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SUMMARY

Identification and application of economically and
agronomically useful genes in soybean

1. Soybean genome analysis

1) Sequence level analysis of recently duplicated regions in soybean [ Glycine max (L.)

Merr.]genome

A single recessive gene, rxp, on linkage group (LG) D2 controls bacterial
leaf pustule resistance in soybean. We identified two homoeologous contigs (GmA and
GmA’) composed of five bacterial artificial chromosomes (BACs) during the selection
of BAC clones around Axp region. With the RIL population from the cross of
Pureunkong and Jinpumkong 2, SNP and SSR marker genotyping was able to locate
GmA’ on LG Al. Based on information in the Soybean Breeders Toolbox and our
results, parts of LG Al and LG D2 share duplicated regions. Alignment and
annotation revealed that many homoeologous regions contained kinases and proteins
related to signal transduction pathway. Interestingly, inserted sequences from GmA
and GmA’ had homology with transposase and integrase. Estimation of evolutionary
events revealed that speciation of soybean from Medicago and the recent divergence
of two soybean homoeologous regions occurred at 60 and 12 million years ago,
respectively. Distribution of synonymous substitution patterns, A vyielded a first
secondary peak (mode A; = 0.10 to 0.15) followed by two smaller bulges were
displayed between soybean homologous regions. Thus, diploidized paleopolyploidy of

soybean genome was again supported by our study.

2) The lipoxygenase gene family: a genomic fossil of shared polyploidy between
Glycine max and Medicago truncatula

Soybean lipoxygenases (Zxs) play important roles in plant resistance and in
conferring the distinct bean flavor. Lxs comprise a multi—gene family that includes
GmlLxl, GmLx2 and GmLx3 and many of these genes have been characterized. We
were interested in investigating the relationship between the soybean lipoxygenase
1sozymes from an evolutionary perspective, since soybean has undergone two rounds
of polyploidy. Here we report the tetrad genome structure of soybean ZLx regions
produced by ancient and recent polyploidy. Also, comparative genomics with
Medicago truncatula was performed to estimate Zxs in the common ancestor of

soybean and Medicago.
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Two Lx regions in Medicago truncatula showing synteny with soybean
were analyzed. Differential evolutionary rates between soybean and Medicago were
observed and the median Ks values of Mt—Mt, Gm—Mt, and Gm—Gm paralogs were
determined to be 0.75, 0.62, and 0.46, respectively. Thus, the comparison of Gm—Mt
paralogs (Ks=0.62) and Gm—Mt orthologs (Ks=0.45) supports the ancient duplication of
Lx regions in the common ancestor prior to the Medicago— Glycine split. After
speciation, no Lx regions generated by another polyploidy were identified in
Medicago. Instead tandem duplication of Zx genes was observed. On the other hand,
a lineage—specific duplication occurred in soybean resulting in two pairs of Lx
regions. Each pair of soybean regions was co—orthologous to one LZLx region in
Medicago. A total of 34 Lx genes (15 MitlLxs and 19 GmlLxs) were divided into two
groups by phylogenetic analysis. Our study shows that the Zx gene family evolved
from two distinct LZx genes in the most recent common ancestor.

This study analyzed two pairs of LZx regions generated by two rounds of
polyploidy in soybean. Each pair of soybean homeologous regions is co—orthologous to
one region of Medicago, demonstrating the quartet structure of the soybean genome.
Differential evolutionary rates between soybean and Medicago were observed; thus
optimized rates of Ks per year should be applied for accurate estimation of
coalescence times to each case of comparison: soybean—soybean, soybean— Medicago,
or Medicago— Medicago. In conclusion, the soybean Zx gene family expanded by
ancient polyploidy prior to taxon divergence, followed by a soybean—specific

duplication and tandem duplications, respectively.

3) Chromosomal rearrangement and conservation of bacterial disease resistance among

homeologous loci in soybean

Bacterial leaf pustule (BLP), caused by Xanthomonas axonopodis pv.
glyvcines (Xag), is a prevalent bacterial disease of soybean [Glycine max (L.) Merr.]
that has been reported in many soybean—growing regions of the world where high
temperature and humidity prevail. Rangeand severity of the disease are expected to
increase due to global warming and climate change. Soybean is an ancient tetraploid
whose genome has gone through at least two rounds of polyploidy events. Many
studies revealed the structure produced by a relatively recent polyploidy, but still few
are reported regarding an ancient polyploidy due to high frequency of gene loss after
duplication events. In our previous study, we reported two homeologous regions of
Rxp locus produced by recent duplication and their paralogous region in M
truncatula. Here we report more comprehensive soybean genome structure anchored
by Rxp genes and evolutionary history of Rxp regions from the most recent common
ancestor legume through comparative genomics with M. truncatula. Our data show

that the ancestral genome of soybean had experienced dynamic genome rearrangement
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followed by recent polyploidy event. Moreover, multiple ARxp quantitative trait loci
(QTLs) in different soybean LGs are actually comprised of homeologous regions

produced by two rounds of polyploidy events.

2. Identification of useful genes from soybean

To investigate the relationship between nodule development and xanthophyll cycle
enzymes, the expression level of genes encoding xanthophyll cycle enzymes was examined
using RT—PCR and real time PCR. The full-length cDNA of the putative [3—carotene
hydroxylase, GmBCHZ2, showing increased expression in leaves, was then isolated using
RACE technique. To check whether GmBCH1 and GmBCH2 actually have the enzymatic
activity of PB—carotene hydroxylase, HPLC analysis was performed. To ascertain the
subcellular localization of both B—carotene hydroxylases of Gl/ycine max in plants, GmBCH1
and GmBCHZ2 genes were fused to GFP reporter gene under the control of CaMV35S
promoter, respectively and then the resulting plasmids were transfected into arabidopsis
protoplasts. Development of transgenic nodules containing GmBCH RNAi constructs
targeting both GmBCH1 and GmBCH2 was observed to investigate the role of GmBCH in
nodule development.

B—carotene hydroxylase catalyzes the formation of zeaxanthin from [(—carotene.
Carotenoids act as antioxidants in biological systems. Carotenoids are the most effective
quenchers of the reactive oxygen species (ROS) found in nature. In addition, carotenoids
can inhibit lipid peroxidation and thus stablize membranes. The expression level of 3
—carotene hydroxylase was induced during nodulation in response to rhizobial inoculation,
implying that antioxidants may be important for proper development of root nodules. The
expression level of a gene encoding zeaxanthin epoxidase (ZEP), an enzyme that promotes
the conversion of zeaxanthin to violaxanthin via antheraxanthin, was found to be decreased
during nodulation. This indicates that zeaxanthin may play a certain role in nodulation.
Recently, whole genome sequence of Glycine max has been identified. From the results of
BLAST search with GmBCH1 cDNA sequence, sequences of another isoform, GmBCHS3,
with highest similarity could be found. Consistent with expression pattern of GmBCHI,
expression level of GmBCH3 was also increased in mature nodules compared with root. To
investigate the roles of zeaxanthin in nodulation, transgenic hairy roots containing construct
for GmBCH RNAi were used. Nodulation of these transgenic hairy roots was poor
compared to that of control. This result suggests that these genes may be associated with
nodule development. Further study will find the mechanism related to zeaxanthin in nodule
development.

We isolated 26 fragments of differentially expressed genes during soybean seed
formation and examined their functions. Of the genes, the full—length ¢cDNAs of the useful

gene were isolated and studied further possible functions.
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GmLRK1, identified to be a genuine kinase by phosphorylation assay, and its
Arabidopsis ortholog At2g36570 may be essential for all the stages of soybean
development, rather than in a specialized developmental procedure such as seed
development. Together with the observations made from the mutant phenotypes for the
Arabidopsis ortholog At2g36570, we propose that the function of GmLRK1 may be involved
in the regulation of cell elongation/expansion. Thioredoxins (Trxs) are redox—active small
proteins forming a disulfide bridge with targets. We identified the targets of Trx from
soybean nodules and then examined the its interaction with them. Interaction between the
two proteins suggest a putative function during nitrogen fixation, assimilation and nodule

development.

3. Development of function added crops wusing wuseful gene from

soybean

1) Development of value added crops by transformation using useful gene from soybean

We used a beta—carotene hydroxylasel gene (GmbCHI) from Glycine max for
developing of value added crop, and investigated novel GmbCHI function In relation to
tolerance to abiotic and biotic stress. We constructed two transformation vectors under the
control of constitutive (CaMV 35S promoter) and seed specific/inducible promoter (globulin
promoter). We produced transgenic plants using colored rice (Heuknambyeo), rice (Ilmibyeo)
and soybean (Iksannamulkong).

In abiotic stress assay, we found that homozygous T2 Heuknambyeo
transgenic lines had novel functions of enhanced tolerance to salt and drought,
whereas those of Ilmibyeo transgenic rice did not show any clear effect on abiotic
stress. These results may implicate that abiotic functions of GmbCHI gene is likely
to be associated with the pathway of anthocyanin synthesis and further study should
be needed to verify the relationship between anthocyanin pathway and GmbCHI gene
expression. When GmbCHI gene was expressed under the control of globulin
promoter, transgenic rice plants showed a significant increase in biomass under salt
and drought stress. In addition, agronomic trait of the transgenic rice in the filed
condition showed that the number of panicles was increased while plant height and
the length of panicle were similar to wild type plants. We selected two promising
lines of transgenic GmbCHI colored rice, Heuknambyeo, they could provide a useful

genetic resource for developing stress tolerant rice varieties.
2) A new sprout—soybean cultivar "Shingang (Suwon 242)" with high isoflavone content

Isoflavone, an important nutraceutical molecule, has a potential function of
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anti—cancer and anti—oxidant effects. To release sprout—soybean varieties enriched for
1soflavone levels, four cultivars or breeding lines of soybeans were chosen to develop
three segregating populations. These populations were field tested for yield across five
locations in Korea from 2006 to 2008. "Shingang(Suwon 242)" was selected from
crossing between Sowon/V94—5152, Sowon/PI96983, Sowon/L29 BCsFs backcross
population. This cultivar has a determinate growth trait with seed size (11.0 g/100
seeds). It has good seed quality for sprout soybean. The average yield of “Shingang”
was 2.78 ton per hectare in the regional yield trials (RYT) for three years from 2006
to 2008. The isoflavone content of “Shingang” was 2,921ug/g in sprout seedling.
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st HArk D7IMLDE oblA AR Moetar, o] opnwil DS o] &ste] FgeneSH
(http://www.softberry.com)ol A FAA =S 533G a1 o] FHA] ol A H S o] &35}
o] EBI(http://www.ebi.ac.uk/uniref/)2] Uniprotoll 4] FAE7]E 339t (Tables 1 & 2).
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ruﬂ

Table 1. Contigl (1029F06, 1024M16) 2} F4E7]

Query ID | Identity BLAST Results
contigl_1 58.85 Putative receptor—like protein kinase INRPK1 [Oryza satival

contigl_3 62.02 | Hypothetical protein [Medicago truncatula (Barrel medic)]
contigl_4 42.13 | ETEA-like protein [Brachypodium sylvaticum (False brome)]

contigl_7 66.43 | SEC14 cytosolic factor—like [Oryza sativa (japonica cultivar—group)]
contigl_10 52.07 | IMP dehydrogenase/GMP reductase [Medicago truncatula (Barrel medic)]
contigl_11 44.72 | Hypothetical protein [Medicago truncatula (Barrel medic)]

contigl_13 66.67 Peptidase S8 and S53, subtilisin, kexin, sedolisin; Integrase [Medicago truncatula]

contigl_14 66.49 | Integrase [Medicago truncatula (Barrel medic)]

contigl_15 62.96 | Integrase [Medicago truncatula (Barrel medic)]

contigl_16 37.06 | Hypothetical protein [Medicago truncatula (Barrel medic)]

contigl_17 58.51 | Hypothetical protein [Medicago truncatula (Barrel medic)]

contigl_18 52.83 | Hypothetical protein P0685E10.6 [Oryza sativa (japonica cultivar—group)]
contigl_19 72.73 | ATP—binding region, ATPase—like [Medicago truncatula (Barrel medic) ]
contigl_21 54.99 | ATP—binding region, ATPase—like [Medicago truncatula (Barrel medic)]
contigl_23 49.64 | ATP—binding region, ATPase—like [Medicago truncatula (Barrel medic)]
contigl_27 | 46.75 | Receptor—like serine/threonine kinase [Arabidopsis thalianal

contigl_29 74.38 | Hypothetical protein At5g63000 [Arabidopsis thaliana (Mouse—ear cress) ]
contigl_30 | 67.96 | Arabidopsis thaliana genomic DNA, chromosome 5 [Arabidopsis thalianal

contigl_31 64.44 | Hypothetical protein [Medicago truncatula (Barrel medic)]
contigl_32 77.25 | Hypothetical protein P0685E10.9 [Oryza sativa (japonica cultivar—group) ]

contigl_33 83.33 Phosphate/phosphoenolpyruvate translocator [Nicotiana tabacum]
contigl_35 46.95 Transcription factor MYB98 [Arabidopsis thaliana (Mouse—ear cress)]

contigl_36 63.6 Similarity to isoamyl acetate—hydrolyzing esterase [Arabidopsis thaliana]

contigl_37 71.65 | Boron transporter 1, putative, expressed [Oryza satival

contigl_39 74.71 Putative iron—sulfur cofactor synthesis protein iscU [Oryza satival

contigl_40 53.31 | Inositol—tetrakisphosphate 1—kinase 1 [Arabidopsis thalianal

contigl_41 48.87 | Putative polyprotein [Solanum demissum (Wild potato)]

contigl_42 70.92 | OSINBa0009P12.21 protein [Oryza sativa (Rice)]

contigl_43 62.04 | WD40—repeat protein [Arabidopsis thaliana (Mouse—ear cress)]

contigl_45 85.08 | Pantothenate kinase 2 [Arabidopsis thaliana (Mouse—ear cress)]

contigl_46 42.61 | Dof zinc finger protein DOF5.6 [Arabidopsis thaliana (Mouse—ear cress)]
contigl_47 53.51 | IMP dehydrogenase/GMP reductase [Medicago truncatula (Barrel medic)]
contigl_49 39.13 | Polynucleotidyl transferase, Ribonuclease H fold [Medicago truncatulal
contigl_50 43.75 | Hypothetical protein [Medicago truncatula (Barrel medic)]

contigl_52 83.54 1—deoxy —D—xylulose—5—phosphate reductoisomerase [Lycopersicon esculentum]
contigl_54 46.5 PEX14 protein [Arabidopsis thaliana (Mouse—ear cress)]
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Table 2. Contig2 (1020010, M077P21, 1089MO01) 4=} FA17]

Query ID Identity BLAST Results
contig2_01 78.15 FKBP12-like protein [Medicago truncatula (Barrel medic)]
contig2_03 82.83 Short—chain dehydrogenase/reductase SDR [Medicago truncatulal]

contig2_04 38.3 Hypothetical protein [Oryza sativa (Rice)]

contig2_05 35.19 Hypothetical protein T24C20_90 [Arabidopsis thaliana (Mouse—ear cress)]
contig2_06 38.16 PREDICTED: similar to CG30100—PA [Canis familiaris]

contig2_07 37.7 Hypothetical protein [Medicago truncatula (Barrel medic)]

contig2_10 60.78 Putative receptor—like protein kinase INRPK1 [Oryza satival

contig2_11 62.73 Hypothetical protein [Medicago truncatula (Barrel medic)]

contig2_13 34.51 ETEA-like protein [Brachypodium sylvaticum (False brome)]

contig2_14 42.11 Putative nucleosid phosphatase [Oryza sativa (japonica cultivar—group) ]
contig2_15 27.87 hydrolase [Arabidopsis thalianal

contig2_17 71.04 SEC14 cytosolic factor—like [Oryza sativa (japonica cultivar—group)]
contig2_18 28.26 Hypothetical protein ETR1 [Candida albicans (Yeast)]

contig2_19 62.69 Hypothetical protein P0702F03.34 [Oryza sativa (japonica cultivar—group)]
contig2_20 33.33 SNE7 family protein [Tetrahymena thermophila SB210]

contig2_21 33.43 Hypothetical protein F22K18.120 [Arabidopsis thaliana (Mouse—ear cress) ]
contig2_22 46.65 Hypothetical protein [Medicago truncatula (Barrel medic)]

contig2_23 47.28 Hypothetical protein [Medicago truncatula (Barrel medic)]

contig2_25 54.02 unknow protein [Oryza sativa (japonica cultivar—group)]

contig2_26 62 Hypothetical protein [Arabidopsis thaliana (Mouse—ear cress)]

contig2_27 41.46 Hypothetical protein [Oryza sativa (japonica cultivar—group)]
contig2_29 64.74 Hypothetical protein At5g63000 [Arabidopsis thaliana (Mouse—ear cress)]
contig2_30 68.25 Arabidopsis thaliana genomic DNA, chromosome 5 [Arabidopsis thaliana]

contig2_31 66.57 Hypothetical protein [Medicago truncatula (Barrel medic)]

contig2_32 77.73 Hypothetical protein P0685E10.9 [Oryza sativa (japonica cultivar—group)]

contig2_34 88.16 Phosphate/phosphoenolpyruvate translocator [Nicotiana tabacum]

contig2_35 48.26 Transcription factor MYB98 [Arabidopsis thaliana (Mouse—ear cress)]

contig2_36 48.32 Similarity to isoamyl acetate—hydrolyzing esterase [Arabidopsis thalianal

contig2_38 76.76 Boron transporter 1, putative, expressed [Oryza satival
contig2_39 86.94 HAT dimerisation [Medicago truncatula (Barrel medic)]
contig2_40 77.84 NifU—like protein [Arabidopsis thaliana (Mouse—ear cress)]
contig2_41 28.18 Coat protein [Peanut stunt virus]

contig2_42 73.58 WD40—repeat protein [Arabidopsis thaliana (Mouse—ear cress)]

contig2_43 62.98 WD40—repeat protein [Arabidopsis thaliana (Mouse—ear cress)]

contig2_44 27.03 Anthranilate synthase component I [Bacillus cereus G9241]

contig2_45 77.14 ATP binding / pantothenate kinase [Arabidopsis thaliana]

contig2_46 30 PREDICTED: similar to CASP8 associated protein 2 [Canis familiaris]
contig2_47 40.95 Dof zinc finger protein DOF5.6 [Arabidopsis thaliana (Mouse—ear cress)]
contig2_48 46.13 IMP dehydrogenase/GMP reductase [Medicago truncatula (Barrel medic)]
contig2_49 42.27 Hypothetical protein [Medicago truncatula (Barrel medic)]

contig2_50 42.55 Hypothetical protein [Medicago truncatula (Barrel medic)]

contig2_51 82.95 1—deoxy—D—xylulose—5—phosphate reductoisomerase [Lycopersicon esculentum]|
contig2_52 44.61 AtPex14p [Arabidopsis thaliana (Mouse—ear cress)]

contig2_53 81.4 MYB family transcription factor [Gossypium hirsutum (Upland cotton)]

contig2_54 61.54 Homeodomain—like [Medicago truncatula (Barrel medic)]
contig2_55 55.43 Putative kinesin light chain [Oryza sativa (japonica cultivar—group)]
contig2_56 75 Hypothetical protein P0005A05.28 [Oryza sativa (japonica cultivar—group)]

contig2 (1020010, M077P21, 1089MO1) A= 56709 3 Z7} o S= Ao, a4 o=z e
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ANE 7H FAAES e, AAHoRE oF 48709 FAAAE e AHoer FAE
ATk o]=E Al FgeneSH®}t Uniprots o83 #FAx odFS F3lr dojx AxE 7HA a1,
contig2 ¥ contiglS H|u3F T} (Fig. 2). Flgure 2004 & = d5=o] F 709 contigZt
synteny7}F &S & 4 At} syntenyE &F2ldr] Y84 contig2 (1020010, MO77P21,
[1089MO01)S dlo]EjH|o] ~ & WHE9] contigl (1029F06 [1024M16) 3} A S FEA16ke] A =2 7He)
frAd ol 40% ol/Fel®A 200bp o]l FHAES st thAl FAGVE ST
(Table 3). 18]al, &4 A= ofv| it A EelA Ks #hs AAtsid=d, Ks a2
o . AbE WA AN VM LS Weks H &S AXlste] Blasks A7IEY FAME S

HAFE ghelth (Table 4).

