BC1) 
individuals derived from 15 male and female F1 hybrids. Some BC1 hybrids showed 
significantly more COs in either males or females, particularly with higher recombination 
rates at the chromosome ends. In other lines, no significant differences were observed 
between sexes in COs at the whole-genome level, although some distinctions were found 
at the chromosome level. These results suggest that meiotic recombination differs 
considerably among different maize genetic backgrounds. Furthermore, CO frequencies 
in females were negatively correlated with CHH (where H = A, T, or C) methylation 
levels in somatic cells, indicating that standing variation in CHH methylation could 
impact meiotic recombination variability in female meiocytes across different lines. 
These observations, together with further investigations into genetic and epigenetic 
factors, may contribute to a comprehensive understanding of the regulation of sex-
specific meiotic recombination. 
 
Funding acknowledgement: National Science Foundation (NSF) 
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Paramutations are defined by trans-homolog interactions resulting in meiotically-
heritable epigenetic changes affecting gene regulation. While the nature of these 
interactions remains unclear, an Arabidopsis thaliana (A.t.)-based 24 nucleotide (nt) 
RNA-directed DNA methylation (RdDM)-like mechanism provides one working model. 
In maize, paramutations occur between specific alleles at several loci including purple 
plant1 (pl1) and booster1 (b1) which encode transcription factors promoting purple/red 
pigmentation. Relative to highly-expressed reference states (Pl-Rh and B-I), paramutant 
derivatives (Pl′ and B′ ) confer weak plant color and are exclusively transmitted from 
respective Pl-Rh / Pl′ and B-I / B′ heterozygotes in apparent violation of Mendelian 
segregation. In forward genetic screens for factors required to maintain repression (rmr) 
of Pl′ states, ethyl methanesulfonate-induced mutations define at least sixteen loci. All 
seven known RMR proteins facilitate RNA polymerase IV-derived 24nt RNA biogenesis, 
yet no RdDM-like 24nt RNA effector proteins have been identified. Here we show 
the rmr17 locus is genetically required for paramutations at both pl1 and b1. Bulk-
segregant WGS analysis and deletion-based validation map rmr17 to the x1 gene located 
within the highly-studied a1–sh2 interval. x1 encodes the founding member of a protein 
family with namesake XS domains responsible for binding double-stranded (ds) RNA. 
The likely A.t. X1 orthologs represent a clade of three non-redundant paralogs forming 
heterotetrameric complexes required for RdDM. These complexes 1) bind duplexes of 
24nt RNA and RNA polymerase V-derived long non-coding RNA (lncRNA) scaffolds, 2) 
interact with the SWI3B nucleosome remodeler, and 3) help recruit the de novo cytosine 
methyltransferase DRM2. Our findings support a role for X1 in paramutation by 
recognizing 24nt RNA-lncRNA duplexes and recruiting proteins that facilitate 
meiotically-heritable repressive chromatin modifications. The identification and 
characterization of rmr17 thus represents a significant advance in understanding the role 
of 24nt RNAs in defining heritable epigenetic variations. 
 
Gene / Gene Models described: x1; Zm00001d044127 
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Strigolactones are plant hormones with roles in a wide range of signaling and 
developmental processes. A yellow-striped maize mutant, (interveinal yellow) ivy, was 
determined to have low iron in tissues under normal growth conditions. The gene 
underlying the ivy mutation was mapped and identified as ZmCCD8, a key enzyme in the 
biosynthesis of strigolactones. Under iron-replete conditions, comparison of the 
transcriptomes of wild-type plants and maize ccd8 mutants revealed suppression of 
several iron-regulated genes in ccd8. These genes are normally up-regulated during iron 
deficiency and include the key iron-regulated transcription factor IRO2 as well as genes 
involved in the biosynthesis of iron chelators and transporters. Additionally, external 
supply of synthetic strigolactone in the mutants alleviated chlorosis and returned iron-
regulated gene expression to wild-type levels. In iron limited conditions, iron-regulated 
gene expression in ccd8 mutants responded normally, indicating that strigolactones are 
not required for the iron deficiency response. However, they are required for basal 
expression of iron-regulated genes when adequate iron is available, highlighting a 
distinction between iron homeostasis during normal growth, and the iron deficiency 
response. The connection between strigolactones and iron homeostasis is not limited to 
maize, as Arabidopisis ccd8 mutants also show strong chlorosis when grown on medium 
with moderate levels of iron.  This previously unappreciated role may have implications 
for the use of strigolactones in agricultural contexts. 
 
Gene / Gene Models described: ccd8; GRMZM2G446858 
 
Funding acknowledgement: United States Department of Agriculture (USDA) 
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There is strong interest in deciphering the gene regulatory networks (GRNs) that govern 
plant specialized metabolism to assist in plant breeding. Here, we investigated the GRN 
governing phenolic biosynthesis pathways from which ~ 8000 plant specialized 
metabolites are derived. Previously it was established that 19 predominantly expressed 
maize phenolic (PEP) genes are sufficient to explain >70% of the metabolic flux through 
the phenylpropanoid, monolignol, and flavonoid branches of this pathway. A yeast-1-
hybrid (Y1H) gene centric screening approach was employed to discover upper level 
(tiers 2, 3, and 4) regulators of maize PEP genes. These regulators were examined by co-
expression analyses, and a subset of protein-DNA interactions (PDIs) validated in 
vivo1 by ChIP-qPCR and luciferase reporter assays in maize protoplasts. We describe a 
comprehensive GRN composed of 429 PDIs that exhibits hubs with high connectivity 
and cross hierarchical regulation of PEP genes in different branches of the pathway. The 
core PEP GRN is composed of 21,16, and 1 transcription factors (TFs) that operate as tier 
2, 3, and 4 regulators respectively. Of these, ZmC3H42 regulates tier 1, 2 and 3 genes 
and also exhibits autoregulation. The core GRN includes TFs and TFs that are conserved 
in other plant species and that are implicated in phenolic gene regulation 
(e.g., ZmMYB40/53/100, ZmMADS9, and ZmWD40.1/PAC1). The GRN also includes 
conserved TFs (e.g., ZmC3H9, ZmHB20/79, ZmNAC103/123, ZmMYB19/26, 
ZmMYBR87, ZmDOF3, ZmbZIP67, ZmTCP30, and ZmbHLH128) which indicate that 
maize PEP genes are under developmental regulation and also fall under the control of 
biotic and abiotic stress. Together, the PEP GRN describes a complex regulatory 
mechanism that has evolved to coordinately regulate many phenolic genes in response to 
multiple internal and external signals and can guide efforts aimed at manipulating 
phenolic levels in plants. 
 
Funding acknowledgement: National Science Foundation (NSF, IOS-1733633) 
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Delayed leaf senescence (a.k.a. staygreen) is associated with higher grain yield, increased 
total dry matter, and heat and drought tolerance. To resolve the genetic architecture of 
senescence, we generated a high-resolution map of physiological, transcriptomic, and 
metabolic processes underlying natural diversity for staygreen. Analysis of distinct 
physiological indicators of senescence revealed that there are multiple paths to staygreen 
traits specified by temporally and spatially distinct cellular processes. Time-course 
analysis of primary and secondary leaf metabolome in 10 inbred lines, five staygreen and 
five non-staygreen, at three developmental stages revealed substantial metabolic variation 
for staygreen in maize. Combinatorial analysis of metabolic and phenotypic variation 
using marginal scan revealed striking differences in metabolome and found that 44 (92%) 
primary metabolites and 1201 (96%) secondary mass features underlie variation for the 
staygreen trait. In-depth analysis of flux in the secondary metabolism revealed that 
flavonoids (naringenin chalcone, kaempferol, and eriodictyol) are crucial for discerning 
the staygreen phenotype. Functional analysis of these metabolites in Arabidopsis 
validated the role of naringenin chalcone and eriodictyol in delaying senescence. To 
enhance the resolution of transcriptional changes during senescence, we compared the 
single-cell transcriptome of a staygreen and a non-staygreen inbred lines and identified 
that bundle sheath or mesophyll cells regulate transcriptional activity. Remarkably, we 
identified 2 and 7 distinct clusters of bundle sheath and mesophyll cells, respectively, 
indicating transcriptional divergence within these cell types during senescence. Our 
findings will identify novel components of biological organization that regulate staygreen 
in maize. 
 
Funding acknowledgement: National Science Foundation (NSF) 
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While DNA methylation primarily represses transposable elements (TEs), some genes are 
repressed by DNA methylation in plant body tissues and require demethylation by DNA 
glycosylases (DNGs) for activation in endosperm and pollen. Activity of either one of 
two DNGs, MDR1 or DNG102, is essential for pollen viability in maize. Using single-
pollen mRNA sequencing on pollen segregating mutations in both genes, we identified 
approximately 60 candidate DNG target genes. While they are silent or barely detectable 
in the plant body, this small set of genes accounts for over 10% of the pollen 
polyadenylated transcriptome. They are unusual in their tendency to lack introns but even 
more so in their having TE-like methylation in their coding DNA sequence. They are 
strongly enriched for genes that are predicted to function in cell wall loosening to support 
the rapid tip growth characteristic of pollen tubes as they carry the sperm cells through 
maternal apoplast and extracellular matrix of the pistil. These results suggest a function 
for DNA methylation and demethylation in regulating genes with potential for extremely 
high expression in pollen but constitutive silencing elsewhere. 
 
Funding acknowledgement: National Science Foundation (NSF) 
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B-0,+,.-: 8@+,->+(!93A4-!$".+()$".-()$"* %!
B-00&-0&(!R&5*+0.!$<!$"# &!
B-00&A(!PC>-0!M<!$&, !
B&>&(!)'+1034>+!!# * !
B&30+,&(!B+%&3!$#, &!
B&A'-0(!$,.0-G !$* - !
B>&-F(!I+00&A3,!@<!$"",()$"& - !
B>&,'8U+05&+(!)*-00C!$<!!'()$"+()$"-.()$"-*()
$#%*()$#+-()$#&"()$#&-()$#,. !
B>30-A(!P+77C!O<!$"' - !
B30-A'+,(!@0&A'&+,!$##" !
B3A'-0(!PC>-0!L<!$#+. !
B3G>-0(!93*,!H<!!+%()$.&()$"",()$"& - !
B0+,5&A(!J&5*3>+A!$"# , !
B0+,53(!93A-!$<!O<!$+%" !
B0+,2(!;+0C!!" #!
B0-&(!b0A4>+!Y<!$"%+()$#%#()$#+.()$#,+!
B0&':(!Y+'->C,!$#%" !
B037-,'(!$,.0S- !$&#!
B0377-0(!M3>Q!D<!$#, &!
B4042+G+(!I&03!$. , !
U*-,31(!B-0,+,.+ !$"" +!
U+-'+(!D3%!$, " !
U+F-(!93A-T*!L<!$+,()$"-+()$#%"()$#%*()$#&- !
U+>+0-''3(!$F4A'&,!=<!$#+#!
U+>>+F*-0(!93A-T*!?!$"" #!
U+>>+0.3(!@-5&>&+!$#"()$"%*!
U+>>+13''&(!$,.0-+!!##()!#+()$#"()$+&()$."()
$-.()$-'()$--()$"%,()$"% *!
U+>>&(!;+0C!!##()!#+()$."()$-'()$--()$"% *!
U+>>3(!L+40+!$&&!
U+>1-:(!J+,5C!$+%+!
U+,+T+'*CA4%0+7+,&+,(!D+A2+0!$#++!
U+3(!c&64+,!! " !
U+3(!/*&!$"*,()$"* * !
U+05&+(!$,'3,&3!$4F4A'3!B!$"- - !
U+0.&,-0(!9+52!;<!$"+%()$"+#()$"+&()$"+, !
U+023'&(!?0&C+!$+%, !
U+0>+,.8@+7T%->>(!Y&7%-0>C!$<!$"&" !
U+00&.3(!R377->!90<(!;<!$", * !
U+4.&,&-0(!$>>&A3,!!" #!
U+4>'(!@*0&A'&,-!;<!$"%()$#&. !
U-+.->7+,,(!L+,.-0 !$- - !
U-.&>(!;->+24 !$##%!
U->Q3,.(!$>>-,!$+%' !
U-,F(!/-.3,F !$#*" !
U-,'(!93,+'*+,!W<!!+%()$&"()$.&()$#'+()$#'.()
$#- " !

U-,':->(!W0-,-!J<!$#" . !
U-30F-(!J+,5C!$",&()$+%&!
U-0F-,(!)*+03, !! - !
U-0*+0.'(!WA+%->!R<!$+()$&. !
U-130FC+,(!$>&5-!$"" . !
U*+,.340(!P+0+!!# #!
U&%A3,(!Y&7%-0>C!!"" ()$##&!
U&>%-0'(!$7+,.+!;<!$"&.()$#' +!
U&>>&A(!9-AA-!$- . !
U&>>7+,(!9+A3,!N<!$"- , !
U&>>730(!)'-G+0'!$"- %!
U&,F-0+A(!P*37+A!R!$#' #!
U&A->(!$,.0-+A!$##%!
U&4>&,&(!$,,+!?<;<!$#. #!
U>+.7+,(!J&5*3>+A!?<!$"#%()$+%&!
U>31-0(!/-*'+!)!$"&, !
U3(!9&!X4,!$#. - !
U32+A>+,(!$+03,!$". . !
U3>.-,Q->.(!J&F->!$#&" !
U3>-C(!;&2-!$, " !
U37-A!.-!=>&1-&0+(!R+64->!$#' !
U37-A!.-!?+4>+!L+,+(!b%&0+5&!$#' !
U37-: 8@+,3(!B+%&3!$<!$" * !
U37-: 8@+,3(!L&,+!$!$#&!
U3,F(!M-, !$' . !
U3,:+>-A(!@>+0&5-!B!$* " !
U3,:+>-:(!H77+,4-> !$" &!
U3,:+>-:(!U-0+0.3!H!$" , !
U3,:+>-:(!L&+7!!" %!
U33.G&,(!)'-T*-,!D !$, +!
U30-(!;&5*+->!$<!$+%()$"-*()$#&+!
U30&'A5*,&F(!)+,.0+!$#+#!
U307+,(!/+5*+0C!$- !
U34-A,+0.(!D0&F&''-!$#+#!
U0+5&+,3(!R+Q+->+!?<!$#" - !
U0+*+7(!J+'*+,&->!$, * !
U0+C(!93*,!!#'()$" * !
U0+C(!Y+'*-0&,-!H<!$&()$,%()$"' , !
U0--,(!94>&-!$" ' !
U0-F30C(!9+A3, !!##()!#+()$#"()$"% *!
U0-F30C(!P0&A'+,!$#- ' !
U0&QQ&,(!D0&+,,+!N<!$&- !
U0&QQ&'*(!@+0+!$, " !
U03%A231(!;&5*+->!$, +!
U03A&5(!)-*&:+!$' %!
U03'-G3>.(!H0&5*!!#'()$"*()$# &!
U0:C%3GA2&(!;+05&,!M<!$".&()$#. %!
U4+,(!9&+*,8@*34!!#*()$&()$, %!
U4+,(!Y+&C4!$"' +!
U4&(!)3,F'+3!$#*" !
U4&>>3'&,(!D04,3!!# &!
U4,,(!)*+C>+!!#%()$#&" !
U43(!)*&0>-C!$, " !
U43(!P&,F'&,F!$#,.()$#.'()$#* . !
U43(!c&,F!$. #!
U43(!X4K&+,F!$"&%!



! "#d!

