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Cristina F. Marco Marcela K. Tello-Ruiz

« Gene Structural Annotation & Community Curation — What?
« Maize Annotation Jamborees — How?

« Course-based Undergraduate Research Experience — Why?
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GENE STRUCTURAL ANNOTATION
//\ Annotation
/\ Structural Annot?en:::: ilodels

O
LL]
< Crest de
reate gene models

Assembly = > |dentify protein

—_— O » Find ORFs and domains, gene families,

”‘;ng_wlw 5 DNA features expression patterns,

e inferred pathways
Sequence data | T < Py
= P Assembly errors, limited coverage, conflicting evidence
MANUAL

<—(| gene model
) ] Experimental evidence
> i (mRNA, protein)
<C
= PREDICTED -

gene models == -

20 ElbﬁONG\T( y @marcelakarey




GENE STRUCTURAL ANNOTATION

“The value of a genome is only as good as its annotation”

« Genome sequencing revolution = 1,000s new genomes

50 Sorghum

e Annotation errors are prevalent and very SSS
» For example, CRISPR experiments

e Manual annotation is time-intensive (SSS)
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Developing & Customizing Annotation Tools

> Gramene Tree Visualizer: Flag suspicious gene models

http://gramene.org
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Scaling up to Community-Level

4 workshops

(2017-2020)

= 51 participants;
38 institutions

= 12 PUI faculty, 8
researchers & 26
grad students

= ~250 genes

manually curated

St Louis (March 2019) Virtual (March 2020)
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Community Annotation — Pilot Study

| 419 Classical Maize Genes |
e ” N
MAKER-P Quality Metrics Gene Tree Visualizer |~
Genes identified with Genes identified
AED < 0.5 and QI2 [0.33-0.75] independently by 2-3 curators
v L 4
129 genes tagged 73 genes tagged
forimprovement forimprovement
Removed 77 genes with Removed 27 genes with
5 or more transcripts 5 or more transcripts
v v
52 genes curated 46 genes curated
4
»
o ®
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40 12 34

Double triage to identify poorly annotated genes in maize:
The missing link in community curation - N °

Marcela K. Tello-Ruiz [, Cristina F. Marco B [E], Fei-Man Hsu, Rajdeep S. Khangura, Pengfei Qiao, Sirjan Sapkota,
Michelle C. Stitzer, Rachael Wasikowski, Hao Wu, Junpeng Zhan, Kapeel Chougule, Lindsay C. Barone, Cornel Ghiban,
Demitri Muna, Andrew C. Olson, Liya Wang, Doreen Ware, David A. Micklos [ view less ]

Published: October 28, 2019 « https://doi.org/10.1371/journal.pone.0224086

Tello-Ruiz ef a/ (2019)
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109 Manually Curated Maize V4 genes

http://www.gramene.org/curated_maize_v4_gene_models
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Ensembl Plants Zea mays version 98.7 (B73_RefGen_v4) Chromosome 2: 3,200,541 - 3,205,542
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2019 Course-based Undergraduate Research Experiences

PUI Faculty
San Diego
Jan 2019

SUNY OW
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MIDDLE
TENNESSEE

e
STATE UNIVERSITY.

CUREs

Rebecca
Seipelt

Regional University

* Fall 2019: Honors
Genetics, Sophomores:
18 students (17 female,
1 male)

* Spring 2020:
Undergrad Research,
Soph-Junior (2 male, 1
female)

REVISING GENES IN THE NITROGEN USE EFFICIENCY PATHWAY OF

ZEA MAYS FOR SUSTAINABLE AGRICULTURE

Jewel Larkins, Rija Asim, Rebecca L. Seipelt-Thiemann

MIDDLE
TENNESSEE

===
STATE UNIVERSITY

Honors College, Biology Department, Middle Tennessee State University

ductiof

i one of the highest produced and most
important grain crops worldwide.
“Nitrogen fertilizer application has been used to sustain
high-yield agriculture as plant growth depends on the
acquisition of nitrogen, an essential element deficient in
most soils (Ladha et al. 2016).
«Of the total amount of nitrogen fertilizer applied to crops,
less than 40% is taken up by the plant (Zuluaga et al. 2019).
«The remaining nitrogen is lost to the atmosphere as potent
greenhouse gases or leached into the soil, polluting aquatic
and terrestrial ecosystems (Hirel et al. 2011),
“Nitrogen Use Efficiency (NUE) comprises a plant’s ability
to take up nitrogen from the soil and convert it into grain
yield (Kumaret al. 2018),
trait influenced by various genes.