1020010 M077P21 1089M01 (292kbp)
DD 0 0 1 BTN VD)

Y/ /A1) T\

¢ WP »H—HNHPN-(f-NH- PH(H——H 4H

0 18

I1029F06_1024M16 (264kbp)

Figure 2. BAC o} =ik Hl L
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Table 3. &% 84 F427]
contigl contig2 Identity | BLAST result
contigl_01 | contig2_10 | 93.24 | Putative receptor—like protein kinase INRPK1 [Oryza satival
contigl_03 | contig2_11 | 74.96 | Putative carboxyl—terminal proteinase [Gossypium hirsutum]
contigl_04 | contig2_13 | 66.67 | ETEA—like protein [Brachypodium sylvaticum (False brome)]
contigl_05 | contig2_14 | 68.09 | Putative nucleosid phosphatase [Oryza sativa (japonica cultivar—group)]
contigl_07 | contig2_17 90 SEC14 cytosolic factor—like [Oryza sativa (japonica cultivar—group)]
contigl_09 | contig2_19 | 86.36 | Hypothetical protein P0702F03.34 [Oryza sativa ]
contigl_10 | contig2_21 85.84 | IMP dehydrogenase/GMP reductase [Medicago truncatulac]
contigl_17 | contig2_23 | 81.05 | Hypothetical protein [Medicago truncatula (Barrel medic)]
contigl_18 | contig2_10 | 35.45 | Putative receptor protein kinase [Oryza sativa (japonica cultivar—group) ]
contigl_27 | contig2_10 | 33.33 | Receptor—like serine/threonine kinase [Arabidopsis thalianal]
contigl_29 | contig2_29 | 74.55 | Hypothetical protein At5g63000 [Arabidopsis thaliana (Mouse—ear cress)]
contigl_30 | contig2_30 92.41 Arabidopsis thaliana genomic DNA, chromosome 5 [Arabidopsis thalianal
contigl_31 | contig2_31 | 79.42 | Hypothetical protein [Medicago truncatula (Barrel medic)]
contigl_32 | contig2_32 | 95.18 | Hypothetical protein [Medicago truncatula (Barrel medic)]
contigl_33 | contig2_34 | 74.01 Phosphate/phosphoenolpyruvate translocator [Nicotiana tabacum]
contigl_35 | contig2_35 | 89.26 | Transcription factor MYB98 [Arabidopsis thaliana (Mouse—ear cress)]
contigl_36 | contig2_36 | 82.81 | Similarity to isoamyl acetate—hydrolyzing esterase [Arabidopsis thaliana]
contigl_37 | contig2_38 | 88.82 | Boron transporter 1, putative, expressed [Oryza satival
contigl_39 | contig2_40 | 95.15 | Putative iron—sulfur cofactor synthesis protein iscU [Oryza sativa]
contigl_40 | contig2_42 | 92.34 | ositol—tetrakisphosphate 1—kinase 1 [Arabidopsis thalianas]
contigl_43 | contig2_43 85.5 WD40—repeat protein [Arabidopsis thaliana (Mouse—ear cress)]
contigl_45 | contig2_45 | 92.23 | Pantothenate kinase 2 [Arabidopsis thaliana (Mouse—ear cress)]
contigl_46 | contig2_47 | 85.05 | Dof zinc finger protein DOF5.6 [Arabidopsis thaliana (Mouse—ear cress) ]
contigl 47 | contigz_48 | 70.05 IMP. dehydrogenase/GMP reductase [Medicago truncatula (Barrel
medic)]
contigl_52 | contig2_51 95.78 1—deoxy—D—xylulose—5—phosphate reductoisomerase [Lycopersicon esculentum]
contigl_53 | contig2_52 | 72.41 | AtPex14p [Arabidopsis thaliana (Mouse—ear cress)]
contigl_54 | contig2_52 | 88.66 | PEX14 protein [Arabidopsis thaliana (Mouse—ear cress)]




Table 4. &5 F A2 Ks ¥ Ka # vl

29F06_24M16 | 20010_M77P21_89MO1 Ka Ks Ka/Ks PROT_PERCENTID
contigl_01 contig2_10 0.0223 0.1472 0.1514 95.16
contigl_01 contig2_25 0.9408 15.7546 0.0597 30.18
contigl_03 contig2_11 0.0275 0.0804 0.3421 94.09
contigl_05 contig2_14 0.2807 0.4797 0.5852 65.33
contigl_07 contig2_17 0.0522 0.1893 0.2761 90.73
contigl_10 contig2_21 0.0411 0.1194 0.3446 92.1
contigl_18 contig2_10 0.9194 65.3346 0.0141 30.59
contigl_18 contig2_25 0.0332 0.0956 0.3475 93.18
contigl_27 contig2_10 0.9434 61.158 0.0154 24.62
contigl_29 contig2_29 0.0306 0.0982 0.3111 94.35
contigl_30 contig2_30 0.0496 0.1935 0.2565 90.54
contigl_31 contig2_31 0.0356 0.1293 0.275 93.2
contigl_32 contig2_32 0.0207 0.1208 0.1712 95.45
contigl_33 contig2_34 0.2787 0.4506 0.6186 67.93
contigl_35 contig2_35 0.0414 0.1219 0.3392 90.7
contigl_36 contig2_36 0.0222 0.0677 0.3282 95.05
contigl_37 contig2_38 0.1246 0.2355 0.529 84.87
contigl_39 contig2_40 0.0493 0.0318 1.5479 95.15
contigl_40 contig2_42 0.0574 0.2246 0.2554 89.73
contigl_43 contig?2_43 0.0455 0.1524 0.2984 92.11
contigl_45 contig2_45 0.1734 0.2494 0.6955 79.4
contigl_46 contig2_47 0.0426 0.1585 0.2687 90.61
contigl_47 contig2_48 0.1642 0.3433 0.4784 76.65
contigl_52 contig2_b51 0.0168 0.0802 0.2093 96.19
contigl_53 contig2_52 0.1506 0.341 0.4417 79.26
contigl_54 contig2_52 0.0351 0.108 0.3252 93.75
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Figure 3. contig2 ¢ SNP 43 Z2A
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t}. BAC Auy =9

ol AT A A8 F BAC library:= "= Iowa State Univ..—USDA®|A] Williams 82
FEo2 AxtE o=, oF 40,0007 cloneEZ A0l o F Awe] 5485 xS}
Ak FAR R 53 oF 224709 clonesel thshed 55/‘}@ Zni‘JJr Hat AdaHe A717t
150kbo] o, 0}‘/}4 xS ke FEo] 98%ol3th. oW Al A A F7hA] BACS A
vko m)=ro] Jowa State Univ.—USDAQ] Shoemaker LABOlA =33 FAoy, AA A<l
BAC d¥7|es F50td, & Af@AdA BAC Ad& & 4 d&EF BAC pools RHEUTh
BAC pool & FAA Al 7IA 2 FEEHW, A WAL librarye] 7 ZHO|ES 571 HolA
BAC %3 Full Plate Poolo]t} (Fig. 4).

1 ) 1 16 81 86 91 96 101

= = | |

} I ) )
A= 105709 library =0 E

=
i, =9 FEES EobA BAC

Group A

} }
| ’% ME

Al A A=
Pool o]t} (Fig. 6). o] &4

=719 PCR 2=
S FAA A5

%+ ek s

o
) .
[e) =]
= oral, 274

Al

2074 9] FEel A THEES 2EE
= Al 7EA1 9] pools ©] &
SEES Adete], 5% F8ES Clonal PCR = @ro]é}‘?i
T3lA ke FrHArE 238 BAC
AQE A7 ES ol &8 FEF%

o FAAE

e
L Y N A

« 5 556

Figure 4. Full Plate Pool

E =
=

20704 FolA ANE F7AAS] 6709] Groupe® U-F
ZZ3F Zo] Column Pool ©|t} (Fig. 5).
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Figure 5. Column Pool
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¥ Aol FPC U BAC ¥dd7|M<E Felxp e g 23] Ay
Belar, A F7HA] )=o) o]FE A old BAC AWe AA| Ao w2

Group B
¥ ¥
EDAA uﬁBA
N N
\ E}JAP \ Qﬁgp

Figure 6. Row Pool

Z}. SNP #IAES °]-&% BAC A

SSR w}A Satt4863F Satt372 Alololl 2709] single nucleotide polymorphism (SNP, ©@<<$d7]
Agwio]) mtA7E GAEAT o] GUAATIAEHe] A E TS EE AE 2 AEAAAE
tgFos WAYE FH4 AR, GAdA7IAEe o7k e fdYPom YEheE 497t
o] BAEo] F8A< mpAR FHZol ZAgS WAl ok a8, B4 Wi o)y Genotyping
W g mEa AH|gom FAo] Jhgate] AAIHOR o] Aol A o] miF el w3
A7} 3T olth o] ulAE= SNP 021191 3 SNP 022037 olt}. o] npAE o] &34 BAC
PoolingS =338}t WA 68ColA] Full Plate SuperPool < ©]-8-3}o] PCR3IT}.

SNP 21191 - 68°C

16111621 2631364146 515661 66717681 8691 96 101

SNP 22037 - 68°C

1 61116 212631 364146515661 6671768138691 96 101 w82

Figure 7. Full Plate SuperPool PCR A}
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PCR 23}, SNP 21191014 21HA M=7F BS7] wjitel] Group BS A&éle] 35 PCR
& Rkl on, SNP 22037914 16W 7 26¥ 0] M=7F B97] Wil Group A9 BE 4
gste] o5 PCRE sk ivh.(Fig. 8) A& ARzl A= tix7]] Williams 829k &2 =L7]0]A]
Rh A MEE gla, vE Ar]e] e S0 5 gAY, tiEgteh g2 el opyu,

[l
=
158 97149 7 b2 2ol 5" Aor Fsto] dAskA] stk

jus

SNP 21191 - 68°C

BA BE BI BM B1 B5 B9 B13 B17 B21 W82

SNP 22037 - 68°C

AA AE Al AM A1 A5 X A9 A13 A17 A21 W82 BA BE BI BM B1 B5 BS B13 B17 821 W82

Figure 8. Row and Column SuperPool PCR Z 3}

SNP 2119114 Row PCRellA] BA©lA], Column PCReA BlolA W=7} vpgpovm g thg
742 BA, BB, BC, BDZ Bl1, B2, B3, B4olA PCRE F a3}, SNP 22037°14%= Row
PCROIA] AI, BAoA W=7} vgkom= Al AJ, AK, AL, BA, BB, BC, BDol|A], Column
PCROI A= A17, A21, B13ollA] =7} vgkom = A17, A18, A19, A20, A21, A22, A23, A24
B13, Bl4, B15, B16°l4 PCRE <33t (Fig. 9). AF7tA1¢ PCRAZE £3H SNP
2119104 Ae A& 1023C03 o= 2hde] m= Jowa State Univ..—USDAS] Ao} dX|s}
of 2 AFAeA THE BAC Pool Alzgle] AdHo=m 7]5sla das & 243l SNP
o

2203704 At AL 1018K23, 1028C150]t}.

4
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SNP 21191 - 68°C

2122 23 24 25 BA BB BC BD B1 B2 B3 B4 W82

SNP 22037 - 68°C

1617 18 19 20 ATl AJ AK AL BA BB BC BD W82

A17 Al8 A19 A20 A21 A22 A23 A24 B13 B14 B15 B16
Figure 9. Plate, Row and Column PCR Z 3}

ul. BESS | &3 57} BAC A%

2 Aol AAgs Hix F9lell 9= DNA vFAHELS SSR wFAQl Satt4867} Satt372, SNP
m# 91 SNP220373 SNP40963°|t}, o] mfAES o] &3] Satt486S Eal = 1029F063
1024M16S Awale] A7 GEA S 88 on Satt 3725 53l A= 1065G21 (102kbp)
S Maksbel a1, SNP220373 SNP 4096322 ZHzF 1018K23 (112kbp) 3 1086G06 (107kbp)S A
kgL, Adbgk BACY] W74 E(BES)E ©]-&3ske] F7F= 1017020 (114kbp) 2} 1028C15
(47kbp), 1104A17 (168kbp)S AWl (Fig. 1), G714 LS BAsle] 7]E9 g71d o
Ask= Ae gl
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o EBI(http://www.ebi.ac.uk/uniref/) 2] Unlprotoﬂ/ﬂ TGS =35kt (Tables 1, 2, &
3) 1018K232 ¥7]1- 4= SNP 220375 &Qlstiom 19709 FdaE 2tal e ZoR o=
FHATE 1065G21L Satt372% i}?lé‘}‘}dﬁfq, & BACHT %& 49 retroelement %
transposon®] WAEHAN oW 13709 FHAA7) o=

H Atk 1086G06L 23702 FH A7} oS5
ol 10170208 1086G067 HAX+= HES Aosta A7AdE AL 519 o, 1028C15 &
[018K233} A A= F-%o] -5, [0104A17-2 24M163} o] A= 7| dolojA A
9Bt} ol A AR o] 7]F9] ABI3730 ©] old, GS FLX (16 lanes)S A&
8913 Gap—filling% 4 © = ABI3730< ] -85t
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Table 5. 18K23 Fx=} F447)

ID Identity | Description
18K23._1 87.15 Rac—like GTP—binding protein ARAC10 [Arabidopsis thalianal
18K23_ 2 67.61 | Putative DegP2 protease [Oryza sativa (japonica cultivar—group)]
18K23_ 3 3548 | Nodulin—like protein [Arabidopsis thaliana (Mouse—ear cress)]
18K23_4 48.08 | Hypothetical protein [Medicago truncatula (Barrel medic)]
18K23.5 38.78 | Nodulin—like protein [Arabidopsis thaliana (Mouse—ear cress)]
Peptidase S8 and S53, Integrase, catalytic region; Zinc finger,
18K23_6 48.71 CCHC—type; Peptidase aspartic, catalytic [Medicago truncatula]
18K23. 7 78.43 | ATP binding / cysteine—tRNA ligase [Arabidopsis thaliana]
18K23_8 81.95 | Ubiquitin—conjugating enzyme E2—21 kDa 1 [Arabidopsis thaliana]
18K23_9 4855 | RING—H2 finger protein ATL1D [Arabidopsis thalianal]
Zinc finger, CCHC-—type; Plant MuDR transposase; Zinc finger, SWIM—
18K23_10 | 27.51 type [Medicago truncatulal
18K23 11 37.68 | hydrolase/ protein serine/threonine phosphatase [Arabidopsis thaliana]
18K23 11 31.58 Putative mutator—like transposase [Oryza satival
18K23.12 | 52.35 | RNA—dependent RNA polymerase [Zea mays]
18K23.13 48.04 NHL repeat—containing protein—like [Oryza satival
18K23 14 66 Trehalose 6—phosphate synthase [Gossypium hirsutum]
18K23 15 48.98 Expressed protein, 3'—partial [Lycopersicon esculentum (Tomato)]
18K23_16 61.15 Spermidine synthase [Lycopersicon esculentum (Tomato)]
18K23 17 56.25 Chloroplast lumen common protein family [Arabidopsis thalianal
18K23_18 | 86.64 | Protein kinase [Arabidopsis thaliana]
18K23_19 22.79 Serine/threonine—protein kinase TAO1—B [Xenopus laevis]

Table 6. 65G21 FX A FA1&7]

1D identity Description
65G21_2 77.08 Calcium—dependent protein kinase [Arabidopsis thaliana]
65G21_4 53.9 ubiquitinthiolesterase [Arabidopsis thaliana]
65G21_5 63.64 Putative uncharacterized protein [Oryza sativa]
65G21_7 71.05 Putative uncharacterized protein [Oryza sativa]
65G21_8 84.32 Putative uncharacterized protein [Oryza satival
65G21_9 55.84 galactosyltransferasefamilyprotein [Arabidopsis thaliana]
65G21_10 51.1 Dynein light chain — Vicia faba (Broad bean)
65G21_11 42.29 Polyprotein—like,putative [Medicago truncatula]
65G21_12 35.71 Putative retroelement polyprotein [Arabidopsis thaliana]
65G21_13 66.67 BHLH transcription factor [Gossypium hirsutum]
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Table 7. 86G06 2} 417
1D Identity Description
86G06_1 72.59 Uridine kinase—like protein [Oryza sativa)
86G06_3 55.73 | Agmatine deiminase [Arabidopsis thaliana (Mouse—ear cress)]
86G06_5 86.76 Putative high mobility group—like nuclear protein 2 [Oryza satival
86G06_6 64.95 | Strictosidine synthase [Medicago truncatula (Barrel medic)]
86G06.7 63.93 E{;ﬁ;ﬂe(Moi};iﬁimﬁ;ﬁ;\]m synthetase beta chain [Arabidopsis
86G06_8 35.29 | Kinetochore protein [Arabidopsis thaliana (Mouse—ear cress) ]
86G06_9 34.17 F12A21.25 [Arabidopsis thaliana (Mouse—ear cress)]
86G06_10 81.95 | CDY/CD37/CD63 antigen [Medicago truncatula (Barrel medic)]
86G06_11 | 70.71 | Cell growth defect factor—like [Solanum tuberosum (Potato)]
86G06_12 80.65 | Rhodanese—like [Medicago truncatula (Barrel medic)]
86G06_12 57.34 Extracellular calcium sensing receptor [Oryza sativa]
86G06_13 45.6 Pentatricopeptide (PPR) repeat—containing protein—like [Oryza satival
86G06_14 40.27 Hypothetical protein F22K18.100 [Arabidopsis thaliana]
86G06_15 39.64 | Phloem specific protein [Vicia faba (Broad bean)]
86G06_16 45.78 | Putative ubiquitin—associated (UBA) protein [Oryza satival
86G06_17 46.48 Protein At5g50175 [Arabidopsis thaliana (Mouse—ear cress)]
86G06_19 52.31 Octicosapeptide/Phox/Bemlp [Medicago truncatula]
86G06_20 44.33 Probable serine/threonine—specific protein kinase [Arabidopsis thaliana]
86G06_21 45.87 | Putative FRO1 and FROZ2 protein [Arabidopsis thaliana]
86G06_21 98.69 Phenol hydroxylzflse reductase; Ferric reducttase—like transmembrane
component [Medicago truncatula (Barrel medic)]
86G06_22 31.82 similar to ubiquitin ligase mind bomb [Rattus norvegicus]
86G06_23 33.01 Hypothetical protein B1066D09.23 [Oryza sativa]
Table 8. 17L20 %A F427]
1D identity Description
17L20_1 36.86 | Similarity to ring finger protein [Arabidopsis thaliana]
170L20_2 70.37 | BZIP transcription factor bZIP125 Glycine max
171.20_3 64.4 Putative protease IV [Arabidopsis thaliana]
171.20_4 42.52 | Putative uncharacterized protein [Vitis vinifera]
170L20_5 52.17 | NUDIX hydrolase [Paracoccus denitrificans]
171.20_6 32.22 | Putative uncharacterized protein [Vitis vinifera]
17L20_7 83.58 | Serine/threonine protein kinase; n=1; Gossypium hirsutum
17L20_8 86.76 | Putative high mobility group—like nuclear protein 2 Oryza sativa
171.20_9 68.2 Uridinekinase—likeprotein;n=2; Oryzasativa

B}, JGI Soybean sequenceE ©]£3+ SSRv}A 7t

"= JGI(Joint Genome Institute) el A F-(Williams82) 9] @71A &S 4] 31
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t} (http://www.phytozome.net/soybean). ¢7]4] & A7]4<d& SSR A X213 Sputnik
(http://cbi.labri.fr/outils/Pise/sputnik.html) ©]-&38}o] xelo]HE #| 23}t 229709 E 3/
W ek AFE-8Fe] PCREFII O™, Sattd863 Satt372 Apolol A 7712l M Z& SSR vlAE
skl PCREAZ 255 Mapmaker 3.0 & ©]-&3to] upAAIolo] FH4 AHYE S4313
o} (Fig. 10).

AL wjFAEE o] &3 EvlEW TAYPXA}

A2 wEE01zl mpA e} A QTLEATS 913 283 (Phenotype)& ZAMSHZ] 9134 22970
o] 7} A BulE¥ WA (Xanthomonas axonopodis pv. glycine)S HEFTH. AEs
25, 3FFol ZZ B¥uke] &5 SAskqlar, o] Wrko] webA AR S skl

k0 FH 5744 TS ol&ste], g Slell 57 olske] WS ThAaL lojA AFAEE Hel

LG D2 (Chr 17)

29.6 30.8 32.1 34.1 39.3cM
I S Y A ) o o A
el
Satt 014 Satt 284 Satt 498 Satt 486 Satt 372
1 1 1 1 1 | + 1 1 1 ' 1! ' 1 1 1 | | 1 |5
Srrrrrrrrrrrrrrrrrrrrrrrir
Satt486 D_69 D_308 D_373 D_435D_476 D519 D_658 Satt372

2.5eM 0./¢M 03cM 03cM 04cM 0.7cM

Figure 11. rxp fine mapping< 93+ SSRul# 7i:

s 028 shar, 5~20 7fe) ks 7HAaL e

sl

52 eI (Fig. 12). BohE
o] &3] Mapmaker QTX ZT21:E o] &

ool A rxpel QTLO] b 27 vhebd =1 7 miAe) Afolel ] SNPE Sopd 7} g A
asiet.

Oty (5

A

=
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Figure 12. ®W¥k=of 9]
o}. QTL &4

B g/dul IS o] 83 W AnE g2 JeRJ T (Table 9). QTL

2N tggWHorg B
= o
A qS 1l
AtEY
TD_245|TD_243|TD_113 TD_178/TD_182

TD_242|TD_156

TD_121
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s 7H gk SNP whA(D2_17)¢ 37 A8k A= D2_173 D—308Ato] ol Al QTLe] 4
A F ] viA *}Oloﬂ 500171 ¢] F-x A7} ]ﬁﬂ om HAPAl A SAAe] ¥
HlE 7}7 kinase A9 SAAE 2707} YojA] TR SAA At sp=E 4 gl

17
Saft154
D-658 25 rARLOD0
D-519
D-476
e 3
D-435
D-373
1654
D-308
D2_17
D-69 1 1224
M178

Satt458

304
+ I/

2 15 17 18 22 24

ogwes
UM

o
"
AT
a5
w9
TERETE

Figure 13. QTL X437 (Y% : Map Maker QTX, 2 &% : QTL Cartographer)

2o AR Holx F W olare] A7 (polyploidy) & S ACE HILHIL I

ohoolg gt o) fr witel Al FY KA Fx2E vl FE(duplicated) Flo] Ao o= rxp
AR F =3 k] elth, 7 e QAL AL S FEl o]EH R E rxp A -
o+ G7IAEH wfg- FARSE BEo] F F A oA B 37Hy O S AoE o T
| i

SIS FAS GRS WAL rap HAASN ZA5F AL o B el 2§
Z H

AA AA ] Rsle] giste] B RE G4 @& F AS Aotk WA olF f& & A3
| ¥l rxp A 3 G7IAEY L B2 RFokddA ZEia e vl {HAAE
(Comparative Genomics)S ©|83ste] T&HE F&& AET F+ de EA0AE 7/Esisith

U, FEBE Eo|BXu}A (region—specific molecular marker) 7j2
Fytol wd 259l Medicago truncatula®} Lotus japonicus® F71LEL A AA A
EZ F3l oln dgiFo] ¥zl AEjoltt. o] T mdl A& AVIAE HERE 9
|5t Fo] AVIME v, B4t Yt FEe 971G S g 4 ot o] A4
A ofe] A& AEE (Bioinformatics) =7-5°] AREEM 1hefg RG-S EAERE YeRlAT
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Soybean BAC

around rxp region

l

[ BLASTN searches

using downloaded programs and databases

|

BAC clone sequences of Medicago or Lotus
with high similarity to the soybean BAC and, in addition, otherBAC
clone sequences closely mappedto the BAC clones

l

( BLASTN searches J

F 9

againstNCBl est_others database with query limitation “glycine”

l

The resulting soybean ESTs

were downloaded from the public est_others database

l

( The primer sets J

were used to amplify genomic DNA of parental soybeanlines

v

Marker development and mapping

Figure 14. AEAR3 Adud mAE

Hoodgzlo] &8k BLAST X2y mal AR o37)xd oo]gu|o]~E o] 835}
olm] B3 contigl (1029F06, 1024M16)2] A7IAMLAy} FAle s 3 2d A&
Medicagooll A ztoldl 4= 9JAt}h. Medicago contig 9623+ contigl (I029F06, 1024M16) 3 o
HIEo] F-A}sle] syntenyS YWEFHIL 2™ contig?2 (1020010, M077P21, 1089M01) ¢} = 18
skS- ok 4= qlt} (Fig. 15). Medicago contig 962+ &) 25 5702 BAC clone (CT573365,
AC147877, AC140849, CU062477, CT954236) 33l vt NCBI®] BLASTN Z 2198
o] 83}l Medicago contig 9629 7|4 L 7} f-AFeE 29 EST (Expressed Sequence Tag)Z
oAt =5 15709 EST(BU550513, C0979743, Al736758, BI974385, BG362780,
DT082967, BI973781, BE021935, CD409435, CF808793, CK769034, C0984272, BQ743128,
CD413457, D0979133)& #%om o]59 A7IANEE vtF o2 Zefo|n & A 4ek3ith (Table
10).
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G. Max29F06_24M16
L e R UGS ITER RN 1 R s B

B

=
OSSR P lmli_
M, tupcatula contig 962 ,/ -

P A SN S (Gt L TR 8 s T T T
G. Max20010BAC G. Max89M01 BAC

0 100,000 200,000 300,000 400,000 500,000 600,000

10e-1 10e-90 10e-180
E—-value

Figure 15. Medicago$} contig® 9714 < B

Table 10. EST S%-& Xg}oln

Expected

primer Primer sequence (5°—3") amplicon

size(bp)
BU550513 F: AACAAATTACATGCCCTTGGAG R: ATAAAGGGATCTCACGGAAA 277
C0979743 F: CACAACCACCATCAGACTCAAT R: TGTCAGTTGGTGTTCCATAAGC 524
AlI736758 F: ATTCTCCTGGGACTAGGCTTTC R: ATCAGGCGATGCACTTCTAAAT 404
B1974386 F: GTCTATTATCCGGTCCAGGTTT R: GGGATTAACAGCAGTGACACAA 481
BG362780 F: AGGTTCTTCTCAGCTCTTTCTT R: GGAATCCTTAGACACTCCAAT 463
DT082967 F: CAGGCATAGCGTATGAGATCAG R: AACTCTACACAGGGAGAAGGAAA 429
BI1973781 F: CTCTGGATTCTGCTACGTCAAC R: CACCCAAGACCATTAAAGGAAC 458
BE021935 F: ATATGCACCAGTTCATCAGCAC R: TAGTCTTTCACCAACACGTGGA 439
CD409435 F: ATATCAGCAGCACAGAGCCATA R: CGAGAACATGCAATAGAACTGG 518
CF808793 F: GAGGAGGAGATTGATCGAGAGA R: TCTTCTCAGCGATCTTGGAAAT 432
CK769034 F: GAGAGAGAAGAGCGGAAGAGAA R: TCTTCTCAGCGATCTTGGAAAT 423
C0984272 F: TGTGTTGGACCTTCACCTCATA R: CTTGCACTATTTGGATGCTCAC 528
BQ743128 F: GAGGAAGTCAACGAAGAGGTTG R: GCTTACATCCAACTCCACCAAT 351
CD413457 F: CTTGATTTCGTCCTTTGCTCTT R: AAACAGTCAAGCTACCGGATTT 533
C0979133 F: CTCCCTCTTTGCTGTTTCTAT R: GAACCTTCTGATTCTATTCGAG 489

C0979743
479bp
Pureunkong T=C T—=A T C T=
Jinpumkong 2 A=T === =G T A=
77 79 110 142 181 364 457

Figure 16. C0979743¢] @714 <d o]

A7 d BA Ax 2709 EST(C0979743, BE021935)7F FE2F 3 2 E3F 25 Aol A &=
97he] ddd7| Mol = Yellon Zhz A 4 (LG C1)¥ 6 (LG C2)o YAs+= A
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S #lskdt} (Fig. 16 & 17).