U43(!/*&F+,F!$#, #!
U4T'+(!$C4A*&!$"# +!
U4T'+(!?+04>!$+%&!
U4A'&,(!9-QQ-0C!L<!$#" - !
U4C3,(!$,345*2+!$&#!
UV7-:!U4'&S00-:(!)+,.0+!O!$, +!
I+ Q&:+(!)+0+!$20+7!$. . !
I+*,(!H7&>C!$"" %!
I+&0-'&(!$>&Q4!$#*- !
I+2-(!)+0+*!@<!!#()!"'()$#()$"".()$"# +!
I+>-(!@*+0>-A!=<!!"+()$"%()$",.()$+%'()$+" #!
I+>-C(!=>&1&+!@<!$"+%()$"++()$"+&()$"+, !
I+>>(!U+00-'!;<!$"-.()$#%*!
I+>>+%(!$A&A!$+%+!
I+7%-0F-0(!DE3-0,!$" #!
I+7%4-5* -,(!@+>>&-!$<!$"' - !
I+7&.&(!J&7+!! * !
I+7TA3,(!H>>+!$#. !
I+,(!L&,6&+,!$"+*!
I+,>-C8D3G.3&,(!L&,.+!Y<!$#+()$.-()$""'()
$"&,()$"&*()$"*.()$"' - !
I+,,+*(!@40'&A!L<!$&%!
I+3(!c&+3C4+,!$#*" !
I+3(!X+,FQ+,!$",-()$## - !
I+0.&,F(!)'-T*-, !$"++!
I+0.C8R+7-C!L&(!@+'*-0&,-!$+"+!
I+00&A(!D-,E+7&,!$- . !
I+00&A(!L-A>&-!$"#,()$"# . !
I+0'G&F(!P*37+A!$"-()$"."()$#, &!
I+A+,(!;3*+77+.!;+*733. !$#- %!
I+''-0C(!P0+1&A!9<!$#&' !
I+CQ30.(!R&'+!Y<!$"+%()$"++()$"+&()$"+, !
I-(!@*-,F !$", - !
I-(!X+, !$"* &!
I-+0,-(!)+0+*!9<!$#+#!
I-&,(!Y&0A'-,!; !$###!
I->>G&F(!P&73!$+%- !
I->7(!;+''*-G !$#()$&'()$"# " !
I-,.0+G&,+'+(!?+A64+>-!$.'()$"# #!
I-07+,A3,(!?-'-0!9<!$#' ' !
I&F+(!L+40-,!$#. !
I&FF&,A(!Y+&'>&,!;<!!"&()$-&()$#' +!
I&>>8)2&,,-0(!)+0+*!H!$* , !
I&>3(!$>-K+,.-0!$&!
I&,-F+0.,-0(!U+0C!$"- . !
I&,0&5*A-,(!9+53%!P<!$""+()$"-"()$#+ %!
I&0->(!D-0'0+,.!$"+ ' !
I&0A5*(!@+,.&5-!J<!$"&.()$",+()$",*()$"-*()
$#&'()$#&-()$#,"()$#'+()$#''()$#- &!
I3.F-(!93*,!U< !$*%()$#.* !
I3QQ7+,,(!H7&>&-!)<!!,()$"' * !
I3>.&,F(!N+1&.!R<!$&,()$#%+!
I3>.&,F(!)+7 !$+%!
I3>>+,.(!9+7-A!D<!$,()$"+()$#%"()$#%*()$##+()
$#+-()$#&-()$#' %!
I3>>&52(!9+C!D<!!# . !

I3,F(!)-3,F7&, !$#. - !
I3A-&,&(!)-T&.-*!$"%&!
I347+C+,&(!$0&->>-!$"# ' !
I34A>-0(!R3%-0'!9<!$+' !
IA&-*(!938M-&!$!$#- , !
IA4(!)*-,F 8Y+&!!"+()$"+()$",.()$#+-()$#&.()
$+%'()$+"#!
I4(!U+3C4+,!! &!
I4+(!9&+,!$" %!
I4+,F(!I+&C+,!$"&" !
I4+,F(!)<!@+03>!!# #!
I4%&A:(!;->&AA+!!" * !
I4.A3,(!$A*-0!W<!$#&&!
I4QQ30.(!;+''*-G!D<!!"-()$"+"()$"&.()$#&.()
$#,&()$#..()$+%#()$+%'()$+"#!
I4,'-0(!@*+0>-A!P<!$- !
I40A'(!?0-A'3,!$&, !
WQ&-(!D-+'0&5-!H>3*30!$#. , !
W2&0&23(!W0-,-!W<!$* +!
W,Q+,'-(!O+>-,'&,+!!""()$## &!
W3*+,,-A(!)-AA-,!N<!$"%,()$"" - !
WT(!?4&8L-,F !!# &!
WA>-A(!P+C>30!$#' , !
WC-08?+A54::&(!$,E+>&!)<!$"# " !
9+52A3,(!N+1&.!$.%()$.#()$.,()$*.()$*'()$-.()
$"%,()$"%.()$""-()$#' #!
9+&AG+>(!J+70+'+!$&' !
9+&AG+>(!?+,2+E!$+%&!
9+7+,,(!P&QQ+,C!;<!$#-()$#&*!
9+,.-0(!U-30F!$"* " !
9+,&2(!;+F.+>-,+!$"- , !
9+64-'*(!9-,,&Q-0!$##- !
9+A&,A2&(!;+02!$#, #!
9+40-F4&(!9+53%!$"%- !
9+1->>-(!;+0&-!$&#!
9-(!DC34,F!W>!$"%. !
9-+,(!)+7+,'*+ !$#' &!
9-,2&,A(!L+40-,!;<!$+%!
9-,A-,(!)+0+*!H<!$#, #!
9&(!9-AA&5+!$' %!
9&(!X+,A*+,!$+*!
9&+,F(!N43!$"&- !
9&+,F(!H>-,+!$"&. !
9&,(!I3,FC4!$##*!
9&,(!;&,>&+,F!$"+*!
9&,(!O&0F&,&+!$"' +!
9&,F(!94>&!$"* &!
93(!9&,2G+,!$#. - !
93*+>(!U40742*!)<!$#"#()$#*+!
93*,(!9-00&,!!# ' !
93*,A3,(!YE->!! #!
93*,A3,(!LC,,!@<!$"&+()$+%"()$+%' !
93*,A3,(!^4&,, !$"* #!
93*,A3,(!)'-1-, !! * !
93,-A(!I-+'*-0 !$"" . !
93,-A(!;+02!M!$#&, !



! "#e!

930.+,(!N+05C!$<!$&()$,%!
93A-T*A(!H7&>C!D<!$#- &!
941&2(!93*,!$<!$, . !
Y+%+*47+(!;-05C!Y<!$", #!
Y+-TT>-0(!I-&.&!B<!!.()$""()$""%()$", - !
Y+-TT>-0(!)*+G,!;<!!.()$""()$""%()$",-()
$"-&()$#%'()$##.()$#&%()$#&- !
Y+&(!L&!$##" !
Y+7-&(!P*+,.4+,>4,F!$*&()$- * !
Y+,F(!;&,E-3,F !$' %!
Y+TT->7+,,(!Y&+0+!L<!$#"%()$#+" !
Y+00-(!)*+&>-A*!$, , !
Y+AA(!L--!D<!$"* - !
Y+'+7(!R+7-A*!$.+()$"%&!
Y+40(!$7+,T0--'!$"()$"-()$#,()$&+()$". %!
Y+40(!)*&10--'!$' !
Y-(!I+&C+,!$"# ' !
Y->>-*-0(!;&5+*!!'()$#& " !
Y->>-0(!LC.&+!H<!$#. * !
Y->>-C(!N&30!R<!$*"()$"#'()$"+ - !
Y->>&*-0(!P&7!!-()$"'()$+*()$'*( )$#" +!
Y->>3FF(!H>&:+%-'*!$<!!"+()$"&#()$+%*()$+%'()
$+"#!
Y->>C(!N&30!R!$' ' !
Y->>C(!9+53%!$<!$, * !
Y-,5*+,7+,-!R+E4(!)4,&>!!# &!
Y-,'(!$,F->+!N<!!"+()!" , !
Y-07+,&(!P+0+,!$<!$* &!
Y-07&5>-(!9-00C!L<!!".()$+% . !
Y*+&T*38D405*(!;-00&''!D<!$"'"()$#, &!
Y*+,F40+(!R+E.--T!)<!$"()$" -()$#,()$&+()$". %!
Y*30(!9+AT-0!$' ' !
Y&52(!N+,&->!R<!$", " !
Y&7(!N3,F!G3,!$#'+()$#- " !
Y&7(!IC-8)-3, !$"++!
Y&7(!9+-8I3,F !$#. - !
Y&7(!9&!M3,!$#. - !
Y&7(!)4,F!M33!$"' +!
Y&,F(!YC>-!$<!$#%%!
Y&,,-C(!)*->>C!$#%#()$#,+!
Y&'+F+G+(!;4,-,30&!$* ' !
Y&G&'(!P+'E+,+!$#, &!
Y>++A(!H77+!R!$"" * !
Y>+77-0(!D-+'0&5-!$"" " !
Y>-&,(!)'-T*+,&-!?<!!" &!
Y>-&,-0(!;+,4->!$#" ' !
Y>-&,7+,(!?-'-0!$"' +!
Y>&-%-,A'-&,(!N+,&->!$+%. !
Y35*(!Y+0-,!H<!!#*()$&()$, %!
Y35*&+,(!L-3,!!" #!
Y3-*>-0(!L&,53>,!@!$" . !
Y3-,&FAQ->.(!L-3!U!$". %!
Y3&0'C3*+,,(!Y+'*0C,!;!$#- * !
Y3E&7+(!;&2&23!$- . !
Y32(!$7->&-!$#, &!
Y3>27+,(!94.&'*!;<!$", #!

Y3>37&-'A(!;&5*+->!O<!$+- !
Y3,+.4(!D-+'0&5-!$"+()$#+- !
Y3T0&1+(!)'+,&A>+1!$+%- !
Y30'*(!J+'- !$"- +!
Y3AQ->.(!P&7!!'()$#& " !
Y34'A34Q&A(!Y+&'>C,!;<!!,()$"' * !
Y0+E-GA2&(!?+G->!$#- . !
Y0+1&5(!J+'+>&E+!D<!$#+#!
Y4.-,31(! ;&5*+- >!$"* +!
Y4>-A*31(!O3>3.C7C0!$". . !
Y47+0(!W,.0+E&'!$<!$"&()$#*&!
Y47+0(!R3*&'!!#-()$#%()$&*!
Y47+0(!O&1-2!!"#()$+%&!
Y47+0&(!)4,&'+!!"#()$+%&!
Y4,.404(!D*+0+'*!$#%!
Y4A7-5(!$+03,!$'+()$#+"()$#++()$#*#()$#*. !
L+(!P*4C!;<!!"+()$"%()$#&.()$+%*()$+%' !
L+&(!M-&8X4, !$+%" !
L+>(!)*+&>-A*!Y<!$' " !
L+>>C(!YC0+!$"" #!
L+,F!O&(!)3,!$. %!
L+,F(!;&5*->>-!U<!$"# ' !
L+0&3A(!L&,3!.-!>+!@04:!$+%+!
L+AT&A+(!N+,&->!9<!!""()$## &!
L+'-00-(!$>-K!!" %!
L+4(!Y&,!I!$- , !
L+4'-0(!J&52!$##!
L+1C(!;-&0+1!! #!
L+C8?04&''(!Y+'-0&,+!$+*!
L+:-'&5(!O>+.&7&0!$"%- !
L-+5*(!Y0&A'-,!$<!$#%- !
L-+2-C(!$,.0-G!N<D<!$*%()$#&"()$#.* !
L-+0C(!;+0&>C,!$"&- !
L-%3G(!@>+0+!!# %!
L--(!UG3,E&,!!#,()$#-%()$#- - !
L--(!Y-4,A4%!$' %!
L-F0+,.(!O+>S0&-!$&#!
L-&%3QQ(!)+74->!$<!$,-()$.'()$"%%()$"##()
$"#,()$"#.()$"& - !
L-7&,F(!@*0&A!$+*!
L-T+F-(!$40S>&-!$&#!
L-T+2(!J&5*3>+A!Y<!!"+()$"%()$"+()$#+-()$#&. !
L-T30-(!L+40+!$#' , !
L-1&,(!N+,&->!;<!$"' #!
L-:+7+(!@*0&A'&,-!$"" ' !
L&(!$K&+!$&, !
L&(!D+&>&,!$##- !
L&(!D+324,!$##' !
L&(!@+'*-0&,-!I<!$".()$"+ . !
L&(!N->&,!$". &!
L&(!N3,F.3,F!$#"*()$#+%()$#+"()$#+'()$#,.()
$#*#()$#*. !
L&(!I+,K&+!!# " !
L&(!9&,F!$"&%!
L&(!L&,!$"+*!
L&(!;-,F !$+"()$#. +!



! "#f !

L&(!^&,!D+3!$- !
L&(!M-&24,!$#*" !
L&(!c&+,0+,!$"%'()$"&"()$"-"()$#"%()$#"*()
$#+%()$#+"()$#+'()$#,.()$#*#()$#*.()$#* * !
L&(!c&+3G-&!$+%()$"-* !
L&(!c&,F>&!$' , !
L&(!X+G-&!$"-'()$#+ +!
L&(!X4,Q4!$. #!
L&(!/*-,*3,F !$##' !
L&+,F(!/*&2+&!$". " !
L&+3(!M-&8P&,F!! * !
L&EA-%-''-,A(!;&-2-!O+,!$#- . !
L&7+(!N+C+,-!@<!$##. !
L&,(!U4&Q+,F!$"" &!
L&,(!?-&8X4!$#- , !
L&,+0-A!R+7&0-:(!$,F->+!$#%#!
L&,.-0A(!YC>-!$". #!
L&,.A+C(!?-,->3T-!L!$"%. !
L&T2+(!$>-K+,.-0!H<!$#, " !
L&TTA(!)+0+*!$#- !
L&A5*(!N+73,!$&+!
L&A-03,8;3,Q&>A(!@*0&A'3T*-!!" #!
L&4(!$>-K+,.-0!H<!$"- #!
L&4(!I3,FE4,!$#*%!
L&4(!I4+!$,*()$"' %!
L&4(!I4+,!$. #!
L&4(!I4&!$*()$"" &!
L&4(!I4C4!$#++!
L&4(!9&+,!$"' %!
L&4(!L-&!$.#()$*'()$"% . !
L&4(!)+,:*-, !$*()$""&()$",-()$## - !
L&4(!M-&F43!$' * !
L&4(!M-,8X4!$, , !
L&4(!c4+, !$"-' ()$#+%!
L&4(!c4-!$#"()$"%*!
L&4(!X4!! +!
L&4(!/*-,F%&,!!# %!
L&4(!/*&04!$#&" !
L&4(!/3,F8X+, !$", %!
L>+5+(!O&5'30!$"&. !
L3*G+AA-0(!b>0&2-!$#+#!
L3,F(!Y+'&-!$"" . !
L3,F(!P-00&!/0+() $, , !
L3,F-A'(!I+>>&-!$"- " !
L3T-:!@+00+,:+(!J&53>+A!!" %!
L3T-:(!;+0&-!!" %!
L3T-:(!;&0&+7!N<!$##()$"&. !
L3T-: 8@303,+(!L&,+!$,()$".#()$". &!
L30(!O+&!$"" %!
L34&A(!93-!$+' !
L340-,g3!@+7T3>&,3(!;+0&+,+!$#' !
L3G0-C(!I+0T-0!$#- #!
L4(!N4A*-,F!$##' !
L4(!9&+,G-&!$#, #!
L4(!/*-,C4+, !$",&()$".'()$+% &!
L4%23G&':(!;+02!$<!!,()$"%'()$"'*()$#+ %!