¢here in the plant these genes are expressed and
when they are expressed, as well as in what forms, will be
important in making genetic improvements aimed at
expanding crop yield while being environmentally
sustainable.

Hypothesis,

Computationally predicted gene models for genes
in the nutrient use efficiency pathway of maize will
show both accuracies and inaccuracies that affect
our understanding of maize’s role in agricultural
sustainability; inaccuracies will be revised to
generate true, evidence-based gene models.

«Selection of the Nutrient Use Efficiency pathway
in Zea mays and identification of the Reference
Sequences (REFSEQ) for cach gene using Gramene

of in conservation of
amino acids and protein domains in Zea mays and
related plant species
+Corn leaf RNA extraction and reverse

Figure1

s ena Descroton
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Fig. 2. Reverse-Transcription PCR Testof
RNA Using Tubulin Primers. Agarose gel
elecirophoresis was used o separate RI-PCR
productsp comleaf and shoot
RNA. Expected size 199 base pairs (bp). This
image shows results from Jori’s leaf RNA
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o Scientific) re noted at right. Observed
i

et is at e

represent splicing patterns. The horizon low the image indicates

*Resuspension of forward and reverse tubulin
primers

+PCR and gel electrophoresis on cor leaf cDNA.
«Determined splicing patterns observed for gene
Zm00001d052233 using Apollo and designed
primers for region of interest

*Found appropriate annealing temperature for
primers through gradient PCR

+PCR and gel electrophoresis on leaf, root, and
shoot cDNA for gene Zm00001d052233
+Analysis of all observed, expected and unexpected
isoforms

atve to their actual size
d

ig. 3. R
Pnllun ar Visibleat 237 base pairs bp) for all Annealn

. Sizes of the marker (Ogene Ruler

pairs (b
‘provided vin the Apollo instance for Zea mays genome, version S

(unpublisheddata, Micklos and Ware 2019).

Total base  Expected
pairs (bp)  PCR bp

tsoform |- EEN\GEEN 392bp  237bp

Isoform 2 NN 362 bp 207 bp

Figure 4. Alternative Splices of Region of Interest Including Exon 6 and

Exon 7. The splice noted by the

isoform 2 while the angled line above results in isoform 1. Expected RT-PCR

base pair lengths in comparison to the total are noted at right. Primers to detect
2000).

ofthe

PCR Test of RNA Using

Annealing Temperature of S7C.

vy Agarose gl clectrophoresis was

used to scparate RT-PCR products

t. and_shoot

RNA. Expected size for isoform 1

is 237 base pairs (bp) and 207 bp

for isofom 2. Sizes of the marker

(Ogene Ruler: Thermo Scientific)

are noted at right in bp and
isoforms noted atleft n bp.
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Conclusions and Future Directions

Leaf RNA extraction and reverse transcription was unsuceessful as
bands were not present on gel electrophoresis. Jori’s leaf RNA was used
for the duration of the research
+Zm00001d052233 primers were visible at all annealing temperatures —
57C was used
“Reverse transcription on com leaf. root, and shoot tissues using
Zn000105223 primers was sucssfl
+There were two expected isofomms with only one observed after RT-
PR, Addtionaly, fur ancapeced sofoms were obsned. The
expected and observed isoform would likely have no domains missing
and therefore be functional. However, the isoform which was not
observed would be nonfunctional due to missing domains and lternative
splicing. The nonfunctional proteins include those in the histidine
phosphatase superfamily and phosphoglycerate mutases. Proteins in the
ly are involved in metabolic regulations,
intenmediary metabolism and developmental processes. Moreover,
‘phosphoglycerate mutase is an important enzyme in the pathway of
slycolysis. No funct
nitrogen use effcien

which were not expected would have missing domains o be functional
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Outcomes: The Stats (F19)
» 207 genes examined

MIDDLE
TENNESSEE

———
STATE UNIVERSITY.

CUREs ¥

Rebecca

» 9+ genes evaluated in high detail

Seipelt » 18 regions tested within 9 genes
Medium term | StudentQuote |
Increased “Personally, | learned more about my strengths and [=l;F:T3lel=Te| “Not only did this research give me new skills and
CELECT [T weaknesses, time management, flexibility, science knowledge, but it helped me boost my confidence of
accommodation, trial and error and the importance  J{[=131113" being a science major. It showed me that | have what it

of learning from mistakes.”