M. truncatula Ch.3 (MtB) SoybeanLG C1(GmB)

ch Marker
kbp SoybeanESTs 0 E_K_ SatthRs

snusnp96

0 1
I 14 —H— Satt396

17 =" ™ Sat_337

Al

21036
BUS50513 5?\ Satt139
58 ~ [ snuanp 71
62 —— Satt294
Satt195
21140 - CO97IT43 e o7 ?:ﬁ o ra743
AI736758 71 /LN sat 207
BI974386 757/] [\, Sat_311
82 Sat_235
101 snusnp21
SoybeanLG C2(GmB’)
ch Marker
0 Satt40
BG362780 11 Sattd22
DT082967 23 snusnp73
BI973781
BE021935
21415
CD409435 63 Satt363
CF808793 62 BE021935
CKT69034 73 snusnpa
86 ~_| [~ snusnp63
C0984272 92 1~ SnuSD6S
cosn TG
112—}— Sati316
CO979133 115~ [ Satt202
21534
35— Satt371

381??1

Figure 17. EST 7]¥F @ woln}# W7 (mapping) A}

~ snusnpba

o FEFE 97148 g4

AE F8 idd SERE Sol@AAE ol&dte] rp AR F-23 V1A LDo]
FrAReE Hate] BAC clones A3t EST C0979743% o] &3t =% 5712 BAC clone
(gmwl—28M13, gmwl1—28012, gmwl—38P12, gmwl—61MO05, and gmw1l—102F24)o] A=l o
o] T 7P A7]7F & gmwl—61M059] 97| ES GS FLX sequencerE ©|-&3Fo] 93t}
Al gmwl—61M059] €7 EdS o] &35te] F7H o= 3702] BAC clone (gmwl—54G20,
gmwl1—75B18, and gmw1—86A12)0] AEJom 1 F gmwl—54G202] A7|4 LS ¥t
contigd (gmwl—61MO05, gmwl—54G20)2 contigl¥} contig29] o]o] F7F4 o =2 ¥ %l rxp

APERolT), o] 59 9V ESE 2008 1€ W F FAA AR (www.phytozome.com) 2}

gl
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HEAA 2 AAAER °F 2~4Mbp Ax H= tiZe A7149 BEE &4 €= F AN
oh mpA e ] AA rxp FAREES o] Al THIS] A7IAEE o] &3 BLAST AMES F3 o
T AR e, Medicagodl A rxp +4AF FE2] orthologous regions BE3SF f-AFSE HIH o 52 b
= T UAYT 2 AFE Sl FUHHoE W map TARRES 7S WE R A A=
of AAHoZ stet AEHRT EFE o] &8st X5 i siico mappingS G353 o1,
1 2E rxp TR FAPREEO] FoAq v 7d|, 18l o]E59 orthologous

FEo] Medicagodl A ¥ wHlZ W3 At (Fig. 18).

Soybean M. truncatula Soybean
Chr 17 Chr & Chr 5

scaffold 171 GMA’ == scaffold_35
GmA * scaffold_256

it

MA ol AC174373
~ AC202503

Soybean M. truncatula Soybean
Chr 4 Chr 3 Chr b

scaffold_47
(COST7S9743) AC128782

GmB -
CT9854238 scaffold_157

MtB =g caffold_158
GmB 8 (gegoio3s)

Figure 18. &3} Medicagool A1 Rxp A A} FAEE
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a, b, ¢

and M.truncatula

bodp comparison of Gm—Mt paralogs and Gm—Mt orthologs indicates a polyploidy in the common

Table 11. rxp VH FAA %< Ks value

Combinations of pairs

Median Ks
(No. gene pair)

Ancient polyploidy
Mt—Mt paralog
MtA—MtB
Gm—Mt paralog
GmA—MtB
GmA'—MtB
GmB—MtA
GmB'—MtA
Gm—Gm paralog
GmA—-GmB
GmA—GmB'
GmA'—GmB
GmA'—GmB'
Taxon divegence
Gm—Mt ortholog
GmA—MtA
GmA'—MtA
GmB—MtB
GmB'—MtB
Recent polyploidy
Gm—Gm paralog
GmA—GmA'
GmB—GmB'

0.85%(2)

0.85 (2)

0.75°(65)
0.72 (14)
0.80 (15)
0.77 (15)
0.71 (21)
0.65°(251)
0.67 (58)
0.66 (66)
0.66 (62)
0.62 (65)

0.599(186)
0.63 (62)
0.54 (56)
0.59 (33)
0.58 (35)

0.17 (407)
0.16 (211)
0.17 (196)

ancestor of G.max and M.truncatula

GmA

GmaA
(LGAT)

GmB’
(LG C2)

GmB lﬂlﬂ-lll.'llll LLLERL L] lrlﬂl.llll'llll.- LLELN ] . A

(LGC1)

oy

1]

iMb

Figure 19. rxp

The median Ks value of paralogous genes show differential evolutionary rates between G.max

-mu—r--n-nm scaffold_171, scaffold_25
Tl

Recent duplication

(Ks=0.16)

scaffold_35
Ancient duplication

(Ks=0.62)

A FAR
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2 rxp AR FARE Y @

T3 Medicago 7+9] 11344 FARAE €3]7] Al Ksok Ka gt ALt (Table 11).
WA BT 67] FEo s|del= Al
FgeneSH (http://www.softberry.com)< ©o]-&3le] 1 7+ By o
Aol H& ALS Hol 83 39t w3 3 Medicago GAA 7+e] A s A wet
paralog®} orthologE F&sllor RE FHA 252 PAML packageE ©|83
2 Ks9 Ka 32 Fatgct. AxkE Ks valueE £33 23 Medicagod 341717} 0.59¢1 A
= Weudon, o Addem edd MAZE Aol F3 Medicagod] & #3F oA
(0.75)ell EAsTtE s dEhdaL Ak 71Eol Bag Adel o] Mt—Mt paralogt

A %

Gm—Gm paraloge] QASHA = AR UEhor],  Bo| 474G M £k Aol
ek Ae WA EE ke B0 FoAAT SYHo o AN} A
A7) R 0172 WHA O, ol J1Ee] Hud ATe Ae AXsh dajolnt.

FolAe 479 rxp FA-ES A7IAMES BLASTZ 4S8 S8 wuiAste ol&
GBrowse % SynBrose (http://www.synbrowse.org) X =135 =3 A|Z+3} (Visualization)3s}
Aok (Fig. 19). = A3 GmA9 GmA® EE GmBS GmB' Frolle= Aoz d$ =2
syntenyS YEFHA S, GmA® ¥ GmB® olls= AjFog= oko] F #rcl W3 synteny
£ Helou oHds] B T FdAEe] F FE el EEHY e s AT F U
ot 3% Medicago 7Fe] A7IA Y A A E B2 79 FAAE] 3] HEH e A
S Felstg o, Medicagod FAAl= Ajrom FZrch olufA|E (diplodization) 7} A3 3]
ol XaE AS AT = AAT (Fig. 20).

AR AN

ma 12 1[IV ][V [[w]
(Chrg) | ' : :

GmA : :

[} BLIE

MtB I s m i
(chr3) [o][][__m__]

ma a1V [V ][]
(Chrg) f I

GMB" st -

MtB i ]

(Chr3) [ib]l W | m | ; :H
Mb

Figure 20. 33 Medicago 7+ 971449 &4
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oh rxp FRAA A F-E9 T BAE
F3 Medicago9}e] HAF-HA S T F T 3% o] 7 AU
TZE Ao, ® A3E Ea wsu A A ES

Aol Tz WHE dZae] Toe] wARR JEW (Fig 21).

Q0 o

common ancestor = | H I H Il |
lsha.ted polyploidy event

duplicated L H H
common ancestor T H 11 HIT |

Aﬂedi cago-Glycine divergence

ma {1 H U HoHv Hv Hwi - GmA 11 H I HwHwvHv HwiF
M T HITHIHVHvVHW}F cmB{ I HIHITHVHvYHwWE

v \

Gma LT HXCHI] G2
GmB '_I'_*-F_H X H VI -
| |

| |

| |

| |

| |

| |

| |
n

| |
: ® Recent duplication
| |

Figure 21. rxp §734AF A+ F19] M3} BA%

Ao RAEE T F9| diploidization 4 ©] Medicagool W& =z wr} @& Fx4
H3ls #Ae AL & F Jduh. 53 Block I3 Ve OE gG8A REoR olFdte

=
translocatione AL Aoz oA3tar

vt rxp FAHRES ¥H I BE
2 Ao R vkel Zol rxp Q1 FAAE I FAHoA B2 F24 HIE AN

o} SHA|RE o] o= o4H3d] ¥ syntenyE UWERH I glom W FHAAEC] HEH

ATk 2Bt e EvlE AIAAES E3ste] o] U FRddA HdEE f

= ste=Ael el At 1 A3 ErtEd AR =8 BE 7Y FAHY

= |
5ol e A AT = UMY (Fig. 22).
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Soybean Chr 17

(Gm A)
A4 Sclerolinig ¢
stemrot ¥ Satt458
SCN Seed weight i SattD14 ;
' Sattdas - 3094004-5130000
Satt372 scaffold25
¥ 6540001-7960000
BARC-030879-068959 e
Qil concentration Seed size ¢¢
Seed yield Satth0E
¥ Seed weight Satt154 = T
Scierotinia RC-023665-06288 scaffold17T1R
stemrot  BARC-031145-07005 ~200001-740000

Sattd47

Soybean Chr 4

scaffold 35

Soybean Chr 5
(Gm A’)

BARC-013833-01252
Sat_137

Satt684
A487_1 ¢ SCN

BARC-014287-01306

Satt3a2 i-ﬂeed yield

Qil content
’éiﬁiﬁﬁ. ﬁifmre.‘r. concentration
Satt155 I SCN ™ Seed weight

Soybean Chr 6

(Gm B) (Gm B’)
Protein c:::-memI Seed weight ¢ L182_1 LOED 1

ot it Sat_213 SCN

Seed yield ¢ Satt294 scaf!glrd"’l 57 fﬁ?—;‘ ﬁf Seed weight
scaffold47 -+ SattiE3 ﬁ; FO';' content
1-4600080 ., \ IrG'LEIf.-I l.’l.'GmEru

il P o e, -bEEIf}J_}"lE-C.’
. iconient ¢¢ ADB3_1 scaffolt158R
Protein concentration

Sattv13

St 7T Seedsize
Seed yield
Satt3gs Seed weight

Sat_235
Qil concentration
Soybean Chr 10
(Block V)
-
Satt243
Scleratinia
stem rot
Zat_109 +
BARC-017338-02285
scaffold 52R
533000-554000
BARC-042325-08242

Figure 22. rxp T AR A=l HE=
Hol = FHFA



3. Lipoxygenase @7]|A g &4

7} 718 47E9E

Fo B wmdo] BRala AW Fe] vhE FBe| Hlste] kol PO

7| =

Al (lipoxygenase)eb= @47 gludlitd 2lsdlit 59 B33 AAkS AbsA 7] 22 o A
WAyt o2 7hA o] §9 & (isozyme) b EA8He] AT (gene family)& o] FiL 3l
t}.

FAAT S o] F= FAAS] 27t solve 7|22 A AV R Uro] & 4l A
A== AEA] A4 A7 wi7td g2 Qlste] W FHAe] A7t soivhe A
w7} (polyploidy)”7F 13, F+ WAlZ= 1A+ 3Fv7F £A7F 501} tandem duplication©]
o gl e Fa8% FoEE A GAAGe A A7 BsHA RébFe
transposable elements®] ZF-&o= Q1% Zo] vt F F W AMA w7l AHdE A
polyploid cropo = KL EAS™ (Blanc and Wolfe, 2004; Schlueter et al. 2004), o= ¢l
shuhe]l  FHA mAR gAY e gAA] Fio] g atHl ol Hew dHA 3l
(Shoemaker et al. 1996).

e

AAZA Fo] 2 ZAAGeIA S FdAE dEd] B A7F Hasa 7hzte] 54 o
st AT7F FaEoI gl ey ZHzhe] glE A A VoAl fAAREe] A A Gl oW 9|4
At ou et 154 HAGS St oY VR F7hE o] multigene familyE ol FA HAE
A AA7A W3s A WA A okt ol ¥ flEte], FAA FasHA Tl H
= Aow g Fo gEAAGeIA 1, 2, 39 JMANe XS Felatal W Ho g o
H A JeA Lotre AL AP T8 HHoR st Ao Fo I AIA YA F
T AEYUE e e wdgbae] A Fis grol I wtgbare] vlal FHA S
gsle] Tk woiztae] 3t 2 HeH AAHS YU EE g

A
(1) BAC clones o]&3F 2]Z A AlLfolAl 1} 2
T A2 A7I7F Aa wbEAde] @ol o] RS E R genomic DNAS A4 A+
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of Ab&st= Al olE AFaLE o]&ste] AIT dolm e} whE Bacterial artifical
chromosome (BAC) libraryE AF&-3I3lth o] % w5 YA A & vlo]Qofux] 7ite] o
gor Fo AVINES EAshe s A9skla 1 3 WA AR Ad 149 Public

t} (Fig. 23. www.phytozome.com). ©] o] H|o] o] =

databaseol] L %<t AHE ¥ 753
F7IME SGAEE Eot contigE WHEIL °]5E gap sizeS FASI AZT scaffolde&
AN = JQEF Fo] gt} o]E o]g3le], 2007d A|FAYEE Y BACY A71HLES x3
st JAY HS2d IS 7HA AL E scaffoldE b2 Wrol F-Ajo] ALE-3FATE 2007
of BACS Addrate] AAY & djol= Agte] 8 A8 25 F Ue AVIAAEY Hol=
3t 150kb o1}, Scaffold®] Zol= AAl o} 159 HIg whar] shglan WajAA] o2
Q7GR QA% AT AAS B FEol slo] afistodFArt
Giycine max P, | & o] £ o ]
Figure 23. Phytozome

(2) wlv}7barete] vl a7 A g

FAA FEAAGOIAIE 7HA AL e FaE R oolof AHYE AL e Wy gta B
o] z15t4 el BAE T Yote] Ks 2 Ka S T8ttt gwas agsts Rl o
& (exon) §17]ell W3} (mutation)o] ARSI E Eatal FA = dildo] WshA] ok
w] o]2 3t W3l+= synonymous mutation®|2Fil gt} Synonymous mutation< Tz o] W3}
E FtelA] 7] wiitol] AWEAY] ZIF AolE UEhA FoB g AlZto] XEEE T
o] AlF Aol F2o] HA vt webA o] gho] duhy Hol FAEHJETHE AAtste B
S o] &3sle] F3 wtgtare] £A3F= ortholog, paralog®t Z2 homolog 59 #3} Al7]|=
FAe 4 9 A Hr}. o] Synonymous substitution rate: Ks value#lal 3hc},

(3) Ks values &3 34 Abde] A7) 74 W

Ks valueE 3t7] #stel 33 wuztae] g FZAAvotAd] FE&=5 Dot—Plot
(http://pipmaker.bx.psu.edu/cgi—bin/pipmaker?basic) 41L& dta, & ¢ A3 F42 AA
(structure) & H|ust7]  9Jste] BLASTZ#AS 3 ¢ o5 GBrowse % SynBrose
(http://www.synbrowse.org) X213 o]83s}le] A|Z}t3} (Visualization) st g Al
kol A FHA HES =8t T2 WS FgeneSH (http:/www.softberry.com) & A}M8-3}

it

(4) FAAGoA FARE] JstHQl F<A3A 4 (Phylogenetic analysis)
FoA el Wy zlarel A Ak 679 2l F A AIYolA] Fitel EAsts Bl F A AIYelAl

AAE 9 Fd BAS EA4817] 98] phylogenetic analysisES 533+ tF. Gene family
FAAREL AT AR W9 o v ® Maximum Likelyhood HHH O 2 1000RHE v
== shglty. 222 PAUPS ARSI
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o d7an % 1%

g IEA A G A G} T FAAA FesA Bdo] W= Lxl, Lx2, Lx3e T Ak
LG E9} LG Foll = Aoz FAE Y, Adkd BACY 971449 GS FLXE o] &3fo] gt

o o]5& NCBI GenBankoll 5=%o] accessione W& Abefo] 9t}l. (gmwl—45b2
(EU028318), gmw1—91g6 (EU028319), gmwl—6b18 (EU028314), gmwl—9c4 (EU028315),
gmwl—22a20 (EU028316), and gmw1—22f19 (EU028317)). 9714 <4< 27| A&+ Additional
file2ol EFRATE. O] - O]ﬂoﬂ F7HA R FolA LG A2 LG ME] 7 o] |74 d 9
A S 7HA AL e A e Kt

Ch? LGE LGF
CEW . gmwl-Gcd
Yield Sraffold2a
=70l
contig "= -- __ CEW
148 Vigld - o gmw1-21g6
I Scaffold134
M.truncatula G.max
Ch8 LG A2 LG M

_ . ---ullm Scaffold?15
===~ Sucrose

contig ~c;pzz e Scaffoldlds
214 SCM

Figure 24. Comparative map of six Lx regions from soybean and Medicago.

gk wt)7batel = T g FAAVOLAl FAAET A7IAE A S A A e F
wo] F 3t Aol HEd Chr2We 39 LG E€F LG F8F fAM=7E $9kal, Chr8e F9
LG A29 LG M3} fAFE7F =9kt = Wt ztare] gk HFof sjdsts 39 a2 230 &
Ash= Aoz e Co—orthologous regions®l Ao =2 H It}

aa g o™l el 7S] WEx AP (QTL)O wd =AHE Fdsids o,
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2 Uit FAEdES ﬁ«] Ul F&o] e 3 FFoldon AVIAE H7F ARdoe=

| R ALY FAIEE Pip Maker® Dot Plot
9 o (Fig. 25). MtAS} MtB= A2 g Z A Al YolA] F&
A9 915 AE=E Diploidization®] ®o] o] Folz Ao

analysisg ©]&3ste] 12 E 1
S Al9shd AlHYE e
A = AT}

=
i
1z
tE

_54_



MtB =
300kb | 7,

GmB’
320kb £
Scaffold_ 215 ’

GmB
425kb ) .
Scaffold_ 146 o

Gma’ N e
400kb A
Scaffold 134 o

400kb 2
Scaffold S8 ayy

Mt
423593 bp

Figure 25. Dot plot alignments of six Lx regions between soybean and Medicago.

o

Dot Plot analysisoll A lZA|AlYolA] FHA7F = B34S BLASTZ X 213S 0]8-3
of frdzte] A A7 ES Hlaste Bkttt (Fig. 26). %Xd Aol W) Zole Ak
W} Zolz GehIRen], dEA ALl FAE AeA wag @ SAER oE f4
Aok Fiol HE= FAAT 6700 FRolH Al 3HAAE B

Aom GEgAR SREon g4 aEAtela 047 wRA 0w teht F 34717
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S A ) 21T

] FEEC] AA 37 HA=A AVIE FAE7] 9 WO R PAML packageE ©]&
sted Ks values T3l Eokth 6719 Fi-8 A% HwEglal o= ¢C.=6 X 5/2= 152 F 4t}
A Rel s Atk o] W, Ks valueE Hlwste] BFS wf Mt—Mt paralog, Gm—Gm
paralogE Wl g 2 7]|ES HuSolA dAeHA] &v ASE Uson 2 A=
Mt—Mtat2 0.759 3L Mt—Gm9] 2 0.46°0 2 F Fte] %}o]7} Zit} (Table 12 and Additional
file 1). ol&gt kel Atole] Hlo=m 7|E AFEAdA = Wuyrztart T3 &3k o] Fo
allopolyploidyell ¢l & dMAE 7HAA HAJAS 7hedd F T2 A7IMLe ¥st H7t
gE 7hsAdS AN o Aol A= Mt—Gm paralog?] #S T3l Mt—Mt#ka
Gm—-Gm#ts PHuTo 2N F T3 A7|Ade w3 £27 vdE2vgs s SHsY
(Table 13).

o
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—+ — 4 e
GmB
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GmB’
939 & O EE & (3dkb)
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S5 3003 &8 G aF & <0 & i

Figure 26. Diagrammatic representation of gene conservation between the six Lx regions
by BLASTZ.
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ol Abpie]l Al7]E HluwE uwolis Wr=A] e categoryShollA HuE sfoput A &3 wluv)
F k. wEd FEIE k= ##0 Gm—Mt ortholog (Median
Ks=0.46) #k3} @A w7} A S YE= 36Q1 Gm—Mt paralog (Median Ks=0.62) k& H
WSt AAA wj7F Abde] A dojwtiE Blo] gAEith FEsl o] FoE FolAe o H
of GAA Wit Abde] o AL, WY Ftael A= FAA w7 Al o R FEE Fito] &
A skt S FY F RS v zbae] g FEe sdele 2011 7E2E olFi de A
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Table 12. Median Ks wvalues for combinations of pairs between six Lx regions from

Medicago and soybean

Combinations of pairs Median Ks

Ancient  polyploidy
Mt-Mt  paralog

MtA-MtB 0.75
Gm-Mt  paralog

MtA-GmB 0.58

MtA-GmB' 0.60

MtB-GmA 0.64

MtB-GmA' 0.67
Gm-Gm  paralog

GmA-GmB 0.46

GmA-GmB' 0.45

GmA'-GmB 0.48

GmA'-GmB' 0.46

Taxon divergence
Gm-Mt  ortholog

MtA-GmA 0.40
MtA-GmA' 0.41
MtB-GmB 0.49
MtB-GmB' 0.50

Recent  polyploidy
Gm-Gm  paralog
GmA-GmA' 0.1

GmB-GmB' 0.10
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Table 13. Ks estimations of ancient polyploidy and taxon divergence

Materials Mt-Mt Gm-Mt Gm-Gm Gm-Mt References

paralogs® paralogs® paralogs®  orthologs®
ESTs 0.65-0.70 - 0.45-0.50 0.40-0.50 Blanc and Wolfe, 2004
ESTs 0.71 - 0.54 - Schlueter et al.,2004
39 Gene families - - 0.57+0.05 0.57+0.02 Pfeil et al.,2005
Lipoxygenases 0.75 0.62° 0.46 0.45¢ This study

? The median Ks value between paralogs represents polyploidy events.

