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phenylalanine ammonia lyase (PAL)

GLYMA 03G181600
GLYMA 19G182300
GLYMA 13G145000
GLYMA_03G181700
GLYMA 02G309300
GLYMA_10G209800
GLYMA 10G058200
GLYMA_ 20G180800

Chromosome 3, NC_016090.2 (39351580..39354938)
Chromosome 19, NC_016106.2 (44117792..44121737)
Chromosome 13, NC_016100.2 (25758490..25763587)
Chromosome 3, NC_016090.2 (39362363..39366236)
Chromosome 2, NC_016089.2 (48286839..48289735)
Chromosome 10, NC_016097.2 (44173304..44179425)
Chromosome 10, NC_016097.2 (5329214..5333437)
Chromosome 20, NC_016107.2 (41888008..41894225)

4-coumarate coAligase(4CL)

GLYMA_17G064600
GLYMA 13G372000
GLYMA 14G223200
GLYMA 13G095600
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GLYMA_05G075100
GLYMA 13G323000
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GLYMA 01G232400
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GLYMA 15G001700
GLYMA 18G076900
GLYMA 19G076100
GLYMA 20G192100

Chromosome 17, NC_016104.2 (4988085..4993712)
Chromosome 13, NC_016100.2 (45701240..45704269)
Chromosome 14, NC_016101.2 (48847895..48851353)
Chromosome 13, NC_016100.2 (21058855..21065859)
Chromosome 6, NC_016093.2 (14392084..14396710)
Chromosome 4, NC_016091.2 (46583921..46597401)
Chromosome 5, NC_016092.2 (9240376..9258393)
Chromosome 13, NC_016100.2 (41740800..41746265)
Chromosome 11, NC_016098.2 (26790498..26796532)
Chromosome 1, NC_016088.2 (55890692..55894659)
Chromosome 8, NC_016095.2 (44747016..44751074)
Chromosome 10, NC 016097.2 (42920492..42922922)
Chromosome 15, NC_016102.2 (191035..194440)
Chromosome 18, NC_016105.2 (7297064..7301125)
Chromosome 19, NC_016106.2 (27419654..27421979)
Chromosome 20, NC_016107.2 (43068804..43075215)

cinnamyl coA reductase(CCR)

GLYMA 14G197600
GLYMA_09G205700
GLYMA 01G017100
GLYMA 11G164700
GLYMA 02G230500
GLYMA 15G125100
GLYMA 07G026300
GLYMA 13G369800
GLYMA 05G006600
GLYMA_ 08G218100
GLYMA 18G091300

Oryza sativa
LOC4330040

LOC4336415
LOC4338861

Chromosome 14, NC_016101.2 (46288259..46290935)
Chromosome 9, NC_016096.2 (42977402..42980557
Chromosome 1, NC_016088.2 (1634021..1637483)
Chromosome 11, NC_016098.2 (15648161..15653438)
Chromosome 2, NC_016089.2 (41810233..41812878)
Chromosome 15, NC_016102.2 (9930677..9933683)
Chromosome 7, NC_016094.2 (2055184..205805)
Chromosome 13, NC_016100.2 (45526198..45528796)
Chromosome 5, NC_016092.2 (589990..593557)
Chromosome 8, NC_016095.2 (17722149..17725324)
Chromosome 18, NC_016105.2 (9117685..9125568)

NC_029257.1 (25006493..25009135)
NC_029259.1 (25927051..25929746)
NC_029260.1 (20953409..20955934)

4-coumarate coAligase(4CL)

LOC4345054

Chromosome 8, NC_029263.1 (8874074..8878899)
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Chromosome 2, NC_029257.1 (4280488..4285919)
Chromosome 8, NC 029263.1 (21873068..21875508)
Chromosome 3

Chromosome 8

Chromosome 10

Chromosome 6

Chromosome 2

OsCCR4 0s01t0283600 Chromosome 1
OsCCRS 0s02t0180700 Chromosome 2
OsCCR6 0s08t0277200 Chromosome 8
OsCCR7 0s08t0441500 Chromosome 8
OsCCRS8 0s09t0262000 Chromosome 9
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CCR8 CCR9 CCR10 CCR11

GLYMA09G34431
GLYMA01G01350
GLYMA19G02150
cytochrome P450
GLYMA11G07850
CYP84A16
GLYMA16G24341
cytochrome P450
GLYMAO01G37430
cytochrome P450
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cytochrome P450
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4CL
GLYMA12G30125
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GLYMA11G20020
GLYMA17G07341
GLYMA18G08550
GLYMA08G44190
GLYMA11G20020
GLYMA17G07180
GLYMA17G07170
GLYMA15G00390
GLYMA13G01080
GLYMA01G01350
GLYMA02G40290
C4H
GLYMA11G09710
GLYMA03G14960
GLYMA01G26990
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cytochrome P450
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0S02T0177600 (4CL3)
0S08T0448000 (4CLS)
0S06T0656500 (4CL4)
0S02T0611800 (HCT?2)
050470500700 (HCT1)
0S10T0578950 (4CLL2)
0S08T0143300 (4CLL3)
0S08T0245200 ( 4CL1)
0S03T0112900(OsF5SHL2)
0S06T0165800 (COA1)
0S05T0320700 (OsC4HL)
0S01T0591000 (ALDH1a)
0S10T0512400
0S01T0591300

oo a0 a0+ + + 4+ + + +
oo a0+ 4+ ++ 4+ 4+ + +

+ +++++ 4+ 0 0 + 4+ 0 0

PAL Glupd 5ol o)y Y-F

28,5 plxil Genevestigator ¢ ATTED 1T |l331 ¢ 5 g0 5l oolaiwsl LPAL Slops 4l sasllas