L4-%%-0'(!@3>>&,!O<!!'() $"-,() $#&" !
L43(!9&,FC4,!$#.'()$#* " !
L43(!X4,!!+()$. #!
LC,5*(!9+C.3,!$#' &!
LC,,(!9+A3,!)<!!".()$#'#()$#- #!
LC3,(!H7&>C!$"" . !
LC4(!I+37&,!$+- !
LVT-:!@303,+(!L&,+!$#, , !
L\%%-0A'-.'(!P*37+A!$"%+()$#%#()$##,()$#+.()
$#,+()$#. &!
;+(!L&+,F!! " !
;+5*+.3!-!)&>1+(!@+&64-!$#%!
; +.40(!N->T*&,-!;<!$#+#!
;+*+7+(!$AA&%&!$#%#!
;+*33.(!H>&:+%-'*!$"- , !
;+*3C(!9&>>!$<!$""()$"" %!
;+&>>34K(!Y+'*0&,-!$" #!
;+2+0-1&'5*(!W0&,+!$. !
;+>&2(!)*&2*+!$"&.()$", #!
;+>1+0(!R3A+!$<!$#+#!
;+,5-+4(!L3h5!$"&' !
;+,F+>(!I+0A*&'+!$#, - !
;+0+,.(!$>-K+,.0-!?<!$+&()$+%' !
;+ 05*4A(!=>&1-0!9!!# . !
;+0A*+>>8@3>3,(!$7C!$"+. !
;+0'&-,AA-,(!R3%-0'!$<!!".()$#'#()$#- #!
;+0'&,-:(!)'-T*+,&-!H !$- , !
;+0'&,&(!;&5*+->!$#&" !
;+0'0-(!?&-00-!$#. " !
;+A'0-''+ 8X+,-A(!$>&5&+!$+%+!
;+'*-2+(!93,+'*+,!;< !! . !
;+'*-G(!L3>&'+!$* - !
;+'*&1+,+,(!R+7-A*!Y+,,+ !$#&#!
;+ ''*-A(!;&5*+->+!)<!$"" " !
;+40->(!@*0&A'3T*-!$&&!
;+4A(!@*+0>-A!$- %!
;+C,+0.(!N+,&->!$- %!
;+::3>-,&(!WA+%->>+!$#. #!
;5$>>&A'-0(!P0&A*+!$"# +!
;5@+,,(!)*+4F,-AAC!R<!$". +!
;5@+0'C(!N3,+>.!R<!$. . !
;5@37%&-(!M<!R&5*+0.!$#' #!
;5@3C(!$4A'&,!U<!$"# " !
;5@3C(!)53''!$#&" !
;5U&,, &A(!Y+0-,!; !$#- * !
;5U&,'C(!$>CA3,!$"" %!
;5Y+C(!93*,!Y<!$###!
;5Y-,:&-(!)'-1-, !$" - !
;5Y,&F*'(!R3,+, !$"" #!
;5L+4F*>&,(!@*>3--!$#" , !
;5;+*+,(!@*0&A'3T*-0!)<!!#-()$# %!
;5;3003G(!)+0+*!9+,-!;< !$", ' !
;5J+7+0+(!N+G, !! - !
;5R-C,3>.A(!;+KG->>!R<!$"# ' !
;5)'--,(!?+4>+!@<!$""*() $"#*() $"# - !
;-.&,+(!;+0&+!@+7&>+!$.'()$"% %!



! "#i !

;-F0+G(!;3>>C!$"&- !
;-&-0(!Y-00C!! - !
;-E&+!9&7-,-:(!)-,.&!X !$#*+!
;-,+0.(!@>+&0-!@<!$"&.()$#- &!
;-,.-A 8;30-&0+(!?-.03!$#+#!
;-,.3:+!R-1&>>+(!9+1&-0!!" %!
;-,F(!X&Q+,!$- " !
;-,2&0(!$%-%-!$##%!
;-,:(!;3,&5+ !$#+#!
;-A3,!N-!L+!B4 -,'-(! N+,&->+!$' " !
;-AA&,+(!@+0>3A!$"' +!
;-C-0A(!D>+2-!@<!$*#()$#- , !
;&+3(!@*-,C3,F!! * !
;&5*+>A2&(!Y-1&,!$. , !
;&52->A3,8X34,F(!L-&F*!$<!$#+()$.-()$""'()
$"&,()$"&*()$"*.()$"' - !
;&2->(!;+02!$<!$#, " !
;&>>+0.(!;+02!9<!$"' &!
;&>>-0(!)+0+!$"' +!
;&>>-0(!/+52+0C!R<!$"&+()$". . !
;& >>-'(!H7&>&-!$#*, !
;&,3G(!;+02!$<!$<!$+&!
;&0+,.+(!L-'&5&+!?0+.+!.-!$##, !
;&0,-:+7&(!)+C-.!O+*&.!! * !
;&0:+-&(!;+*.&-* !$"* " !
;3*+7-.(!$>-C+ !$#%" !
;3>&,+(!)&>1&+!@0&A'&,+!;!$"- - !
;3,.&%03G,(!)+0+*!R!$#+, !
;3,.&,(!U&31+,,&!$ !$"- - !
;3,.&,(!;+'-4A !$"--()$#' * !
;3,&- 0(!D0+,.3, !$"&+!
;3,'-A(!@*0&A'&+,!$", #!
;3,'-A(!H7&>&-!$&&!
;3,'-A 8)-0-C(!@*0&A'&+,!$&- !
;33F34-&(!R3K+,+!$"%&!
;33,(!IG& !$#+*!
;33,-C(!?+4>!P<!$"%- !
;33A-(!)'-T*-,!?< !!#%()$".()$"+.()$+%%()$+"+!
;30+&A!.-!)34A+!P&,353(!)C>1&+!$#' !
;30+,!L+4'-0(!$.0&-,,- !$#%#()$#,+!
;30QQC(!J&5*3>+A!! #!
;303'+(!U3'+!$#%!
;30A-(!9-QQ0-C!$"&+!
;3'3>+&(!U-0F->C!$"" &!
;340+.!)&>1+(!J+.&+!J<!$&!
;4(!^& !$"-"()$#* . !
;4EE+%&(!@*0&A'3T*-0!$#%#()$#*' !
;42*'+0(!I4AA,+&,!$#" " !
;4>>-,(!9+52!L!$###!
;4>>-,A(!$>-K+,.-0!@<!$#&*!
;4,+A&,F*-(!;+,&A*+!$<!$#''() $#- &!
; 40+>(!R+1&!O<!$".#()$".&()$##*()$#++()$#&#()
$#,-()$#. %!
;40+0&4(!N+,->+!$#+#!
;40T*C(!Y+'&-!;<!$", , !
;4A:C,A2&(!;&5*+->!U<!$#.()$#*()$""+()$#+ ' !

;4j3: 89+1&-0(!R3.0&F3!$#!
;C-0A(!/+5*+0C!$<!$". " !
J++7+'&(!U4C!$+%&!
J+50C(!?*&>&TT-!$&&!
J+&'*+,&(!)4A*7+!$+%&!
J +>+T+>>&(!)+7!$+*!
J+,(!U438L&,F!$* #)
J+,,+A(!J+'+>&-)$+"*()$+"' !
J+1F+,&(!I+.&!$" * !
J-F4A(!Y+0>-,-!L<!$#+%()$#+"()$#** !
J-*-0(!M-A>-C!R<!$"%- !
J->7A(!D0+.!!+%()$,#()$#'"()$#' . !
J->A3,(!R-%-55+!9<!$", #!
J-G'3,(!L&,A-C!$<!$". &!
J-C0&,52(!H1->&,-!$"' . !
J&53>+A(!)'ST*+,-!N<!$&&()$#+#!
J&23>+4(!D+A&>!9<!$##!
J&C30424,.3(!93,+'*+,!$#%+!
J3F4S(!B+%&-,!$&#!
J3>>(!)+0+*!H!$- " !
J3,+'3(!94>&+,+!O<!$<!$+()$&. !
J300&A(!;+0C!H<!$". +!
J30'*04T(!N+,&->!$"' +!
J30'3,(!U+0-'*!9<!$"- , !
J31+0&,+(!H>-,+!$#. #!
J455&3(!;&2-!L<!$"' . !
JC+%+A*&(!O&'+>!$- &!
JCA'037(!U0+5-!L<!$"+()$"-&()$#+- !
=k@3,,30(!N-1&,!$* - !
=k@3,,30(!L&>C!H<!$* #!
=%+'+(!P3A*&*&03!$#&#!
=.4,'+,(!X4A4Q!$#%!
=QQ-&(!)+74->!YG+7-!$#. , !
=*(!9-3,F*G+!$&&!
=*>A3,(!H0&2!M<!$#".()$#&, !
=E-.+8R&1-0+(!93,+'*+,!=<!$"+()$#+- !
=>&1-&0+(!H.4+0.3!O!$"- - !
=>&1-0(!)+0+*!L<!$"- * !
=>7-.3!?&53(!L&+!D<!$#%%!
=>3742303(!H,+7-F43,3!H!$". %!
=>A3,(!$,.0-G!!"#()$",&()$".'()$+% &!
=>A3,(!9+53%!$" !
=,3(!)-&E&03!$, &!
=0-,(!H>+.!$"%()$"+()$#+- !
=4(!)*4E4,!$#- &!
=4%34,C'(!;*+,-. !$' . !
=4:4,31+(!;&>-,+ !$##" !
=:-0A2C(!?*&>&T!$" &!
?+>(!U+40+1!$#" ' !
?+>+QQ0-(!@+0&,-!$#. " !
?+,(!$7->&+!$#%" !
?+T+'*-3.3034(!W0-,-!$",&()$+%&!
?+0-,'(!9-+,8)-%+A'&-,!$#- #!
?+02(!9&,!)-3,F!$#. - !
?+02(!)4,F*4,!$*()$"" &!
?+02(!P+-8@*4,!$#, +!



! "dl !

?+02(!X3,F8)33, !$+- !
?+02-0(!P&73'*C!$#&" !
?+A*+(!$A*-0!$+%&!
?+AA+>+564+(!;&5*+->!$- . !
?+'->(!$E+C!Y47+0!$#*- )
?+'*+2(!$,&04..*+)$+"' !
?+4>(!?&-05-!$#". !
?+4>(!MC+''!$&#!
?+4>&(!N42-!$" &!
?+4>A7-C-0(!;&5*+->!J<!$, . !
?+4G->A(!L+40-,A!$+()$"' . !
?+G>3GA2&(!M3E5&-5*!?<!!"*()$,&()$,'()$"*#()
$"*&()$#- %!
?-.-0A3,(!@3,,30!$#&#!
?-&K3'3(!;+053!$#%-()$#"- !
?-,.-0F+A'!WO(!P*37+A!I!$#+, !
?-,.>-'3,(!$7+,.+!L< !$"* " !
?-, F(!;&, FA*-,F!$, " !
?-,F(!/*+3 !$* !
?-0-&0+(!I->5&3!N<!$&. !
?-0034.(!?&-00-8B0+,g3&A!$&#!
?-00C7+,(!;->+,&-!U<!$".()$+"()$#",()$#. +!
?-0A+4.(!)*+,,3, !$+#()$#%" !
?-'-0A(!N+1&.!M<!$"' &!
?-'0->>+(!N37&,&5!$". " !
?*+7(!U&,+!$* - !
?*+0+:C,(!$,,- !$"' . !
?*&>>&TA(!$>>&A3,!$. &!
?*&>>&TA(!$>CAA+!R<!$"&#!
?*&,,-C(!U+0,-'!$+%. !
?*4,F(!H7&>C!$#%" !
?&+'(!$0,+4.8N-A%&-:!$#*, !
?&5*3,(!9-+,8?*&>&TT-!$&#!
?&-05-(!H7&>&+!$' #!
?&-003'(!P*37+A!!" %!
?&>(!I+,,+*!N<!$"+()$+#()$#%"()$#+- !
?&,'3(!;+&A+!)<!$+!
?&0&(!R-%-55+!N!$+"%!
?&j-03(!N+,&->!$+%+!
?>+''A(!$.0&+,!H<!$#- &!
?3>+8)+,5*-:(!H,0&64-!$#!
?3>F-(!J&5*3>+A!N!$* , !
?30'G33.!WW(!93*,!L<!$"+%()$"+&()$"+, !
?3'*&-0(!$>-K+,.0+!$&#!
?0+&0&-(!$,,+!$+*!
?0-A'-0>(!P*37+A!$##" !
?0&5-(!$.+7!I<!$"- , !
?0&FF-(!;&5*+->!9<!! #!
?0&'5*+0.(!LC,,!$" #!
?031+0'(!J&5*3>+A!$+%&!
?4,A231A2C(!9+A3,!$#"()$"%*!
?S0-:8L&7V,(!)-0F&3!$+"()$"-%()$#",()$#. +!
^&+,(!9&+!$"+*!
^&,(!R3,F:*4 !$"' +!
^&4(!X&,E&-!$",*()$#- &!
^4-(!^&4.-,F !$+*!

^4&>>-0-(!WA+%->>-!$"+ ' )
0(!$,.0S!$#+#!
R+F+A(!R&5*&-!H1-!U!$- #!
R+F>&,(!)&-00+!)!!" +!
R+&(!;+04'&!J+,.+,!$" . !
R+E(!$.&'C+!$" -'()$# +%!
R+E+A*-2+0+&+*(!R-A*7+!$#%" !
R+E42+0(!$A*&A*!D<!$#&" !
R+7+20&A*,+,(!)0&1&.C+!$#' #!
R+7-:+,&(!;-*.& !$"%&!
R+7&0-:!)-F31&+(!N&+,+!$++!
R+74(!b7+7+*-AG+0&!$#- #!
R+7m0-:8B>30-A(!;!R3A+0&3!$#. +!
R+A-C(!=>&1-0!$-'()$#%" !
R+A74AA-,(!@+03>C,!U<!$-,()$"% - !
R+C73,.( !N+>'3, !$' " !
R-+.(!$,.0-G!@<!$#' ' !
R-F4>A2&(!;&5*+->!!"#()$"#%()$#' #!
R-&A'(!L45+A!$" #!
R->>Z,8n>1+0-:(!R4%S,!$,() $"+()$+"( )$+#()
$"-%()$#%"()$#"&()$#+- !
R-A-,.-(!;+05&3!B<R<!$+'()$#%- ()$#"- !
R-1&>>+(!?-.03!$#+#!
R&%-&03(!$,+!?+4>+!$&. !
R&%-&03(!;+'*-4A!?-0-&0+!$##, !
R&5*+0.(!U4&>>+47-!!" %!
R&5*+0.A3,(!$,,&A!H<!!#()$"".()$"# +!
R&5*'-0(!9-0-7C!$#&" !
R&F+4>'(!;+0'&,-!$"+ ' !
R&A*7+G&(!L34+&!$&&!
R3(!J+8X34,F!$#. - !
R3%%&,A(!B>-'5*-0!!" " !
R3%%&,A(!Y->>C!R!$#&+!
R3%-0'A3,(!N+,&->!9<!$#%!
R3%&>(!9+,>3!;<!$"" * !
R3553!.+!)>&1+(!@+7&>+!$"#" !
R35*-(!D-,E+7&,!!" . !
R3.-,-(!H0&5!$#+&!
R3.0&F4-:(!93,+A!$#&()$"&'()$#* , !
R3.0&F4-:(!O>+.&7&0!P300-A!$#, - !
R3.0mF4-:!/+T+'+(!B+4A'3!$#%" !
R3.0mF4-:(!N&+,+!$+%+!
R3.0mF4-:8/+T+'+(!B+4A'3!$+"()$#" &!
R3F-0A(!$,,+!$#&- !
R3F3GA2C(!?-'-0!;<!$&&!
R3>>-0(!;+A+!!" %!
R3>>-'A5*-2(!I+0.C!$&!
R37+C(!;<!@&,'+!!"+()$,()$"%()$"+()$"&#()
$",'()$"..()$"'+()$#%"()$#%,()$#"&()$#+-()
$#&.()$#&-()$#,*()$+%"()$+%*()$+%'()$+"#!
R33,-C(!P0+1&A!H<!$"%()$"' +!
R3AA(!H.G+0.!I!$" . !
R3AA8W%+00+(!9-QQ0-C!!'()!".()$"+"()$#,&()
$#-+()$+%. !
R3G:--(!$,,+ !!" &!
R4FF&-03(!N&+,+!$.'()$"##()$"& - !



