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Kazusa DNA Research Institute (KDRI)

Narita airport

Chiba Prefecture State
Government supports
financially KDRI.

Dep. Plant Genomics

Dep. Human Genomics
Dep. Biotechnology
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14 December 2000 [ International weekly journal of science
e o T . -
www.naturejpn.com

Arabidopsis

December 2000

Kazusa DNA Res. Inst. (Tabata’s
s lab) sequenced about 30Mb (28%
Aiﬁg::j;r?;'s contribution) in the Arabidopsis
genome sequencing of 116 Mb.
&




Plant-related Genome Sequencing at KDRI

( Synechocystis sp. strain PCC 6803 (1996)
Photosynthetic| Anabaena sp. PCC 7120 (2001)
Bacteria 3 Thermosynechococcus elongatus BP-1 (2002)

_ Gloeobacter violaceus PCC7421 (2003)

— Photosynthesis

Nitrogen- { Mesorhizobium loti MAFF303099 (2000)
fixation Bradyr.hlzob-lum japonicum USDA110 (2002)
bacteria / Lotus japonicus (Legume) (2008)
— Nitrogen fixation
Plants < Arabidopsis (Chromosome 3 &5) (2000)
— Model plant
Eucalyptus (for pulp) In progress
. Tomato (Chromosome 8) (2009)

—  Agricultural and industrial application


http://www.ecol.kvl.dk/~sto/gf/images/rhizobium pea.jpg

Metabolomics:approaches in-

agricultural biotechnology

Researches in the Japan Society for Bioscience, Biotechnology.
and Agrochemistry are diverged ;

/Cop and vegetable breeding Fermentation )
Genetically modified crops Food production

Wood utilization More,,,,




High-through-put tools for metabolite analysis

UPLC-Q-TOF-MS LC-MS

LC-FT/ICR-MS
= CE-MS
= GC-TOF-MS
®m LC-IT-MS
LC-FT-MS
m UPLC-MS

= 4 of analyzed:> 80,000 at KDRE

LC-PDA x2



What is the problem?

Carbon oxide, water & nutrients

—

O Primary metabolites

(Common in plants)

. ™
_
. Secondary metabolites
o’ (Specific to each plant)
& Qf’%g@@ Eé

>200,000 metabolltes I the plant kKingdom
Is It possible to 1dentify all?



Liquid Chromatography Fourier Transform lon Cyclotron Resonance Mass Spectrometer

LC -FI/ICR-MS

* Ultra-high mass accuracy, ~ 1 ppm
Using internal standards 0.5~0.2 ppm

. | * Coupling LC prior to MS
* Prevents ion suppression
+ allows UV/Vis spectrum acquisition
LTO-FT * Separates isomers
(Thermo Electron Co.) + allows acquisition of Retention Time
Magnetic field: 7°T * RT information is useful
to discriminate
* isotopic ions
» adduct ions
+ spontaneously fragmented ions

Am——CEEE « Automated MS/MS acquisition
LC-FT-Orbitrap-MS



Ultra=-high-mass accuracy-measurement

2C = 17 [M+H]*=410.0908

13C = 13.003355 @

1H = 1.0078250319

160 = 15.9949146223 C,gH,oOgNS
14N = 14.0030740074

31p = 30.973763 @ MS/MS
32 = 31.972071

Structure Speculation



Speculation of ‘Molecular Formula by F T-ICR-MS

12C=12.000000 'H=1.007825, *N=14.003074, 1%0=15.994915

13311270 433.11270 — CyyH,qO;[+H]*
| C H O N S

21 21 10 0 0 433.1127|2
13 25 12 2 1 433.112 2|7
11 13 2 16 1 433.112 2|6
14 29 I 2 3 433.113 1|3

1 3 9

11 21 1 433.111 7

/\/

Milli mass values give a limited number of formulas.



LC-FTICR-MS analysis of tomato fruit
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Metabolite MS/MS Fragmentation
Database UV absorption (PDA)



Annotation, but not identification

Gét all peak data
(>150 000 peaks)

i Data processing

Givmg chemlcal Information
to each metabolite
(Metabolite Annotation)

miz~ =




Gene and Metabolite annotation:

Genomics | Metabolomics |

‘ Identify gene region ‘ Identify molecular ion

[ DNA sequence

Coding protein molecular formula

(Structural) Annotation i m/z, MS", Rt, A max ]

Prediction of function, Homology search
Consistent identification of components across datasets

Expression, GO (Functional) Annotation Accumulation, Pathway

o Ha7152 ONA Res st



Comprehensive analysis of tomato metabolites

Tissues
Fruit 4 stages, 2 tissues Number of detected peaks
@ | ® | & [ pupm———
G Y 0 R 6000 oS
Peel (P), flesh (F) o = heg
Leaf, Root, Flower
Extraction 000
3000
70% methanol
100% chloroform 2000
lonization LC| c18, €30 ™™
ESI (positive, negative) ° "GP GF YP YF OP OF RP_RF
APPI (positive, negative) Green Yellow  Orange Red-ripe

liiima et al. (2008) Plant J.