O-F Jsaz) <85 1y olo o slagys Lsw PAL 05 A 51 03 ¥ sl ATTEDIL JI331 ¢
Glyma-)PALS «(Glyma-03G181700)PAL4 «(Glyma-10G058200) PAL2 5 sla Lo
py 2wl Cews & ATTED II 381 o5 ;5 (Glyma-02G309300)PAL5 «(20G180800
aoyy opl ol 3l as o5 asin olo o2 sl PAL 5 A 51 5 # sl Genevestigator 53!
olepe o5 VF ATTEDIL 1381 6 5 o PAL 5 S ,ob 45 090 S e ATTED 1T L PALS 5
Ol o2 05V oy Ve UL ygu o o o wlal s Genevestigator Sl3381 s 5y g ols Las |y
Sl Sglite @ b 15l e 5 90 (g pSeslail Jlre &5 o] 5k Qb Slope &b p; # 0
sl Ul 5l g paals lelbl 4 B mols )18 v LS 1) J158ls 5 90,8 5l sdwl caws a4 wlelb! L
Volos ¥ oam oS j0.09 05 YWlhaw o PAL Lo oo slayys ggemmennS o Cowd glope
oLS ;o PAL sunl cawds (ylupd slagyy slawiasols jlas jlo po o8l a5 9o ,» 0 PAL o3
o2 PAL8 ¢ PAL2 L C4HI 5 Lgw oLS ;0 .09 51001581 o 5 g0 1o Slell 3l oolaiul b iy
olis Wlgi co o0 (mlols lis gl oo PAL  slays b 55 4CL 05 iz b ol
trans-cinnamate 4- 5 oGb (uSd jiwsn e 50 55 90 ] ooy blo,l gesms
Cewl ool e PAL8s PAL2 L Lo 5 olsie 4 (Glyma-14G205200) monooxygenase

Yo



Sloidglie (s 5imge ey PALSy PAL2 o o5 ool 5 oo oowal CAH1 [Lais 4, a5
@ ool et hos g b eSdgise fiwsn M imle gueS s daadsisld g ol
2 e g HPSeS—aei 5 Sle e ple g ol Ao (S i S pae (259 15

b ow (Glyma-02G236500) CAH2 o3 iz 5,08 ik ol hid (6 5imges oes

Lol S ie PALT 5sPAL2

PAL6 oy o (Glyma-07G271200 ¢ Glyma-03G156800.Glyma-17G094700) 5 daw
LS g e eSg e o Glyma-17G094700 o5 .cwwl S ie PALS
el AtPK2/AtPK19

s ol plas Sloes PAL4 L a5 GND 6-phosphogluconate dehydrogenase Lo o2 (45
)l s lawdisin e 5 gl Glacudgslie i s (55Ul 5 (25 ]l
50 o 95belS oS 5 0l @S J. de Rey-Pailhade lawgs gollo VAAA Jlo jo 55U lS
S5 sl wls lis AT g il e g eSOl adeS sle il lawgy AV Lo
-C s 4 oobsls e il .ol frlS 5 et LIS ) 0ty (65 eSS
s Harington oleed jiw 5l eslanul bs (a5 e bawsd (peallS St Jealisls
W s VAY0 L joMead

(Genevestigator s ATTED II) i s 5 bgw ;0 PAL L (o slogys 0-F oo

Genes Coexpression genes
Glycine max
Gm-PAL1 Glyma.08G109400,Glyma.03G107900,Glyma.18G300500,Glyma.11G213000
Gm-PAL2 Glyma.02G236500,Glyma.14G205200,Glyma.13G319000,
Gm-PAL3 Glyma.08G201300,Glyma.08G180800, Glyma.03G079200,Glyma.08G115200
Gm-PAL4 Glyma.18G277300,Glyma.06G308800,Glyma.01G232400
Gm-PALS Glyma.11G008000,Glyma.01G234900,Glyma.01G172600,Glyma.06G035300
Gm-PAL6 Glyma.17G094700,Glyma.03G156800,Glyma.07G271200,Glyma.01G165900
Gm-PAL7 Glyma.02G236500,Glyma.05G055100,Glyma.13G111600,Glyma.20G241500

'* Capsaicin biosynthesis
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Gm-PALS Glyma.13G372000,Glyma.16G038300,Glyma.14G205200,Glyma.15G081000
Glyma.17G094700,Glyma.03G156800,Glyma.07G271200
Oryza sativa
Os-PAL1 050220626600,050820448000,050220611800,050220626400,050720622200,050920438000
LOC_0s06g10160,LOC_0s02g08100,LOC_0Os02g39850

Os-PAL2 0s11g0116300,0s10g0320100,0s11g0530600
LOC_0s03g16390,LOC_Os01g14590,LOC_Os03g03700

Glyma.01G17260

; Glyma.03G107900
_ \ Glyma.08G109400
! ; | | —
Glyma.01G234900——| Gm-PALS i—Glyma.OGGoasap - GmPALl
] N S| Glyma.18G3005
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Glyma. 136111600 Glyma.05G055100

N\

Gm-PALT

7

Glyma.02G236500  Glyma.20G241500
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-
___ Glyma.14G205200 '

Glyma 01G165900— Gm-PAL6 —6Glyma.03G156800~ Gm-PALS
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0s07g0622200

Os10g0320100 0Os11g0116300
\ LS Cetea0aIg0 \ Os09g0438000
Os-PALZ  —+DC_0s0D3g0D3700 00290626600 Os-PALY __LOC_ 0502939850
/oc_mom;m\ 050290626400 / \ 050250611800
LOC_0Os01g14580 Os11g0530600

LOC_Os06g10160 |©Os0890448000

(Cytoscape) gy (o dgw (W PAL Sloes gasias N)-F IS

Marco-Ramell, Palau-) aes oo caws 4 SOjelgm prvmnns G5l ammlin s oSl Slellls!