> The median Ks value between orthologs denotes taxon divergence between soybean and
Medicago.

¢ 9 The median Ks values between Gm—Mt paralogs and Gm—Mt orthologs are compared

to rule out skewing estimates caused by differential substitution rates.

J F-ao] Ks value$t Bl &0 & AFolA &% 34719 2 FZA| AlvtolAl #21¢]
ﬁl%— BA 3T (Fig. 27). 347) g ZA AU A S $FAES 2 o 27 F FF2 1
ol My PeAe i Az FAs. 27t A geae] 4
I %L FAAES GmAEﬁ‘r MtBoﬂ AE %zjx}%aﬂr o SAFS Ao

[o
;dm
()
=)

o}
92

J, AR =, 67H91 homologous regionsel l{— FHAE9 %%171] A
o] M} o] Fol g HH FAA| wirt ko] YD e A A sk AAE eI
B3k TS o]l FEFRA AdEdA oln| Aok FI o] =
2A) FRAATE EAEE Ao HRth wEkA g EAA
ANA FEZAAGOA FAAE 27) AL, FEERGAA AAA wir Ao R OJ?SM A
genome?} B genome o = UiFolxlom, 11 o]Fo FRS7F Aoyl Fsl o] FoA ¢
A wjzE Aol g H o Yoy GmA, GmA', GmB, GmB'c] AAW Zo= wrs st
(Fig. 28).

Z1¥]3L tandem duplication®] @A F3 Wt7Fare] Lx regionsel o2l 7He] Lx 7} &4
sHA W S % T AT (Fig. 28). 531 MtBoll&= A WRAAE FA1E Ly A7
110 5o F 1309 Lx AR EA6t b8 FAAE52 AlgA b2 daA 3779
A7IME FAMS e Aoz et NCBIGA F9 gZAA VoA A2 559 13
AN oAl 97171 oliel AFE FEo EAstE AR YEelsten o= 979 {FHATT F
HE o]Fo: B = AL YEAT (Additional file 1).
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Figure 27. Phylogenetic analysis of 34 Lx proteins.
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Figure 28. Expansion of the lipoxygenase gene family in soybean and Medicago

homologous regions in relation to the evolutionary events in the six regions
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Additional file 1. Lists of GenBank GenelDs corresponding to soybean Zx genes with

their phylogenetic relationships.

83

100 = [

1B LOX6
1B LOXT
MtB LOX4
MtB LOX5
MIBLOX2 .7

NtB LOX3 -~
99 GmB’ LOX1 " -~ .
° GmBLOX1. " .

w
(=]

r

-

&2

GMB LOX3 -
GmB LOX2 -
GmA LOX3" ’ -
GmA' LOX2"
GmA LOX2 )
8 GmMA’ LOX1 .-~~~
MtB LOX1
MEA LOX1
GmMA LOX1 -~

o0 MBLOX12
MBLOX13

100 ' - e
53 GmB’ LOX2 .

rrd
i

100

-
.

GmB’ LOX3 -~
100 — GmB LOX4

—GmE’ LOX4
GmMB LOXE .-~

oo [ GmA’ Loxs-~ .-
' GMmA’' LOX4 --~°

—— MtA LOX2

——— MtE LOX11

ME LOX9
MtB LOX10
MtB LOX3

9 LOE10
lipoxwgenase—10 [G.max]
GenelD: 100127400

3 wlxB

lipoxwgenase L-5 [G.max]
Genell: 1001071853

6 LOCEATE36
lipoxvaenase [G.max]
Genell: 547536

4 LORT

lipoxwaenase [G,max]
Genell: B4TEE0

11 LOCEA 7369
lipoxyaenase—3 [G.max]
Genell: 547569

T LOCE4TE3S
lipoxvaenase [G.max]
GenelD: 547535

BwlxC

lipoxwaenase [G.max]
GenelD; 547356
20 LOCE 723
lipoxvaenase [G.max]
Genell: 547923

120 L2
lipoxwaenase—2 [G.max]
Other &liases: lacking
Genell: B4TTT4

BE—GmB LOX5

100

GmB’ LOX5

—— GmB LOX7

10

———— ALLOX1
' OsLOX2

Scaffold_107----1

10 LOx

lipoxygenase [G.max]
GenelD: 547694

3 LOCEATE61

lipoxygenase [G.max]
GenelD: 547861

10 LOxS

lipoxygenase-9 [G.max]
GenelD: 100127393

13 NEWEMTRY

Record to support subrission
of GeneRIFs for a gene not in
Entrez Gene [G.max]
Genell: 3760024
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Additional file 2. Assembly statistics of six BAC clones from GS—FLX.

BAC Number Contigs Total Average contig Largest
ofreads® Ientghb(bp) length(bp) contig(bp)

gmw1-45b2 9,654 25 142,680 5,707 35,726
gmw1-91g6 5,749 15 116,356 7,757 19,573
gmw1-6b18 6,228 18 159,654 8,869 27,116
gmw1-9c4 5,192 20 130,993 6,549 15,468
gmw1-22a20 6,554 1 36,048 36,048 36,048
gmw1-22f19 7,771 1 35,942 35,942 35,942

? Number of reads assembled

> Total length in assembly
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Additional file 3. Pairwise comparisons of Ks values between homologous genes.

SEQ1 SEQ2 Ka Ks Ka/Ks PROT_ % CDNA %
Mt-Mt paralog
1.MtA-MtB
MtA_1 MtB_1 0.0949 0.6456 0.1471 83.14 83.42
MtA_2 MtB_2 0.0917 0.7759 0.1181 83.69 83.19
MtA_5 MtB_8 0.2207 0.7556 0.2921 68.52 751
MtA_5 MtB_11 0.0215 0.7506 0.0286 94.19 86.44
Median 0.7531
Gm-Mt paralog
2.MtA-GmB
MtA_1 GmB_1 0.0793 0.5821 0.1363 85.12 85.04
MtA_2 GmB_2 0.0960 0.6501 0.1476 83.69 84.04
MtA_5 GmB_4 0.0212 0.4733 0.0448 94.19 88.86
Median 0.5821
3. MtA-GmB'
MtA_1 GmB'_1 0.0809 0.5967 0.1356 84.87 84.79
MtA_2 GmB'_2 0.0899 0.6217 0.1447 84.32 84.6
MtA_5 GmB'_4 0.0213 0.4576 0.0465 94.19 89.1
Median 0.5967
4. MtB-GmA
GmA_1 MtB_1 0.0913 0.6267 0.1457 83.87 83.78
GmA_2 MtB_2 0.0832 0.5737 0.1450 85.53 85.53
GmA_4 MtB_8 0.2204 0.6929 0.3181 68.83 75.62
GmA_4 MtB_11 0.0168 0.6446 0.0260 95.88 88.22
Median 0.6357
5. MtB-GmA'
MtB_1 GmA'_1 0.0908 0.6545 0.1387 84.03 83.57
MtB_2 GmA'_2 0.0803 0.5830 0.1378 84.38 85.16
MtB_8 GmA'_4 0.2199 0.7526 0.29227 68.83 75.1
MtB_11 GmA'_4 0.0170 0.6903 0.0246 95.88 87.73
Median 0.6724
Median Ks value of all Gm-Mt paralog 0.6242
Gm-Gm paralog
6. GmA-GmB
GmA_1 GmB_1 0.0719 0.5132 0.1401 85.39 85.69
GmA_2 GmB_2 0.0858 0.4606 0.1862 84.89 86.6
GmA_4 GmB_4 0.0097 0.4603 0.0211 97.34 90.4
Median 0.4606
7.  GmA-GmB'
GmA_1 GmB'_1 0.0738 0.5009 0.1473 85.92 86.2
GmA_2 GmB'_2 0.0844 0.4471 0.1888 84.68 86.88
GmA_4 GmB'_4 0.0097 0.4455 0.0219 97.34 90.64
Median 0.4471
8. GmA'-GmB
GmA'_1 GmB_1 0.0654 0.5358 0.1220 86.69 85.78
GmA'_2 GmB_2 0.0833 0.4673 0.1783 84.15 86.32
GmA'_4 GmB_4 0.0098 0.4827 0.0202 97.34 90.07
Median 0.4827
9. GmA'-GmB'
GmA'_1 GmB'_1 0.0671 0.5263 0.1275 87.32 86.33
GmA'_2 GmB'_2 0.0802 0.4573 0.1753 84.38 86.64
GmA'_4 GmB'_4 0.0098 0.4559 0.0215 97.34 90.8
Median 0.4573
Median Ks value of all Gm-Gm paralog 0.4640
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Additional file 3. Continued

SEQ1 SEQ2 Ka Ks Ka/Ks PROT_% CDNA_%
Gm-Mt ortholog
10. MtA-GmA
MtA_1 GmA_1 0.0560 0.3899 0.1437 88.63 88.98
MtA 2 GmA_2 0.0614 0.4091 0.1501 84.74 86.08
MtA_4 GmA_3 0.1183 0.4056 0.2916 78.35 85.57
MtA 5 GmA_4 0.0212 0.4035 0.0524 94.19 90.15
Median 0.4046
11. MtA-GmA'
MtA_1 GmA'_1 0.0547 0.3996 0.1368 89.36 88.87
MtA_2 GmA' 2 0.0642 0.4347 0.1476 87.21 87.91
MtA 5 GmA' 4 0.0212 0.4126 0.0515 94.19 89.59
Median 0.4126
12. MtB-GmB
MtB_1 GmB_1 0.0802 0.4758 0.1685 85.77 86.15
MtB_2 GmB_2 0.0760 0.4540 0.1674 86.62 87.47
MtB_8 GmB_4 0.2154 0.5470 0.3938 68.83 77.26
MtB_11 GmB_4 0.0184 0.5087 0.0361 95.4 89.75
Median 0.4923
13.  MtB-GmB'
MtB_1 GmB'_1 0.0813 0.4680 0.1738 85.53 86.15
MtB_2 GmB' 2 0.0735 0.4454 0.1650 87.05 87.47
MtB_8 GmB'_4 0.2230 0.5963 0.3740 68.52 76.44
MtB_11 GmB' 4 0.0157 0.5314 0.0296 95.88 89.67
Median 0.4997
Median Ks value of all Gm-Mt ortholog 0.4454
Gm-Gm paralog
14. GmA-GmA'
GmA_1 GmA'_1 0.0159 0.1055 0.1507 96.62 96.54
GmA_2 GmA'_2 0.0250 0.0766 0.3269 94.87 96.43
GmA 4 GmA' 4 0.0001 0.1300 0.0010 100 96.85
Median 0.1055
15. GmB-GmB'
GmB_1 GmB'_1 0.0127 0.1000 0.1270 97.3 96.84
GmB_2 GmB'_2 0.0170 0.0874 0.1948 96.2 96.77
GmB_4 GmB'_4 0.0029 0.1263 0.0228 99.52 96.77
Median 0.1000
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Additional file 4. Descriptions of predicted genes based on UniRef results.

MtA GmA GmA' Descriptions
MtA_1 GmA_1 GmA'_1 Putative phospholipid-transporting ATPase4
MtA_2 GmA_2 GmA' 2 Putative uncharacterized protein -Vitisvinifera
MtA_3 Putative polyprotein - Oryzasativa
MtA_4 GmA_3 -
GmA'_3 -
MtA_5 GmA_4 GmA' 4 Eukaryotic initiation factor 4A-11
- Nicotianatabacum
MtA_6 MYB transcription factor MYB107 - G.max
MtA_7 -
MtA_8 Putative uncharacterized protein - O.sativa
GmA_5 -
MtA_9 (MtA_Lx1) Seed lipoxygenase-3 - Glycinemax
MtA_10 (MtA_Lx2) Lipoxygenase - G.max
GmA_6 (GmA_Lx1) Seed lipoxygenase-3 - G.max
GmA_7 (GmA_Lx2) Lipoxygenase - G.max
GmA_8 (GmA_Lx3) Lipoxygenase-5 - G.max
GmA'_5(GmA'_Lx1) Lipoxygenase - G.max
GmA'_6 Lipoxygenase -G.max

GmA' 7 (GmA'_Lx2) Lipoxygenase-4 - G.max
GmA'_8 (GmA'_Lx3) Seed lipoxygenase-1 - G.max
GmA' 9 (GmA'_Lx4) Seed lipoxygenase-2 - G.max

MtA_11 GmA_9 GmA'_10 -
MtA_12 -
GmA_10 -
MtA_13 GmA_11 GmA'_11 -
MtA_14 GmA_12 GmA'_12 -
MtA_15 GmA_13 GmA'_13 Threonine synthase, chloroplast precursor
GmA'_14 -
GmA'_15 PHD3 - G.max
GmA_14 -
GmA_15 -
GmA_16 F3N23.2 protein - A.thaliana
MtA_16 GmA_17 GmA'_16 PHD3 - M.truncatula
MtA_17 GmA_18 -
GmA'_17 -
MtA_18 GmA_19 GmA'_18 -
GmA'_19 Endochitinase PR4 precursor
-Phaseolusvulgaris
MtA_19 GmA'_20 Class IV chitinase precursor - M.truncatula
MtA_20 Class IV chitinase precursor - M.truncatula
MtA_21 -
MtA_22 -
MtA_23 -
MtA_24 -
MtA_25 -
MtA_26 -
GmA_20 -
MtA_27 GmA_21 GmA'_21 Expressed protein - A.thaliana
MtA_ 28 -
GmA_22 GmA'_22 -
MtA_29 GmA_23 GmA'_23 NIN-like protein 2 - Lotusjaponicus
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Additional file 4. Continued

MtB GmB GmB' Descriptions
MtB_1 GmB_1 GmB'_1 Putative phospholipid-transporting ATPase4
MtB_2 GmB_2 GmB' 2 Putative uncharacterized protein -V.vinifera
MtB_3 -
MtB_4 -
MtB_5 -
MtB_6 -
MtB_7 -
GmB_3 GmB'_3 -
MtB_8 GmB_4 GmB' 4 Eukaryotic initiation factor 4A-9 -N.tabacum
MtB_9 -
MtB_10 RNA-directed DNA polymerase , putative
MtB_11 -
GmB_5 GmB'_5 Glycylpeptide N-tetradecanoyltransferase 1
GmB_6 GmB'_6 MYB transcription factor MYB91 - G.max
GmB_7 Lipoxygenase-10 - G.max
MtB_12 MYB transcription factor MYB91 - G.max

MtB_13 (MtB_Lx1)
MtB_14 (MtB_Lx2)
MtB_15
MtB_16 (MtB_Lx3)
MtB_17
MtB_18
MtB_19 (MtB_Lx4)
MtB_20 (MtB_Lx5)
MtB_21
MtB_22
MtB_23 (MtB_Lx6)
MtB_24 (MtB_Lx7)
MtB_25 (MtB_Lx8)
MtB_26
MtB_27 (MtB_Lx9)
MtB_28
MtB_29
MtB_30 (MtB_Lx10)
MtB_31 (MtB_Lx11)
MtB_32
MtB_33 (MtB_Lx12)
MtB_34 (MtB_Lx13)

GmB_8 (GmB_Lx1)
GmB_9 (GmB_Lx2)
GmB_10 (GmB_Lx3)
GmB_11

GmB_12 (GmB_Lx4)
GmB_13 (GmB_Lx5)
GmB_14 (GmB_Lx6)
GmB_15 (GmB_Lx7)

GmB'_7 (GmB'_Lx1)
GmB'_8

GmB'_9 (GmB'_Lx2)
GmB'_10 (GmB'_Lx3)
GmB'_11

GmB'_12 (GmB'_Lx4)
GmB' 13 (GmB' Lx5)

Lipoxygenase - Viciafaba
Lipoxygenase - Lensculinaris
Lipoxygenase - Pisumsativum

Lipoxygenase - P.sativum
Lipoxygenase - Caraganajubata
Lipoxygenase-10 - G.max
Lipoxygenase - L.culinaris
Lipoxygenase - L.culinaris
Lipoxygenase - P.sativum
Lipoxygenase loxN2 - P.sativum

Lipoxygenase loxN2 - P.sativum
Lipoxygenase - P.sativum
Lipoxygenase - P.sativum
Lipoxygenase - P.sativum
Lipoxygenase-10 - G.max
Lipoxygenase-10 - G.max
Lipoxygenase-10 - G.max
Seed lipoxygenase - G.max
Seed lipoxygenase-2 - G.max
Seed lipoxygenase - G.max
Seed lipoxygenase-2 - G. max
Lipoxygenase - C.jubata

Seed lipoxygenase - G.max
Lipoxygenase - P.sativum
Seed lipoxygenase - G.max
Lipoxygenase - P.sativum
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A 2 ARZA: F & FAA d= (859 3F5Y)
1. B—carotene hydroxylase®} U A2 &4 AF

7}, Be8)E w23} xanthophyll cycle enzymed TEA FA}

B—carotene hydroxylase (BCH)¥ pB—carotenes [B—cryptoxanthin®® ¥ A%
zeaxanthin®. 2 sl dadS 3hrd. o2 3k carotenoidst= A2 #E3)o]
photooxidation®l] &l WolalF= o=z A A 2 AFES A A& T3 Be=

o] Wr3to] we} BCHO f+3at o] S7kghs gelstiltt.

BCHell 2o]&] s % zeaxanthin xanthophyll cycle® 4] zeaxanthin epoxidase (ZEP)ol 2]
3l violaxanthin®© = A3t} o]8 A A% violaxanthin< violaxanthin de—epoxidase (VDE)
o] 9J& ThA] zeaxanthino & H}¥ Al ) HElS @dudsol o] a459 23 patterne FA}
371 Y&l 2 dop.d., 7 d.p.i., 27 d.p.i. (days postinoculation) A]7]9] nodules< ©|-&3] RT—PCR¥}
real—time PCRE a3}tk 1 A3 Fig. 1A9} o] ¥e]So] wasle| upehr BCHS Hdl
S7He = WHE, ZEPE Q8lE fHAsith olE Fsl, WS st BCHel a3 A4
zeaxanthin®] violaxanthin® 2 H3 ¥ 7] HU= I FX WA S ddapddo] s
n 3z Aok Ae A F Ak T o8 2AEE real-time PCRE Fdq3 A7, th& F
oAM= o= Fxe] ZEPEAS & F YA B For= A9 o] HA gas oA
gl = At (Fig. 1B).

A
GmBCH GmzEP GmVDE
1220 14 25 Root 2D 70 27D
08 i3
T Eos E -
200 £ 02 g o
oo 0 o
Root DN 7DN 270N
ot . mN o ot o o ron
B GmZEP GmVDE
_ _ 15 Leaf Stem Flower Root Nodule
< 15 P
E 1 [
£ o5 $ 05
a —————&
0 T
Leaf Stem Flower Root®
Leaf Stem Flower Root Nodule
1 HH S = @) =] -
Figure 1. ¥g]& wda} Z2Zo] w}E xanthophyll cycle enzymeS encoded}=

FAAEe] dd k. (A) ¥e]= 259l xanthophyll cycle enzyme %1%}
o] w3 €, (B) A9 oz 7] A9 xanthophyll cycle enzyme & 4

= g el o) PAYEE ROSI| BE Wold Hue 2 &) ujio
ol QoA A EdTh wed ReE dde] wme wde] 37
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it
K7)

(GmBCHI) ©]g]o] oA =& W&S Holi= BCH isoforme A7} o wo] selst
BCH isoform (GmBCH2)& &1& 4= AUt} Real—time PCRE TdS &lgh Ax}, #
flowerol A & W&S Hole= GmBCHIFAASHE @] GmBCHZFAA = 4

Uz 7oA AAAeR e IdS Holw, 53] oA wdo] 7 Wol St
(Fig. 2B and C). ©|& &3l o] F+ BCHFAA7} A& oA 747t 22 5ol4] 7|e&
o= ot & <tk RACE 7I1WS Bl GmBCHZH7A#k2] full-length cDNA
GmBCHIZ} vlulsk A3} 67%2] homologyES H.o|™, N-—terminusi-io =}o|7} Ex)sl+=
o = AJYt (Fig. 2A). In situ hybridizations F8, GmBCHIFAA7E Bao = v ¥ %]
govt, Hels dde w wdo] FrHEE vl Fl & 5 AlY (Fig. 2D). GmBCHZ=
29| pericycle -8t oy}, B SM T TdS #F & 5 JUTh ol GmBCH2F AR}
o] Wo] AEo] thE 7|FelA Y =7] Lol Sl Wdo] duidom FrAFTa

steete, o= Axe 74 2 Zolghs AS A & 5 vk

A

32 1otk

ot

o @ s oo &

Ll
il
u
ol
ol

2

B GmBCH1 C < GmBCH2

Relative mRNA lovel
w
i A "
Ralative mRMNA level

Leat  Stem Flower Root Nodule Leaf Stem Flowor Root Nodulo

-4) GmBCHT SRR ZH NE.
5-8) GmBCH2 RAAIL ZH MY,
, 10) Sense probeZ Dl 8F negative control,

Figure 2. &4 W& GmBCHIY} GmBCH27AAe] & gz ofn it dE 41, (A)

o W GmBCHIZ GmBCH2SA A o] vtd oFA),

t}. B—carotene hydroxylase?] &28AE9 =3

B—carotene hydroxylase®| 71& A738talR}y, Nicotiana tabaccums ©]-83+e], GmBCHI
o) B FAPAIA vrEo] M (A 3AIFHAE, Fig. 3A), o] FAHZA el dfgh
A& 9dl HPLCE &3l carotenoid®] <& SA4slith. 1 A3, GmBCH1o| 74 ¥+
EA A B—carotene?] ¥ A F AL, violaxanthin % ThE xanthophylls®] %2 F7F= AT

1> fr oo
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(Fig. 3B). E. colig °|&3F §A2FA % SAHd 98ix], GmBCHI ¥t olUel, GmBCH2 A}
% B-carotenes zeaxanthin® = HA3A7|= 7]5S &S & F AT (Fig. 30).