Increased “There is so much that goes on in the background of
NELLGE M science that does not get appreciated and | found a
science new passion for science through this experience.” [®EI:g “This project personally has meant a great deal to me,
External “Although many sleepless nights were spent on this HET{1 (I because it was the first time | was actually able to
validation research, the realness of it all was the most experience real lab conditions. It reassured me that |
from rewarding aspect. | felt like what | was doing in was in the right field of study, and | whole-heartedly
scientific lab actually mattered beyond a simple grade.” enjoyed every minute of the research (minus deadline
communit stress).”

Increased “sometimes results don’t come in the first try.
LCETELCR (g But continuing to try is what is important, you - “this lab experience because it has given me the
obstacles can’t just give up if something doesn’t turn out the  HIFYI-L TSl confidence to do other research at MTSU, which |
way you had hoped.” was unsure if | wanted to do previously.”

takes to be a female student in the STEM field, and
that | can do much more.”

y @marcelakarey



20 awardees (28 participants) from 17 institutions across US

2020 Virtual Jamboree

5 teaching faculty (3 @ PUIs), 11 graduate students, 1 postdoc, 2 staff scientists

4 x 3-hour sessions (March 10-20)

About 700 genes evaluated with the Gramene Gene Tree Visualizer and 42 genes

curated in Apollo

Ankita Abnave

2020 Virtual Maize Ann... Q

Participants Affliations

9views

SHARE EDIT

Affiliations of Awardees

Q The University of Toledo
Q Augustana University

@ Whitman College

Q Delaware Valley University
Q Penn State University

Q university of Florida

Q university of Georgia

Q towa State University

Q Purdue University

@ University of Missouri

@ university of California San Diego
Q Comell University

Q Clemson University

Affiliations of Instructors & Speakers
Q Cold Spring Harbor Laboratory
Q Middle Tennessee State University

Q University of Central Missouri
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Understanding Before Cornell CURE
soco - Spring 2020
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Plant
Reactome
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Gramene)
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Teaching Opportunities

e Example tests:
e Refined algorithm to select a canonical transcript
e Previously curated V4 models improved in V5
e Compared ab initio gene predictions (benchmark: 44
genes on chrl)
e Example errors:
e |nternal sequence gain/loss
e Missing START Met
e Multiple internal STOP codons

20 ElbﬁONG\T( y @marcelakarey




http://curate.gramene.org/nam?gene=Zm00001e018087

overview: Proteins cols ded by InterPro domain. Resize slider to navigate. C u rate : cl ick to fl ag ge nes
( [ [ T N AT T AT
or [ fiag

Zea mays b73; Zm000016018087_PO0T
curate

% | Display mode +
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Zea maysb73v3; GRIZM2G066321_PO1
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Zoa maysb78v3: 2 genes
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Sorghum bicolor: 2 ganes
‘Sorghum bicolor; 0QUB0062
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Zoa maysb73v3: 24 genes
Zea mays b73; Zm000016017759_P001
© Zeamays kit1; Zm00030a018309_POO1
Zoa mays p39; Zm000402027243_P003
Brachypodium distachyon; PNT64046 [
Brachypodium distachyon: 3 genes.
Oryza sativa Japonica Group; Os0310108500-01
o Sorghum bicolor; 0QU77831
BOP clade: 2 genes

Zoa maysb73v3: 10 genes 11T I——
Zoa maysb73va: 9 genes —1
O Zea mays ky21; Zm000312003521_PODT
Zea mays b73; Zm00001002261_PO0T
> Zea mayst73va; Zm00001d029810_P001
Zoa maysb73va: 4 genes
Zea mays l14h; Zm00028a003203_POO1

Gramene
Tree
Visualizer
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Arabidopsis thaliana; AT4G22756.1

Arabidopsis thaliana; ATAG12110.1

Arabidopsis thaliana; AT4G22755.1
Glycine max; KRH40602

Vit vinifera; VIT_00s2125900010.101

‘Selaginella moellendorff: 2 genes
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Send your feedback
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Zm00001e017759 - Small internal deletion?