Pathway Enrichment sla;JUT 5l ooliw! oo p)lS oy Sete 5l (Rodriguez et al. 2018

Pathway .., .(Yang, Wang et al.2019) aigd #8ly Jge aiilsi oo Lol o ylo,o g auseis
s P-Value oo 0S8 0 st |y o8 lin ol Jlix! ol « P-Value oo aul>o
515Ul ascs sl 565 P-Value ol oyl 4> ;0 aS.cowl ool dwlee Vg +/+0c +/) pg39ub
Benjamini Holm-Bonferroni ol W yge3l ol a5 8 05 o Sl 0 5001 ol (gl 5 s

.ail o Bonferroni ¢ Hochberg
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oL 5l eolaxwl L 1, cnl sais aseine ¢ Pathway Enrichment _wlulp ol o,Slee aS
551 sty KEGG slellls
05 45 ab _asie Pathway Enrichment laiJUl I soel cavs & mls @ a>g L
o ol o os ) 45 5o e (655 yoane B o Ly oS o Glyma.13G372000
Cole 50 9 badelbyn Joid piwgn Dlygrn (oS g0 s (g Sloegige Fiwgn
(=Y Jgur)adl oo oadeiglld (s imsn jme
0ads uSzs Jagh C16-C26 oy ool Slition 5 a5 ol ) youls SO( Suberin) s pgm
Sl (g o Dlobiws (cnSgy000 9 JormelS 4 (gl ouillysS slavis @ik 5l a5 ol
399 95 g0 a5 1) S el 5 igd (oo Juate ;0050 4 oS0 lesS P sl 5 SCdg568
o3 4l 9 JS555 npgw Al i Cangs 0)x &loe 0pd o0 cBll olS (Jshe (so)le0
sl )3 235 5 Lo Joloo o j90 4 w0l 28 > g Jlal 55k 5l Ol bz 29,5 51 olS o
gl ¢ cuo) s pulas alS diges sz 50 ol Cawds gl cplp eglle oS o (5 S gl LS
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(Figueiredo, Araujo et al. 2019) o cdl>o 55 o590 ol
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P U oy See S S p Wl oo ized SLeS 5 cnl 45 81 392y (lans
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oS 5SS b oSl &3l 4o (Stringlis, de Jonge et al. 2019) o4 waler coe jlans pamg e
P s, o2 Glyma.14G205200 ¢ Glyma.13G372000 5 g0 .Cawl 09,500 &b
2 = @ oy ol &S 08 zile Glee 5 Wyl Heham el Fis s [0 58 g S
Adyle i oS el il

e 5 GND) 6-phosphogluconate dehydrogenase L L (Glyma.18G277300) ;
adsi ol peie (OPPP) solonST clawd joity jww o) Cdlbo Glad 5o yiiwgn
ol pB 058 o colainl 2LS o Jolo o Swijlosl Jolss g yiwgw gl a5 cwwl NADPH
31 ol 098 oo 30U (GOPD L GOPDH ) ;L35 0000 Slawd-F 3S6l5 lawgs OPPP Loy
Sl g el ez e i b ailie o cege il LS ;0 GOPD as” wleols las oledlas
Gl 4 i g Sl (63,5l Slgaze wl; sl S5 e Cadgase S (5)eh Lalad ol
(Yang, Wang et al. 2019)04% o ol3 oI5

Sl slom Bl collad aliBl & b 51 "ROS B b ) 6558 s ol asly o GlalS
a6l sy NADPH &3l ) L a5 GOPD el oals 5,155 | ozl ol o JBlos a4 loS]
(Yang, Wang et al. 2019)s ls 525 a5 el 0 sogo Lt SlownST 5l slo

Suwlgiolgili (§3twgm juwe ,o methionine synthase oL L (Glyma.16G038300) 3
Loy slavsly 5 (2L o slo fruly 10 smlgielgiher (§3mgn jomme GRS 1S (oo Codlad

Ol 5l 3w g olS o (Lima, Pilon-Smits et al.2018 )l aid 3 )1 8 Eox 050 SG580s5 T &
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ilie (g yiimge W ymas ,5 ,508; LS s (LOC_0S02¢39850)s (LOC_0S02g08100)

W5giligp Juid e g aSeiglld g s Jold (6 g Gy (pl aiS (o colad

Rl (Brre 9 09 S i 15 g oS 0 o e (] (V=T 02098 o g Dlgi (oS g 000

) 43|)‘ J.Aa.a.ou)yadg l;}.w olﬂf o LS)"'""‘"ﬂ“’ LSLQJ"‘““""

O e & Loy o ID Jgl gt : Lgaw ;o PAL luee sloy; Pathway Enrichment ., #-¥ Jgax

Pathways Pathways Name No p-Value Genes
PWY-1121 suberin monomers biosynthesis 4 0.001002 Glyma.13G372000
Glyma.02G236500
Glyma.14G205200
Glyma.01G232400
PWYI1F-467 phenylpropanoid biosynthesis, initial 2 0.134083 Glyma.02G236500
reactions_ Glyma.14G205200
PWY-6435 4- hydroxybenzoate biosynthesis V 2 0.399885 Glyma.13G372000
Glyma.01G232400
PWY-7186 superpathway of scopolin and esculin 2 0.692658 Glyma.02G236500
biosynthesis_ Glyma.14G205200
OXIDATIVEPENT-  pentose phosphate pathway (oxidative 1 1.000000 Glyma.18G277300
PWY branch)
PENTOSE-P-PWY pentose phosphate pathway_ 1 1.000000 Glyma.18G277300
PWY-3462 L-phenylalanine biosynthesis II 1 1.000000 Glyma.13G319000
PWY-3481 superpathway of L-phenylalanine and L- 1 1.000000 Glyma.13G319000
tyrosine biosynthesis_
PWY-361 phenylpropanoid biosynthesis_ 2 1.000000 Glyma.13G372000
Glyma.01G232400
PWY-5041 <i>S</i>-adenosyl-L-methionine cycle Il. 1 1.000000 Glyma.16G038300
PWY-6936 seleno-amino acid biosynthesis_ 1 1.000000 Glyma.16G038300
PWY-702 L-methionine biosynthesis I1_ 1 1.000000 Glyma.16G038300
PWY-724 superpathway of L-lysine, L-threonine 1 1.000000 Glyma.16G038300
and L-methionine biosynthesis I
PWYI1F-FLAVSYN flavonoid biosynthesis_ 1.000000

Glyma.13G372000
Glyma.01G232400

AN



O e & Loy 0 ID Jgl gt 1 g5 ;0 PAL lues sloy; Pathway Enrichment ., V- oo

Pathways Pathways Name No p-Value Genes
PWY-1121 suberin monomers biosynthesis 1 1.000000 LOC _0S02g08100
PWY1F- flavonoid biosynthesis 1 1.000000 LOC _0S02g08100
FLAVSYN
PWY-361 phenylpropanoid biosynthesis 2 0.246975 LOC 0S02g08100
LOC _0S02g39850
PWY-6435 4- hydroxybenzoate biosynthesis V 1 1.000000 LOC_0S02g08100
PWY-6673 caffeoylglucarate biosynthesis 1 1.000000 LOC _0S02g08100
PWY-6040 chlorogenic acid biosynthesis 11 1 1.000000 LOC _0S02g39850