A 355::BCH T2 c i S 4
W.T 121 122 123 141 142 143 i :
o]
BCH
1. pACCAR16 ~crtX o] B-Cryptoxafthin
ACTIN +pGmBCH10X ¥ . {19.9 min) |
10 | __,| '._,_\ = .
B = _II._ A 2 o
120:00 malH 1
= 1000
g ww i
g o 2. pACCAR16 LcrtX - e f
2 om +pGmBCH20X a Zeaxanthin |
a0 x (9.7min) |
0 : P
Diene herananithi = e P == & =
200 o, o
5 . &0
5 10w ncowotw ) | F 1500 o a
B0 R0 3] 3. pACCAR16AcHX | =
3 s aasa0na | 3 35500122 +puUC19 =
E BIEBNAT | E B355SB4 .
00 00 ".T
Newanthin ik . 5 T -
W 3 P

mimdns

Figure 3. GmBCH13¥} GmBCH29] A EE XA 98] GmBCH1¥ GmBCH27F 34
HH Y= A= £ colPlA carotenoidsE HPLCE ©]83to] 4. (A)RT-PCRE o] &3}
B—carotene hydroxylase ¥}Jua A= &<2l. (B) GmBCHlo] 9 2y 2 & A9
carotenoid®] W3} (C) GmBCH27} W& == E coll| Al B—carotene®] W3}

2}. GmBCH13¥ GmBCH29] A XU X ZA}

71 4 A ¥ B—carotene hydroxylasefZ A& chloroplast transit peptide® 7}4
3L 9], chloroplastel]l #1x]gtttar <& Ath. GmBCH1E chloroP server X213 o] &
3}o], chloroplast transit peptideE &<13st A3} 7|F£9] BCHFHAAE = &3] chloroplast
transit peptide’} £A3A] &= Y= A= & & Ao 1A AAZE GmBCH1Y GmBCH2
o] AEW YAE <A} protoplast transformationtHS o] €&ttt = A3}, GmBCH1-S

o At 2, chloroplast’} obd cytoplasmell £213}% 2™, chloroplast transit peptideS 7}A] L
9+ GmBCH2%E chloroplastel] $1xsttt= AS & 4 AAY (Fig. 4).

Chloropast transit peptide®] sequence”’} AW localization®] & 8.3+ J&S =% FA}
371 9138, GmBCH29] chloroplast transit peptideE A|ASH AH=Z AXE #AZ3SITh 1
A3}, GmBCH29 9 *]+= chloroplastoll A cytoplasto. = W3Is}dtE. o] 24, chloroplast
transit peptide”} BCH-S-#A A7} chloroplastel] ¢xsl=d] 838 &S stf= A8 o 5
DA (Fig. 5).

o
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Figure 5. (A—-D)
35S—AN-GmBCHZ2—-GFP construct=
& A3E protoplast. Cytoplasmell
AN—-GmBCH27} &)

Figure 4. (A—D) 35S—GFP
construct= 32 Z3¥ protoplast
(E-H) 35S—GmBCH1-GFP
construct® g2 H3+¥ protoplast.
(I-L) 35S—GmBCH2—-GFP
construct= 32 Z%¥ protoplast.

v}, GmBCH1¢ MZE isoform? #<l

F ol 93 R soybean® genome sequence®] GmBCH1-fFdAE  alignmentdf ¥ A3},
N—terminal region¥ *}°]7} 1= homology 7} "9~ %2 T isoform (GmBCH3)S 23S 4
ASATH B SolA GmBCH3o| H&|E S A A3}k, GmBCH1¥ 9F3He] Apo]7} WA Rt
B o F7HE G 5 JAT o] & T, HeFolA GmBCH1¥ GmBCH37F #ARSE 7]
e & Aol AS A5 & 4 du (Fig. 6).

GmBCH3+= GmBCH13}+= 24, chloroplast transit peptide sequencefé— 7R3 QAT A A

2 A8 &8l AR A3 chloroplastol] 1Akt (Fig. 7). & T AR el A Afo]
7} Y} N—terminal region wj&-ol € %9 W37} veldrts 248 < i

A

B

N i I | . '
Figure 6. GmBCH1¥ GmBCH3 Figure 7. 355—GmBCH3:GFP
A2Fe] N—terminal 39| ofm] =4k construct® & HZ¥ protoplast.
Ad A BeE dde] mE
d
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2. B2]E dg7goA B—carotene hydroxylasefrAzte] 7] ZA}L

Bos Wyl gol A B—carotene hydroxylased 7152 ZAFsH?] 93, RNA interference
7IWM& olgstel, GmBCHIY GmBCH39 &0l TAlo Hass AR 5S e
A, S BIAEE BESY. 1 AW, GmBCH o] fAESE, eSS Uy
o] ZHA] eS &2 T F Ao, TEMS o83 BelS yie #d Adxx e =9
whedko] controlell Hl&] AalE] o] oS & = AT} (Fig. 8A—C and 10). 5 ¢
I HE e AR Lbc3«] WS A} 7354 RNAI noduleo]A] 2ao] 7k 9lt}
(Flg. 8). BCHfr A A7} Be] & wde] Fa3 755 & &4%1% F5T vk e ud
ol A acetylene®] ethylene .2 W3} 374 o] 01011/}1;} Lo Wtgd AR E g3 xAbs)
7] 94l, acetylene redunction assayS %3] GmBCH RNAi &) So A A E = ethylene™
< SASAT. 2 23, dzded vl Bol AadEes A 4 At BCHI ROS$H
37‘:]_— 71—i

AAS FAEH] Yéte] GmBCH1¥ GmBCH39] #d o]
superoxide®] ¥ G T3l A Ay, dixzdtel vl

4 Eatl
e #dd = A (Fig.

9). ol& &, GmBCH7} 2] & 22 Ft A 5= ROSO & A7 ool dads

N 1;].L4 7—] 01]161— 2= 011;].

Conrol  GmBCHIL2 GmBCH1I20 GBCH 121

0

Total nodule weight(mg)

Total noduls weiaht (mg)

Figure 8. BCH1 RNAi #g]5-9]
phenotype. (A, B) GmBCH1-1%}
GmBCH1E SAl°l targeto =
3= RNAI constructE 7FAaL
P [ =] 19,
(C) GmBCHIi lines®9] total nodule
weight. (D) A¥¥ GmBCHIi
lines9] Z}7+e] e & FA,
GmBCHI1, GmBCH?2 57 A}2]

W A% (E) Leghaemoglobin

gene? expression levelE =4,

Ethylene produeces per
g fresh wt of nodules
10000

8000 | ‘
|
\

4000

umol/mok l:

2000 J‘

0
Control  GmBCHI

" Control GmBCHIRNAI

Figure 9. (A) Acetylene reduction assay
(B) In situ localization of H20: and

superoxide anions in nodules.
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Figure 10. TEM= O]J‘l?ﬂ BCHI RNAi 2] =9]
phenotype. (A) Control nodule. (B, C) GmBCH1
RNAi nodule.

2. A4A54 AR B B 7% 24
7. ACP71&€ ol 8% #A% Eel

(1) ACP7]&& o] 8 26709 FHA &

_,_«] Hjo} 2k A (R1-R69| WE 7)o A], R3, R4, R5, R6 stage?] sampleS harvests}

, RNA #32] F9] ACP 7]+ ©]83}9 Differentially expressed genes (DEGs)E 2|3}
93\‘4 (Fig. 11).

M R3 RARS R3A4AS A3R4 AS A3A4AS RIRARS M

ACP26  ACP2V

Figure 11. v& Td A]7]¢] RNAZY-E ACP 7|=&
o] g3l Al7]5oH DEGE 9A © 2% A}

ole} & H|AHLS Ealo] ol F 26719 DEGs= T-—vectorol cloningdlal sequencingd}d
i1, o] & NCBI BLASTOI £J3)] 4] 0}04 2 o 715S ZAFSESITE (Table 1).
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Table 1. Cloning¥ DEGs¢] NCBI-BLASTE %3t A A

No.| accession No. Putative Gene D Gcoreibit] Evalue | identities
1 AADZAEE laucing—ich rapeat transmambrana pratein kinase, putative | 347 bits 200E-Dd JTBIIZAT (TED
2 ASME24E0 zine finger(dike) protein[Arabidopsis thalinnal 154 bils | 200E-38 |60 153 (52%)
3 AAFEETH phosphatidic acid phosphalase beta Wigna unpuiculatal 074 bits | J00E-D6 | FRILT (59%)
i ARMBTIED putakive Z-oxoplutarate-dependent oxvoenase [Dryza sakival 113 bhits AOE-2d |50/M122 (dEL)
5 *PqTEE2E armadilla/beta —catenin repeat family protein [Oriza sativa,] 175 hits 1O0E-21 [56/71(7a%]
5] CABES 241 putative zinc fingar protein hrabidopsais 1 125 bits A00E-2E |53061 (95%)
7 Mo significant similarity found
-] AADDETR hypothetical protein, Cell wall-associated hydrolase Wibrio] 125 bits 60E-28 |6EM1 (T2%)
g ARMEDZ2 Drmdd uitraviolet-B-inducible auxin-telated protain Pisuml 427 @itz 0011 VLT Cag)
" Mo significant similarity found
12 Mo signilicanl similarily Tound
15 0370 pitative metalleproteinase [Divza sativa 1 1%5 bats B.00E-37 |774113 (68T
1= AMDT4814 DMA-direcked ANA polymerase |lb [Micotiana tabacum] 143 bits 2,00E-53 |06 (1000:)
15 Mo significant similarity found
7 AAB BI5 preling rich protain Madicago satival. H1E bits 01 £/ (AT %)
1= AAQDETZ hy pothetical protein, Cell wallassociated hydrolase Wibrio] 125 bits 6,00E-PE JEGMT (72%)
20 Mo signilicant similarity Tound
21 AAFOEDI Mutator-like transposase [Arabidopsis thalianal G55 bits | S00E-10 |eRi 100D
= AAGEITED unknown protein [Arabidopsis thalianal 122 bils &,00E-E7 | 5604 (61%]
= AANZEE 3 homocy steine S-melhyllrans lerase ALHMT -1 (AL3g25910) 155 bits 200E-58 | 1050137 (33%)
2 Mo significant similarity found
= AACIRET Kunitz-type protease inhibitor precursor 06 bits | BOCEDE 47148 (31%)

i CARTHERS putative wound induced prateinlarabidopsis] T2.7 i3 58 TG [TES)

(2) X FAA GmSKTL GmSTRXS] wrd F4f &l

9 Ao Eg¥ DEGs =l kunitz trypsin inhibitorZ encodingdls GmSKTI®} seed
oA AR  thioredoxin (GmSTRXY)Y AT 2HL w39tl ACPE o] &34 Zolr
GCmSTRXE= noduleol A AR GmTRXSY =U3F sequenceE 7FA1 Q1 +=dl noduleo] A ¢+
PFZHA R seedoll = AbstAl A 0] QTS & Ao dq¥ET. GmSKTEE sk =
2# A thioredoxing encoding 3t GmSTRX A ddays yeld Aow 7gerz o
T 7EA7F dthal AlsEe] 18 d A gl 2apd ke AlgEo] JAIRE 1 FREE X
Abet7] fete] 1xpd ol AAlet7| &= shlal 1 A 3= Figs. 133 140 B #]aL §)

1 % GmSKTI® ACP7|«<& o]&3] 2told partial ¢cDNA sequences Fig 73 #t}
GmSKTPl J F7 e dre me 23 AJ=E @<lsy] 9@ RlelA R6 @9
RT-PCRE F3&ty. 2 A3} Fig. 1394 R 23 o] early stage?l R1 ~R3°lA
GmSKT[Q] o] A &HHTrE 49 filling o] Yol R4 stageoll Al wrdo] Fraske= A

o 3ho1a} 4= 9) o).

T
GGGGGGGCCACATCGTCCCCTAGCCCAATACGTTCTCGACACAAACCGCGAACGCGTCGACAGCG
ATGATGAGTACTACATCCGGCCAGCCATAACGGACAACGGAGGGCGTTTTCACATTGATCAACA
GAAACAGGTCGTGTCCTTTGTACGTTGGTCTCGAAAACACCGACACGCCACTAGGCTATCCTGTG
AAATTCACCCCTTTTTCCCGCAACAACAACGATGATGACGACGACGACATAAGGGTGAATAGGG
ACCTCAGAGTGGCGTTCGATGAAGTTTCCACAACGTGTGTGCAATCCACAGAATGGAGAGTGGG
TGAGAACGACNCGAGGAGTGGAAGGAGGCTTATTATCACTGGCCGAGACGAAACCACGGGATCA
TACGGTAACTATTTTAGAATTGTGGAAACAGAAAATGTTGGTATCTATAACATTCAGTGGTGC
CCTACCGAAGTGTGCCCCACTTGTAGATTCATTTGTGGCACTGGTGGTATTCTGAGGGAGAATG
GAAGGATTTTGTTTGCCTTGGATGGTACTCCTCTCCCAGTTATGTTCCAGAAAAAAGATGATTG
ATTTGAAGAGATATTGTGGGGTTTCTCCCCCTTGTTGCTAATAACTTCTTTCTTATGGTGTGGC
TAATAATATATGATGGAGCTATCATCCATTTTTATTGGATGAAATAAAGATACATGTATAGAG
ATGTATTCAGTATTATTCAGTTCTTGATTTGTAGAATAAAGCTCCAAATTGTTATGAGCATGT
GATTCATTTACTACTTGGATTTTGTAATAATAATAATAATACATTTTTATTTTTGTGGAGTTT
TTAAAAAAAAAAAAAAAAAACCCCCATCGTAGTCGCAGCATTCACAG

Figure 12. ACP7]<ol 2l&ll Zrolx GmSKTI 2] partial cDNA sequence.
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R1 RZ2 R3 R4 R5 R6

| — — — v RO

Figure 13. GmSKTI? & F49] v Ao w& 2 R

Fig. 14. oA X nvie} o] GmSTRX 94 RT-PCRE E3] 4 g A7) 9
Al o dEEE A 9 F A olE Sl GmSKTRY GmSTRX7Y -9
AlZ1ol A Ak XIS G0 7 AATE oA AFH A e 9o)E A
| A5 O AAME A7 FaE o] Aof & Ao= AlgHT

X0 Ml P
fropt X

(o]

R1 Rz R3 R4 R Rb

—— e e e e PO
o ———— R

Figure 14. GmSTRX®] Fo| £x & WAoo wE wtdd oF
Y. £4 Eoly T2 RE £

(1) &4 Eo]4 ¥d S Ho|+= globulin promoterd] &HH.
2 A AE A A

= 34 Bol4 ZavHE Bodd, #8407 4 0Ag
zAst A Stk Do, FEOR FAS AF AN AEE WAL (FE ve
Az H o)A,

A)olA] HZ T2 Eo)A TEHE S globulin promoterE R 3P 31, 1 W& o]
ANE2LE T4 B0l ZEREH £V} %%be‘}ﬂ] HATH A& AR 2 B A S A of| A A
33k B carotene hydroxylase®] cDNA®Q] & A 3stA| Azl globulin promoterE ©]-&3Fo] o]

) FAABAE Atk TenR Ao FUe B B4 Soly Zzwer) g
5 oo wuaw A9e Folw, 2old 2aund AN e A% (2. ACP7]
& 9@

AAES 8879 “2) X $AR GmSKTI GmSTRXS o3& $A &9 7=
QA H AT A5 E T

(2) GmLRK 5° upstream region ¥4 &g
259 g Ak ik 7 E ‘ﬁ:rLoﬂ Q3 T HE
[e)

kil

o TeRH JRE g F YL o FHAE urh o] AFeh Aol WeA Zuw
3} 7

o}

o} AL7}5A FA3A9] full-length £
Ado] ACP 7142 o] &ate] Fo o} Wk 344 (R1-R6| wE B7)o whe} So] 2
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o7 Wdske= 26709 geness WESEATE L T ATVEAIE Advkar wdetld 379w
2} % putative GmLRK (Glycine max Leucine—Rich Repeat Receptor—Like Kinase)$} kunitz
trypsin inhibitorS encodedt= GmSKTI 2719 A A e W3t full—length=S CapFishing 7]%
= o]&3ste] ettt WA AEANA vdFE Vles ot o2 d#HZl leucine—rich
repeat receptor—like kinaseE encodingdste= GmLRKS °F 500bp2] fragmento A 5° RACEZ
F3l oF 2kb size9] full-length ¢cDNAE #2331t} (Fig. 16). I sequence™ Fig. 163 &t}

M 1

21 226bp
E14B bp

2027 kg
1,584 b
1375 b

470
ke

L5160

Stbp

5 - AMABAABARE 3
1516bp 551bp

Figure 15. 5° RACEE %3 GmLRKS full-length cDNA¥g

CCCTTCCCGGACCATAACATGAAAAAAGTTTGTCATTGTCCCATATTCCTGGC
ACTGGCCTTGTGCTTGTGCATCCTCTGTGTTGCTGCAGAGGCTGCAGGGCAAA
ATGATACACTCGCTCTCACCGAATTCCGTCTCCAAACCGACACCCACGGCAAC
CTCCTCACCAACTGGACCGGCGCCGACGCCTGCCCCGCCGCGTGGCGCGGCGTG
GAATGCTCCCCAAACGGCAGAGTAGTGGGCCTCACTCTCCCTTCCCTCAACCT
CCGCGGCCCAATTGATACCCTCTCCACACTAACCTACCTTCGCTTTCTCGACCT
CCACGAAAACCGCTTAAACGGCACCATTTCACCTCTCTTAAACTGCACAAGCC
TGGAACTACTGTACCTCTCCCGCAACGATTTCTCCGGCGAGATTCCGGCGGAG
ATATCCTCGCTCCGCCTTCTCCTCCGCCTTGACATCTCCGACAACAACATCCGC
GGCCCAATCCCCACACAACTAGCGAAACTAACCCACCTCCTCACGTTGAGGTT
ACAGAACAACGCACTCTCCGGCCACGTCCCCGACCTTTCCGCTTCCCTCCTTAA
TCTCACCGTACTCAACGTCACCAACAACGAACTCCGCGGCCACGTCCCCGATTC
CATGCTCACCAAATTCGGCAATGTAAGCTTCTCCGGAAACCACGCCCTCTGTG
GGTCCACCCCGCTACCCAAATGCTCCGAAACAGAGCCAGACACAGAGACTACC
ACGATAACCGTTCCTGCAAAACCGAGCTCGTTCCCGCAAACAAGTAGCGTAAC
CGTTCCTGACACTCCGAGAAAGAAAGGGTTGAGCGCCGGTGTCATCGTGGCGA
TCGTGGTGGCGGTTTGCGTGGCGGTGCTGGTGGCGACGTCGTTCGCGGTGGCG
CATTGTTGCGCCAGAGGATCCACCTCTGGTTCGGTGGTGGGGAGCGAGACCGC
GAAGAGAAAAAGTGGGAGTAGTTCTGGGAGCGAGAAGAAGGTGTATGGGAAC
GGTGGAAACTTGGATAGAGATAGTGATGGGACGAACACTGAGACGGAACGAA
GCAAGCTTGTGTTTTTCGATAGGAGGAACCAGTTTGAGTTGGAGGATCTGCT
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TCGAGCTTCGGCGGAGATGCTCGGAAAAGGAAGCTTGGGAACGGTTTACAGA
GCGGTGCTCGATGATGGTTGCACTGTGGCTGTGAAGAGACTCAAAGACGCTA
ACCCCTGCGAGAGGAACGAGTTTGAACAGTACATGGATGTTGTAGGGAAGCT
CAAGCACCCCAACATTGTTAGACTAAGAGCTTATTATTACGCTAAGGAAGAA
AAACTTCTTGTCTATGATTATCTCCCCAATGGAAGCTTGCATGCTCTTCTTC
ATGGGAACCGGGGACCAGGAAGGATTCCGTTAGATTGGACCACGAGAATAAG
CTTGATGTTAGGTGCAGCTAGAGGTTTGGCACGGATTCATGCGGAGTATAAC
GCATCAAAGATACCTCACGGGAACGTGAAATCTTCCAACGTGCTTCTTGACA
AAAACGGCGTCGCTTTAATATCTGACTTTGGCCTTTCGCTGCTTTTAAACCCT
GTTCACGCGATTGCAAGGTTGGGAGGGTACAGGGCGCCGGAGCAAGTTGAGGT
GAAGAGGCTGTCGCAGGAGGCTGACGTGTACGGCTTCGGGGTGCTACTGTTGG
AGGTTCTGACGGGTCGGGCTCCGTCGAAGGAGTACACTTCTCCGGCGCGTGAG
GCTGAGGTGGATCTTCCGAAGTGGGTGAAATCGGTGGTGAAAGAAGAGTGGA
CTTCGGAGGTGTTTGACCAGGAGCTGCTGAGGTACAAGAACATAGAGGATGA
GTTGGTGGCGATGCTGCACGTGGGACTGGCGTGCGTGGCGGCGCAGGCGGAGA
AGAGGCCGTGCATGTTGGAGGTTGTGAAGATGATTGAGGAGATCAGAGTGGA
AGAGTCTCCTCTGGGAGATGATTACGATGAGGCTCGCTCGCGCACTTCGCTTT
CGCCTTCCCTTGCCACCACCGAAGACAACCTCGCTTGATTATTGTCTCAT

Figure 16. GmLRK® full—length ¢cDNA sequence

Full-length sequence& &3l kinase domain®} LRR region, transmembrane domain< 7}
A Y&s IRIEAIAL 7e ATE FAE 7 dATH

T3 GmSKTI®) full-length ¢cDNA% FUsA RACEE %3to] E33itt. Fig. 17 o
A yebd vlel 7ol 618 bpe DNA fragmentZE cloningd} i th.