! "do!

R4&:(!$>-E3!$#%%!
R4,5&-(!N+,&->!H<!$+"()$#, &!
R4,C3,(!;+''*-G!9< !$#, ' !
)+F+,(!O+A&'!$#*- !
)+*+(!R+E&%!$"+ ' !
)+&.(!B&>&TC!$!$"- - !
)+E--1+,(!Y+04,+!$"+ ' !
)+2+2&%+0+(!I&'3A*&!$- . !
)+>&*31&5(!I-&.&!B<!$"&, !
)+>'(!N+1&.!H<!$"- , )
)+>1+.30(!R&5+0.3!/0" !
)+>1&(!)&>1&3!$##"()$#- . !
)+7+(!$,.0-+!; !$.*()$- " !
)+74->(!)3>373,!= !$#" ' !
)+,!;&F4->(!?*&>>&T!$". %!
)+,.*4(!9+AT0--'!$' &!
)+,F&30F&(!U&4A-TT-!$##" !
)+,F0+(!$,24A*!$+&!
)+,F4&,-'(!Y+0-,!$"&" !
)+,'0+(!N&T+2!Y<!$#, , !
)+,:!;30+(!pA5+0!$, &!
q+0r-1&s(!I013E-!$#+#!
)+''-0>--(!9+7-A!M<!$- ' !
)+''>-0(!;+0&+,+!@<!$#' * !
)+G-0A(!R4+&0&.*!9<!$,()$".()$+"()$"-%()$#%&()
$#",()$#. +!
)5+,>3,(!;&5*+->!9<!!,()$**()$-#()$"%'()$"'*()
$#+%()$+", !
)5*+5*'7+,(!N+,&->!$#" " !
)5*+':(!;&5*+->!$#' #!
)5*-%-,(!$07&, !!" . !
)5*-0-0(!94A'&,!P!$#' " !
)5*&-0A5*-08O&0-'(!D-+'-!$#+#!
)5*>-&Q(!J+'*+,&->!$", - !
)5*7&':(!R3%-0'!9<!!##()!#+()$+ &!
)5*,+%>-(!9+7-A!@<!$".#()$".&()$".,()$##*()
$#++()$#&#()$#,&()$#,,()$#,-()$#. %!
)5*,+%>-(!?+'0&52!)<!$'+()$"-'()$#+"()$#++()
$#, , !
)5*,-&.-0(!;&5*+->!$#, &!
)5*,&07+,(!R4%C!H<!$* * !
)5*,&''F-0(!$0T!$, &!
)5*3%-08@3>%40,(!@*0&A'->!$""'()$"& *!
)5*3-,%+47(!U0-F30C!R<!$""+()$#"*()$#+ %!
)5*3>'-,(!)'-Q+, !$#- . !
)5*4->>-0(!;&5*+->!9<!$"# &!
)5*4>>-0(!@0+&F!$+*!
)5*4>':(!@30-C!!# " !
)5*4>:(!$&7--!9<!!"+()$"'"()$+%'()$+" #!
)5*4>:(!D402*+0.!$" - !
)5*tQ-0(!@+C!$"" " !
)5&+00-A&(!@&,'&+!$#%%!
)53''(!;+01&,!?<!$#" %!
)53''(!?+4>!;<!$#%#()$#,+!
)503FFA(!P+C>30!$, #!
)-+0>(!93*,!@!$#&%!

)--'*+0+7(!$04,!)< !!"-()$"+"()$"&.()$#&.()
$#,&()$#..()$+%.()$+%'()$+"#!
)-2*3,(!R+E+,.--T!)< !!#-()$# %!
)->%C(!D-55+!!-() $" ' !
)- >>-0A(!;&'5*->>!!#%()$"- #!
)-,(!)*+'+%.&!$"+%!
)-,(!P+,-0 !$"++!
)-073,A(!)*+,,3, !$#. +!
)-'>&QQ(!Y0&A'&,!! - !
)-''>-A(!$<!;+02!$&%!
)*+*E+>+>(!)C-.!$#' &!
)*+,74F+0+E(!J+,.*+247+0!$* ' !
)*-7C+2&,+(!H>-,+!!&()$, - !
)*-,(!D3 !!" #!
)*-0&.+,(!D&+,5+!Y<!;<!$"' - !
)*&''+(!J.-,47! ) !$#+, !
)*0-A'*+(!J&2--!$".#()$".,()$#, - !
)*0-A'*+(!O&1-2!$+%()$"-* !
)&..*4(!U40T0--'!$#- , !
)&.*4(!9+F.--T!)<!$#%&()$#.+!
)&-T->(!$.+7!!" . !
)&F73,(!D0+,.&!$<!$"' ' !
)&>1+(!U+%0&->!B-0,+,.3!$"- - !
)&>1+(!;+05&3!9<!$+!
)&>1+(!?0&A5&>+!$<!$+!
)&73,A8)-,Q'>-(!;+0F+0-' !$"+ ' !
)&7303GA2&(!93A-T*!$#- #!
)&7TA3,(!9-QQ0-C!$" !
)&,F*(!$2+,2A*+!$#" #!
)&,F*(!$,F+.* !$#' , !
)&,F*(!$C4A*!$"&,()$#,&()$#' * !
)&,F*(!J+0-,.0+!Y47+0!$+%, !
)&,F*(!R+2-A*!$. +!
)&,F*(!R+2A*+!$, +!
)&4(!$,A3,!$" " !
)2&%%-(!N+1&.!$+*!
)23T->&'&A(!P+0+!$"%,()$"%. !
)2G+02(!;+05&,!! " %!
)>-G&,A2&(!P*37+A!L<!$* - !
)>4&A(!$+03,!! #!
),3.F0+AA(!)+7+,'*+!9<!!"-()$#,&()$#. . !
)3(!X33, 8)4T!$#+*!
)37+1+'(!?+1->!$"- . !
)37-0A(!94>&+,!!+%()$#' . !
)37-01&>>-(!$,.0-G!N<!$+%#!
)3,F(!U+3C4+,!$", #!
)3,F(!R-,'+3 !$#- , !
)34:+(!?-.03!I-,0&64- !$"- - !
)T+02A(!H0&,!H<!$*+()$*&()$'#()$-*()$"%#()
$"#*()$"& &!
)T+02A(!=A5+0!$, " !
)T&-F+>(!)*-0&!$"' +!
)T&->7+,,(!L&+7!U!$#- #!
)T0&,F-0(!J+'*+,!;<!$"."()$"'+()$#&-()$#''()
$#- &!
)T0&,F-0(!?+'0&5&+!)<!$"%- !



! "d" !

)A-,F3(!93*, !$' - !
)'+7(!;+&2- !$#,&()$#- . !
)'+,>-C(!P&7!$##!
)'+02-0(!@3>%C!$" #!
)'+ 13>3,-(!L&1&+!$##%)
)'-T+,31+(!$,,+! /0 &!
)'-''-0(!;+024A !! ' !
)'-G+0'(!J+'*+, !$"" &!
)'&5*(!D-,E+7&,!$#, &!
)'&-0(!H0&5+!$##- !
)'&,-A(!B&A*-0!$' * !
)'&':-0(!;&5*->>-!@<!!"-()$",'()$"..()$#&.()
$+%"()$+%*()$+"#!
)'32-A(!R4'*&-!$,()$+#()$#%" !
)'3G-0A(!@>+&0-!H<!$"%- !
)'0+%>-(!93A*4+!9<!$"-()$."()$-'()$--()$#% " !
)'0+.-0(!L45&+!@<!!#()$"# ' !
)'4%%A(!@*0&A'3T*-0!9<!$#%!
)'4.-0(!$,'*3,C!9< !$-+()$"#&()$#&+()$#,%()
$#,'()$+%%!
)4>>&1+,(!;+.A-,!$+%%!
)47+,(!Y+'*-0&,- !$"# - !
)47--'(!;+,2+0 !$" &!
)4,(!U4+,F5*+3!$".#()$".&()$#, &!
)4,(!^& !!" * !
)4, (!X&04&!$#- " !
)4,(!X3,F*+3 !$"+*!
)401+E*+>+(!?0+A*+,'*!$. +!
)4A-->+(!O&.C+!$&*!
)4:42&(!;+A+*+04!$&%()$.. !
)4:42&(!J30&23!$#" - !
)13%3.+(!$,,+!J3->>-!$"* %!
)G-,'3GA2C(!YC>-!M<!$* . !
)GC-0A(!J+'*+,!@<!$, * !
)C.3G(!?+'0&52!M<!$#",()$#. +!
)C>1-A'-0(!$,,-!M<!$"%- !
)C0&,F(!;&5*+->!L<!$"&#()$"&.()$#. . !
):4'4(!M*&',-C !! #!
)Z,5*-:!U3,:Z>-:(!93AS!.-!9-AaA!$"+()$#+- ()
$+%+!
P+%+0+55&(!Y+&'>&,!$#%!
P+2-%+C+A*&(!X47&23!$- . !
P+7+,F(!P-E!;+, !$* !
P+,(!R4&E4+,!$#, #!
P+,.42+0(!J&0G+,!$"+()$+"()$#%"()$#"&()$#+- !
P+,F(!L&-!$"%'()$"-'()$#+%()$#++!
P+,F(!X&:*- !$''()$"+ - !
P+AA&,+0&(!$>%-0'3!$##" !
P->-,23(!N+05C!H<!?<!$"# " !
P->>38R4&:(!;+05->+!Y<!$",&()$+%&!
P-,F(!@*3,F!$* #!
P*+0+C&>(!J&A*+,'*!!#-()$& *!
P*&-A(!$4F4A'!@<!$#%%!
P*&04TT+'*&(!N*&,-A*247+0!$"- #!
P*37+A(!PC!)!$#&- !
P*37TA3,(!$..&-!;< !$".&()$".*()$#% *!

P*37TA3,(!D-'* !$- %!
P*37TA3,(!?0&A5&>>+!9<!$#, * !
P*37TA3,(!M&>>&+7!B<!$#+()$.-()$""'()$"&,()
$"&*()$"*.()$"' - !
P*37A3,(!R+5*->!$&, !
P*337+''&!I+0&.+AA(!O&F,-A*!Y47+0!$#++!
P*3'>+(!J+0-A*!$+%, !
P&+,(!?-,F!$"+*!
P&%%A8@30'-A(!L+40+!H<!$"&"()$"-"()$#* . !
P3>*40A'(!L&,.A-C!! - !
P3,F(!9&,FE&,F!$"%#!
P3,F33,+(!?+,F&0+C&!$#. , !
P3T54(!W>2A-,!$#- ' !
P3TT(!@*0&A'3T*-0!J<!!#%()$"&()$"-#()$#%%()
$#&" !
P300-A8R3.0&F4-:(!9<!O>+.&7&0!$".#()$".&()
$#&#()$#,&!
P3A'-A(!J+'*Z>&+!O!$"- - !
P340,+&0-8R34K(!@3>-''-!$&&!
P3G,A-,.(!H>>+!U<!!"&()$' ' !
P0+,(!$>-K+,.0&+!$"+. !
P0+,(!P*4!;<!$.%()$.,()$* ' !
P0+C>30(!/+5*+0C!$"- . !
P0&Q4,31&5(!)>3%3.+,!$#%%!
P03T(!H1+,!!" %!
P03AA(!;&5*+->!@<!$".#()$". , !
P03A'(!H>CAA-!L<!$##!
PA4.+(!Y+'A4'3A*&!$, - !
P4%-03A+(!R3%-0'3!$##" !
P4052(!B0,:&A2+!$#- . !
P4024A(!93,+'*+,!$".&()$#++()$#&#()$#, , !
P40T&,(!/+5*+0C!;<!$+.()$"& , !
PG3*-C!WWW(!R3%-0'!9<!$#&+()$#,%!
P:-,F(!94,F8X&,F!$#" &!
bF+0'-(!@+07-,!$#* ' !
b>4'+A(!;4A+!$#" " !
b,+5*42G4(!J,+,,+ !$##%!
b,F-0 8M+>>+5-(!H0&5+!$'-()$-'()$- - !
b0%+,C(!@>+4.-!$##" !
bA+.->(!DEu0,!$+%+!
bC(!9+5>C,!J&53>-!$#*!
O+>-,'&,-(!@3,,-0!!" &)
1+,!.-0!L&,.-(!Y+0&,+!$' . !
O+,!HK(!B0-.!$"' . !
O+,34A(!$.+7!H<!$"&"()$#"%()$#+"()$#,.()
$#*. !
O+0->+(!93A-!W<!$#%' !
O-E>4T231+(!/4:+,+!$"&- !
O->+:64-:(!9<!$>-E+,.03!$#%. !
O->7404F+,(!)-,'*&>247+0!$+%, !
O-,+.3(!R+Q+->!H<!!""()$## &!
O-0F-A(!O&0F&,&+!$#%!
O-07+(!Y+A*&A*!$+' !
O-0A'&5*->-(!$0,-!$"' . !
O&(!)3,!L<!$. , !
O&+,,+(!;+0&+,+!$#%- !



! "d[ !

O&-&0+(!L-'&5&+!R<!$+!
O&->>-8@+>:+.+(!9-+,8?*&>&TT-!$+"" !
O&,5-,'(!U0+5-!; !$"* +!
O&,'&>+(!)&7&,+!$#" ' !
O&A*,4.+A+,(!N+>&+!$. +!
O3>>%0-5*'(!H0&2!M<!$'-()$-'()$- - )
13,!Y30QQ(!;+0&+!$+%- !
O3AA(!)'-1- !$, " !
O3C'+A(!N+,!$" #!
OC,(!P3,C!9<!$#%%!
M+.FC7+0(!)4A+,+!$+"&!
M+F,-0(!;+FF&-!R<!$#"'()$#& &!
M+F,-0(!R4'*!$<!! * !
M+>%3'(!O&0F&,&+!$* #!
M+>2-0(!H>A%-'*!L!!# * !
M+>>+5-(!9+A3,!U<!!""()!#"()$## &!
M+>>-C(!94A'&,!M<!$&-()$"#'()$"&.()$", #!
M+>A*(!$7C(!P!$"+#!
M+>'-0(!J+'*+>&-!!.()$""()$"" %!
M+,.-0(!;&5*->>-!$#* ' !
M+,F(!U438L&+,F!$#" . !
M+,F(!9&+C&,!$#' &!
M+,F(!Y+,!$' %!
M+,F(!;&,F*4&!$,&()$,'()$#- %!
M+,F(!J&52A3,!$"# #!
M+,F(!?38I+3 !$#- , !
M+,F(!^&,F!! " !
M+,F(!)*42+&!$##' !
M+,F(!X+,54&!$##' !
M+,F(!X&,FK&+,F!$"* &!
M+,F(!X4-%&,!$. #!
M+, F(!/*-, !$#" " !
M+0%40'3,(!;+0&>C,!L<!$#. ' !
M+0-(!N30--,!!"#()$"#%()$",&()$".'()$#'#()
$+%&!
M+A*%40,(!9+53%!N<!$"+()$","()$",-()$#%*()
$#+- !
M-+0(!H7&>C!H<!$#+()$.-()$""'()$"&,()$"&*()
$"*.()$"' - !
M-%-0(!D>+&A-!$#- . !
M-%A'-0(!D0+,.3,!;<!$". * !
M-F-0&Q(!9&->&!$!$#*&!
M- F&-0(!$,+!$+%+!
M-&(!I+&03,F!$"" &!
M-&(!9&+>4!$"-"()$#* . !
M-&(!)*+03,!$",&()$".'()$+% &!
M-&(!c4-*3,F !$#' #!
M-&>(!@>&QQ30.!B<!$- , !
M->%+47(!U0-F30C!H<!$#, * !
M->5*(!)'-T*-,!;< !$#** !
M->52-0(!@>+4.-!$#. " !
M-,.'(!;+''*-G!;< !$#&' !
M-A'*3QQ(!?*&>&TT!$+%- !
M*-->-0(!H7&>C!$<!$.-()$""'()$"& *!
M*-->-0(!99!!" * !
M*&TT>-(!@>&,'3,!9<!! &!