Gl i Figar e ;0 2550 Glagys 0 Slupd laow)p L ojsn Lol Bua &5 >l
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Ll 00l azdie 95 4 S ! Ol g
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Sy o Olees o) ol bl ez 5 Slapee &b o 4 Gl lape sl
SelS5 g, S50 51 cmlie i (3059] G w4 ge g 05 walgE )b Ko b Slops

Sigdh oo (Lol Dlalllas 5380 5 g az e plil 5 Jsko o)l520
Ll cils JLest o 1) by Slelbl oy oS oo ik (5 V0 51 05 F sl pgsgid )58 5

OY-F JS)ats oanlin plopd oo e (S S5
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EE EEE EEEEEE EEE EEEEE EEEREEE&E E&
5'.?."2'.?."2'2‘2"2‘2‘2"2‘2“.&2.&2-3‘.&2‘2‘2‘2‘2‘22‘2‘22‘
O 0000000000030 0000000010 I1[3 3003 30

Correlation

-0.65 0.18 1.00

Glyma.08G201300 Glyma. 11G008000 Glyma 11G213000 Glyma.13G111600 Glyma.13G318000

Glyma.08G109400 0.553 0.447 0137 -0.026 -0.016
Glyma.08G115200 0.344 0.286 0479 0166 0.447
Glyma.08G180800 0.660 0.506 0.512 0.083 0512
Glyma.08G201300 1 0.645 0.549 0.045 0.389
Glyma.11G008000 0.645 1 0.466 -0.209 0.285
Glyma.11G213000 0.549 0.466 1 0129 0.531
Glyma.13G111600 0.045 -0.209 0.129 1 0.458
Glyma 13G318000 0.389 0.285 0.531 0.458 1
Glyma.13G372000 0.096 -0.148 0.363 0.465 0.571
Glyma.14G205200 0.292 0.196 0.734 0.206 0.516
Glyma.15G081000 0.172 0.084 0.525 0.424 0.692
Glyma.16G038300 0.133 0.068 0.667 0177 0.661
Glyma.17G094700 0.292 o277 0.636 0.476 Q.447
Glyma.18G277300 0.649 0.735 0.653 -0.185 0.517
Glyma.18G300500 0.374 0.234 0112 -0.041 -0.295
Glyma.20G241500 0.498 0.468 0.852 0.044 a.577

(Phytozome) Lguw oLS j0 50 LPAL loed b)) (Kwpd (o) N V-F S

AY



4CL Slo oo a0l qwyp V-V-F

pleul Genevestigator ¢ ATTED II 1381 5, g0 5l oolawl b PAL  Slope oSl gaslllas
Ole m2 oy Lgw 5 V2 51 4CL 5 \Y 2 ol ATTED I 381 65 (A-F Jgax)cd S
(LOCA4328485) 5 ¥ 4 by Slope Slellbl c4CL 5 A 5l zp olS (glp g .28 ,5 Jlaiyo
4CL1 5« ATTED II 5810 5,0 ols 18 Lo Lzt jo |, (LOC4345054) 4 (LOC4345717)
Sl oo Lgw C4H 5 PALB (slapj s i Sjgo 4 5 V L ail)Tn ) sleesls (ulul
ACL 5Y lp Jlae,s g <d,5 Hhas o Lo o2 5 VY sl Genevestigator 38l 5 ols oLis
595 Slisen Koo b l5dle 5 58 cal Sl Lol ol 4 5.5 &) Sl 458 i oS

el g0 03 Slaps (o2 Sln IBle 5 g9 onl Slellbl ggoazs
L olope slagys a5 0,5 asiw Cytoscape ,l3ble s 5l oolatwl b sdnl cows 4 (sla o)
olepd sl b (bl 5 wies L5l 5 STl g slls 055 ool o5 b Laib ol (slags

M g by ol 50 0 o

(Genevestigator s ATTED II) s g g ;0 4CL b lopa slagys A-F Joox

Genes Coexpression genes

Glycine max

Gm4CL1  Glyma.15G003600, Glyma.13G101400, Glyma.11G020700, Glyma.08G220200
Gmd4CL2  Glyma.02G134500, Glyma.11G228100, Glyma.08G115200

GmdCL3  Glyma.17G246500, Glyma.01G177200, Glyma.16G054200

GmdCL4  Glyma.15G246800, Glyma.16G218900, Glyma.03G138700

Gmd4CL5  Glyma.13G261700, Glyma.12G193500, Glyma.14G152100

Gm4CL6  Glyma.06G277600, Glyma.20G081000, Glyma.13G167300

Gm4CL7  Glyma.18G258000, Glyma.01G195200, Glyma.10G104700

GmdCL8  Glyma.20G126500, Glyma.08G002700, Glyma.03G121100, Glyma.10G269700
Gm4CL9  Glyma.U009200, Glyma.06G141600, Glyma.10G261000

Gm4CL10  Glyma.06G143000, Glyma.14G205200, Glyma.08G109400

Gm4CL11  Glyma.05G088100, Glyma.10G 145000, Glyma.09G275500

Gm4CL12  Glyma 05G088100, Glyma_ 10G145000, Glyma 09G275500

AY



Oryza sativa
0Os4CL1 LOC-0s06g48860,LOC-0s01g18660,LOC-0s01g72834,
Os4CL2 LOC-0s11g25860, LOC-0s08g06100, LOC-Os02g50490
Os4CL3 LOC-0s08g34800, LOC-0s03g17700, LOC- 0Os02g41670

0s02g0626600,0s10g580900,0509g057200

VY L olope o5 YA 5« Pathway Enrichment (slayJUl 5l oowl cows a4 mls & a>g5 b
ol 3 ezt Jlaizlao o b &S alo e 0510 lp dbige ;0 4CL (5 (Slaen a0l
o 50 0 gaseie =T Joao 4 az> gl b g iwgn e T 0l colo lis aisS e &S Ll
Olupd 05 90 Cwl Glegh opl oy Lol e a5 adsilbsn 8 sriwss
GMACLL Lol o5 b loed 45 @5 pa> (Glyma.08G220200) 5 (Glyma.15G003600)
29 05 Vodesd 5 Jobl 4 e 500 ) A Ladsislld (rtiwsn e 0 aiies
A-F Jgoadwils jea> lape slag 5l 05 S el g Sl g ol