Multiple Sequence Alignment: Amino acid MSA. Drag slidefl to reposition.

\

Curate: click to flag |

ay mode v Color Scheme v

W VW | R A ) e | | @D or
Zea mays b73; Zm00001017759_P001  EEAPEGEAMSYESNRAZNVVES XPAUAGRVEV? RAE LR S A NGO s EAPIR o ) GL._
{ Zea mays ki11; Zm00030a018309_P001 MSYSHWACNVVES XPAUAGPVEVP ROE DIRPEYee AYEC)Y Y AGCDS oSN EAPLE
Zoa mays p39; Zm00040a027243_PO03 FTAPIGEAMS Y SHRACNVVES XPALAGPVEV: RS E R ] L3 D RCCCR sy AR
Zea mays ky21; Zm00031a027169_P003 - ENAPEGEANS Y SEWACNVVES XrAUAGPVEV: RAE R Eaed L3 DY R CcR osn EAPDE
Zea mays b97; Zm00018a026085_P004 FTAPIGPAMSYSHWACNVVES IPALAGPVLV! RASE POIEPEYGE LV 3 DI FTeR oSN BAPER
L Zea mays tx303; Zm00041a026108_P0o05  EEAPRGEANMSYSEWACNUVES XPALAGP ROE PRV VI B YAGCDS oSN EAPLE
Zoa mays cmi228; Zm00022a026178_P002 - HINPIGHINS Y SEWATNVVES X°RIAGP VIV ROE DIRPEYEE A Y)Y Y AGCES oSy EAPGE
Zea mays m162w; Zm00033a027502_Po04 - EINNPHGEANS Y SEWACNVVES XPALAGPVEVP RAE Ri 280 HAYEEY N RGeS osu EAPEE
[ Zea mays cmi333; Zm00026a024986_PoEENPECEANS Y SEWACNVVES IrAIAGPVEV® RS E Ri S AV Y AGCTS sy EAPEE
L Zea mays cmi322; Zm00025a024816_POEENPEGENANS Y SHRACNUVES XPRIAGPYEVe ROE R S AV I YAGCDS oSN L]
Zea mays nc358; Zm00037a024301_P0O1
Zea mays cmi69; Zm00020a025040_Poo5 - AP GEANS Y SEWACNUVES - IPAUAGPVEVP RAEe PCTIRPEYEE L3 DM RCCCR oSy EAPEE
Zea mays m37w; Zm00032a026069_P004 ~ EEAPECEANS Y SEWACNVVES IrAIAGPVIVP RAE PEIRPEYEE L3 DY ROCeR sy FAPER
Zea mays b73_Ab10; Zm000432025235_PocRIENP EGEANS Y SERACNVVES XeRIAGPYEVP ROE PEIERCEVEE L3 DI FTeR oSN EACLE
Zea maysb73v4; Zm00001d040979_P001 - - ENPRGEANS Y SEWACNVVES - XPAIAGPUIV® ROE
[ Zea mays mo18w; Zm00034a027031_PoAP SGEANS v SEWATNUVES  XrAUAGP VIV RO E A YIE)Y Y AGCTS oS EAPIR
L Zea mays cml103; Zm00021a026404_PoEEAP SCEANS v SEWACNVVES IPAUAGPVEVP RS EC L Dl PR oSy EAPEE
Zoa mays cmi277; Zm00024a024811_Poo SR EGEANS Y SEWACNVVES  IPAIAGPYIVP RAE LN D R eR oSy EAPEE
Zoa mays ki3; Zm00029a026056_P004 - NP RGENNS v SENACNUVES  XPRUNGPYEV ROE Y)Y Y AGGDS oSN L
Zea mays cmi247; Zm00023a026259_P003 - NP IGEANS Y SERACNVVES - XeAUAGP VIV? R4 E 1 Y Y O Y S [ EAPDE
Zea mays oh7b; Zm00038a026081_P004  EEAPHGEAMSYSEWACNVVES IrALAGPVEVE ROEC A Y AGERS oSN EAPEE
Zea maysb73v3; GRMZM2G062531_PO1 ETAPICEAMSYSHWACNVVES IPALAGPVEVP RAE L3 DY RCcR sy EAPER
Zea mays cmi52; Zm00019a023352_P00s - EENPRGEANS Y SHWACNUVES  XPRINGPEVP ROE L3 DI FTeR oSN EARDE
L Zea mays nc350; Zm00036a017658_P003 - NP HGEANS YSEWACNVVES 1eAUAGRUEVS RAE 1 Y Y Y GG (] EAPDE
Zea mays 12i8; Zm00042a026577_PO03 EEAPTGEAMS Y SEWACNVVES IPALAGPVEVP REE HAYEE)Y Y AGCTS oSy EAPLR
Zea mays ms71; Zm000352025530_P003 FPAPIGRAMSYSHWACNVVLS IPALAGPVLVP RAE: HAYEE)Y Y AGCRS oSy EAPDE
Zea mays il14h; Zm00028a025051_P004 FTAPIGEAMS Y SHWACNVVES IPALAGPVEVP R4 E L3 D RCeR oSN EACDE
Sorghum bicolor; OQU8E919 ETAPIGEAMS Y SHRACNVVES XPALAGPVEVP RO E A YIEY Y AGGES oSN EAeDE