M*&'-(!B0+,2!B<!$*()$"" &!
M*&'-(!;&5*+->!R<!$##. !
M*&'-(!M-,.C!)< !$#" %!
M*&'*+7(!)'-1-,!$< !$' %!
M*&''(!L+40-,!$"- , !
M&-A-(!;+''*-G !$"&+!
M&FF&,F'3,(!)*+C!$#' , !
M&>2-0(!9-,,&Q-0!!""()$## &!
M&>>&+7A(!@0+,3A!; !$"* +!
M&>>A(!N+1&.!;<!$* . )
M&,(!?C4!?C4)$+". !
M&7+>+,+'*+,(!Y324>+T+>+,!$' - !
M&,2->7+,(!N&02!@<!$##()$"&. !
M&A-5+1-0(!9-,!$"* " !
M&AA-0(!R+,.+>>!9<!$"&'()$#."()$#* , !
M3>Q(!I+>-C!$"# . !
M33.*34A-(!;+0F+0-'!R<!!"-()$"+%()$"+"()
$"++()$"+&()$"+,()$"&. !
M337-0(!93A-T*!$#%!
M34'-0A(!;+0>&-A!$"' . !
M0&F*'(!$7+,.+!9!$- , !
M0&F*'A7+,(!P0+1&A!$"&#()$+%' !
M4(!@*-,FK&4!$#*" !
M4(!I+3 !$**()$"%' ()$+", !
M4(!94,:*- !$#*- !
M4(!J+, !$"* &!
M4(!?-&T-&!$* ' !
M4(!)*+, !$. . !
M40'->-(!H1-!)<!$"&%!
c&+3(!X&,FE&-!$#.'()$#* " !
c&+3(!X4F43!$"&()$#*&!
c&+3A+(!c4!$#' #!
c&-(!B4F4&!! " !
c&-(!P&+,E&,!$#*" !
c&3,F(!I4,'&!$. !
c4(!B+,F!$"%. !
c4(!U-, !$#""()$#* %!
c4(!?&,FT&,F!$##' !
c4(!M+,C4-!$"* &!
c4(!c&+3A+!$.%()$-. !
c4(!c&'3,F!$##' !
X+5'+C38@*+,F(!9-AA&5+!?<!$+' !
X+,(!9&+>&!$. #!
X+,(!9&+,%&,F!!+()$.#()$"+*()$#.'()$#* " !
X+,.-+4 8J->A3,(!;+0,+!N<!$##()$"&%()$"&.()
$#&' !
X+,F(!D&,F!!#%()$,*()$"%'()$"'%()$"-"()$#+ %!
X+,F(!B+,F!$"+*!
X+,F(!I+&>3,F!!#&()$-%()$"" #!
X+,F(!I4+ !$,*()$"*,()$"**()$"' %!
X+,F(!9&+,&!$' &!
X+,F(!9&,>&+,F!$",-()$#""()$##*()$#+&()$#* %!
X+,F(!J&,F!$. #!
X+,F(!^&,!$##+!
X+,F(!P&+,K&+3!$&%!
X+,F(!M+,,, -F!$#*" !



! "d_!

X+,F(!M-,C4!$#. ' !
X+,F(!c4-03,F!$#*%!
X+AA&'-T-(!94>&+,+!$+()$&. !
X-(!94,>&!$#*" !
X-%3+*(!$2G+A&!$#- - !
X-,(!9-QQ0-C!R<!$- ' !
X&(!U&%47!$#. - !
X&,(!)*&*+3!$#++!
X3%&(!$%34!$+%!
X4(!9&+,7&,F!!,()$"%'()$""+()$"&"()$"'*()
$"-"()$#"%()$#"*()$#+%()$#+"()$#+'()$#,.()
$#*#()$#*.() $#** !
X4(!^&,FC&!$+- !
X4+,(!?-&F43!$+- !
/+7Q'(!D0+.>-C!;<!$". &!
/+,-''3(!$,,- !$#+#!
/+0A(!H'*+,!$"# - !
/+1+>+!HAT&,3A+(!@0&A'&+,!$#%. !
/-%3A&(!D0&+,!$' - !
/->23GA2+(!Y+A&+!$, ' !
/->23GA2&(!;+'-4A:!$,&()$, ' !
/-,F(!X&%&,F!!+%()$"* ' !
/*+&(!9&,FE&,F!$"%()$",%()$",.()$". . !
/* +,F(!D3A-,!$"&"()$#" %!
/*+,F(!I3,FG-& !$"+*!
/*+,F(!L&Q+,F!!" #!
/*+,F(!R+5*->!$#, #!
/*+,F(!R46&+,F!$**()$"%'()$#+ %()$+", !
/*+,F(!R4C+,F!$#. ' !
/*+,F(!c&+!$#" +!
/*+,F(!c&,C+, !$&+!
/*+,F(!c4+, !!##()!# +!
/*+,F(!/*-,F:*& !$, * !
/*+,F(!/*&G4 !$"&"()$", - !
/*+,F(!/&04!$#- , !
/*+3(!9&40+, !$#. ' !
/*+3(!;-&K&+!!#,()$#-%()$#- - !
/*+3(!;&,FK&+!$*!
/*3,F(!P+3 !$##+!
/*3,F(!M+,A*4, !$"+*!
/*34(!$.->- !$, ' !
/*34(!L&7&,F!$"%+!
/*34(!X+, !$' +!
/*4(!M+,5*+3 !$"+*)
:&53>+(!93*+,!$#- . !
/&-F>-0(!U0-F!!'()$"-,()$#& " !
/&7&,+(!=>F+!$, &!
/&77-07+,(!N+1&.!9<!$"# &!
/&A&A(!N&7&'0&3A!$#- . !
/3>3'+0-1+(!=>F+!$' . !
/4QQ+.+(!;+''&+!$#. #!



! "#$!

!"#$%&%'"($)*%+$))

!"#$%&%'"($) *++%,%"$%-()

!"#$%&'(!#)*+$( ,-&(.#*%&/0*+1(23(,24&52(

!"22"67)&/'(8*55*96&( :2;$(8+$+&(.#*%&/0*+1(

!"/$-$< =>6$/&?'(>$?<*#( @$#A&"*2(B*#%&0+$%(

!"6'(C&$/4( D&0+(!3/*7$(B&#+/&(32/(B/2E(:<E/2%&<&#+'(
.#*%&/0*+1(23(F-$#$(

!5&0*#$'(G4$<*5&( H$#0$0(8+$+&(.#*%&/0*+1(

!)/$<'(I$3*?$(8$/$ ( J42/*5$(8+$+&(.#*%&/0*+1(

!)+&/'(K$*<$( I$<* 4+2#(B244&A&(

!4"&/+0&#'(L$/7( M&+*/&5(

!43$/2(F$/7*$'(L$/*&4$( :2;$(8+$+&(.#*%&/0*+1(

!4*'(D$9$/( .#*%&/0*+1(23(K&"/$0)$(@*#724#(

!#5&/02#'(I2441( ,-&(.#*%&/0*+1(23(:44*#2*0(./"$#$=
B-$<E$*A#(

!#5&/02#'(8$/$-( :2;$(8+$+&(.#*%&/0*+1(

!#52/3'(B$/02#( .8N! =!M8 (

!#&'(>&$#=L*7-&4( .#*%&/0*+1(23(D*072#0*#(=(L$5*02#(

!#0$3'(I65$( .#*%&/0*+1(23(L*0026/*=B246<"*$(

!/$A2#=M$1A2?$'(!4&O( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

!/&44$#2'(:0/$&4( ,&O$0(!PL(.#*%&/0*+1(

!07&#?*'(M2"&/+( Q!8J (

!0-/$3'(L6-$<<$5 (
:C!Q =(L$0+&/(*#(:#+&A/$+&5(C4$#+($#5(
!#*<$4(Q/&&5*#A(

!0-/$3'(!/*3 ( I2;$/5(.#*%&/0*+1(



! "##!

!"#$%&%'"($) *++%,%"$%-()

!+&<*$'(>20&E-( ((

!%$420(B$44&/20'(>&060(
!$/2# ( H$#0$0(8+$+&(.#*%&/0*+1(

!;$4&'(C/$< &&4$( . #*%&/0*+1(23(L*0026/*=B246<"*$(

Q$7-&/'(I$/&4( B2/#&44(.#*%&/0*+1(

Q$4*#+=H6/+*'(C&+&/( .8N! =!M8 (

Q$#A'(82-16#( ((

Q$/#&0'(!44*02#( .8N! =!M8 (

Q$//&+2(G/+*?'(>2$#( .#*%&/0*+1(23(L*##&02+$(

Q$/+4&++'(L$5&4$*#&( .#*%&/0*+1(23(L$00$7-60&++0(!<-&/0+(

Q$0&AA*2'(L$+-&60( 8&#&7$(J2250(

Q$00'(I$#)( J42/*5$(8+$+&(.#*%&/0*+1(

Q$O+&/'(:%$#( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

Q&A71'(H&%*#( .#*%&/0*+1(23(J42/*5$(

Q&44'(I$//*02#( G/&A2#(8+$+&(.#*%&/0*+1(

Q&##&+?&#'(>&33( .#*%&/0*+1(23(F&2/A*$(

Q&/6"&'(Q&#R$<*#( G-$42(F&#&+*70(

Q&0+'(K2/<$#( .8N! =!M8 (

Q&607-&/'(B$/24*#&( N$%*502#(B244&A&(

Q*/7-4&/'(>$<&0( .#*%&/0*+1(23(L*0026/*(

Q427)'(!##$( .8N! =!M8(B-&<*0+/1(M&0&$/7-(.#*+(

Q2/*0'(Q/$#52#( 8$*#+(L*7-$&4S0(B244&A&(



! "#%!

!"#$%&%'"($) *++%,%"$%-()

Q2//&A2'(T4*( M27-&0+&/(:#0+*+6+&(23(,&7-#242A1(

Q2/+*/*'(T0+&"$#( 81#A&#+$(

Q20+2#'(M&"&77$( KB(8+$+&(.#*%&/0*+1'(M&+*/&5(

Q/$51'(L&A-$#( .#*%&/0*+1(23(F&2/A*$(

Q/$*4&1'(C-*4*E( .#*%&/0*+1(23(F&2/A*$(

Q/$#7-'(B$/4( .#*%&/0*+1(23(D*072#0*#=L$5*02#(

Q/$/'(L$#;*#5&/(8*#A-( B4&<02#(.#*%&/0*+1(

Q/$65'(L$O( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

Q/$6#'(N$%*5( .#*%&/0*+1(23(L*0026/*(

Q/$1#&#'(>$#&&#( B245(8E/*#A(I$/"2/(@$"2/$+2/1(

Q/&*+*#A&/'(Q&7)1( 81#A&#+$(

Q/*#5*0*'(@$/$( .8N! =!M8 (

Q/2-$<<&/'(!4&O( Q$1&/(B/2E(87*&#7&(

Q/67&'(D&04&1( Q!8J (

Q/1$#'(!"*A$*4( :2;$(8+$+&(.#*%&/0*+1(

Q/1$#'(H&<E+2#( .#*%&/0*+1(23(F&2/A*$(

Q67)4&/'(T5;$/5 ( .8N! =!M8 (

Q6/A&0'(,2<( .#*%&/0*+1(23(L*0026/*(

Q6/#0'(L*7-$&4( .#*%&/0*+1(23(L*##&02+$(

Q607-&'(L*7-$&4( .#*%&/0*+1(23(D*072#0*#'(L$5*02#(

B$-*44'(8*#&$5( .#*%&/0*+1(23(B$4*32/#*$'(8$#(N*&A2(



! "#&!

!"#$ %&%'"($) *++%,%"$%-()

B$-#'(>2#$+-$#( B8I@(

B$45;&44'(N&#*0&(
C6/56&(.#*%&/0*+1(=(Q2+$#1($#5(C4$#+(
C$+-242A1(

B$44;225'(>25*( :2;$(8+$+&(.#*%&/0*+1(

B$<E"&44'(N$/;*#( :2;$(8+$+&(.#*%&/0*+1(

B$##2#'(T+-1( .8N! =!M8 (

B$2'(U*4$#( (I6$?-2#A((!A/*764+6/&(.#*%&/0*+1(

B$/+&/'(>$/&5( 81#A&#+$(

B$00+&%&#0'(,&//1( B2/#&44(.#*%&/0*+1(

B-$$"$#'(M$<0&1( N$%*502#(B244&A&(

B-$&'(I16#022)( 81#A&#+$(

B-$<"&/4$*#=:/;*#'(
I&$+-&/(

:2;$(8+$+&(.#*%&/0*+1(

B-$/7200&+'(!4$*#( :KM!T (

B-&#'(V2#A4*$#A( M6+A&/0(.#*%&/0*+1(

B-&#'(H&+*#A( :2;$(8+$+&(.#*%&/0*+1(

B-&#'(W*616&( .#*%&/0*+1(23(D*072#0*#=L$5*02#(

B-&#'(B6*O*$( 8-$#52#A(!A/*764+6/$4(.#*%&/0*+1(

B-&#A'(X*( (.#*%&/0*+1(23(J42/*5$(

B-*#=W6&&'(!4&7( . #*%&/0*+1(23(J42/*5$(

B-2'(L*7-&44&( D$0-*#A+2#(.#*%&/0*+1(*#(8+Y(@26*0'(
N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

B-2<&+'(C$64( B-2<&+(B2#064+*#A(@@B(

B-2E/$'(86/*#5&/( C&##(8+$+&(.#*%&/0*+1(



! "#' !

!"#$%&%'"($) *++%,%"$%-()

B-2;5-6/1'(K*$? ( .#*%&/0*+1(23(K&"/$0)$=@*#724#(

B-6'(@*61$#A( .#*%&/0*+1(23(Q2##(

B-67)'(F&2/A&( . #*%&/0*+1(23(B$4*32/#*$(Q&/)&4&1(

B4$/)'(,-&/&0$( B245(8E/*#A(I$/"2/(@$"2/$+2/1(

B46""'(I$##$- ( .8N!($#5(:2;$(8+$+&(.#*%&/0*+1(

B2#7*$'(@2/&#?2( ,&O$0(!5%$#7&5(B2<E6+*#A(B&#+&/(
Z,!BB[Y(.,(!60+*# (

B20+*7-'(N&#*0&( B2/#&44(.#*%&/0*+1(

B2;4*#A'(B/$*A( :2;$(8+$+&(.#*%&/0*+1(

B/*0+*$#2'(>2&( .#*%&/0*+1(23(N&4$;$/&(

B/1$#'(,1( N$%*502#(B244&A&(

B/1$#'(T44*( .B(N$%*0(

B6<<*#A0'(>2/5$#( KB8. (

B6/4&1(>/'(,-2<$0(>( 81#A&#+$(

N$#<$*A2#$(B4&<&#+'(
B$+-&/*#&( Q$1&/(

N$%*0'(>&#0*#$( B&#+&/(32/(C4$#+(87*&#7&(:##2%$+*2#(

N$;&'(H&441( .#*%&/0*+1(23(F&2/A*$(

N$?$'(!<E$/2( .#*%&/0*+1(23(D*072#0*#=L$5*02#(

5&(@&2#(F$++*'(K$+$4*$( .#*%&/0*+1(23(D*072#0*#(=(L$5*02#(

N&$#'(B$/24*#&( -++E0\]];;;YR*7Y$7Y6)](

N&$#0'(K$+$4*&( .#*%&/0*+1(23(F&2/A*$(

N&0"*&?=C*$+'(!/#$65( :KM!T (



! "%(!