TGTCTACCAGGCATTCGCTTCATGGGGGATAGGGGAACCCATAAAACTGCCTCAAATA
AACCTCAACTCATTGTGTGACCAAAGTTATTATTACATTGCATAATCAACCATGTCA
ATGAAGTTGTACGCTTCCCTTACCTTTGTGGTGTGGCTTTTCATGGCCACATCGTCCC
TAGCCCAATACGTTCTCGACACAAACCGCGAACGCGTCGACAGCGATGATGAGTACTA
CATCCGGCCAGCCATAACGGACAACGGAGGGCGTTTCACATTGATCAACAGAAACAGG
TCGTGTCCTTTGTACGTTGGTCTCGAAAACACCGACACGCCACTAGGCTATCCTGTGA
AATTCACCCCTTTTTCCCGCAACAACAACGATGATGACGACGACGACATAAGGGTGAA
TAGGGACCTCAGAGTGGCGTTCGATGAAGTTTCCACAACGTGTGTGCAATCCACAGAA
TGGAGAGTGGGTGAGAACGACCGAGGAGTGGAAGGAGGCTTATTATCACTGGCCGAG
ACGAAACCACGGGATCATACGGTACTATTTTAGAATTGTGGAAACAGAAAATGTTGG
TATCTATAACATTCAGTGGTGCCCTACCGAAGTGTGCCCCACTTGTGATTCATTTGTG
GCACTGGTGGTATTCTGAGGGAGAATGGAAGGATTTTGTTTGCCTTGGATGGTACTC
CTCTCCCAGTATGTTCCAGAAAAAAGATGATTGATTTGAAGAGATATTGTGGGGTTT
CTCCCCCTTGTTGCTAATAACTTCTTTCTTATGTGTGGCTAATAATATATGATGGAG
CTATCATCCATTTTTATTGGATGAAATAAAGATACATGTATAGAGATGTATTCATA
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TTATTCAGTTCTTGATTTGTAGAATAAAGCTCCAAATTGTTATGAGCATGTGATTCA
TTTACTACTTGGATTTTGTATAATAATAATAATACATTTTTATTTTTGTGGAGTTT
TTAAAAAAAAAAAAAAAAAA

Figure 17. GmSKTI® full-length ¢cDNA sequence
2. GmLRKS) 715 47

%“J% skelsty]l &l F FAF 2 A7) (Fig. 18A)¢} 7134 (Fig. 18B)
2 RT-PCRE 339 t}t. Flower ©A1¢l R1, R2 @AANAN GmLRKe] H&o] =& A
glolslat), wak 7o wE RT—PCR 23}

B Leaf Stem  Root Flower

Figure 18. GmLRK®] @8 4. (A) 3 E43 @A) wg wd o9y
(B) 9] 7]l we od &

HE podE wjA] L& AEfoll A 2HFH S sampleo A S RNAE o] &3k Zojr}.

2 A7 A pod7f @ HES

d e Y3t 1S a1y o}oﬂf‘i EIES! Poﬂok i}, Bl AJEsk d kS #9lslal pod
—] /\ —

Ho
1o
by M

GmLRK®] specificdt antisense probeE ©o]&3te] Ex}o] wAEe u}
hybridizations &sH3Ath (Fig. 19). ©o] 235 S8 F T2 embryooll A 23
E3 podofl M= FEES AT 5 Ui

n—situ
o] =0
O

|t

el

(2) GmLRK19] kinase activity

ACP 7|&=< o]&ste] Fo wijo} W 3go] whe} HolHow
o] GmLRK1E A=Al A&Eo wut Ao doju}= 25 A Fask I3ks
o7 94#% LRR-RLK®] FxE 7HAaL Atk GmLRK1e] A= o] g 3G A kinase®
Figure 19. GmLRK® in situ hybrydization. (A) R1 ©A]. (B) R2 ©&A. (C
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@A, (E),(F) R5 ©@4. (G) R3 ©A 9 sense probeZ ©]-83F negative control.

Mol oeks o = d=A Fetr] f18ko] kinase assayE Al slth A @A S A )
7] 913te] GmLRK19] kinase domain®rs E2Y3te] GSTO §3S Al & @z
3Tt Figurelol A Holg= AA 2 GmLRK1S autophosphorylation assayoll A o] 3t

T yEbbA] g9kt (lane 1), AR F3 o7l A A4 Feld WAyt 37 kinase
assayS o A3} GmLRK12] kinase activity® #91& 4 At (lane3, 6). °]& F3}¢]
GmLRK1< atypical kinase® AFA] A2l kinase activitys= 1A%+ 219]9] proteind}o] A5 =
&2 Fsto] dimerizationo] dojubH 1487 doju= Aol

GST-GmLRK1-CD

GST

GST-AtSnRK-CD

Soybean total protein

Arabidopsis total protein

1 2 3 4 5 6 7

,.,. kDa

; -85

=] |+
s+
e+ ]
MR IR RN
S+

J-hl'l-ll'!-

Ow VOWNe

=
.'.'. B .; “ ; ; i ; Histone

Autoradiograph Coomassie stain

Figure 20. GmLRK®] in vitro kinase assay.

3 GmLRK192} tE A<l atypical kinase® <elA A& F42E52 MARK, TMKL13}
SUBSFE] alignmentE Eslo] AWAAS AHHUT. Figure 21 oA HoF+= ZAZH Vib
domain®] asparagine®] atypical kinaseZE ZAAst=d vl F Q3 ofn| =AY Ao Z of AR

=

t} (Fig. 21). GmLRK1¢} At2g365702] sequence alignment< atypical receptor kinased S 5
3l =t}
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Vib Vil

*
TAS]sl NIESS IRFGKSYOARVSENERLTTLVGPS MARK
NI

PITI)sl SERVIRSDFFFARLTEINET.DKIMVQA  TMKILT

P . SuB
KTIPl GmLRKT
KTIP)sl R A At2g36570
KT IR AtSERKT
PITJERIY A CLV1

HI T ERIEMIYS SNVIRAYENLEARVSgEMAR BRIT

Consensus: D

Figure 21. Sequence alignment of GmLRKI.

p

vl AtLRK mutantE % 15 A+

GmLRKA Wigt 7|5 AT F4& st o] FHA2}F =2 homologyE (Identity 63%)
VA3 Q1= Arabidopsis®] AR, AtLRK (At2g36570)5 BLAST searchsle] zHkar o]
Z2Fe] DNA sequenceol] 7]%3gF @A o] domainol] Wit o 52 ofge} 2,

r ook
N

O]
o

(A) o o
Cywstein pair Cywstein pair
ThA . .
. Kinase domain
Signal peptide 51LRBR NPB region
Cystein pair Cwstein pair
(B)
™ . .
5 LRR NPB region fanase domain

Signal peptide

Figure 22. GmLRK®} AtLRKel &k domain 5. (A) GmLRK (B) AtLRK

Fig. 229} #& dAxAo] 93] 7|52 22 orthologued 7FsAido] ¢ & How A7t
vt wabs ALRKS 7)%5S f58taAt A(LRKS] T—DNA knock—out mutantES 2] s}
12} &9tk T—DNAY insertion< Fig. 233 o] A WHA exonol] 93 3o}

T-DNA

primer]

Figure 23. AtLRK T—DNA insertion 9]
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o] mutantol] 3| F3s= homozygous line= 2t7] 93] genomic PCRS 33} t). RIKEN
Genomic Science CenterZH%-F W2 seedsE AxA oz A v A AE3}o] genomic
PCRS A|=3}9t}t. o] w] AF&3F primersi Fig. 9o vebdl wvle} ). T—DNA insertion
linese]2b'd T—DNA edge®l specificdt primer 25 ©]83F PCRZA oA+ (Fig. 24) band”}
detection¥]oJoF 3}al homozygouszHH primer 13 3¢] PCR Z ¥} A] band”} detection®] #]
Zolof 3t} (Fig. 25). Wild—type ©] A4} heterozygous mutant® 7-$-oll+= primer 13} 3ol ¢]
3t PCR product’} =%t} Wild—type= control® AR5 11 thH-E9] lines®] homozygous
ol F=35FYE 1 5 #11-13 #12—-109 PCR product (primer2 & 3)E sequencingdted
T—-DNA insertions 21331t}

GmLRK19] o7&t ortholog® SIAA+= At2g365709] transposon—tagged mutant$!
atalk—I= AdE dAFolA BFglxo] =2 JisiA 7] dlo] FRHAE 5EAES BAFAT
(Fig. 24—AB). 53] oA veta e 2ddS 28] ##8H7] $18ko] Technovits ©l
g3l 225 AE F Toluidine—blue stainingS 3+ A3} ¢l ZZ <to] A E0o] WTol H||
Ayt =3 3778 e Ao w Jehwtt (Fig. 24-0).

atlrk-1

1 NO-0

W atlrk 1-1
50
W auck 12
w0
T
@
3
0 1 ﬂ
0

Flowering Time (days) ~ Number of rosette leaves

No-0 atirk-1 No-0 atlrk-1

l

1S =2 siAI7 & &—t—u‘r (B) atlrk—1-& 2lo]
TEHA = 28-S 2=t (0) atlrk—12] ¢l whA

GmLRKIZ} AtLRKIZ}O] |AZS Bdte] 1 715 #5817 9kl ALRKIS] AT
3039}, GENEVESTIGATORON A A|#3}+= Arabidopsis microarray databaseZ 01%3}04
AtLRKI9] 8 kS AW Bl AARKIO) A old AToA RAFW x4
RT—-PCR Z3}¢} FAFSHA UElsk o] 53] cellulose $41 9] inhibitor2 2e# 91+ isoxaben
< AYPdS W ddo] Frtste Ao= YERT (Fig. 25).
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Figure 25. GENEVESTIGATOR dataollA Hojs At2g365709] wHal At

AtLRK1°] GmLRKI®] ortholog® oJAA 7| A 71%S 71d Aoz o Astd]
GmLRKI 9 A isoxabens A= o Wdo] Z7lsle=A dolr7] 28t 100nMe]
isoxabeno] ¥ MS wjA]o] F& LolAZl 7 39 ¥ harvsetdte] RT-PCRS G333t
I A3 oY AAHH GmLRKIL- isoxabens A elglS W Wdo]l AA STk AL

2 YEebth (Fig. 26).

MS-O DMSO Isoxaben

Ubiquitin

Figure 26. Isoxaben ¥ & GmLRKI1 W&,
v}, GmTRX® 7% I+

(1) GmTRX®] & S5 3 Jod9 &4

GmTRX®9] interaction partner+= GmTRXo| Avi—tagg &¢] biotinylationg A7l ¥
avidin agarose resine ©|-&3}o] WA F=E31¢t}h o]g A FEH GmTRXE F2 nodule
F=579] incubation ¥ pull-down assayS s} th. SDS—PAGE “Joll 4] Ho]X| = specificgt

4

1. Module totsl protsins.

. Tex protein

. Trx +noduls protsins.
. GFP+noduls protains,
. GFP protain.

[T o

Figure 27. Isolation of Trx targets from Soybean nodules
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3. d+Z23

A

A 3 7

7t F € 34 gAATE 9 ¥t 75 9 FE JAAS
(1) FAAZ AREE 9bA] 2 ol =2vby gl A&
B ¢} ol B—carotene hydroxylasel (bCHI) FAAE Ed3s719 8] 2005 %0 A z+=
2% HAHggE vkxl (29 1), bCH/GGB (Globulin TEXE: Fx43d )9} bCH/GB
(P35S Z 2R E: AL )E ALEsto] W} Foll A3 Q). AdnlA= A=A A

o par FAA, ofa=ubH E]e AT LBA4404E o] &3St

H3 Sh Xh

pMJC/GB Globulin

Jun

Xh

pMJC/GB P35S H:H bCH H:H.?’Pinll |—|3ss Pro.H bar Hjs*;vps
A MAR

I8 1. 34788 A s
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A=
v s}
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(olulw] 47137 (Eun @28
29 2. bCHI AV B FAAS o THAE 4G (247

= S
of =EdFAAE AR FAHEES e 19 39 22 embryonic
MutEtd el o] WS 7] E3Y (Organogenesis) &2 &S
Faglel A&7bsstithe A, e
2 #x). JEHSIA = of1 = et g

o) =] 3
Feets 7y, 47

Aol W AEE e gow

Embryonic tip=2 0|28 =2 &

‘ A. lumefaciens B, 3341

v

1% 3. Embryonic tip< o]-&3% F FFAE JAH(GUS FAAH
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¥ 2. Embryonic tip& ©]&3% F FAAS U u59He v

DX Embryonic tipsd
SEAFMEH NLH ARE = SEAFMEH NSO ARE S
AI2+Ol 2T Al2+0| B CH
Q=2 EZ0l Jack O HAFE0| IS I ESS N2 HEFSO| IS
& WHO0| 2& 5 A& DEO| 2HEHBICH
0% SXE ASSOZ 24 59 S5 INSHEMNBBOE ME
20| QS0 WE &I oS g2 20|
Tl pCHI RS FAAS7I930A 7] e FHAAE $WA bCHI/P35SE AHE3He] 9]
JUEEA BAA% S, T FLAD PES A4 AT embronic tp WES ALSHL,
O Ay F FEARA T 55 e PCR 9 Bar strip #2AS B3l FHATE T A=A
Aol s 31 ?_ijﬂgi T e Ao Yehgtt (29 4). 22t T1 seedS FWalE FAA 2
7] M= Q8] 399 FANE A& ¢ Qdglon, AUiA Ay 9] FHAF FAEA] &9kt (K8
A A A])
& ©

| bCH/3ES |

Bar strip test

Bar -F/R

| PCRdetection |

29 4. bCHI FAA FZAAE T 2 FA7 =9
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U F 873 bCHI f3A =9 B2AE Ho Add € 1ZAS A

o
it
=
ofth
X,
N

LGAE

(1) bCHI FAA = AAzEA o] A A 2 vk

HAAS g dEE o w AR AS WA bar stripe ©]-831o]
homozygous A%< AWttt (£ 3). EE9] dAAS W= pCHI F4A7F 17 3= 270
TdE Aow % v o 2§42 A4t 17091 AlEE

Aol AhE A3,

® 3. bCHI F3A =% SdH FAREA ] AdA

R IARAE A

W g g TO Al'eHZE Tl AlsHE T2 As ¥ Genotype
35S bCHI 64—2 64—2—1 64—2—-5—-1 Homo
35S hCHI 99—-1 99—-1-1 99—-1-6—2 Homo
Glb::bCHI 117—-2 117—2-1 117—2-1-1 Homo
Glb::bCHI 73—2 73—2—1 73—2—9-1 -
Glb::bCHI 1111 111-1-1 111-1-1-1 Hetero
Glb::hCHI 120-1 120-1-2 120-1-2-1 Homo
Glb::bCHI 123-1 123—-1-1 123—-1—-4-3 Homo
Glb::bCHI 123—1 123—1-3 123—1—-5-1 Homo
Wild type S LEE

a9 5. YAHE WY pCHI AR =9 5 21 (probe, barc]€)
(2) bCHI A = dry FAASA Y Md 2 2G4 A4F 4

s A

bar stripg ©]&

E gAdS duy dRE dieR Adds
E O
[¢)

homozygous lineS ©]

Skl mddAe] 7l

homozygous A

$97hE g5kl A%
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¥ 4. bCHI A =4 ¥ FAAZA 2] AdidA L QAT A

W E g TO ASHE Tl ASHE
35S::hCHI 24—2 24—2-3
35S::bCHI 242 24—2-5
35S::pCHI 242 24—2-6
35S::hCHI 14—1 14—1-2
35S::bCHI 14-1 14—1-3
35S::hCHI 102—1 102—1-2
35S::hCHI 102—1 102—1-5
35S::bCHI 1-2 1-2—4
35S::hCHI 1-2 1-2-5
35S::bCHI 1-2 1-2-6
Glb::hCHI 83—1 83—-1-5
Glb::hCHI 83—1 83—-1-6
Glb::hCHI 92—1 92—1—7
Glb::hCHI 102—1 102—-1-6
Glb::hCHI 102—1 102—1-7
Glb::hCHI 106—1 106—1-6
Glb::hCHI 106—1 106—1-7
Glb::hCHI 106—1 106—1-8
Glb::hCHI 106—1 106—1-9
Wild type ek HEZ

o A7 FEAAE FE LS A% AN 715 B

(1) bCHI 2 =% ¥ FAdgA ] Ao del gk g 71s A4

E
R

of AAZE AW AF (SEH) Y FAH 1
<3 71%5H7ME sl ﬂﬂHLM§§ﬁ7h;
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FEo] gk MiEEE ZASUTE FAHQl SHEu e A9 UV-B Ao &
s % RE O FFo wet & xolZ BAY (19 6). hCHI/GB (P35S
HE(WT) 2 ARES Hol vs] AAT, Ad=Fo] AT HolA
I wbgmaﬁ(mwmnﬁiga)ﬁﬂﬂﬂﬂbﬁdﬂx}

§d 9AE Tl 4AES AFT HE AT AdEFol BRkow, 24%S vl
U #] 3AE tha 2 o R UERRT ﬂaﬂ7hﬁ:mw1 S AR UV-BH gl 4
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I8 6. bCHI FAA FAAY Ed8 T2 AFe UV-B 2EdFx AP 38 F 233 nlole
x(F), € ASAH(S)

ughd olE Ae]A Aol WASH a3t et AFES A T oAgA
AFTE ol & AlGENA EYFAAY] 4 kS F2lst] 918k Southern blot
= AT F A (27 7. FH).

2 915t RT-PCRE 33t A}, 35S
|5 (64—2-5-1)°lA+= X}S%j Aol BARe] =Y FAATE HA A
g E5 (117-2—-1-1, 73—2—-10—1)ol A= =] A Ao ¢

lo & B 1 o
N
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et
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do
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lo,
ol
e
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4
©
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>

uv X el
5.1 Kb m— +UV 24A12)

+UV 48A[2!
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Probe : bar (Xbal) 183
a9 7. bCHI AX BAAE I T3 ASS] Southern blot £4(F), ¥ UV-B 2E#x
Aol w& RT-PCR £4($)

Hh

o] Faw (dre) FEAEA e 4= UV-B A g 22 Wy <
Ve A2R bt (ki vAA). 10T A b0 R FEAON A2

St 5= WA UV-Balg o] A=A §37Jr7} = Ao JTFHAY. 53] 2HFAAE
Tt A A Wl AR hCHI 3R chloroplastlc formo. & ZEAd= Aol o}
Yl cytosolic forme W o2 YElY pCHI FHA] 7%5S H718h7] el 3atkst
2EY 2 A Ros dAge A2 423 Ao daE A
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(2) bCHI +AA =) B FEdgA 9 At A 2EHZ0 tigk WA 71e 174

aF 19 FWAE ARgste] FAASE FAW AT (P FAW AF (dr)
2 oz 4 (NaCh 2Eglzol td WA 27 71597he Saasith @ 2Ed 29 o
3 WA S 75 HE 9 F 458 @ He 2 =59 NaCl (150mM3}F 300mM)-S 244]
B Aesm 25 Fol 2%, AAF, ABFS AL FAN Sde FAADA S
Z7] Aol wEA byt (29 8, ). w3k o Ao wE FA Ak o] AAuES kAt
& =PAEA wet 2 ols uth Aol ALSE 6 AF FAA 4ABL YET| M)z
o] dom (¥ 8, §), 53] 241 5dAAE dAg e & Ile & A= e
(28 9). o3t A= pCHI F+AA7F & (NaCl) ~Eg o] gk WAASH a37F d+= A
O 2 FAEHATE vhHo FEHQl dvjy FHHSA L A 2EH 2 digk YASH &
= gtk (K= wAAD
230 . [@3==(2xz2) B5==(150mM) O%=5300mM)]
20.0 ¥
30
18.0 o LT _
16.0 20
14.0 m m 15
10
12.0 5
10.0 ‘ A1 o
Wild tyoe 355- G\b bCH Glb-bCH- GIb-bCH-  355- 355- Wild type 3535-bCH- Glb-bCH- Glb-bCH- Glb-bCH- 355-bCH- 355-bCH-
bCH-99- -2- 123-1-4- 123-1-5- bCH-64~- bCH-B4- 99-1-6- 120-1-2- 123-1-4- 123-1-5- 64-2-5- B£4-2-5-
1-6-2-2 1*2 3-2 1-2 2-5-1-2 2-5-4-2 2-2 1-2 3-2 1-2 1-2 4-2

Y 8. hCHI BARE B AT wol ¥ 254 23F(F) % NaCl HE 25 F 273(H)

o 5 S 3
> ;4 K : D ) g ‘, : g

X a1 N 2 < S : SN Y

Glb=:b 23-1-5-1-2-0 mM G'D "C” 123-1-5-1-2-150 mM Glb::bCH-123-1-5-1-2-300 mM 355-DCH-64-2-5-1-2-0mM __| 355 DCH-64-2-5-1-2-150 mM 36S::bCH-64-2-5-1-2-300 mM

IR 9. bCHI FAAFT W AT NaCl A g AP(H, Glb--bCHI-123—1-5-1-2;
2. 35S8..bCHI—64—2—5—1—2)
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sy pCHI FAA f‘ﬂ%‘ﬂ:@}ﬁl%% o (150mM NaCl)& 24A13F A 2]staL 2
T 3 HEAZ Fo WA T AETS ST Zé_ﬂr Lol vlsto] FAHATH AFolA A
A = 7]% 2 12~51%7}, AAZ%ZF 7|Fo0 2= 8~62%7} FHEHJTH(2H 10). oA A=
2 o g JAAIA A bCHI A= & 2Ed e gist YA a97t o=
gog 4 gtk
Biomass (g/plant, 150mM NaCl)
0.6
OFYW Dy
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0.4 = + =2 —
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W W .

' 1 2 3 4 5 6 7

7% 10. 150mM NaCl Aol W& pCHI FZEAAZT ¥ AT WAFTEW) € d=xFOW). 1,
wild  type; 2,  35S—hACHI-99-1-6—2-2; 3, Glb—bHCHI-120—-1-2-1-2; 4,
Glb—bhCHI-123—1-4-3-2; 5, Glb—pCHI-123—1-5—-1-2; 6, 355—hCHI-64—2—-5—-1-2; 17,
35S—hCHI-64—2—5—4—2.