NOT a deletion — RNA evidence for alternative transcript in Apollo
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/m00001e002409 — Multiple STOP codons

Multiple Sequence Allgnment: Amino acid MSA. Drad slider to reposition. Curate: click to flag genes

Display mode ~ Color Scheme ~

Zea mays b73; Zm00001e002409_P002 P*GEIWE* G * WECETCL IS LI LE * T PLILLEST YEOESP
Zea maysb73v3; GRMZM2G077937_P01 P
Zea mays cmi322; Zm00025a003452_P002 P+ GEOWS * 6§ * HECENCISHITLE * PLILLEST YSOTSP
Zea mays cmlI333; Zm00026a003353_P001 P*GEW * G * WECETCLISLETLE * T PLOLLEST YSOTSP
Zea mays cml52; Zm00019a003203_P002 P+ GELWE * G * HECLICEESETILE « I PLOLLEST YSOTSP
Zea mays ki11; Zm00030a002495_P001 P*GEOWT* G * WECETCLISLETLE * T PLEILLEST YSOTSP
Zea mays m162w; Zm00033a003891_P001 P+ GERWE * 6 * HECENCIESITTLE * I PLULLEST YSOTSP
Zea mays ky21; Zm00031a003750_P002 P+ GEIWE* G * WECLTCL IS LI LE * T PLEILLEST YSOESP
Zea maysb73v4; Zm00001d030016_P001 P
Zea mays ki3; Zm000292003647_P001 P+ GEOWS * 6 * HEGENCLSHITLE * PLILLEST YEOESP
Zea mays nc350; Zm00036a002390_P001 P+ GERNE 6 * HECETCLSLTEE + I PLILLEST YEOTSP
Zea mays mo18w; Zm00034a003677_P002 P+ GELWE * G * HECLICEISITILE « I PLULLEST YEOTSP
Zea mays cml228; Zm00022a003601_P001 P*GEW * G * WECETCL IS LI TLE * T PLOLLEST YSOTSP
Zea mays tzi8; Zm00042a003768_P001 P+ GERWE * 6 * HECENCIESITTLE * I PLULLEST YSOTSP
Zea mays cml103; Zm00021a003626_P002 P*GEIWE* G * WECLTCL IS LI TLE * T PLILLEST YEOESP
Zea mays cml247; Zm00023a003755_P002 P*GERWE* G * WECHCH IS LTTLE * I PLILLEST YSOTSP
Zea mays m37w; Zm00032a003523_P002 P*GEIWE* G * WECLTCL IS LI LE * T PLELLEST YE0TSP
Zea mays b73_Ab10; Zm00043a003391_P002 P+ GERNE 6 * HECETCLZS TR + I PLILLEST YEOTSP
Zea mays nc358; Zm00037a003386_P001 P+ GERWS * § * HECENCISHITLE * PLILLEST YSOESP
Zea mays c¢ml277; Zm00024a003531_P001
{ Zea mays p39; Zm00040a003766_P003 P+ GELWE * 6 * HECLICEESITILE « I PLOLLYST YSOTSP
Zea mays il14h; Zm00028a003424_P002 P +GERNG * 6 * GGG TS HTTEE * I PEPELIST YEOTSP
Zea mays tx303; Zm00041a003625_P001 P+ GRS * 6 * HECHRCIESITTLE I PERELEST YSOESP
Zea mays cml69; Zm00020a003433_P002 P+ GRS * G * WECETCL IS FRILE * T PEDEERST YEOESP
Zea mays ms71; Zm00035a003445_P002 P GENS * G WECETCLIS LI TLE T PERELRST YSOTSP
Zea mays oh7b; Zm00038a003677_P004 P+ GEWL * 6 * HECENCISHITLE * PEDEERST YSOTSP
Zea mays 0h43; Zm00039a003608_P004 P+ GENG * G * WECECLISLETLE * T PEDELRST YSOTSP
Zea mays hp301; Zm00027a003494_P001 P
Zea mays b97; Zm00018a003617_P002 P
P