!"#$%&%'"($) *++%,%"$%-()

N&,&<E4&'(>20&E-( :2;$(8+$+&(.#*%&/0*+1(

N-$</$*+'(K$+$0-$( ((

N**4)&0'(Q/*$#( C6/56&(.#*%&/0*+1(

N2<*#A6&?'(@*?( .#*%&/0*+1(23(:44*#2*0(=(./"$#$(B-$<E$*A#(

N/$%&0'(L&4*00$( .#*%&/0*+1(23(L*0026/*=B246<"*$(

N/&00&4-$60'(,-2<$0( .#*%&/0*+1(23(M&A&#0"6/A(

N/26$64+'(>60+*#&( :KM!T (

N6'(B-$/4&0( L2#+74$*/(8+$+&(.#*%&/0*+1(

T$0+<$#'(H$+&( C6/56&(.#*%&/0*+1(

T5;$/50'(>25&( .8N!(!M8 (

TAA&/'(M$7-&4( 81#A&#+$(

T42//*$A$'(T0+&3$#*$( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

T4=D$4*5'(L2-$<&5( B2/#&44(.#*%&/0*+1(

TE0+&*#'(M6+-( B2/#&44(.#*%&/0*+1(

T/5<$##'(@&$-(
.#*%&/0*+1(23(:44*#2*0($+(./"$#$=
B-$<E$*A#(

T07$<*44$(8$#7-&?'(N*$#$(
L$/7&4$( :2;$(8+$+&(.#*%&/0*+1(

T%$#0'(@6)$0( B2/#&44(.#*%&/0*+1(

T%&4$#5'(!#5/&$( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

J$)65&'(L&/71( :2;$(8+$+&(.#*%&/0*+1(

J$#'(V-&#( .#*%&/0*+1(23(J42/*5$(

J&/#$#5&?'(>206&( .#*%&/0*+1(23(F&2/A*$(*#(!+-&#0(



! "%)!

!"#$%&%'"($) *++%,%"$%-()

J&//*0'(,14&/( .#*%&/0*+1(23(K&"/$0)$=@*#724#(

J4*&A'(I$//*02#( G/&A2#(8+$+&(.#*%&/0*+1(

J4*#+=F$/7*$'(8-&//1( .8N! =!M8 (

J2/&0+$#'(B/*0+*$#( .#*%&/0*+1(23(Q242A#$(

J2;4&/'(>2-#( G/&A2#(8+$+&(.#*%&/0*+1(

J/$#7*0'(K*7-24$0( G/&A2#(8+$+&(.#*%&/0*+1(

J/*+?'(H$+&41#( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

F$A&'(>20&E-( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

F$44$%2++*'(!#5/&$( D$)0< $#(:#0+*+6+&'(M6+A&/0(.#*%&/0*+1(

F$2'(X*96$#( K$#R*#A(!A/*764+6/$4(.#*%&/0*+1(

F$/5*#&/'(>$7)( .#*%&/0*+1(23(L*0026/*(

F$//*52'(M2<<&4(>/Y( .#*%&/0*+1(23(L*##&02+$=,;*#(B*+*&0(

F&$5&4<$##'(@$#5&/( :2;$(8+$+&(.#*%&/0*+1(

F&5*4'(L&4$)6(
:#+&/#$+*2#$4(:#0+*+6+&(23(,/2E*7$4(
!A/*764+6/&(

F&#+'(>2#$+-$#( .#*%&/0*+1(23(F&2/A*$(

F&#+?&4'(:/&#&( ,-&(G-*2(8+$+&(.#*%&/0*+1(

F-&#2%'(J&/#$#5$( .#*%&/0*+1(23(I$;$*S*($+(L$#2$(

F*64*#*'(!##$(C*$(L$/*$( M&0&$/7-(B&#+/&(32/(C4$#+(C/2+&7+*2#($#5(
B&/+*3*7$+*2#(

F2<&?'(@*#$( L*7-*A$#(8+$+&(.#*%&/0*+1(

F2#7$4%&0(B$*O&+$'(
N*&A2( .#*%&/0*5$5&(J&5&/$4(5&(^*_20$(

F2#?$4&0'(B4$/*7&( :2;$(8+$+&(.#*%&/0*+1(



! "%"!

!"#$%&%'"($) *++%,%"$%-()

F2#?$4&?'(F&/$/52( .#*%&/0*+1(23(I$;$**($+(L$#2$(

F/$1'(H$+-&/*#&( .#*%&/0*+1(23(J42/*5$(

F/$1'(>2-#( .#*%&/0*+1(23(,24&52(

F/&A2/1'(>$02#( M6+A&/0(.#*%&/0*+1(

F/*33*#'(Q/*$##$( :2;$(8+$+&(.#*%&/0*+1(

F/2+&;245'(T/*7-( L*7-*A$#(8+$+&(.#*%&/0*+1(

F62'(V-*A$#A( 81#A&#+$(8&&50(

F60+*#'(>&33&/1( .8N! =!M8(L$*?&(F&#&+*70(B22E&/$+*2#(
8+27)(B&#+&/(

I$"*&/'(N$%*5( B2/+&%$(!A/*07*&#7&(

I$4&'(B-$/4&0( B2/#&44(.#*%&/0*+1(

I$4&1'(G4*%*$( B2/#(:#0&7+0($#5(B/2E(F&#2<&(
:#32/<$+*70(.#*+'(.8N!=!M8 (

I$<E0 2#'(T44$( .#*%&/0*+1(23(I$;$**(

-$#'(4*#9*$#( D$0-*#A+2#(8+$+&(.#*%&/0*+1(

I$##$-'(B6/+( .#*%&/0*+1(23(J42/*5$(

I$//*0'(@&04*&( G/&A2#(8+$+&(.#*%&/0*+1(

I$/+;*A'(,-2<$0 ( I&*#/*7-(I&*#&(.#*%&/0*+1(N6&00&452/3(

I$0$#'(L2-$<<$5(
L$-<225 (

N&E$/+<&#+(23(L*7/2"*242A1($#5(B&44(
87*&#7&'(.#*%&/0*+1(23(J42/*5$(

I$132/5'(M*+$( L $*?&FNQ(

I&*#'(H*/0+&#( B242/$52(8+$+&(.#*%&/0*+1(

I&43&/0'(8&+-( .D =L$5*02#(

I&4<'(L$++-&;( .8N! =!M8 (



! "%*!

!"#$%&%'"($) *++%,%"$%-()

I&#5/$;*#$+$'(C$096$4&( G/&A2#(8+$+&(.#*%&/0*+1(

I&#/1'(B$/24*#&( N$#32/+-(B&#+&/(

I*7)<$#'(>&00&( :2;$(8+$+&(.#*%&/0*+1(

I*AA*#0'(H$*+4*#( :2;$(8+$+&(.#*%&/0*+1(

I*44'(T4&#$( .#*%&/0*+1(23(D*072#0*#(=(L$5*02#(

I*#/*7-0&#'(>$)&( :2;$(8+$+&(.#*%&/0*+1(

I*/07-'(B$#5*7&( .#*%&/0*+1(23(L*##&02+$(

I27--245*#A&/'(J/$#)( .#*%&/0*+1(23(Q2##(

I25A &'(>2-#( .#*%&/0*+1(23(:44*#2*0($+(./"$#$=
B-$<E$*A#(

I233<$##'(T<*4*&( 8$*#+(L*7-$&4S0(B244&A&(

I245*#A'(N$%*5( .#*%&/0*+1(23(K&"/$0)$(

I244$#5'(>*<( .8N! =!M8 (

I2#A'(0&2#A<*#( B-6#A#$<(K$+*2#$4(.#*%&/0*+1(

I06'(8-&#A=H$*( B2/#&44(.#*%&/0*+1(

I6502#'(!0-&/ ( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

I6332/5'(L$++-&;( :2;$(8+$+&(.#*%&/0*+1(

I6#+&/'(B-$/4&0( .8N!(!A/*764+6/$4(M&0&$/7-(8&/%*7&(

:)*/*)2'(:/&#&( .#*%&/0*+1(23(N&4$;$/&(

:2-$##&0'(8&00&#(N$#*&4( B245(8E/*#A(I$/"2/(@$"2/$+2/1(

:04&0'(,$142/( L2#+74$*/(8+$+&(.#*%&/0*+1(

>$7)02#'(N$%*5(CY( B8I@(



! "%+!

!"#$%&%'"($) *++%,%"$%-()

>$*0;$4'(K$</$+$( .8N! =!M8 (

>$<$##'(,*33$#1( .#*%&/0*+1(23(:44*#2*0(

>$#*)'(L$A5$4&#$(
N2#$45(N$#32/+-(C4$#+(87*&#7&(
B&#+&/]D$0-*#A+2#(.#*%&/0*+1=8+Y(@26*0(

>$96&+-'(>&##*3&/( B2/+&%$(!A/*07*&#7&(

>$%&44&'(L$/*&( @*<$A/$*#(T6/2E&(

>&$#'(8$<$#+-$( L2#+-74$*/(8+$+&(.#*%&/0*+1(](>2-#02#(P(
>2-#02#(

>&#0&#'(8$/$-( 81#A&#+$(

>*'(>&00*7$( :2;$(0+$+&(6#*%&/0*+1(

>*#'(I2#A16( B&#+&/(32/(C4$#+(87*&#7&(:##2%$+*2#(

>*#A'(>64*( B2/#&44(.#*%&/0*+1(

>2-#02#'(W6*##( B2/#&44(.#*%&/0*+1(

>2-#02#'(8+&%&( Q$1&/(B/2E(87*&#7&'(Q*2+&7-#242A1(

>2#&0'(I&$+-&/( .#*%&/0*+1(23(T5*#"6/A-(

>2#&0'(>2#$+-$#(N( 8$*#0"6/1(@$"2/$+2/1(

>6#A'(L$/)( B2/+&%$(!A/*07*&#7&(

H$&EE4&/'(8-$;#( .#*%&/0*+1(23(D*072#0*#=L$ 5*02#(

H$<&*'(,-$#56$#46#A( .#*%&/0*+1(23(N&4$;$/&(

H$EE&4<$##'(H*$/$( :2;$(8+$+&(.#*%&/0*+1(

H$6/'(8-*%/&&+( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

H$6/'(!<$#E/&&+( C6/56&(.#*%&/0*+1(

H&44&-&/'(L *7$-( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(



! "%$!

!"#$%&%'"($) *++%,%"$%-()

H&44&/'(@15*$( .#*%&/0*+1(23(:44*#2*0(./"$#$=B-$<E$*A#(

H&44&1'(N*2/( :2;$(8+$+&(.#*%&/0*+1(

H&44*-&/'(,*<2+-1( 81#A&#+$(8&&50(M&0&$/7-(

H&441'(>$72"( .#*%&/0*+1(23(L*0026/*(

H&#7-$#<$#&(M$R6'(
86#*4( K&;(U2/)(.#*%&/0*+1(

H&#+'(!#A&4$( .#*%&/0*+1(23(:44*#2*0($+(./"$#$=
B-$<E$*A#(

H&/<$#*'(,$/$#( .#*%&/0*+1(23(N&4$;$/&(

H-$#A6/$'(M$R5&&E( C6/56&(.#*%&/0*+1(

H*7)'(N$#*&4( .8N! =!M8 (

H*<'(8$&+=Q164( .#*%&/0*+1(23(K&"/$0)$=@*#724#(

H*##&1'(8-&441( :2;$(8+$+&(.#*%&/0*+1(

H4$$0'(T<<$( .#*%&/0*+1(23(L*0026/*(

H4&*#'(8+&E-$#*&( :2;$(8+$+&(.#*%&/0*+1(

H27-'(H$/&#( .#*%&/0*+1(23(J42/*5$(

H2&-4&/'(@*#724#( .#*%&/0*+1(23(:44*#2*0(

H2&-4&/'(H4$60( B2/+&%$(

H2*/+12-$##'(H$+-/1#( J42/*5$(8+$+&(.#*%&/0*+1(

H242<*&+0'(L*)&( ,&O$0(!PL(.#*%&/0*+1(

H2#$56'(Q&$+/*7&( B2/#&44(.#*%&/0*+1(

H2/+-'(K$+-$#*&4( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

H26+0263*0'(H$*+41#( 8$*#+(L*7-$&4S0(B244&A&(



! "%#!

!"#$%&%'"($) *++%,%"$%-()

H/*?'(!4$#( M&+*/&5(

H6<$/'(M2-*+( B4&<02#(.#*%&/0*+1(

H6#56/6'(Q-$/$+-( B4&<02#(.#*%&/0*+1(

H60<&7'(!$/2#( :2;$(8+$+&(.#*%&/0*+1(

@$*'(D&*=U6#( B2/#&44(.#*%&/0*+1(

@$4'(8-$*4&0-( G$)4$#5(6#*%&/0*+1(

@$/)*#0'(Q/*$#( .#*%&/0*+1(23(!/*?2#$(

@$0E*0$'(N$#*&4( .#*%&/0*+1(23(F&2/A*$(

@&$/1'(T<<$( ((

@&&'(F;2#R*#( .#*%&/0*+1(23(J42/*5$(

@&-#&/'(H&%*#( 81#A&#+$(

@&*"233'(8$<6&4( G/&A2#(8+$+&(. #*%&/0*+1(

@&%*#'(N$#*&4( .#*%&/0*+1(23(L$/14$#5(

@*'(B$+-&/*#&( .#*%&/0*+1(23(:44*#2*0(./"$#$=B-$<E$*A#(

@*'(U$;&*( :2;$(8+$+&(.#*%&/0*+1(

@*'(N2#A52#A( :2;$(8+$+&(.#*%&/0*+1(

@*'(X*$#/$#( .8N! =!M8 (

@*$#A'(V-*)$*( K2/+-(N$)2+$(8+$+&(.#*%&/0*+1(

@*<$'(N$1$#&(B/*0+*#$( .#*%&/0*+1(23(D*072#0*#(=(L$5*02#(

@*#50$1'(C&#&42E&( B245(8E/*#A(I$/"2/(@$"2/$+2/1(

@*EE0'(8$/$-( .#*%&/0*+1(23(:44*#2*0'(./"$#$=B-$<E$*A#(



! "%%!