S S e )3 05 (nl 03,1 (SasSTn 5 4CL ) Coeal 4 Olgiee S (nl 4 axsil
2 oglle 5 0l odnte sl i Lgw oS 10 ACL & ol o] 5 Sl gl oy, o cilise
Celled 5 (6,00 Glass )3 ok 0 a5l lacadplio 5 laadsilhsn Jeid (5 Sl e
Sl

05 cp it Alis 0o jph> 0l 5 atwlis 4 e o Glyma.03G121100 o
L 559 s agise slaaoy 5 ot LS5 ool JySlge oS, 4alis cond LS 5 Slaeng S
i) a5le ol SLaS 5 gilo 0,5 d slaplailys il aalis enl 6 ca-1gh ¢ 01 gl Wigw,
ol Gladl olde w5, 5o Slhaee S Lol aue Lid a5 aS o)ls jga> ails 5 a8l was (pgi
Thalmann and ) 5,5 oo )|,8 colainl 5,50 1 Jaio Glaal gly ol ool lee 4 asb

(Santelia. 2017

AD



s Job 30 5 0gb e Y 9, Job y0 atwlis ad o plodl yipy Sy j0 atulid paed sl
A5 endi |y 551 5 oS 4k ol B 35, gn IS 4 30 35y ol Frigid Sl a5
BB oo Fy Sl s> 29,8 hlgl )0 9 0590 st Cod Al o 5 Ol Slelas
nliiogd go o 55 saxte a3l 5l sl collad Boyb ) analits eganlyl oS o
LU (555 ol 5eoS e o i sl 4 ool sl o sonlS JpSlge 5 plsic &
sl Toazme 1) analss IS b 4 QLS Sl 2l asee Lulid ol o ool wpas sles
Thalmann and Santelia. ) aiuS oo o2l 3 (sl Sgazme jiwgd a5 Jloj ;0 (0,5 5 (65,80 adgs
2017

S ol 5o L yae (nl 93 52 9 o)l atulis 458 b genliiuns LLI)| 55 08 4y 5x pns
Sui, ) el Fge calizee sladiges ;o (45 lo GllEl g (2alS 1o 5 35,10 (s g0 GBS S yuf
(Yang et al. 2015

5 st s ik b 43525 yeane 4o Glyma.08G002700 5 Glyma.14G152100 (cla

Coodl (6559555 5 (Silug)ls Caio jo ) uslul a5 el Iy 59 508 G USUL Gy s 12
(slam, Ali et al. 2018) s s Jlgl,8

50 g ol @S VAFY Jlo jo g, 0)ls cdlBs 15y, peedgilio 0 Glyma.05G088100 5
ol el 0uls oolainl S yge (SAuSl g 6 pdudedi ) bay e Bg,e OULS] leys gl Koy
S Oy, cdale el alS wlie I solams j0 S9zge Glaw S elS pp ) 3l (S S S
Gloceand 10 oaee jsb 4 oS5 nl Sl (LS le AT ple Gl i olw pasS 5 )5Sl
Ded oo CBL laly ) g 5 I cogae Cawgy diile ol Al

b Sl Cle @ daadeigls Koo wuilen o )ls (3la3 o Jgigls 4y (s, daadsislls ol 5o

AF



9 i i plai olS 8 s la il A Cwglie jo g, S Gmize® o)l Coenl

(Zhang, Liet al. 2017) s ,ls i Lo yuo

Slailgpmmisilow Juie g5 o o Glyma.08G002700 5 Glyma.14G152100 (clayy)

&5l ids ("DMSP)

o 0 (VoY) LK g g )s5 090 0 Camome 2k )0 el )lg S sl 0 pie (210

6355 o G331 L 45 00 5 sanliie (555w Lyl yo Gilide sla s o LS 5 o

(Curson, Liu et al. 2017) auS oo loy (il 3 SLoS 5 cpl caslsl olim laowe jo

Ot e & bgy 0 ID Jgl gt Lgas ;0 4CL Luee sl Pathway Enrichment ., A-F oo

Pathways Pathways Name No p-Value Genes
PWY-5203 soybean saponin I biosynthesis 1 1.000000 Glyma.10G104700
PWY-735 jasmonic acid biosynthesis 1.000000 Glyma.17G246500
PWY-361 phenylpropanoid biosynthesis 2 1.000000 Glyma.15G003600
Glyma.08G220200

PWY-7066 glycyrrhetinate biosynthesis 1 1.000000 Glyma.13G261700
PWY-7420 monoacylglycerol metabolism (yeast) 1 1.000000 Glyma.13G101400
PWY-6724 starch degradation II 1 1.000000 Glyma.03G121100
PWY-7238 sucrose biosynthesis 11 1 1.000000 Glyma.03G121100
PWY-3101 flavonol biosynthesis 1 1.000000 Glyma.05G088100
PWY-5390 rutin biosynthesis 1 1.000000 Glyma.05G088100
PWY-5391 syringetin biosynthesis 1 1.000000 Glyma.05G088100
PWY-6787 flavonoid biosynthesis (in equisetum) 1 1.000000 Glyma.05G088100
PWY-6054 dimethylsulfoniopropanoate biosynthesis I 2 0.447856 Glyma.14G152100
(Wollastonia) Glyma.08G002700