S pCHI 734 FAASA TS Udo =z Ax2E 2 A (10% PEG-60, 24A]
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]

L
of
=
o)
ox
.
T of)
N
M
o
fru
rlr
>
N
2,
e
N
)
B~
(@2
—
N

ABHEZE 9~-80%, AxT T RE X]*“ﬂﬂ
7~68%, A7t 16~88%7F = AT (LH 11). o] A¥E & vl S bCHI 4
A= Ax 2EH 2 e e WA SXIA7]= el 237 des G AU
ool ~EH: WA AR AFHRE gkl WA pCHI A= I

Holx] ertdl Wb QtEAlobd Aot A=7F fA4stEe] e Sd FH A3
AxzEY 2o tigh s SUiA7= 5237 & o= yest o]
Xanthophyll pool®] 3jEW 3} = FFS m|X= XE dolH 7] 9ste] AT NA| F=ZnE
T3 (HPLC)® (Yamamoto et al. 1991)S o] &3l #4815},

A drw el S A kA 7ke] xanthophyll pool®] WE S H]WEY] ko] X
Eds AEE A ¥ A °ﬂ Aol AEAE ddor B Ay duwe] A9
xanthophyll pool €135Fl ]3 Q3 wton, HﬂE}ﬂiEl e AESA s E=A
UEbTh (1" 12). wkdel] S A Sl pCHI FAA FAMBA AA AFF] vl E

|
Neoxanthin®] 51 ~78%, Violaxanthin®| 45~54%, Anthraxanthin®] 6.48]jol| A 7.48) A% Z=4c}
(1% 13).
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Biomass (g/plant, 10% PEG)

B SFW mRFW
1.0 z
0.5
0.0
0.5 l
1.0

1 2 3 4 5 6 7
15t
0.30
055 | BSDW HRDW

—T

0.20
0.15 T — — [ I
0.10
0.05
0.00
0.10
0.1 1 2 3 4 5 3 7

020t

I3 11. 10% PEG Al w& pCHI FARE W AT AFH(S) 2 AR AAFTH
Az%. 1, wild type 2, 35S—HCHI-99-1—-6—2-2; 3, Glb—bHCHI-120—-1-2—-1-2; 4,
Glb—pCHI-123—1-4—-3-2; 5, Glb—hCHI-123—-1-5-1-2; 6, 35S—hCHI-64—2—5-1-2; 7,
35S—hCHI-64—2—5—4—2.

o]#{ gt xanthophyll pool A1 Ao} BEHAAANE st Add S JAHd2
A oz Aoxs} d2Ed 2 Aed wE xanthophyll pool] SEEAS AA|SH
I 29 A Arled e FAAZ W ASE1ke xanthophyll pool®] W37l dA sk Ao =
EfubA] gkgkont (29 14, ), 150mMe] NaCls 24417 A 2]3181 S o= Neoxanthin®] 1
3~60%, Violaxanthin®] 26~132%, Anthraxanthine 3l 15% F% I} (19 14, 3}). o] g
b Ay Al Aealddle WS 237 Ao ¢ T PEG A e 2EYA
WA S0 2347F dEsiid A=AA Aot dA|shes Ao R, 53] vtolemj vt Wil A
&oll A o]2 g xanthophyll pool®] ¥&o] THiE = O E Hof ¢loju Ax ~EHXAE W
W pCHI BAAE S = =9 28] 75l 218l xanthophyll poole] <t ¥ HA
FAzEY 2o dF ol SXPomMN vo] ek TR WolA= Zew ddHAY. &
3] Ao dS Agstals W = 2L WAl AR el ¢
3l Aol ~Eg 2o dig W 4 o] A Y27 Ao ~Ed
2o fisiA = BEgE gl Ao®E F5HAY. o] o]
23 Aoz gekEc)

oldel WAsY 7sHrr Atz & o, F FFelN Beld sCHI FAAE 9
AxzEd s et WS 7ol dvtar #dd = glon of7jox e 3AEE
A3 dzel tid Adol X" e 8 B FaAders &89 ¢ s Aon
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Control (mm ol /mal Chl a)

350
300 ]
250
200
150
100
ml L
0 . PR s Y . .
Weoxanthin  “iolaxanthin  Anthraxanthin Lutein Chlorophvll b Beta-
Carotein

|E|Cé'ﬂ|t'1 W ECH 355 14-1-2-5 ObCH/glb 102—1—6—5|

9 12. pCHI BAAE ¥ (Yu¥) AF-2] Xanthophyll poold] 3}

Control (mmol/mol Chl a)

350
300
250
200
150
1aa

Meoxanthin  Yiolaxanthin  Anthraxanthin Lutein Chlaraphwll b Beta-
Carotein

|Z =4t WbCH/glb 123-1-4-3-2 ObCH/glb 123-1-5-1-2 ObCH/35S 64-2-5-1-2 |

I% 13. b)CHI FZAAZ H(Z3H) AF< Xanthophyll pools] W3}
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150mbd MaCl immaol Chl &)

450
400
350
200
250
200

150
100 — ]

- (ol (el [ el | Ol | e

Weoxanthin  “iolaranthin  Anthraxanthin Lutein Chlarophyll b Beta-
Carotein

Y dh mmol/mol Chl &)

350
300 ] 1

250 —
200 —
150 —

100 [ ]
50 —

Weoxanthin  “iolaxanthin  Anthraxzanthin Lutein Chlorophyll b Beta-
Carotein

|I:I§g"l:F| BhLCHAR 123-1-4-3-2 ObCH/glb 123-1-6-1-2 ObCH/355 6&—2—5—1—2|
a8 14, 2E#HX2E, 4G 8, AYA) AP wWE pCHI FEAAE H(EEH) AFY
Xanthophyll poold] ¥3}.

(3) bCHI A =¢) W FAAZA ] x H e
WA 715B7F (R, & 283 Ax 2EH S AHE)d o] 8% S 2l
T3 AESS Aoz FAZANA 387 AEZALE AA 9. 1 Ad, 355Z 2 2E

H 64-2-5-1 A'sS AQlstals AEF] SEuiol vl 3} 4L tha Fobxal ¢
u g

o
<
o
N
N,
=2
o
lo
N
Lot
N
off
s
2
o
X

]_
(13 15). o] A¥3E EdiE2 g dAAS AlTE T 245 93 HXx2Ef e o
3k Aol oA A4 FA T3 AAEISS Flsk 4= A
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—— =S —=—99—1—6-2 120—1—2-1 123—1—4-3 =¥¢=123—1—5-1 —@—64—2—5-1

I¥ 15, ¥Z=2ANAN bCHI FEAAE H(SEHW) AT 787 B53F (EFF oA
YEEZ FAF).

Z T FEAAA EY AV 3238 FE ALS 9% WA Vs B

(1) bCHI 5AA =9 ¥ gA A8 A

bCHI +3#ke] WA 7es Gotrr] ffs) W dgFY
= Wdem Aengde AAssiv WA B AdfgFentar A3

Fativk. 28 163 17005 13 AAH 23S vehd Aoz A
27F

=440 Ahed A
(drpw)e] A5tz (WDl s Hat gubdol= vzsigiont gddg HAzt
of v AddS vehlo] E=dAlA AR 2po]E Bl

Tbch-B '

Toch-A '

Control —|—

0 20 40
4 8k o] (mm)

60
29 16. bCHI A FARE W T2 A ¥ Q7S BEHR 23012
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3+ D )

!
!

| 1 7~ 1"

a¥Y 18. bCHI AR AR W T2 A% ¥ JdAFHqEY AEHA 3D

(2) bCHI SA7F =8} v FAASA) Adney A A4

bCHI A7 B8 AS(SEr)ol gk W 2QlvEd A Aes dotur] 93 g5
% 5590] Xl% P E gdoz 7%4%4“40:% REARS T3t AEAG AH-E 67
5 oA 11 ABe 73 EEld 1 W gz el dAst apelE BATH1E 19, 20). o]¥$ 2po|7}
ARk 7)1l ofst ZA] Uidt HEE A Fo A&Hoz FHsrter & oz A7hE| Q)
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100

80

60
40 |
20 r

wild BCH1 BCH-3 BCH-11 BCH12 BCH14 BCHI19

HERIol(mm)

3% 19. bCHI AR BAAE W T2 AT ¥ IUAvE AEHA 27
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A s & X[ = (0-9)
bCH-1-1 4
-2 4
-3 3
bCH-2-1 5
-2 5
_3 -_
bCH-4-1 4
-2 5
_3 —_
bCH-5-1 5
_2 -_
_3 -_
bCH-6-1 4
_2 —_

% 21. bCHI AR 238 ¥ T2 AT =24 AR 2%

bCH 36s | B4-2-5-B 5| 5| 5| 5
bCH 36s | 64-2-5-6 5| 5| b
bCH ggb | 73-2-10-1 5| 4| 4| 4
bCH ggb | 117-2-1-1 4/ 5| 5| &
bCH ggb | 117-2-1-1 5| 5| 5| &
bCH ggb | 73-2-10-2 5| 4| 5| &
SEH 5| 5| 5| 5
BEH 5| 6| 5| b
SHH 5| 5| 5| &
= EH 5| 5| 5| b
Y 22, bCHI 57974 FAAF ¥ T3 A% =29 A2HY 27} (SdH)
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bCH 36s | 1-2-4 5|5|5| 5 bCH ggh | 92-1-7 5| 5|5| b
bCH 36s | 1-2-4 5|5|5| 5| 5| bCH ggb | 102-11-6 5| 5|5
bCH 36s | 1-2-4 5/5|5| 5| 5| bCH ggb | 102-1-6 5| 5|5
bCH 36s | 1-2-4 5|5|5| 5 bCH ggb | 102-1-7 5| 5|5
bCH 36s | 14-1-2 5|5|5| 5 bCH ggb | 102-1-7 5| 3|5| 5| 5
bCH 36s | 14-1-2 5|5|5| 5| 5| bCH ggb | 102-1-7 5| 65|5| 5| b
bCH 365 | 14-1-2 5|5|5| 5| 5| bCH ggb | 102-1-7 3| 5|65| 5| b
bCH 36s | 14-1-2 5|5|5| 5 bCH ggb | 106-1-6 5/ 5|5 5| &
bCH 36s | 24-2-3 5|5|5| 5 bCH ggb | 106-1-6 5/ 5|5 5| &
bCH 36s | 24-2-3 5|5|56| b bCH ggb | 106-1-6 5/ 5|5 5| &
bCH 36s | 24-2-3 3|/65|5| 5 bCH ggb | 106-1-6 5| 5|5| 5| &
bCH 36s | 24-2-3 5|5|5| 5| 5| bCH ggb | 106-1-8 5| 5|5| 5| &
bCH 36s | 102-1-2 5/5|5| 5| 5| bCH ggb | 106-1-8 4/ 5|5| 5| 5
bCH 36s | 102-1-2 5/5|5| 5| 5| bCH ggb | 106-1-9 4| 5| 5| 5| 4
bCH 35s | 102-1-5 45| 2| 3| 5| oY 5| 6| 6| B| b
bCH 355 | 102-1-6 4(3|56| b Ao B| B|B| B
bCH ggh | 83-1-6 5|5|5| 4 2ol 5| 5|5| 5
bCH ggb | 92-1-7 5|4 |5 5| 3| oy 5| 5|5 5| b
a9 23. bCHI AR FAAS W T2 AT =89 AEAA Ay} (Iv)y)
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93
93
98
95
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<

TH242

275 | 251 | 263 | 264 | 237 | 251

98| 300 | 268 | 287 | 300|283 | 266
87| 233 | 265 | 249 | 233|256 | 244
95| 279 | 264 | 271 | 276|252 | 264
96 | 279 | 264 | 271 | 276|252 | 264

97
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1241

T

pur

=0

‘06

Sy

3

‘07

308|266(|287/351 1231|291 (101 | 319 | 294 | 306 | 308|294 | 301
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% 8 UESE XYY F AT AT 54 2 F45A
FTUEAE
) — | FUER | FYE | FUE
Agy | R e e 10E ey sgn | e
¢ ¢ ¢ 0 ey & (cm) | (mm) | (%)
(ug/g)
ZAVEF| 37.8 | 16.82 | 97 100 2,907 12.3 9.5 1.98 610
TU242% | 37.0 | 17.4 98 100 2,921 10.8 9.1 1.99 600
(2) ofo] AZEHe ugH AT FFT=Y
F(Glycine max(L.) Merr.)
(A & " 7Y 2423%)
O+ E:SAES
) S0
@ e FERF : A2Q9FE/4/129
@ THjEE : 2002
® AEY : SL-19-6-1M137
@ AAFAARANE : 2005~2006(2)
® ADALAY : 2006~2008(3)
® SA7F . THFEY
(o) F8EA
D F3A5E, THAE
@ WEE, W (FEAo|Avteld 2, EvlEd), T4 14Y
@ FTUE FHo] F3lal 5o =
@ &%= FUEE
® EAEA SEHHORE Rsvd £4AA A
) FeAY
O A (A2
("h) Aud Fod
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(b Rge 83 5§
O 2%3%
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('06~°08, X&)
v o Erl S 4 3kA] 22O ] ° EABEIY
E‘;j (0-9) o o] Y& (%) ;L]O‘SH SR
A Tn | =3 ©0-9) | [zamweda] A | @)
TH24235. 714D 710D A10) 0.1 0.2 0.0 0.3 0.5
‘ 710D Z7(3) 0.0 0.2 0.0 0.2 1.1

= FEAe|AntolH Al e AFAS K

;(]—_‘Li,j(] %%Ho BQ_E Rsv3 ‘rr;ﬂx} H
FEAC Aol = AR

A = o LAY =AY
G7H G6H G5 =A}0] (0~ 9) A (%)
F242% M - - 3D 0
e N - - 1) 0
F N IA, M RA]E, — R
@ +%4
— AAEAAAND(C05~06)AF 307kg/10a% EEEZE div] 13%%

4—8— 18 (06~'08)9] T3 278kg/10a% HTFFS FJr s

124
307
100 (kg/10a) 100 100
57 277 278
kg/10
(ke/108) (kg/10a) | (kg/10a)
29T $U2423 T Y2423
AEAAGAE(2d) A9 A-gAF(3)

=3
M
i
ofN
¥
(o,
o
o~
N\
fols

]1

) T (kg/10a)
A<

,?L J_?L /\]@ EHH]%_%— CV LSD

Y| x| " | 2006 | 2007 | 2008 Té%f H £ @ | Ga
A= ~

caelae) 5 277 276 | 252 | 306 | 278 | 100|233~ 444 | 18.9 | 99.1
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48 S=rEEL: 3 HTZO0H2] 7|0k

O $evtet 3 FA ARAY Fold dJste] F 471G APFORM = FAAT B
S 0E AT, T RERA TE L 288 ATE BT £ A0k

O A 71XE 2A9 Hx Adele 3 & 759 A 42 (rxp)7F A8k 9l
o, ol AFIA A AVINLE AFS ALY wdoll HAx At B uEHES g5 FriAbel
ojste] Auljx= AREAR] Wie e 9l FEHdAe 9t Aol AujE = Solgt
T FAS A A o], AVIAE A ofg ¥ A3 7 7Y 2 2dE M & A
o2 7]H¥h LG D29} LG Al, LG C1$} LG C29] ¥-E9] Amo] TEH dv AL ¥4,
FolM Am FTH B3 A3 aYE A & Aoz ygEd

—carotene hydroxylase®} xanthophyll A4 AAFAAES 7S T
—carotene hydroxylase A7} #st= AAE 242 & a4 E
HAoN A ZALE O] Har, = dbd 3lA o A B—carotene hydroxylase

1R=E)
=
94, xanthophyll sL J)r Id 9 M ZEPQ]r VDE qx]_g] 0434/\43; z,g}g}cd otq 1:}3 uLz‘;q O‘t)&

S Holi= BCHY isoforme F2Y3F%TE. B—carotene hydroxylaseS Wasts wu] d2 4
A} Ecolis ©]&3}], BCH«] aAgAEE HPLCE E3) %Xé'é‘}oi, B—carotene
hydroxylase®] 7]s©°] AAEAUL}. RNAIS o] &3le], BCHFA A2 e e P R

7}
el e 2ddE wAsk, FeSUE ek BCHYIee] T84 2“1%‘ -

O A& 7 FdxE2] full-length ¢cDNAZF &2 2 A& 7Fodd FAAE2] 7lsa A
39 t}t. CapFishing7] &S o83t 2709 full-length ¢cDNAZS A3, GmLRKS W3S
RT—PCR¥} in situ hybridizations ©]83] <13ttt GmRLK12] kinase assayS &3]
AAE B431a, GmLRK19l o714 ortholog® ¢ A]+= AtLRK19] transposon—tagged
mutant2}] complemetation test% o] g3sle] 7|5S FF3F Y. BiotinylationS ©]-8-3}¢]
GmTRX9] novel targetS Za, F wwldo]l A5 285 F3lo] A& Yoo 98 {53543
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Al

O A #d7t Sanger sequencing 7|9 & Holke EFstal A7IMEAAY vES
H Zo|1 Yoyl Mimtgo g AE e 7%*3% T A A7IAA B m=gstr] ¢
A= TEAoRE o2 AVIAEAA WS gtolof gtk B a&Ao)a v)§ HiHH
olHA 7]E2] Sanger WHO A S FATE 4 v WHol HQAste] sk Aol =
ol P HES- Anfol] o] Fo] A= pyrosequencing?] ¥elE 8T A

icoTiterPlate ©]-&3%+ b

o]t}. pyrosequencing®] @ AA|7FOE  sequencing—by—synthesis WHO =  Sanger
dideoxy—sequencing "H I} F-AFsE A4S ATt} o] 7|=S st 3 AH(454 Life
Science Corp.)9] ©]&% ulr 454—sequencingo]ztil LA o] AL & HAlA
Sanger sequencing®} capillary electrophoresis ZHZH T} 1000] ¢ W2 A A7|ALS
ARY 4 9+ cloning @AI7F AR pyrosequencings EWE g A[ZFlo] T

O 454 sequencings Alsr DNAZ 7|AA o2 9 pbp AL “dtHo g Hu3dt &
microbeadE 1:1 H] &= &2t} microbeads F-4N (7LIKHKR) H2with oo +3

iy

DNAES ZX3}7] 93 PCR k&M o2 o]8 %t} 1831 UA] PicoTiter—Platedf
FAfr&dtol =0l microbead”l ¥i=E AL Wl 7] DNA w28l LEO|= 7} ¥ F o] 5o
2z . ZF vl DNA AFEd w9 L Eto]=rt HA7tEd 234 a 4 luciferasedl
o3 FAadZ At (28 1 FF). 454 sequencingo]A] A i JE= 7 dA v
A7 wE

ot =g o] el gl

Genome " |
Sequencer 20 -
PicoTiterPlate device Instrument

Bioinformatics Tools

Resequencing

PP sknal mage

Pd-fmec ass

bk '.-r e 2
— + i il De novo sequencing
l‘ J "‘% F|||||||||J|||||||.|TEH!
_‘-;.c Anmeal
¥ Suliurylase B B, Bl Amplicon Sequencing

i''al

Sequencing oNA Capl.ule Bead Luctferase Leighcely
t=ining milli
= | cading PicoTiterPlate device g?éoprn'eg%r'!m:';u
dlonally smplined +Du Luciferin
= One bead per well by Light+ 0wy

Publicly available tools

Sequencing-by-synthesis

Light signal proportional to incorporated
nucleaticde is captured by CCD camera

= |mage and signal processing to determine
sequence and quality score

13 1. GS 20 sequencerel] 2]3F 454 sequencing WY HA =A%
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O ABI Sanger®} 454 971424 WHS D7HA] dAE FAFBHEA T B2 Fiiof
2U(E 1). FAEY time—intensivedr ¥ GAES A
P2 Aok F Rl dolM TEHS H2 BAC DNAE 7|[AAom ddst
ABI-Sanger®] %9 2-10kb H== 454 sequencing®] 49+ % Wbp A== vH=ETH
ABI—Sanger sequencings @3l DNA WHE E.coli cell® 4¢3t sub—cloningeA|
(shotgun library2tal 3h)7F o3ttt 7709 clones wha] A w0 7] 4] plasmid
DNAE FZsto] 7G4 4wE] 3 DNAE AR&Sth. Al ABI-Sanger
sequenert= 800—1,000bp A=E 7]33HA ¢lo]d 4= At} ¥HA 454 sequencings A7}
A1 100—200bp BETHS ¢S F Ut

ol
ek

¥ 1. ABI—Sanger sequencing®} 454 sequencing® H|xl

Procedure ABI-Sanger 454 time required
Isolation of BAC DNA X X 1 day
Mechanical shearing X X 2 h

Cloning X 4 h

Clone picking X 2 h

Plasmid DNA extraction X 20 h
Reaction on thermocycler X 36 h

Clean up reaction products X 2 h

ABI 3730x] sequencer run X 24 h

454 sequencing library X 4 h
Amplification in PCR microreactors X 6 h

GS 20 sequencing run X 4 h
Assembly of raw sequnces X X days to weeks

O 454 sequncing®] A5 HHEA7IAFo] A2 v EY 154 =9 MAA Alwsel o
& AgtHom FriEATE F AHAAZA A A= 4 BEE TR AlF DNAY
A7IME AA o] &HAUY. A REEH AV Fo] E = 97144d A4
454 sequencing WS o] &3t AL 7jE=Hed EHoRA o R FHAASAES] T

Hol F e A,

p

Az AT HA% L RAAG

1970t o] §-2 DNA f7|M<Es sl ofg Wise] AeEds Aashs Avst
= B2 AgAeA Al Wyt dojyith. AESHE Vs ES w7 s e 2dY
ol A vebbe ApoliEnt ofy el AT Dol Ao ApolE Ay E 7] AlZHgE Zlojth 2000 H®
g Mol S Wt ARlar 18 d A& post—genomics AltHEl HETE o= & o]
MEA o R T H7IMYE HAEEo] ofn BF WA v 44 Eov & F dve=
Aolth, ojAl= WA= AR SolA Zag JHNES A8 et Ao vig F83%F dolr}. &
8 = F9 7 A AR7E A e a4l 57 = o] ATk
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(http://www.phytozome.net/soybean.php). & F% A HAHE iﬂrx—l } 7] Y= =

A WkE 7] A A (repeat sequence) 55 A A= W, 7|E = ATl dlol
Blulo] =5 o] §ato] Al7|st= W RECONo|ghe Xz a—}oq /\H%ﬂ] 703 7] A
S Wole el . FolA = ofF wHEATIA

of o}x & F WA WS o AEgth RPN DS A
o] ZrIafso] AR FHAS 725 o5 (gene prediction)dtAl ATt Fd2 725 o
Soh= doll= EST dloleHlo] =9} 2H2 HAMA (transcriptome)el] W&k FHE ofF &3t
Al AHEE 4 10, PlantGDB (http://www.plantgdb.org/) ol A= GeneSeqergh+= ZEI19S&
o]-&sto] MAtAlel g GRS FAA T oSl AR & AYh E7E yrGATEE ©] 83}
of A2t HA Qo] d= 54 FiLol i AAZ E4 % Jhesith o #HA d5H" #FdAk
Tz wet o] FEAATE owgk 7eS ThA =l diEl] el Al #Th. (gene annotation) ©]

e

R
(o ol

-

N

)

H

2

)

>,

o

i)

s

o

B

o

~

= 7l ¥EA e FEAEe 97IAEd vluste] o 4 9lth. NCBI
(http://www.ncbi.nlm.nih.gov/) Y} UniProt (www.uniprot.org/)2] Hjo]EgH|o]|~E o] &3hH <
Hal A X sHA| = AW F-121e] Tl tis] o8 7R ARE IS 5 Ak

A 3 A SOY2008 3] FA] 2 Wy

SOY20082 A AAe] F AT7he =8 §37F 5 28 o A e
oot AIA F shEdidloln, 2ol g WA de = oW sH3lAA F FHA Aol
gk A AR ZEe Hetd g otk gEe 79 2095 H 2397HA] & F - eluEe
(Indianapolis, IN) Z=A4lol 91Xt S}OFE SdoA] AP}, 57 Fx+= 25 6719 AA

2 WFo]A  structural genomics, biotic stress, abiotic stress, functional genomics,

lO v = o

compositional engineering 5 I A9 RE EolE vttt

A structural genomics Aol A= Lrl Ao ¥HE ¥ soybean genome sequence®]
3] Stanford q]ag] Jeremy Schmutz=Z4%-E 20063 ®]=r ol | A A4 (Department of Energy,
DOE) 4tsle]l €2 Al A4 (Joint Genome Institute, DOE—JGI) =2 A Z% R
A JEX*‘EOH el dA7EA e & Frpel ko m e At AlES RSt O]‘HX]L‘ Ll
oA = USDA®] David Hyteno] th&Fe] #AmlAE o] &3t USDAZF Hfstal S+ 4
2H9S A% A9 E asiglon, o]% wMpoAE= Fol A9 repeat elements®t FI 717}