!"#$%&%'"($) *++%,%"$%-()

@*07-'(N$<2#( C6/56&(.#*%&/0*+1(

@*6'(I616( :2;$(8+$+&(.#*%&/0*+1(

@*6'(!4&O$#5&/( D$0-*#A+2#(.#*%&/0*+1(*#(8$*#+(@26*0(

@*6'(V2#A=U$#( B2/#&44(.#*%&/0*+1(

@*6'(D&#=U6( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

@*6'(I6*( H$#0$0(8+$+&(.#*%&/0*+1(

@*6'(9*#A4*( 81#A&#+$(B/2E(C/2+&7+*2#(

@*6'(8$#?-&#( H$#0$0(8+$+&(.#*%&/0*+1(

@2#A'(,&//*( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

@`E&?(B2/2#$'(@*#$( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

@6")2;*+?'(L$/) ( 8$*#+(L*7-$&4S0(B244&A&(

@6&""&/+'(B244*#( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

@62'(U6#( I6$?-2#A(!A/*764+6/&(.#*%&/0*+1(

@1##'(>$02#( B245(8E/*#A(I$/"2/(@$"2/$+2/1(

L$5?*<$'(,-&4<$( L*7-*A$#(8+$+&(.#*%&/0*+1(

L$)$/&%*+7-'(:/*#$( I$<4*#&(.#*%&/0*+1'(Q*242A1(N&E$/+<&#+(

L$#A$4'(I$/0-*+$( B&#+&/(32/(C4$#+(87*&#7&(:##2%$+*2#(

L$/7-60'(G4*%&/( ,-&(G-*2(8+$+&(.#*%&/0*+1(N&E$/+<&#+(23(
L24&764$/(F&#&+*70(

L$/+*&#00&#'(M2"( B245(8E/*#A(I$/"2/(@$"2/$+2/1'(IIL:(

L$/+*#&?'(8+&E-$#*&( .#*%&/0*+1(23(B$4*32/#*$'(M*%&/0*5&(

L$+-&)$'(>2#$+-$#( .#*%&/0*+1(23(D*072#0*#=L$5*02#(



! "%&!

!"#$%&%'"($) *++%,%"$%-()

L$+-*%$#$#'(M$<&0-(
H$##$( B&#+&/(32/(C4$#+(87*&#7&(:##2%$+*2#(

L$++-&0'(L*7-$&4$( .#*%&/0*+1(23(Q2##(

L$60'(B-$/4&0( T$0+(B$/24*#$(.#*%&/0*+1(

L7!44*0+&/'(,/*0-$( . #*%&/0*+1(23(T5*#"6/A-(

L7B$/ +1'(N2#$45( .#*%&/0*+1(23(J42/*5$(

L7B$;'(L2/A$# ( G-$42(F&#&+*70(

L7F*##*0'(H$/&#( J42/*5$(8+$+&(.#*%&/0*+1(

L7H&##$'(B$+&( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

L7L2//2;'(8$/$- ( B2/#&44(.#*%&/0*+1(

L78+&&#'(C$64$( .#*%&/0*+1(23(L*0026/*(

L&5*#$'(B$<*4$( G/&A2#(8+$+&(.#*%&/0*+1(

L&R*$(>*<&#&?'(8&#5*( (C6/56&(.#*%&/0*+1(

L&#$/5'(B4$*/&( .#*%&/0*+1(23(L*##&02+$=(,;*#(B*+*&0(

L&#52?$(M&%*44$'(>$%*&/( :#0+$N&&E(

L&02#(N&(@$(J6&#+&'(
N$#*&4$( G$)4$#5(.#*%&/0*+1(

L*7)&402#=U26#A'(@&*A-( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

L*44&/'(8$/$( B2/#&44(.#*%&/0*+1(

L2-$<&5'(!4&1$( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

L2#5*"/2;#'(8$/$- ( . #*%&/0*+1(23(F&2/A*$(

L2#5*#'(L$+&60( T8!@W=.8C (

L22#'(I;* ( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(



! "%'!

!"#$%&%'"($) *++%,%"$%-()

L220&'(8+&%&(
.#*%&/0*+1(23(:44*#2*0($+(./"$#$=
B-$<E$*A#(

L2+24$*'(F&/A&41( H$#0$0(8+$+&(.#*%&/0*+1(

L26/$5'(K$5*$( .#*%&/0*+1(23(J42/*5$(

L6'(W*( .#*%&/0*+1(23(N&4$;$/&(

L6RR$"*'(B-/*0+2E-&/( .#*%&/0*+1(23(:44*#2*0(

L644&#0'(!4&O$#5&/( .#*%&/0*+1(23(:44*#2*0(

L6#$0*#A-&'(L$#*0-$( .#*%&/0*+1(23(L*##&02+$'(Q/$#5%$*#(@$"(

L6/E-1'(H$+*&( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

L60?1#0)*'(L*7-$&4( .#*%&/0*+1(23(I$;$**=L$#2$(

K&A60'(H$/4&#&( :2;$(8+$+&(.#*%&/0*+1(

K&-&/'(D&04&1( .B(M*%&/0*5&(

K&4*00&#'(I*45&( ^:Q].F&#+ (

K&4<0'(Q/$5( .#*%&/0*+1(23(F&2/A*$(

K&;+2#'(H$+-1( .#*%&/0*+1(23(L*0026/*(

K*12/6)6#52'(>2#$+-$#( .#*%&/0*+1(23(K&"/$0)$(@*#724#(

K20-$1'(>$741#( Q$1&/(B/2E(87*&#7&(

K1$"$0-*'(^*+$4( :2;$(8+$+&(.#*%&/0*+1(

K10+/2<'(F/$7&( .#*%&/0*+1(23(D*072#0*#=L$5*02#(

GSB2##2/'(@*41( D$0-*#A+2#(.#*%&/0*+1(*#(8+Y(@26*0(P(
N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

GSB2##2/'(N&%*#( C$*/;*0&(

G-'(>&2#A-;$( BKM8(



! "&( !

!"#$%&%'"($) *++%,%"$%-()

G-402#'(T/*)( .8N! =!M8 (

GR&5$(M*%&/$'(>2#$+-$#( B2/#&44(.#*%&/0*+1(

G4*%&*/$'(T56$/52(
.#*%&/0*+1(23(8a2(C$642(P(D&0+(^*/A*#*$(
.#*%&/0*+1(

G4*%&/'(8$/$-( .#*%&/0*+1(23(L*0026/*(=(B246<"*$(

G402#'(>$72"( C6/56&(.#*%&/0*+1(

G/&#'(T4$5( B2/#&44(.#*%&/0*+1(

G6?6#2%$'(L*4&#$( HD8 (

C$/)'(,$&=B-6#( :2;$(8+$+&(.#*%&/0*+1(

C$;42;0)*'(D2R+&)( B2/#&44(.#*%&/0*+1(

C&#A'(L*#A0-&#A( Q$1&/(

C&/&?=@*<2#'(8&/A*2( C&##(8+$+&(.#*%&/0*+1(

C&/0$65'(8-$##2#( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

C-6#A'(T<*41( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

C*&/7&'(T<*4*$( .#*%&/0*+1(23(N&4$;$/&(

C*4'(I$##$-( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

C*/*'(M&"&77$( .#*%&/0*+1(23(F&2/A*$(

C2/+;225'(>2-#( .8N! =!M8 (

C/$5$(5&(L*/$#5$'(@&+*7*$( :2;$(8+$+&(.#*%&/0*+1(

C/$52(F/$7*$#2'(M$3$&4$( .#*%&/0*+1(23(J42/*5$(

C6#0)2%0)1'(>$02#( D$)0<$#(:#0+*+6+&(23(L*7/2"*242A1(=(
M6+A&/0(.#*%&/0*+1'(K&;(Q/6#0;*7)(

) )



! "&) !

!"#$%&%'"($) *++%,%"$%-()

M$A$0'(M*7-*&(T%&( B2/#&44(.#*%&/0*+1(

M$R$0-&)$/$*$-'(M&0-<$( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

M$<*/&?(8&A2%*$'(N*$#$( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

M$0<600&#'(B$/241#( .#*%&/0*+1(23(B$4*32/#*$'(M*%&/0*5&(

M&44$#=!4%$/&?'(M6"&#( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

M&607-&/'(8+&3$#( HD 8(8!!,(8T(P(B2Y(HF$! (

M*7-$/502#'(!##*0( .#*%&/0*+1(23(T5*#"6/A-(

M25&#&'(T/*7( .#*%&/0*+1(23(K&"/$0)$=@*#724#(

M25/bA6&?(V$E$+$'(J$60+2( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

M2A&/0'(!""*&( C6/56&(.#*%&/0*+1(

M2<$1($4%$/&?'(L$/*$(
B*#+$(

B2/#&44(.#*%&/0*+1(

M200=:"$//$'(>&33/&1( .B(N$%*0(

M6"$#'(!4&%+*#$( HD8(8!!,(8T (

M6AA*&/2'(N*$#$( G/&A2#(8+$+&(.#*%&/0*+1(

M6#12#'(L$++-&;( .#*%&/0*+1(23(:44*#2*0(./"$#$=B-$<E$*A#(

M6?*7)$'(N$#( Q$1&/(B/2E(87*&#7&(

8$7-0'(L$/+1(
.8 N! =!M8'(L$*?&(F&#&+*70(BGGC(8+27)(
B&#+&/(

8$4$?$/(^*5$4'(L*/*$<(
K$#71( .#*%&/0*+1(23(L*0026/*(

8$4%$52/'(M*7$/52( .#*2#(23(B2#7&/#&5(87*&#+*0+0(

8$4%*'(8*4%*2( .#*%&/0*+1(23(Q242A#$(

8$<$'(!#5/&$( .#*%&/0*+1(23(B$4*32/#*$'(8$#(N*&A2(



! "&" !

!"#$%&%'"($) *++%,%"$%-()

8$<$12$'(J&/#$#52( :#$/*(

8$#5-6'(>$0E/&&+( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

8$#A/$'(!#)60-( .#*%&/0*+1(23(F&2/A*$(

8$;&/0'(M6$*/*5-( C&##(8+$+&(.#*%&/0*+1(

87$#42#'(L*7-$&4( B2/#&44(.#*%&/0*+1(

87-&/&/'(>60+*#( .#*%&/0*+1(23(F&2/A*$'(!+-&#0(

87-<*+?'(M2"&/+( .#*%&/0*+1(G3(F&2/A*$(

87-#$"4&'(>$<&0( .#*%&/0*+1(23(K&"/$0)$(

87-2"&/=B24"6/#'(
B-/*0+&4(

K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

87-2&#'(B-/*0=B$/24*#( ,&7-#*7$4(.#*%&/0*+1(23(L6#*7-(

87-2&#"$6<'(F/&A( :2;$(8+$+&(.#*%&/0*+1(

87-64?'(!*<&&( B2/#&44(.#*%&/0*+1(

872++'(C$64( .8N! =!M8 (

87/2AA0'(,$142/( .#*%&/0*+1(23(F&2/A*$(

8&$/4'(>2-#( .#*%&/0*+1(23(D*072#0*#=L$ 5*02#(

8&&+-$/$<'(!/6#( :2;$(8+$+&(.#*%&/0*+1(

8&)-2#'(M$R$#5&&E( B4&<02#(.#*%&/0*+1(

8&4"1'(M&"&77$( 81#A&#+$(

8&/<2#0'(8-$##2#( .8N! =!M8 (

8-$#<6A$/$R'(
K$#5-$)6<$/ (

>$7)02#(4$"'(B245(8E/*#A(I$/"2/(
@$"2/$+2/1(

8-$/<$'(L$4*)$( .#*%&/0*+1(23(L*0026/*=(B246<"*$(



! "&*!

!" #$%&%'"($) *++%,%"$%-()

8-&/*5$#'(Q*$#7$( J42/*5$(8+$+&(.#*%&/0*+1(

8-*++$'(K5&#6<(86??1( .#*%&/0*+1(23(F&2/A*$(

8-/&0+-$'(K*)&&( .#*%&/0*+1(23(K&"/$0)$=@*#724#(

8*A<2#'(Q/$#5*( .#*%&/0*+1(23(K&"/$0)$=@*#724#(

8*<<2#0'(,/*7*$( B2#3&/&#7&N*/&7+(

8*#A-'(>$0#22/( .# *%&/0*+1(23(L*0026/*'(B246<"*$(

8*#A-'(Q$4*( .#*%&/0*+1(23(N&4$;$/&(

8*#A-'(M$)0-$( .8N! =!M8 (

8*#A-'(!)$#)0-$ ( C6/56&(.#*%&/0*+1(

8*#A-'(F6/#&)( :#0+$N&&E(

8*6'(!#02#( .#*%&/0*+1(23(D*072#0*#(L$5*02#(

8)*""&'(N$%*5( 81#A&#+$(

8#25A/$00'(8$<$#+-$( I6332/5(@$"'(:2;$(8+$+&(.#*%&/0*+1(

82<&/0'(>64*$#( .#*%&/0*+1(23(F&2/A*$(

82002'(N$%*5&( ZF22A4&[(X(

8E$/)0'(T/*#( .#*%&/0*+1(23(N&4$;$/&(

8E/*#A&/'(K$+-$#( Q$1&/(B/2E(87*&#7&0(

8+$<'(L$*)&( .#*%&/0*+1(23(!<0+&/5$<(

8+&4E346A'(872++( 81#A&#+$(

8+&E$#2%$'(!##$( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

8+&;$/+'(K$+-$#( H$#0$0(8+$+&(.#*%&/0*+1(



! "&+!

!"#$%&%'"($) *++%,%"$%-()

8+*#&0'(J*0-&/( 81#A&#+$(

8+*+?&/'(L*7-&44&( B2/#&44(.#*%&/0*+1(

8+2)&0'(M6+-*&( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

8+/$"4&'(>20-( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

8+65&/'(!#+-2#1( .#*%&/0*+1(23(:44*#2*0(

8644*%$#'(L$50&#( .#*%&/0*+1(23(:44*#2*0($+(./"$#$=
B-$<E$*A#(

86#'(U*/6*( (.#*%&/0*+1(23(F&2/A*$(

86#'(U2#A-$2( I6$?-2#A(!A/*764+6/$4(.#*%&/0*+1(

8%2"25$'(!##$( .#*%&/0*+1(23(F&2/A*$(

8;&#+2;0)1'(H14&( B245(8E/*#A(I$/"2/(@$"2/$+2/1c(

8152;'(C$+/*7)( ,-&( C&##014%$#*$(8+$+&(.#*%&/0*+1(

814%&0+&/'(!##&( .#*%&/0*+1(23(B-*7$A2(L$/*#&(Q*242A*7$4(
@$"2/$+2/1(

,$#56)$/'(K*/;$# ( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

,-*&0'(!6A60+(
N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(P(
.#*%&/0*+1(23(L*0026/*(

,-2<$0'(,1 ( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

,-2<E02#'(!55*& ( L*7-*A$#(8+$+&(.#*%&/0*+1(

,-2<E02#'(D*44*$<( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

,-2<E02#'("&+-( T$0+(B$/24*#$(.#*%&/0*+1(

,2'(!#*+$( Q$1&/(

, 2#A'(>*#AR*#A( .#*%&/0*+1(23(N&4$;$/&(

,2E76'(:4)0&#( ,&O$0(!PL(.#*%&/*0+1(



! "&$!

!"#$%&%'"($) *++%,%"$%-()

,2EE'(B-/*0+2E-&/( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

,2//&0=M25/*A6&?'(>Y(
^4$5*<*/( .#*%&/0*+1(23(K&"/$0)$=@*#724#(

,2;#0&#5'(T44$( :2;$(0+$+&(. #*%&/0*+1(

,/$71'(D*44*$<( .#*%&/0*+1(23(D*072#0*#=L$5*02#(

, /$#'(!4&O$#5/*$( .#*%&/0*+1(23(:44*#2*0\(./"$#$=B-$<E$*A#(

,/$#'(,-6 ( B245(8E/*#A(I$/"2/(@$"2/$+2/1(

,/$142/'(V$7-$/1( .#*%&/0*+1(23(L*0026/*(

,/200'(L*7-$&4( B&#+&/(32/(C4$#+(87*&#7&(:##2%$+*2#(

,6/E*#'(V$7-$/1( J42/*5$(8+$+&(.#*%&/0*+1(

,;2-&1(:::'(M2"&/+( .#*%&/0*+1(23(:44*#2*0(

,102#'(N&0+*#1( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

.1'(>$741#(K*724&( .#*%&/0*+1(23(I$;$**($+(L$#2$(

^*$##$'(L$/*$#$( .#*%&/0*+1(23(J42/*5$(

^*#7&#+'(F/$7&( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

^244"/&7-+'(T/*)( :2;$(8+$+&(.#*%&/0*+1(

D$5A1<$/'(860$#$( N$%*502#(B244&A&(

D $A#&/'(M6+-( Q$1&/(

D$4"2+'(^*/A*#*$( 8+$#32/5(.#*%&/0*+1(

D$4)&/'(T40"&+-( .#*%&/0*+1(23(L$00$7-60&++0'(!<-&/0+(

D$44$7&'(>$02#( ,-&(.#*%&/0*+1(23(F&2/A*$(

D$44&1'(>60+*#( :2;$(8+$+&(.#*%&/0*+1(



! "&#!

