The Past, Present, and Future of Maize Improvement:
Domestication, Genomics, and Functional Genomic
Routes toward Crop Enhancement
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B Results

O Maize Functional Genomics Research Resources
- Reference genome sequences
* B73 RefGen_v1 : 20099 ol XS
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* Maize genome sequences : 2016 (PH207), 2017 (mexicana, Mo17), 2018 (W22), 20194
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- Mutant libraries : =dWol= A= 14 75 #3l= T3 A
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* 44 A 0| database : Mu array, RescueMu, UniformMu 0| Zz2| AlEE



G A bly size (Mb) | No. of scaffolds | Scaffold NS0 | Contig NS5O | No. of gene models | References
B73 2106 625 9.56 Mb 1.18 Mb 39 324 Jiao et al., 2017
Mol 7 (CALY 2183 2560 102 Mb 1.48 Mb 38 620 Sun et al., 2018
wa2 2134 306 35.52 Mb TZ2.4 kb 40 789 Springer ¢
e S et 1o
Mol 7 (Yan) 2042 4B 268 3.00 Mb B60.5 kb 40 003
mexcana 1204 107418 108 kb 26.6 kb 31 387
HZS 2209 12 22393 Mb TB.2 kb 40 893
Table 2 Summary of Released Maire (Teosinto) Genomes.
« UniformMu @ S5 S8XF 30%E =0t 29807 Eo{US
* Point mutation : EMS& X 2lst0{ =918 0| XM= = high-throughput method or NGS&
0| Z35t0{ ARAN & ZF+ FHEA 80% O|Ate| =¢dvio] =t
- Nurtured and natural populations
« |BM(intermated B73-Mo17) : intermated RIL(recombinant inbred line) &t &2
* NAM(nested association mapping) : B732 =82 F- 2XoZ JI&l 25712 RIL MEtez M
* GWASs(genome-wide association studies) : natural & ¢t 302 Al&2| M A =AM
= 71 E} = lllumina MaizeSNP50 Array, GBS(genotyping—by-sequencing), maize HapMap3
- Database and datasets
* MaizeGDB(Maize Genetics and Genomics Database) : S5 71Xl A5 2/ H|o[EH|0[A
* MODEM : HapMap1(32H2E7H SNP-InDel), HapMap2(5Z15H 271 SNP), Hapl\/lapS( 200 AH&2l NGS)
* Gene—expression profiling : deep RNA-seqS & &5t S5+ M SA et 5 oA

O Genes Underlying Important Quantitative Traits
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Gene Phanotype Functional annotation Causal variation
ZmRap2.7 Flowering time APZ-Bke transcription factor | MITE TE 70 kb upstream
of this gone
ZmCCT10 Flowering ime CCT transcripon factor CACTA-like TE --2.5 kb
Disease resstance upstream of this gene
ImCCTR Flowering tima ccT ion facior fike TE ~57 kb
upstream of this gens
ImCLAL Leaf angle Ortholog of LAZY'T in rice -
ImARAVLT Leaf angle B3 domain-containing 2-bp InDel -8.5 kb
protein upstream of this gans
brd? Leat angle Brazsinosteroid C-6 T
oxidase
ZmGA3Z Plant height GAS f-hydroxylase Two smal InDels n the Teng
promoter
goh1 Plant height ABC transporter A mis-sense SNP ing atal, 20
uBs Kemael row number SBP-box trenscription factor | 1.2-kb transposon-containing | Liue b
insertion located ~60 kb
downstream of this gene
fels1/Ts6 Kernel row number APZ transcription factor = Warg
ZmBAMid Kemal size and CLY1/BAM-related receptor |- Yang s
waight kinase-iike protein
DaAT?-2 Ol content and Discyighyoerol Extra phenylaknine insertion heng 0
composifion acyltansferase
Zmiath Palmitic acid Acyl-ACP thipesterase 11-bp InDel in the sixth exan
ZmPORAB2 Tocop P lorophy A small InDel in 5 UTR
oxidomductasa
ZmAuxAPT Digease resstance Doman of unknown e
function 966
ZmPLATMTL/NLD | Haplold induction rate Phosphalipase A A 4-bp insertion lad to
a trame shift
ZmDhie Haploid induction rate DUFGTS domain One single-nucloctide change | Zt 208
membrane protain

Table 3. Positionally Cloned Maize Genas Relatad to Important Guantitative Traits
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- Flowering time-related genes
= |gt1(Vegetative to generative transition 1) : AP2-like transcription factor, ZmRap2.7
» ZmCCT = W stoll 2 =lof A= QTL, ZmCCT9 & ZmCCTIO| F=2 2Ho{ st
- genes regulating plant architecture
* ZmCLA4 = el Zt=(15°)& 2 st AL, RAAL Leo| EItstH 24 U
* UPA(Upright Plant Architecture) : 22| &Eefjet 2HAEl QTL, brd7 & ZmRAVLT X}
* QPH31 & gohl : =&l A= U= QTL, InGA3x2 & gohiol F= 2ot
Yield-related genes
* KRANT & KRN4 : o|Atnt BX Mol 2HEON Ues QTL, UBRunbranched3, ids/Ts6
(indeterminate spikelet 1/Tassel seed 6), ZmBAM1d0| F=2 zto{gt
Disease resistance-related genes
~ gRfg! & gRfg2 : WMol =0 JAes QTL, ZmCCT10 & ZmAusRP10l == 2tofgt
Nutrition-related genes
« DGATI-2 : XU F&)e 2 aekts S A
« Zmiatb © Z3F XAl palmitic acid(16:0) A gt ol 2tost= FH AL
* ZmPORB2 : ERu| ZE1t H|EICIE &8 ZHst= AL
Lessons learned from characterization of positionally cloned genes : 1 ¥
» 7&¢t g2g IRl S5E MEst = Linkage mapping, GWAS, QTL-seq 5= &&5}04
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B Perspectives
O The Need for Additional Whole Genome Sequences from Diverse Maize Lines
- Population-scale genome projects F3l <UZF 100071, of7]& = 10017,
H = 300070 genomes ASIAATE, A F7HA] SaE ARG §34
ggAel 10M= =A%, 53] 45 S5 ASB73 5 107) °]sht genome
w40] k5 Eo Q7] wjEol H B AlEe] 40 8¢
O Technologies
- Sgge o7 Wl HlsiA e FEAAS W] XA A7
] &3k A e, F 2ol Zm-PLTP(phospholipid transferase protein)¢} Zm-Axig
(Aux/IAA transcription factor) 2R ¥ Baby Boon Bbm)3 Wuschel? (Wus2)
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- CRISPR/Cas9 : Guide RNAS o] &3l &3 7%
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O Reuse of Wild relatives
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