PWY66-21 ethanol degradation II 2 1.000000 Glyma.14G152100
Glyma.08G002700

PWY66-389 phytol degradation 2 1.000000 Glyma.14G152100
Glyma.08G002700

PWY-1121 suberin monomers biosynthesis I 1.000000 Glyma.14G205200

" D- methyl sulfonyl propanoate

AY



PWY1F-467
PWY-7186

PWY1F-
FLAVSYN
PWY-6787

PWY-6040
PWY-2002
PWY-5059
PWY-6325
PWY-2343
PWY-2345

PWY-2701
PWY-2861

PWY-2904

PWY-5717

PWY-6010

superpathway

phenylpropanoid biosynthesis, initial reactions
superpathway of scopolin and esculin biosynthesis

flavonoid biosynthesis

flavonoid biosynthesis (in equisetum)

chlorogenic acid biosynthesis 11
isoflavonoid biosynthesis [
pinobanksin biosynthesis
echinatin biosynthesis
daidzein conjugates interconversion
genistein conjugates interconversion

medicarpin conjugates interconversion

maackiain conjugates interconversion

biochanin A conjugates interconversion

formononetin conjugates interconversion

of derivative
biosynthesis

apigenin glycosides biosynthesis

formononetin

1 1.000000
1 1.000000
2 1.000000
3 0.578040
1 1.000000
I 1.000000
1 1.000000
1 1.000000
1 1.000000
I 1.000000
1 1.000000
I 1.000000
1 1.000000
1 1.000000
1 1.000000

I 1.000000

Glyma.14G205200
Glyma.14G205200

Glyma.08G109400
Glyma.06G 143000
Glyma.08G109400
Glyma.06G 143000
Glyma.05G088100
Glyma.08G220200

Glyma.06G 143000
Glyma.06G 143000
Glyma.06G 143000
Glyma.18G258000
Glyma.18G258000
Glyma.18G258000

Glyma.18G258000
Glyma.18G258000

Glyma.18G258000

Glyma.18G258000

Glyma.18G258000

sy &S ol s 9.08,5 sl 56 w0 0 4CL loee slagy; Pathway Enrichment w0

9 Oelgsul g dgSwladgilo p Juidep pow S e T y0 030 S 0 cudlad oyl jo lope

Cdld ool e Gl o 5 Y L 55 1 Ole 5l ol aslS Jgu 95,5 yiewes Lol

aw 55 LOC_Os02G41670 5 5 Js2,952,5 i o ;3 LOC_OS08G06100 55 .ol

OV o=F Jgaz)ayle a8\ liwe )50 pe

Oy 43 bgs 10 ID Jol g s @ 2,0 4CL lupe slayj Pathway Enrichment w,y ) +-F Jso

Pathways Pathways Name No p-Value Genes
PWY-6232 chrysoeriol biosynthesis 1 0.336913 LOC _0s08G06100
PWY-1121 suberin monomers biosynthesis 1 1.000000 LOC_0s02G41670

PWY1F-467 phenylpropanoid  biosynthesis, initial 1 1.000000 LOC_0s02G41670
reactions

PWY-718¢ superpathway of scopolin and esculin 1 1.000000 LOC_0s02G41670
biosynthesis

AN



Correlation

Glyma 01GA7 7200
Glyma 01G195200
Glyma. 02G1 34500
Shyma 03G121100
Glyma 03G138700
Slyma 05G088100
Shyma 06G141600
Glyma 06G143000
Glyma 06G27 7600
Glyma 08CG002700
Glyma. 008G 109400
Shyma 08G115200
CSlyma 08G220200
Glyma 09G275500
Shyma_ 10G104700
10G145000
10G261000

Slyma.
Slyma.
10G269700
11 GSO020700

Slyma.
Slyma.

Shyma_ 11G228100

Glyma 016177200
P Glyma 016195200

Glyma, 314500
Glyma, 035121100
B Ghyma 005128700
Glyma 053083100
Glyma (5141600
B Glyma 065142000
Glyma, (27 A0

Glyma G930020

B Glyma G170

Glyma, 311520
Ghyma, 05322020
B Glyma, 05275500

Glyma, 10104700
Gilyma, 101450
Giyma, 105251000
Glyria, LGN
Glyma, 11GOXXN
Glyma, 116220100
Glyma, 1 X3193500
Glyma, 133101400
Gtyma, 135167000
Glyra, 1521200
Glyma, 105152100
Glyma, 105205200

Glyma, L0300

OO
5.. .\ 11

»
4
X

2990,
S

K

-0.82 0.05 1.00

Glyma 02G134500
-0.056
0731

256

055
Q795

Glyma 03G121100
0.335
o681
—0.664
1
0.s01
0.638
N &616
0417
o810
a.803
—0.584
0584
0. 756
0177
o511
0.395
0.599
0569
0.651
—0.821

0.0

()
5
(8

)
‘\\\-

X
%X
W%

XX

A\

L LX)
%!

X u
‘i'\-

%
554

%)
¥

e

Glyma. 03G138700
0497
o239
-0.084
0601
1

0. 448
0142
o138
oFF1
0O.FO7
-0.205
0.506
o707
0.294
o068
0.252
0661
0.469
o761
-0.306

Glyma. 1206500
Glyma, LG250000
Glyma, 261000
Gityma, 2056125500
Glyma, L0000

Glyma 05G088100
0491
0. a6s
—-0.620
0638
0448
1

—0_ 416
0.225
0455
O.655
—0.591
0513
0515
o616
a1y
o.768
0326
O_asy
0.558
0485

(Phytozome) Lguw olS o ;5505 LACL loes sloyy) (Smpd gy )\ T-F S

Lgws 53 4CL o5 sl el cosss bl @ls Jgozr 5 g 5 (Simen 4 borpo S5 pg5903

A4

Slelbl ol 5l eslital b Slaes Sldlhae 5l el Consy @l  Siwups ools oLis sl

S5y 5 e S Sl 1 Sy 4,5 5 5+ AT o i (Kied als
Gy S G odd atiie SO 4 axgd Licwl JelS 5 Cude Siwed oaid lis e,

w2 05 9 4CL 05 Ol (s Ol a5 Sanl S5 4 o3l 0)ls 3925 JolS (Stwed ool



9+ 17 Sy o0 Ligs polie 08 5 0B (o) pp JouST 1580 o35 5l eslanal b sliies (o8l ks
Syl s VF-F IS 50 soel Cawdy 03L L aS ol ylis =+ /8 Kias o0 Ligas (b 03,
asle Jg cunls jlus! o wlelbl gy ;0 4CL oo zykae 5 VY 51 05 % (gl pojed libl o)