!"#$%&%'"($) *++%,%"$%-()

D$#A'(L*#A16( .#*%&/0*+1(23(F&2/A*$(

D $#A'(U6&"*#( I6$?-2#A(!A/*764+6/&(.#*%&/0*+1(

D$#A'(N$3$#A( I230+/$(.#*%&/0*+1(

D$0-"6/#' (>$72"( .8N! =!M8 (

D$++&#"6/A&/'(B$00$#5/$( Q$1&/(B/2E(87*&#7&(

D&$/'(T<*41( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

D&"0+&/'(Q/$#52#( L*7-*A$#(8+$+&(.#*%&/0*+1(

D&A&/*3'(>*&4*( .#*%&/0*+1(23(J42/*5$(

D&*4'(B4*33( K$+*2#$4(87*&#7&(J26#5$+*2#(

D&#5+'(L$++-&;( :2;$(8+$+&(.#*%&/0*+1(

D-&&4&/'(T<*41( K2/+-(B$/24*#$(8+$+&(.#*%&/0*+1(

D-*EE4&'(B4*#+2#( Q/*A-$<(U26#A(.#*%&/0*+1(

D-*+&'(L*)&( @:NT!(J/$#7&(

D-*++'(@$6/&#( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

D*#'(C16(C16( I$<*4+2#(B244&A&(

D*#)&4<$#'(N*/)( :2;$( 8+$+&(.#*%&/0*+1(

D*00&/'(M$#5$44( :KM! T(

D25&-260&'(I&$+-&/( .D =L$5*02#(

D24+&/0'(C&+/$( B2/+&%$(!A/*07*&#7&(

D225-260&'(L$/A$/&+( .8N! =!M8 (

D26+&/0'(L$/4*&0( :#$/*(!A/*764+6/&(K^(



! "&%!

!"#$%&%'"($) *++%,%"$%-()

D/*A-+0<$#'(,/$%*0( B2/#&44(.#*%&/0*+1(

D6'(B-&#AO*6( I6$?-2#A(!A/*764+6/$4(.#*%&/0*+1(

X*$2'(U6A62( N2#$45(N$#32/+-(C4$#+(87*&#7&(B&#+&/(

X*$2'(U*#AR*&( I6$?-2#A(!A/*764+6/$4(.#*%&/0*+1(

X*2#A'(I6#+*( I$<4*#&(.#*%&/0*+1(

X6'(F&#( .#*%&/0*+1(23(K&"/$0)$=@*#724#(

U$#5&$6=K&402#'(L$/#$( :2;$(8+$+&(.#*%&/0*+1(

U$#A'(,*$#O*$2( .#*%&/0*+1(23(J42/*5$(

U$#A'(I$*42#A( .#*%&/0*+1(23(L$00$7-60&++0(!<-&/0+(

U$#A'(I6$( .#*%&/0*+1(23(L*0026/*=B246<"*$(

U$#A'(>*#4*$#A( .#*%&/0*+1(23(K&"/$0)$=@*#724#(

U$#A'(>*$#*( Q$1&/(B/2E(87*&#7&(

U$00*+&E&'(>64*$#$( T<"/$E$(:#32/<d+*7$(!A/2E&76d/*$(

U&"2$-'(!);$0* ( .#*%&/0*+1(23(J42/*5$(

U*'(F*"6< ( B-6#A#$<(K$+*2#$4(.#*%&/0*+1(

U6'(>*$#<*#A( :2;$(8+$+&(.#*%&/0*+1(

V$%$4$(T0E*#20$'(B/*0+*$#( B:LLU, (

V&"20*'(Q/*$#( :2;$( 8+$+&(. #*%&/0*+1(

V&4)2;0)*'(L$+&60?( B2/#&44(.#*%&/0*+1(

V&#A'(U*"*#A( .#*%&/0*+1(23(F&2/A*$(

V-$*'(>*#AR*#A( B2/#&44(.#*%&/0*+1(



! "&&!

!"#$%&%'"($ ) *++%,%"$%-()

V-$#A'(8-6$#A( ((

V-$#A'(M69*$#A(
C4$#+(Q*242A1(8&7+*2#'(87-224(23(
:#+&A/$+*%&(C4$#+(87*&#7&'(B2/#&44(
.#*%&/0*+1(

V-$#A'(X*$( 81#A&#+$(

V-$2'(L&*O*$( .#*%&/0*+1(23(J42/*5$(

V-2#A'(,$2( KB(8+$+&(.#*%&/0*+1(

V-26'(U$#( :2;$(8+$+&(.#*%&/0*+1(

V-26'(!*4*#A( 81#A&#+$(

V*<*#$'(G4A$( B2/#&44(.#*%&/0*+1(

V*<<&/<$#'(N$%*5( .#*%&/0*+1(23(:44*#2*0(

!



!"# $
!

!"#$%&'(%)($*+(,-".+(/+0+$"1#(2%0)+&+01+(

%&'($ )**+', $-./'01.* $ 2'0&3$ 45'1($
!6!7 $ 88$ 9',&1:5;$<.(05$4'(.,1*'$ =&>(+'(?$!#$@$A'(/5$B$ 9+>C*$9&,,D*@E,F'(&G$
!6!B $ 8H$ I0J$-.+13;$A133.+(1$ A'(/5$K8@K#$ A'005&L$M+NN.(O$
!6!! $ 87$ I0J$-.+13;$A133.+(1$ A'(/5$BK$@$)P(1,$B$ Q(1*$IP'(R3$
!6!K $ 8B$ S*,1*&$ A'(/5$" @K!$ A'(*'$%'*O&'+ @<&,3.*$
!6!6 $ 8! $ S*,1*&$ T+*&$!H@!8 $ 4,1*0.*$U51PP,&$
!6K#$ 8K$ I0J$-.+13;$A133.+(1$ A'(/5$K7@KV$ A1/5'&,$A+3G?*3R1$
!6K" $ 86$ I'1*0@A',.;$=('*/& $ A'(/5$!! @!H$ ),'1*$45'(/.33&0$
!6KV$ H#$ I0J$-.+13;$A133.+(1$ A'(/5$# @K!$ Q(1/5$W(.0&L.,O$
!6K8$ H"$ T'/R3.*F1,,&;$=,.(1O'$ A'(/5$KV@!6 $ 2'F1O$X('+*$
!6KH$ HV$ I0J$45'(,&3;$Y,,1*.13$ A'(/5$K! @KH$ A'(R$I&00,&3$
!6K7$ H8$ X&1Z1*:;$451*'$ A'(/5$KB@K8$ )**$I0'P,&0.* $
!6KB$ HH$ I0J$45'(,&3;$Y-$ A'(/5$K7@KV$ [51,$X&/('N0$
!6K! $ H7$ [.(0,'*O;$S9$ A'(/5$KH@K"$ T.5*$=.L,&($
!6KK$ HB$ I0J$45'(,&3;$Y-$ A'(/5$KV@!6 $ Q(1R$\.,,>(&/50$
!6K6$ H!$ 91F'$O&,$W'(O';$Y0',?$ A'(/5$K" @!K$ T'*&$2.(L&1,&($
!66#$ HK$ I0J$45'(,&3;$Y-$ A'(/5$K! @KH$ I0&F&$A..3&$
!66" $ H6$ U'351*:0.*;$24 $ =&>(+'(?$!V$@$A'(/5$! $ ]5.^'3$X(+0*&,,$
!66V$ 7#$ I0J$45'(,&3;$Y-$ A'(/5$!! @!H$ )**&$I?,F&30&($
!668$ 7"$ )31,.^'(;$['/1N1/$W(.F&;$4)$ A'(/5$# @K!$ T'?$M.,,1/R$
!66H$ 7V$ -'R&$W&*&F';$UY$ A'(/5$K6@KB$ A'(05'$T'^&3$$
!667$ 78$ A&_1/.$410?;$A&_1/.$ A'(/5$KK@K7$ A1R&$I/'*,.*$$
!66B$ 7H$ -'R&$W&*&F';$UY$ A'(/5$KB@K8$ 2'F1O$T'/R3.*$
!66! $ 77$ `1331^^&&;$=-$ A'(/5$K7@KV$ I'('5$M'R&$'*O$I+&$U&33,&($
!66K$ 7B$ -'R&$W&*&F';$UY$ A'(/5$KH@K"$ ].(>&(0$9./5&N.(O$'*O$I+&$U&33,&($
!666$ 7! $ 4.&+($Oa),&*&;$Y2$ A'(/5$K8@K#$ 9&>&//'$X.30.*$'*O$I+&$U&33,&($
K###$ 7K$ -'R&$W&*&F';$UY$ A'(/5$K8@K#$ T+,1&$\.:&,$'*O$4,1NN$U&1,$
K##"$ 76$ -'R&$W&*&F';$UY$ A'(/5$K#@!! $ A1R&$A/A+,,&*$
K##V$ B#$ 4,&'(L'0&($X&'/5;$=-$ A'(/5$KB@K8$ ['+,$I13/. $
K##8$ B"$ I0J$45'(,&3;$Y-$ A'(/5$K7@KV$ ['+,$45.^&0 $
K##H$ BV$ )31,.^'(;$['/1N1/$W(.F&;$4)$ A'(/5$ K8@K#$ `'(&*$4.*& $
K##7$ B8$ I0J$45'(,&3;$Y-$ A'(/5$!7 @!V$ `'05?$<&L0.*$
K##B$ BH$ I0J$45'(,&3;$Y-$ A'(/5$K" @!K$ ]1^$<&,3.*$
K##!$ B7$ )31,.^'(;$['/1N1/$W(.F&;$4)$ A'(/5$K#@!! $ I'('5$M'R&$
K##K$ BB$ -'R&$2&,'F'*;$UY$ A'(/5$!K @!7 $ T1^$X1(/5,&($
K##6$ B!$ -'R&$2&,'F'*;$UY$ A'(/5$" @KK$ $

K#"#$ BK$ -'R&$2&,'F'*;$UY$ A'(/5$! @H$ $

K#""$ B6$ A'O13.*;$UY$ A'(/5$!H @!V$ $

K#"V$ !# $ -'R&$2&,'F'*;$UY$ A'(/5$!6 @!! $ $

K#"8$ !" $ -'R&$2&,'F'*;$UY$ A'(/5$!K @!B$ 4+(0$M'**'5$
K#"H$ !V$ -'R&$2&,'F'*;$UY$ A'(/5$!# @BK$ M+:.$2..*&( $
K#"7$ !8 $ 45'^P'1:*;$Y- $ A'(/5$ K6@KK$ Q'(,$['00&(3.*$
K#"B$ !H$ ),,&(0.*$['(R;$Y-$ A'(/5$K! @KB$ Q'(,$['00&(3.*$
K#"! $ !7 $ ),,&(0.*$['(R;$Y-$ A'(/5$KB@K7$ Q'(,$['00&(3.*$
K#"K$ !B$ ),,&(0.*$['(R;$Y-$ A'(/5$K7@KH$ Q'(,$['00&(3.*$



!#6$
!

%&'($ )**+', $-./'01.* $ 2'0&3$ 45'1($
K#"6$ !! $ ),,&(0.*$['(R;$Y-$ A'(/5$" @#$ Q'(,$['00&(3.*$
K#V#$ !K$ ),,&(0.*$['(R;$Y-$ A'(/5$K6@KK$ Q'(,$['00&(3.*$
K#V"$ !6 $ ),,&(0.*$['(R;$Y-$ A'(/5$KK@K!$ Q'(,$['00&(3.*$
K#VV$ K#$ ),,&(0.*$['(R;$Y-$ A'(/5$K! @KB$ Q'(,$['00&(3.*$
K#V8$ K"$ ),,&(0.*$['(R;$Y-$ A'(/5$KB@K7$ Q'(,$['00&(3.*$
K#VH$ KV$ ),,&(0.*$['(R;$Y-$ A'(/5$" @#$ Q'(,$['00&(3.*$
K#V7$ K8$ ),,&(0.*$['(R;$Y-$ A'(/5$# @K6$ Q'(,$['00&(3.*$
K#VB$ KH$ ),,&(0.*$['(R;$Y-$ A'(/5$K6@KK$ Q'(,$['00&(3.*$
K#V!$ K7$ ),,&(0.*$['(R;$Y-$ A'(/5$KK@K!$ Q'(,$['00&(3.*$
K#VK$ KB$ ),,&(0.*$['(R;$Y-$ A'(/5$KB@K7$ Q'(,$['00&(3.*$
K#V6$ K!$ ),,&(0.*$['(R;$Y-$ A'(/5$K7@KH$ Q'(,$['00&(3.*$
K#8#$ KK$ ),,&(0.*$['(R;$Y-$ A'(/5$KH@K8$ Q'(,$['00&(3.*$
K#8"$ K6$ ),,&(0.*$['(R;$Y-$ A'(/5$K8@KV$ Q'(,$['00&(3.*$
K#8V$ #$ ),,&(0.*$['(R;$Y-$ A'(/5$KK@K!$ Q'(,$['00&(3.*$
K#88$ " $ ),,&(0.*$['(R;$Y-$ A'(/5$K! @KB$ Q'(,$['00&(3.*$
K#8H$ V$ ),,&(0.*$['(R;$Y-$ A'(/5$KB@K7$ Q'(,$['00&(3.*$
K#87$ 8$ ),,&(0.*$['(R;$Y-$ A'(/5$K7@KH$ Q'(,$['00&(3.*$
K#8B$ H$ ),,&(0.*$['(R;$Y-$ A'(/5$# @K6$ Q'(,$['00&(3.*$
K#8!$ 7$ ),,&(0.*$['(R;$Y-$ A'(/5$KV@K"$ Q'(,$['00&(3.*$
K#8K$ B$ ),,&(0.*$['(R;$Y-$ A'(/5$K" @K#$ Q'(,$['00&(3.*$
K#86$ ! $ ),,&(0.*$['(R;$Y-$ A'(/5$K! @KB$ Q'(,$['00&(3.*$

K#H#$ K$ ),,&(0.*$['(R;$Y-$ T'*+'(?$"@#$ T.5*$-'+:5*'*;$QO$4.&;$W&((?$<&+NN&(;$
'*O$Q'(,$['00&(3.*$

(



!

!

Notes 
!

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!



!

!

Notes 
!

 
 



!

!

Notes 
 

 
 
!



!

!

"#$%!&'()*+*(&*!+*&*$,*-!)$(.(&$./!%011'+2!)+'34!
!

!"#$%&"'()*$+&*+(,%-&."#$%&(
/"0+1(

2%1#+3"(451$6*$+&*+(
)0&5+&#"(

78)()449(4: (
!2:4 (

9;+(<'"&#(2+''(
(
(

!

!"#$%&'(#$%")"#*+'$,-./$+,)#0+,#$%"-,#1"'",+)-$23!!

!"#$%&'()"*+(,-"./0"1/2"*+%"',3-',4"
#0$$/2*"12/5"*+%"678!3!97: ! 