& FHFEH v u-F-A A (comparative genomics)ol] allA = 2 7F AT}
Biotic stress AAAA &= tifE W5 AgAdol dish Wy}t olojyom, 53] vl
E‘_Ecﬂ]/ﬂ NG FAE 927|391 cyst nematode®} Asian soybean rustell t]gh =37}

oo M

t}. Abiotic stress AlANAE AA ¢ EA7F H1 9= AXFA 243t o

= sk 3
04 ThEe & ArE FS NaEr] ga 2o B olgafol ud A3 drought stressol
BF BEI olojHT. 58 Ful BAo] & ALt AR FAAE Fol o WA =AY
M, =QE FS o]Fo] o3 W o Mutali=rtd gia wEst QAT

H
Functional genomics AAdA = 53] o8 71+ A2 Ao} 7|sES o] &3t &
S Yol A Ays =Esa olE W sl A7hE AT mHA %S 2 compositional
o]

engineering°| A& FHt dFHa A= vlo] g A #3t AFAI|7E A om, of 7o o
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9 S B U U B /1BS FHND £ duA, e FAAANE B FUY T
]

<
T

o] @A o]Fo] A =7l e HEIF ATE E3 well-being Althol] Fol A&
u] o]
tf

I— o o
ZFhALE: (secondary metabolites)oll thak 4] 5k 22

o, oW 7}39F o] Al Al
& wol FRL i T& e UE ATl R BRI A
A 4 A Plant Biology 2005 33 24 9 wy

1. 93 7)17F : 2005. 7. 16~21 (6¥47h)
2. AP ;. v (Al E)
3. o3PujH

O s A3 Foko] H AT 58 gof 2 AW FHE 31
Ao A HREIL e AT AL BEaA B
4. 4PEZ
O Plant biology 2005 8F3] k4] o wh3p
5. TRU&

O o3 2%
— High—Efficient Rice Transformation Method Mediated by Agrobacterium
tumefaciens ( £2~E H3L)
7} A XA 5 (Symposium)
_'.I_.L

=
T

M

¥ 4 2 8
AE FEA 2 Vs S s AlES A
1. Characterizing regulatory networks in the VirtualPlant (Coruzzi,
Gloria M, w&tjgtn, vj=)
2. Signal integration during seedling photomorphogenesis (Chory,
Joanne, Salk A-+4, Hyt}h)
3. A systems approach to understanding transcriptional networks in
the root (Benfey, Phillip N, w2 t™gtul)
Al 2 A FAEEE F7HA
1. The evolutionary transition from anoxygenic to oxygenic
photosynthesis and how it changed the Earth (Blankenship,
Robert, ol Hd], vl=)
2. Oxygen evolution: Intrusions into the inner sanctum of
photosynthesis (Brudvig, Gary, olddjst, w]=r)
3. Improving photosynthesis by genetic manipulation of the
photosynthetic carbon reduction cycle (Raines, Christine A,
Essex tfshul)
4. Making sugar without photons: Conversion of starch to sucrose
in leaves in the dark (Smith, Alison M, John Innes Centre, =)
= A 3 | FAA 2E ] epigenetic control
1. Evidence for non—mendelian inheritance of ancestral sequences n
Arabidopsis (Lolle, Susan J, ¥ Foistal, u]=t)

2
—

N
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2. Genomic imprinting and PcG—mediated regulation during seed
development (Grossniklaus, Ueli, Zurich t3gtxul)

3. Genetic analysis of gene silencing in Arabidopsis (Jacobsen,
Steven E, 7880} tjstul, W)

4. Heritable chromatin structures are established through
trans—interactions between tandem repeats (Chandler, Vicki L,

ob2)zLpe) shaL, =)

T A 4 | AE AS 2 A Protelysis controlling
1. The ubiquitin/26s proteasome system: The complex last chapter
in the life of many plant proteins (Vierstra, Richard D,
A=A g e, vl
2. The F—box protein TIR1 functions as an auxin receptor in
Arabidopsis (Dharmasiri, Nihal, ¢ltjo}brijstnl, w]=r)
3. Cis and trans domains that direct ubiquitination (Callis,Judy,
Yol g, 1)

A A 4 FA| 1434 L3

. vy A E X8 (Minisymposium)

78 F2 UE 74 2 U8

F A 1 Mineral Nutrition and Salinity
— Identification of genetic loci responsible for ionomic phenotypes in
Arabidopsis (Rus, Ana M, ¥ Ftistal) 5 534

T A 2 Rhythms
— Genetic analysis of the circadian clock in Arabidopsis (Schultz,
Thomas F, Scripps Research Institute) ‘& 534

F A 3 | AsE ~Ef A oA
— The role of AtNOS1, a mitochondrion—Ilocalized nitric oxide synthase,
in Arabidopsis leaf senescence (Guo, Fang—Qing, A& Yo}tfjstul) &
5314

= A 4 | Reproductive Development
— Calcium dependent protein kinase and ROP GTPase signaling
pathways overlap to regulate the polarity of tip—growth in pollen tubes
(£747], AYEFHNGN) 5 5344

< A 5 | Cytoskeleton and Cell Division
— The cytoskeleton is required for maintaining two unique patterns of
organelle partitioning for C4 photosynthesis in a single cell of
Chenopodiaceae species (Chuong, Simon D, YA EFHY ) 5 534

T A6 | FRA =4 vriY s
— The in silicio laboratory test of cis—regulatory elements for biological
significance in Arabidopsis (Geisler, Matt, Umea teul) 5 53}

T A 7| B
— The central roles of the protein circuit in maintaining and regulating
photosynthesis (Kramer, David M, YA EFHH ) 5 5 74

T A8 | AEY
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— Uncovering novel cell wall—related genes in Arabidopsis (McCann,
Maureen C, HFtistnl) 5 534

F A9 e84
— Integrating auxin and abscisic acid signal transduction (Strader,
Lucia C, gto]=tistal) 5 534

T Al 10 | AE A=Y d5Ag
— Recognition specificity in the FLS2/flagellin interaction(Sun,
A4 ) &)

2 A 30 A 150 A =i
t}. ¥~ E u¥ (Poster Sessions)
T8 o U¥ FA 2 U

Session 31 | Environment physiology
— Foliar solute uptake from fog by yellow cypress (Lai, Phytosphere
A74) T 309A

Session 32 | Global change
— Reduction of ozon flux and damage by elevated COZ2 in soybean
(Booker, USDA) & 634

Session 36 | AFs}d ~Ed X~
— Analysis of anti—apoptotic function of plant Bax inhibitor—1 (kawai,
Catfeta) 5 3074

Session 38 | &% Wk
— ESK1 encodes a novel regulator of freezing tolerance (Xin, USDA)
5 40374

Session 47 | =3 WA Ao 2g
— Signaling in the rice XA21—mediated defense response (Ronald,
Az oltfstal) 5 6134

Session 55 | T A& &}
- A high throughput screen for low phytic acid soybeans (Chappell,
USDA) 5 3634

Session 56 Metabohsm
— GWD homologues in Arabidopsis (Glaring, RVAU) & 443}A|

Session 66 | Intracellular signaling
—Characterization of MAPR homology in Arabidopsis (Yang,
T HW S ) T 5534

Session 75 | A& A -g&}
— Development of a transposon tagging system for soybean (Winters,
vl B et 7t i eta) 5 7634

Session 77 | &3] A AH 7}
— Dynamics of transgenic rice plants with CrylAcl gene (H<F,
NIAB, RDA) & 474

A 49 FA 1172 JJrZﬂ e
6. =443
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O 4% Aget Fopo] Ao AT F& 2 4w o

O AAAN AFAET ] AHAQ W FF AT Hope] R Wi

O sEeld 5 Aze AN guE vgon w3l ALl hsete] AT
A% ol wgol @ Ao Az

Al 5 A Plant & Animal Genome Conference A % A|A Y
TAT T AR T3

1. 943717 : 2006. 1. 14~23 (104 7h)
2. 937 v

3. o 3PujH

O Plant & Animal Genome Conference A1 2 AM|A A FstAF F3F A 4=H

4, qYEH

O &4

5. TPUE

71

O Plant & Animal Genome Conference A
O MA AYFsd+ &3 AR 53

T ¥ F8 UE Eof 2 AE

Hok 1 Rice & Rice blast (77} A1)
1. Application of RNA silencing in Magnaporthe oryzae (Hitoshi,
e et UdE)
2. Cloning and functional analysis of GA receptor gene (Ashikari,
varofd) gk, o)
3. Rice genome resources as the core for implementation of a robust
functional genomics platform (antonio &, NIAS, ¥X)
4. Retrotransposon accumulation and satellite amplification mediated by
segmental duplication facilitate centromere expansion in rice(Ma ‘&,
5 oy stan, v

ol 2 Legumes & Soybean genomics (97} FA)
1. Molecular cytogenetics of the soybean genome (Walling &,
By, v=r)
2. Sequence and marker—based diversity in common bean (McClean &,
North Dakota =Htg}, v=)
3. A physical map of the "williamas 82" soybean genome (Warren %,
The soybean mapping consortium, V] =)
4. Signal sensing for induction and autoregulation of nodulation in
soybean (Peter &, ARC center, &)

ol 3 Abiotic stress (67} 5A)
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1. Functional genomics of phosphorus deficiency in Legumes (Claudia -&,
u) ] b et o))

2. Discovery and development of an Nf—Y gene that confers drought
tolerance in crops from a genome—wide reverse genetic screen of
arabidopsis transcription factors (Oliver ‘&, ¥AFE W]=r)

3. Map—based cloning and characterization of AltSB, a major aluminum
tolerance gene in Sorghum (Kochian &, Z s, n]=)

ol 4 Host—Pathogen interactions (5 SA|)
1. Mechanisms of plant resistance to virus (Kumar, o< t)stul, w|=)
2. Comparative genomics of plant— Pseudomonas interactions (Caldwell &,
Az Lol eta, wl=r)
3. Functional genomic evaluation of swine responses to infectious
pathogens (Lunney, USDA—ARS, "|=)
4. Host—microbe interactions: addressing genetic and environmental
interactions utilizing cloned pigs (Schook &, ¥&lx=o|tfstnl, w|=r)

ok 5 Plant transgene genetics (4 A))
1. In planta transformation of wheat as a genomics tool (Zale &,
ElUl A &k, wl=)
2. Agrobacterium tumefaciens—mediated transient gene expression in
nicotiana species (Li &, ZAE7|d|gtal, v|=))
3. Transformation of rice plants using Bio—active beads with BACs
(Wada &, QAMF e, d&)
4. Traitexplorer, a high—throughput screening process of genomic
fragments for systematic identification of useful traits (Katoh &,
Japan—Tobacco, ¥¥)

o 6 Plant interactions with pests and pathogens (6 FA)
1. Role of ALDI1 in activating systemic defenses (Jung &, Al7}art)shal,
1) =)
2. Response of genes expressed in the Larval Hessian Fly during
interactions with wheat (Shukle 5, USDA—ARS, "]=)
3. Elucidating the Nh1l/Nrr—mediated disease resistance pathway in rice
(Chern 5, UC Davis, v]=7)
4. Phylogenetic and genomic analysis of ERF transcription factors
involved in disease resistance (Reuber &, Mental biotechnology, "|=)

= A 4 Brassicas (57] 5=#)
1. Analysis of expressed sequence tags of Brassica rapa (94 %5, NIAB,
gh)
2. Comparative genomics of B. oleracea and its allies: Integrating BAC
hybridization data (Torres i, ZXo}tfjetnl, v]=y)
3. Gene expression and network dynamics during embryo development in
Brassica and arabidopsis (Datla, Plant Biotechology -2, 7Yt}

e R
O 4% APFe Fobel A2 AF B ¥ Au v}
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O AAH AFAET] APAQ W B AT Hoke] Ju wF
O selol A 853 Aze A4 JuE wizo] sbsdte] Aol
44 el mgol 4 Aow Az,

o
R}
ot
o
fol
&
)
r o]
&
N

A6 A BH2EH2d B A20EY EARERY HH
A5

1. 93 7]zF : 2007. 4. 06~16 (1197H)
2. 9= ¢n
3. 43 HjA
O H AT+ 5 94 U4y 59 ARE FH3n AA Atig dFAEHe]
A s &

1. 9% B3
O FRNEATHA T FEHAAE ol§F WsH 4B AL o 4FHA £9S
o) fFsE o g AEusel FAYEHH A el g Hr)Ee A%
14 3.
5. 59 e
O BAzEd e ge 42nse] LAYEEY A4 Py a5

— A EWgylA o] 2] MicroRNAS] gk 4+ At

— 7N E ol &S MEEd FHAR] 9T 7 AT

— ANz ARI}E - ESR2 A 98 4 A

— AFFA microRNAS o] &3 vpolg) 2~ A3 A& /g A+
7 Ate] FHal 4R 4

O #
7 @RLEdA2 Bg 4%3}—3—9} PARERA 4 Py A5

@A Chua AFANA FBF ATAAS FHOZ AT 24, wpy 2 A3t A4 5
AP Al it e ol Oﬂ%OJEiTEa A5E wgror Fa g e ek

O AEZwaH}Ad 2] MicroRNAS 9& 79 AT

— 2 7§o] 21E MicroRNAZF 21 &9 W uAo)] sl Ao =2
e 2 A ekt eyt o 7178t 9 miR1647} endogenous 2 F @3 NACI (L5421
o] glom Mmaje] Al wdke] &) mRNA FES fEITE S FHIG
188t 23 miR1649] %A f=% homeostatic 712 A58t NACIS] mRNAS
il 222 AEE 2-d3S Ve

el glon) A9l

2 0o e
folr it
° rlo

ol

7%
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i angp AL

O A7IZHE o83 Astzd FHA 948 73 dF
» ;0H7] Zdle] Phytochrome A& Ao}, A% 2 24X 7771 )

) B i ) y 1= O XN LT 11—5_:‘ = S

. _uﬂ?&ﬂ}. TAAL Aol M A=ol A SPAL AR 2443t o
oot gk FAF ol wf phy—A e 9 "]i; - S
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O Azx9 AENE =-3E ESR2 FHA 98 19 dF
— A2z gl AfelETboldE Ao ARsE A=Sdhs Aom dEA e
uoold FHdA7F of Aol dojst=Ae] i o= wig FHAT ER2 FHAE CUCL
AR AAEd S Sl Az AlEstl Fa3 42E dh= AS el

O &4 microRNAS ©o]-&3% ulolg|x AP A& ML A+
— A& miRNAE AdE FE3do 24 mRNAS FAgt, o
4 A= el o]&stltt 7] E e miRNA1S9 HATAE the
9} TuMVe HC—ProdbHAE A3 FAdste] FAAZsgom o5 2
g 2o tfal] ayA el A3AS HTE o]E st ATFAL M ESF
Ao " qugoqotq 15 C4 ALz o A AgFAd o] {4

sk 712k wlolel &~ A
2 TYMVY P69$Tx4;<}
A

SHA =
A5l om WEHOH

S microRNAS-
] FAASA] )t

- 123 -



Y. #4
(1) =
— Agrobacterium—mediated transformation of Arabidopsis thaliana using the floral dip
method. Nat Protoc. 2006;1(2):641—6.

— ABA induction of miR159 controls transcript levels of two MYB factors during
Arabidopsis seed germination. Plant J. 2007 Feb;49(4):592—606.

— Regulation of Arabidopsis thaliana 4—coumarate:coenzyme—A ligase—1 expression by
artificial zinc finger chimeras. Plant Biotechnol J. 2006 Jan;4(1):103—14.

— Cucumber mosaic virus—encoded 2b suppressor inhibits Arabidopsis Argonautel cleavage
activity to counter plant defense. Genes Dev. 2006 Dec 1;20(23):3255—68.

— A membrane—bound NAC transcription factor regulates cell division in Arabidopsis. Plant
Cell. 2006 Nov;18(11):3132—44.

— Arabidopsis DCP2, DCP1, and VARICOSE form a decapping complex required for
postembryonic development. Plant Cell. 2006 Dec;18(12):3386—98.

— Expression of artificial microRNAs in transgenic Arabidopsis thaliana confers virus
resistance. Nat Biotechnol. 2006 Nov;24(11):1420—8. Epub 2006 Oct 22. Erratum in: Nat
Biotechnol. 2007 Feb;25(2):254.

— Prediction of trans—antisense transcripts in Arabidopsis thaliana. Genome Biol.
2006;7(10):R92.

— The Arabidopsis ARGOS—LIKE gene regulates cell expansion during organ growth. Plant

Mo R
-4
o
e
2l
o
f
-
N,

- 124 -



J. 2006 Jul;47(1):1-9. Erratum in: Plant J. 2006 Aug;47(3):490.

6. =3 A

2 4u she}

Ny

e]

TH
Tor
Ho
‘mo

A

—

<

O AA

- 125 -



7% dazEd

Blanc G, Wolfe KH (2004) Widespread paleopolyploidy in model plant species inferred from
age distributions of duplicate genes. Plant Cell 16:1667—1678

Davison PA, Hunter CN, Horton P (2002) Overexpression of [B—carotene hydroxylase
enhances stress tolerance in Arabidopsis. Nature 413:203—206

De block M (1993) The cell biology of plant transformation : Current state, problems,
prospects and the implications for the plant breeding. Euphytica 71:1—14

Dharmapuri S, Rosati C, pallara P, Aquilani R, Bouvier F, Camara B, Giuliano G (2002)
Metabolic engineering of xanthophyll content in tomato fruits. FEBS Letters
519:30—34

Eichler EE, Sankoff D (2003) Structural dynamics of eukaryotic chromosome evolution.
Science 301:793—797

Groth D, Braun E (1986) Growth kinetics and histopathology of Xanthomonas campestris
pv. glycines in leaves of resistant and susceptible soybeans. Phytopathology
76:959—965

Hartwig EE, Lehman SG (1951) Inheritance of resistance to the bacterial pustule disease in
soybeans. Agron J 43:226—229

Hartwig EE, Johnson HW (1953) Effect of the bacterial pustule disease on yield and
chemical composition of soybeans. Agron J 45:22—23

Hiei Y, Komari T, Kubo T (1997) Transformation of rice mediated by Agrobacterium
tumetaciens. Plant Mol Biol 35:205—218

Ingo P (2001) Golden rice and beyond. Plant Physiol 125:1157—1161

Laviolette FA, Athow KL, Probst AH, Wilcox JR (1970) Effect of bacterial pustule on yield
of soybeans. Crop Sci 10:150—151

Narvel JM, Jakkula LR, Phillips DV, Wang T, Lee SH, Boerma HR (2001) Molecular
mapping of Rxp conditioning reaction to bacterial pustule in soybean. J Hered
92:267-270

Otto SP, Whitton J (2000) Polyploid incidence and evolution. Annu Rev Genet 34:401—437

Pfeil BE, Schlueter JA, Shoemaker RC, Doyle JJ (2005) Placing paleopolyploidy in relation
to taxon divergence: a phylogenetic analysis in legumes using 39 gene families. Syst
Biol 54:441—454

Schlueter JA, Dixon P, Granger C, Grant D, Clark L, Doyle JJ, Shoemaker RC (2004)
Mining EST databases to resolve evolutionary events in major crop species. Genome
47:868—876

Shoemaker RC, Polzin K, Labate J, Specht J, Brummer EC, Olson T, Young N, Concibido
V, Wilcox J, Tamulonis JP, Kochert G, and Boerma HR (1996) Genome duplication
in soybean (Glycine subgenus soja). Genetics 144:329—338

Shoemaker RC, Schlueter J, Doyle JJ (2006) Paleopolyploidy and gene duplication in

- 126 -



soybean and other legumes. Curr Opin Plant Biol 9:104—109

Toki S, Hara N, Ono K, Onodera H, Tagiri A. Oka SB, Tanaka H (2006) Early infection of
scutellum tissue with Agrobacterium allows high—speed transformation of rice. The
Plant Journal 47:969—976

Van K, Ha BK, Kim MY, Moon JK, Paek NC, Heu S, Lee SH (2004) SSR mapping of
genes conditioning soybean resistance to six isolates of Xanthomonas axonopodis pv.
glycines. Korean Journal of Genetics 26:47—54

Van K, Kim DH, Cai CM, Kim MY, Shin JH, Graham MA, Shoemaker RC, Choi BS, Yang
TJ, Lee SH (2008) Sequence level analysis of recently duplicated regions in soybean
[ Glycine max (L.) Merr.] genome. DNA Res 15:93—102

Weber CR, Dunleavy JM, Fehr WR (1966) Effect of bacterial pustule on closely related
soybean lines. Agron J 58:544—545

Yamamoto HY, and Gilmore AM, (1991) Resolution of lutein and zeaxanthin using a
non—endcapped, lightly carbon—loaded C18 high—performance liquid chromatographic
column, J. Chromatography 543:137—145

Ye X, Al-Babili S, Kloti A, Zhang J, Lucca P, Beyer P, Potrykus I (2000) Engineering
provitamin A (B—carotene) biosynthetic pathway into (carotenoid—free) rice
endosperm. Science 287:303—305

- 127 -



	고부가가치 콩 유용유전자 발굴 및 실용화
	요약문
	목차
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발의 필요성

	제 2 장 국내외 기술개발 현황
	제 1 절 콩 유전체 연구
	제 2 절 유용유전자 발굴 연구
	제 3 절 형질전환 및 품종개발 연구

	제 3 장 연구개발수행 내용 및 결과
	제 1 세부과제 : 콩 유전체 분석 (서울대 이석하)
	1. 불마름병 저항성 유전자(rxp) 염기서열 분석
	2. 불마름병 저항성 유전자(rxp)
	3. Lipoxygenase 염기서열분석

	제 2 세부과제: 콩 유용 유전자 발굴 (숙명여대 천충일)
	1. β-carotene hydroxylase와 동일 대사경로상의 효소 연구
	2. 실용가능성 유전자의 분리 및 기능 조사

	제 3 세부과제: 콩 유용유전자를 이용한 신기능성 작물 개발 (국립식량과학원 김율호)
	1. 이론적, 실험적 접근방법
	2. 연구내용
	3. 연구결과
	가. 콩 유용 유전자 형질전환을 위한 기반 구축 및 작물 형질전환
	나. 콩 유용유전자 bCH1 유전자 도입 형질전환 벼의 세대진전 및 고정계통 선발
	다. 신기능성 형질전환 작물 개발을 위한 내재해성 기능 평가
	라. 콩 유용유전자 도입 신기능성 형질전환 작물 개발을 위한 내병성 기능 평가
	마. 아이소플라본 고함유 콩 계통의 특성 평가 및 품종 출원




	제 4 장 목표달성도 및 관련분야에의 기여도
	제 5 장 연구개발 성과 및 성과활용 계획
	제 1 절 연구개발 성과
	제 2 절 성과활용 계획

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 1 절 GS FLX (GS 20 sequencer, 454 sequencing)
	제 2 절 콩 유전학 및 유전체학
	제 3 절 SOY2008 학회 참석 및 발표
	제 4 절 Plant Biology 2005 학회 참석 및 발표
	제 5 절 Plant & Animal Genome Conference 참석 및 세계 생명공학연구 동향 정보 수집
	제 6 절 환경스트레스에 대한 식물반응의 분자생물학적 해석 방법연수

	제 7 장 참고문헌