OF-F JS2)3ls5 s [ 4CL lagy oo (Kiwsed 40 bgsye JS5 PAL

CCR Glo od &St (o) 2 V-Y-F
pl=il Genevestigator ¢ ATTED II 1381 o5 g0 5l solaxwl U CCR JSlops 4l sasdllas
S8le 90,5 Lasrine Sloee SlkelUbICCR 5 V) 51 5 A (sl Genevestigator \l38le 5 .oé8 5
Slellbl L3 li8le 5 59 2 58 @n 4o o5 patde Olupe ol ¢ 03 ¥ sl ATTED 11
ol Sl Sllbl 3ls 5 oS 5 ggame pozitls Las o Iy Spite o5 ¥ Slues
So 3 VO Sl i (Swsed Lz 6lr Ol 05 Vo5 Lsw 12 COR Glaes (35 YF bal33e 5
J3les bagi 355 olopd S5 b 5mer soms shol slas b))y Kiileds IS
05 L aiog b3 jo 095 lopd slays b lime & ygo 4 oy ded .l caway Cytoscape

g3 S 28 GMCCRS § GMCCRT 5 50 b (Glyma.20G195000) ol

7-methylguanosine phosphate-specific 5'-nucleotidase A U L (Glyma.20G195000) 3

)l 5 498 Glacudgplio i prns 55 5 018 18 Lgw Yo p95909,5 (59, 9 0900 a5l

(Genevestigator s ATTED II) 5 s g b ;0 CCR L (Lo slogys VV-F o

Coexpression genes

Genes Glycine max

GmCCRI  Glyma.06g213600,Glyma.14G098000,Glyma.08G 162800

GmCCR2 Glyma.11G152400,Glyma.08G109500,Glyma.09G022400,Glyma.07G258200,Glyma.04
G147000,Glyma.04G059000,Glyma.06G035300




GmCCR3 Glyma.06G308800,Glyma.20G180800,Glyma.06G186200

GmCCR4 Glyma.18G057900, Glyma.13G267900,Glyma.12G217400

GmCCRS Glyma.20G195000,Glyma.17G157700,Glyma.01G197800,Glyma.07G002100,
Glyma.20G250000, Glyma.09G135200

GmCCR6 Glyma.08G088500,Glyma.13G111400,Glyma.03G007300,
Glyma.19G241400,Glyma.11G133200,Glyma.02G014100

GmCCR?7 Glyma.20G195000, Glyma.11G219200 Glyma.12G228700

GmCCRS Glyma.06G137300 Glyma.08G220200, Glyma.03G122000

Oryza sativa

OsCCR1 LOC-0s02g13060,LOC-0s05g01280,LOC-0s01g45470,
0s06g0294000,0s04g0121100,0s02g0175000

OsCCR2 0s02g0177600,0s0820498100,0s0120752200,0s01g860400,LOC-0s07g48060,LOC-
0s03g57970,LOC-0s06g35410

OsCCR3 0s02g0811400,0s05g0469600,0509g0471000,0s09g04833000,LOC-Os11g47550,LOC-
0s09g31040,LOC-0s09g31000

A Gl g 283 alxl pgjed 8l oy 5l oolaiwl b 5.5 CCR (5 Pathway Enrichment .
Ol 1y aiiS oo <850 gl 5o Ulaol &5 (g3mge sloyems CCR (5 e slogss 3l 03
Cdlad g Fiwgw yewe ;0 PAL o5l sailee Glyma.20G180800 5 Jle olgie 4 ols

9 bl i plas alie s o peae 0 CCR L plope slogys (S ek a4 .asS oo

OY=F Jgoz)sls (2 g Shgonsl llaliglS oy oSl
O e 43 gy 1o ID Jsl 5w g s CCR Jlops slay; Pathway Enrichment ., p \Y-¥ Jsax

.MM)Q;JQ‘S%N@QPBM@QMBW

Pathways Pathways Name No p-Value Genes
PWY-5466 matairesinol biosynthesis ) 1.000000 Glyma.09G022400
PWY-6824 justicidin B biosynthesis ) 1.000000 Glyma.09G022400
PWY-7214 baicaleindegradation ) 1.000000 Glyma.09G022400

(hydrogenperoxide detoxification)
PWY-7445 luteolintriglucuronide degradation ) 1.000000 Glyma.09G022400
PWY-5080 very long chain fatty acid Y 1.000000 Glyma.09G135200

4



PWY-6433

PWY-6598
PWY-7036

PWY-7601

PWY-7606

PWY-7619
PWY-2161B
PWY-6842

PWY-1121

PWY1F-467

PWY-7186

PWY-5381

PWY-5695

PWY-6596

PWY-6606

PWY-6608

PWY-7185

SALVADEHYPOX-
PWY
URSIN-PWY

PWY-3781

PWY-4302
PWY-5083

PWY1F-FLAVSYN
PWY-6787

PWY-361

PWY-6040

PWY-2181

biosynthesis I

hydroxylated fattyacid
biosynthesis (plants)

sciadonate biosynthesis

very long chain fatty acid
biosynthesis I1
arachidonate biosynthesis IV (8-
detaturase, lower eukaryotes)
docosahexaenoate biosynthesis 11
(6-desaturase, mammals)
juniperonate biosynthesis

glutamate removal from folates

glutathione-mediated
detoxification II
suberin monomers biosynthesis

phenylpropanoid biosynthesis,
initial reactions
superpathway of scopolin and
esculin biosynthesis
pyridine nucleotide cycling
(plants)
urate biosynthesis/inosine 5'-
phosphate degradation
adenosine nucleotides degradation
I

guanosine nucleotides
degradation II
guanosine nucleotides degradation
I
UTP and CTP dephosphorylation I

adenosine nucleotides degradation
I
ureide biosynthesis

aerobic respiration I (cytochrome
<)
aerobic respiration III (alternative
oxidase pathway)
NAD/NADH phosphorylation and
dephosphorylation
flavonoid biosynthesis

flavonoid biosynthesis (in
equisetum)
phenylpropanoid biosynthesis

chlorogenic acid biosynthesis II

free phenylpropanoid acid
biosynthesis

1.000000

1.000000
1.000000

1.000000

1.000000

1.000000
1.000000
1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000
1.000000