Sorghum bicolor; EER94459
Oryza sativa Japonica Group; Os10t0162832-01

, @marcelakarey




Gramene
m

NAM <
genomes

lay mode ~

(

Color Scheme ~

Zea mays b73; Zm00001e002261_P001
Zea maysb73v4; Zm00001d029810_P001
Zea mays ky21; Zm00031a003521_P001
Zea mays cml103; Zm00021a003404_P001
Zea mays ki3; Zm00029a003411_P001
Zea mays cmi228; Zm00022a003339_PO!
Zea mays 1zi8; Zm00042a003517_P001
Zea mays il14h; Zm00028a003203_P001
Zea mays nc358; Zm00037a003179_P00
Zea mays cml52; Zm00019a003001_PO(
Zea mays cml333; Zm00026a003131_PX
Zea mays mo18w; Zm00034a003440_P00
Zea mays m162w; Zm00033a003632_P001
Zea mays b73_Ab10; Zm00043a003170_P}
Zea mays 0h43; Zm00039a003379_P001
Zea mays ms71; Zm00035a003203_P001
Zea mays p39; Zm000402003540_P001
Zea mays hp301; Zm00027a003269_P002
Zea mays nc350; Zm00036a002237_P00
Zea mays tx303; Zm00041a003382_P001
Zea mays ki11; Zm00030a002325_P001
Zea mays cmi247; Zm00023a003514_PO!
Zea mays cml277; Zm00024a003325_P001
Zea mays m37w; Zm00032a003303_P001
Zea mays oh7b; Zm00038a003434_P001
Zea mays b97; Zm00018a003362_P001
Zea maysb73v3; GRMZM2G127067_P01
Zea mays cml69; Zm00020a003227_P001
Zea mays cml322; Zm00025a003228_P001
Sorghum bicolor; EER94557
Brachypodium distachyon; KQJ97662
Oryza sativa Japonica Group; Os1010545200-01
Oryza sativa Japonica Group; Os03t0108500-01
Brachypodium distachyon; PNT76894
Brachypodium distachyon; KQK20571
Brachypodium distachyon; KQK17305
Sorghum bicolor; OQU77931
Brachypodium distachyon; PNT64046
Sorghum bicolor; OQU80062
Sorghum bicolor: 2 genes

J< Zea maysb73v3: 16 genes
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Curate: click to flag genes
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CUREs derived from the 2020 VIVIAJ
. 2020 Spring CURESs:

e Middle Tennessee State University — Rebecca Seipelt”
e University of Central Missouri — Selene Nikaido |
e Cornell University — Kevin Ahern 5
e University of Toledo —Ankita Abnave & John Gray

e 2020 Fall CUREs under development at Whitman
College and College of Southern Nevada %

=
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Interested in Joining?
e PUI faculty network

e Biweekly meetings, slack channel, office hours

e Educational resources: lesson plans,
videotutorials, slides

Resources to curate Maize and Sorghum genes

e Contact us: telloruiz@cshl.edu
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THANKS!

Cristina Fernandez-Marco CUREs Faculty & Students
Kapeel Chougule

Rebecca Siepelt (MTSU) Kevin Ahern (Cornell U)
Andrew Olson Christos Noutsos (SUNY OW) Ankita Abnave/John Gray
David Micklos Selene Mikaido (UCM) (U Toledo)

Doreen Ware

Cold
Spring
Harbor
Laboratory

The project is supported by NSF 10S-1127112, MCB-1744001, 10S-1445025, and USDA ARS 8062-21000-041
Outreach Funds

yMaizeCODE
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Wfblé»«qenom e Assembly of

¢ the maize NAM founders 1 é / CYVE RS F
NSF funded prcqect for assembllng 27 diverse maize lines
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