1.000000
1.000000

1.000000

1.000000

1.000000
1.000000

0.497520

1.000000

1.000000

Glyma.09G135200

Glyma.09G135200
Glyma.09G135200

Glyma.09G135200
Glyma.09G135200

Glyma.09G135200
Glyma.09G135200
Glyma.09G135200

Glyma.20G180800

Glyma.06G137300
Glyma.20G 180800

Glyma.20G180800
Glyma.06G137300
Glyma.20G195000
Glyma.20G195000
Glyma.20G195000

Glyma.20G195000

Glyma.20G195000

Glyma.20G195000
Glyma.20G195000

Glyma.20G 195000
Glyma.11G152400

Glyma.11G152400
Glyma.11G152400

Glyma.08G109500
Glyma.08G109500
Glyma.08G220200
Glyma.06G137300

Glyma.18G057900
Glyma.08G220200

Glyma.06G137300

ay



Slelbl oL 5l eolainl L glups ldlas ol Cwds el Sawpr ool las sl
Lsws 50 CCR (5 (sl el Cowsy o] s Jgaz 5 bo)s 5 (Sien 4 bgspe IS0 5500
Ky 9 FpS (K SKbles LSJ Siyad ad 55k 0 +) g /A o3l o (Swspn aisld
GBLS Siier (e ond Lasine IS5 & azgd Liowl JolS 5 Coutte (Siwapd snind (Lis 5o 3

OF-5)0)0s 0525 JolS (Stmed lops

Gilyma, 016197800
Gilyma, 05014100
iy R0 300
Gihyms, 00351 22000
by, QO 000
Gilyma, 09514000
Gy, QI 35300
Glyma, 03137200
Gy, OGS 185200
Gihyma, 065213600
Gy, OGS XA

Cilyma, 0AE002 100
Cily'ma, (G2 9200

Gily ma, (EGE0AH500
Gy ermn, CERS TOFRISO0
Cilyma, (162800
3y, (2 202000
Gihyma, FAE0 22400
Gy, (ERE 1 25200
Gilyma, 116133200
Gl 1101524900
Glyma, 116219200
by, 13521 74900
Gilyma, 18522800
Gilyma, 15111400
Gihyma, 136500

Cibyma, 1000

Gilyma, 105157 700
Cilyma, 183052900
Gilyma, 1241400
Cilyma, AN 180800
Cilyma, 15000
Cibyma, 25250000

Correlation

-0.85 0.06 1.00

* Glyma.01G197800 Glyma.02G014100 Glyma.03G007300 Glyma.03G122000 Glyma.04G05900

Glyma.01G197800 1 0.831 0.474 0.510 0.106
Glyma.02G014100  0.831 1 0.666 0744 0517
Glyma.03G007300 0.474 0.666 1 0.694 0.564
Glyma.03G122000 0.510 0.744 0.684 1 0751
Glyma.04G059000 0.106 0.517 0.564 0751 1
Glyma.04G147000 -0.385 -0.207 0.265 0216 0.350
Glyma.06G035300 -0.810 -0.756 -0.293 -0.223 -0.105
Glyma.06G137300 0.546 0.621 0.535 0784 0.369
Glyma.06G186200 -0.887 -0.852 -0.402 -0.384 -0.180
Glyma.06G213600 -0.518 -0.378 -0.160 -0.359 0.224
Glyma.06G308800 0.581 0.696 0.434 0.815 0.522
Glyma.07G002100 0.836 0.934 0.450 0619 0413
Glyma.07G258200 0.157 0.125 0.281 0.156 0.087
Glyma.08G088500 0.879 0.916 0.744 0.730 0.340

(Phytozome) Lgw oLS ;o ;5505 LCCR lops slags Swspd owyp N F-F IS

qy



Dataset: 48 anatomical parts from data selection: GM_AFFY_S0YBEAM-0
Showing 33 measure(s) of 33 gene(s) on selection: GM-0
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(B -

FPercent of Expression Potential
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vascular bundle
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created with GEMEVESTIGATOR
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O oo plail Sladllas il aS Sy 4 (ol 4 (lg5 o Genevestigator )l58le 5 51 oolainl b

el S Gl (nl (8L S8l plaS 3 5 350 (T Ol b)) Al ye plaST o Sl 550

Ls)l.buuo-wﬁ )ojoypfwd.gob,f Sﬁ <8l yo by ol ole Q‘}#o axdlae 0,50 5o )5 0,0

2S5 Lgw (Byk 51.000-F JSG)ab ools plis yiin Glime ol Gmge ado) g 595 gun plas

OF=F Ul S Jolhe plo 5l amalsS ab) g ol pge al 1o ;5 5 laad
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Abstract

Lignin is one of the most aromatic biopolymers and forms a major part of the cell wall.
Lignin has many roles in plant defense, lignin or lignin-like phenolic compounds often
respond quickly to biotic and abiotic stresses. Soil salinity is one of the most important
abiotic stress that has adverse effect on crop production and quality and is one of the
limiting factors of rice and soybean cultivation worldwide. In this study, bioinformatics
tools and microarray data were used to study lignin biosynthesis pathway genes. Some
genes involved in lignin biosynthesis pathway are involved in plant resistance to salinity
stress. Some lignin biosynthetic pathway genes such as PAL, 4CL, CCR were obtained
in soybean (Dicotyledon) and rice (monocotyledon) plants. Coexperssion studies of
these genes have been conducted to find coexpression genes to the main genes and
genes that have unknown function but are likely to be involved in lignin biosynthesis
and other pathways. Evaluation of 4CL gene expression and its associate gene,
Chalcone synthetase and STR gene as a coxpression with PAL and CCR gene in saline
treated two sensitive (L17) and resistant (Williams) cultivars at two levels of 0, 200 mM
and 4 time intervals 6, 24, and 48 hours, were performed by q-RT PCR. Gene
expression results showed that the 4CL gene in Soybean sensitive cultivar had more
expression than the resistant cultivar in the first 6 h and both cultivars had significant
expression in 24 h. The expression of the CHs gene was similar to that of 4CL at 24 h
and the STR gene increased at all times. Laboratory studies confirmed bioinformatics
studies and showed that the Coexpression genes had similar expression profiles.
Promoter analysis showed that upstream of these genes there is a binding site for a
number of transcription factors involved in the biosynthesis of lignin and
phenylpropanoids.
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