"How many metabolites ?

70% MeOH §| C-ESI-based MS

extraction Number of of annotated

lonization Number of mass Number of Number of annotated metabolites in

Annotation grade

Tissues mode signals® peak groups® metabolites® metabolites each tissue"
Mature green
Flesh Positive 30 412 + 3069 1470 + 155 306 +35 154 267
Negative 17 292 + 1483 1673 + 102 305 +22 167 o o
Peel Positive 42 734 + 5067 2311 £+ 260 479 + 69 228 368 Descrlptlon Of
Megative 20 769 + 2938 1925 + 226 397 +£51 228 i HH
Backar availability of
Flesh Positive 28 782 + BB35 1729 £ 27 357 +96 182 291 H H
Negative 15 853 + 4078 1604 + 31 308 + 66 168 SquortIng eVIdence
Peel Positive 43 462 + 9540 2621+ 379 636 + 119 250 440 181
Megative 32 675 + 4440 2733+ 376 602 + 85 295
Turning
Flesh Positive 24 353 + 61N 1680 + 58 352 + 26 188 284 15 158 m
Negative 12 498 + 4924 1239 + 460 251 £134 156
Peel Positive B3 258 + 6645 3495 + 348 784 £112 368 611 26 329 256
Negative 39 274 + 3449 3187 + 364 676 £ 79 402
Red
Flesh Positive 28 109 + 1791 1700 + 132 363 £42 179 263 18 147 98
Negative 13 808 + 4403 1444 + 414 266 + 64 144
Peel Positive 70 278 + 3619 4305 + 288 1039 +£77 445 696 ] 3n 295
Megative 55 429 + 2452 4723 + 301 1026 + 68 428

*Numbers indicate means + SD of three measurements.
“Total numbers of non-redundant annotated metabolites detected in positive- and negative-ionization modes.

Total: 869 non-redundant metabolites
Including 494 metabolites not in the databases




Annotation of other metabolites

Finished at molecular formula-level

Approx. 5600 non-redundant peaks

Checking candidate formulas, providing Evidences.

Detected Ionization |Formula GF [GP [YF YP OF |OP |[RF RP |Speculated
104.0704 |Ep C4HINO2 GABA
130.0498 |Ep C5H7NO3 Pyroglutamic acid
134.0449 |Ep C4H7NO4 Aspartic acid
138.0549 |Ep C7H7NO2 p—Aminobenzoic acid
147.0765 |Ep C5H10N203 glutamine
147.1128 |Ep C6H14N202 L-Lysine
148.0605 |Ep C5HI9NO4 L—Glutamic acid
156.0768 |Ep C6HIN302 L-Histidine
166.0863 |Ep CO9H11NO2 L-Phenylalanine
175.0966 |Ep C8H1404 Suberic acid
175.1190 |Ep C6H14N402 L-arginine
189.1598 |Ep C9H20N202
191.1026 |Ep C7H14N204 meso—2,6—Diaminoheptanedioate
193.0344 |Ep C6H807 citric acid
205.0971 |Ep C11H12N202 Tryptophan
207.1128 |Ep C11H14N202 12—-Hydroxycytisine
212.0919 |Ep C10H13NO4
219.1492 |Ep C13H18N20
230.0151 |Ep C5H11NO5S2
245.0769 |Ep CI9H12N206 5—Ribosyluracil
251.0696 |Ep C8H14N205S
251.1390 |Ep C13H18N203 N-Caffeoylputrescine
261.0370 |Ep C6H1309P
282 1209 |Fn C14H18N2N2 | [

liiima et al. (2008) Plant J.




Annotation for -major:secondary metabolite

Flavonoids

58 flavonoids

More

Rt Detected [Theoretical dzll;a Formula I MS/MS A max GP GF YP YF oP OF RP RF
7.06 394.0954 394.0955 -0.21 IC18H1907NS [273(100 290 | ] | ]
[ 2656 394.0966 394.0955 | -0.54 JC18H1907NS |273(100 290 1 1
4.02 410.0906 410.0904 0.55 [C18H2008NS |289(100), 375(13) 284 | | ]
0.62 |C18H2008NS_|289(100), 375(13) 284 | ] | ]
0.47 JC21H22010 273(100 284, 336(w) |
0.55 [C21H22010 Ig (100 362 | | | ]
-0.29 |C 273(100 368 [ ] | ]
0.55 |cz Ig (100 368 |
-0.31c 287(100 256,354 | | ]
1.03 |C21H; [ ] [ ]
-0.86 JC21H 289(100 262,354 | ] ]
0.18 JC21H; 289(100; 370 | 1
0.65 |C21H2! 289(100 284 | | ]
0.52 JC21H200! 1503100 256, 352 ] [ ] [ ]
0.44 JC22H240 03(100, 284, 358 | | [
-0.23 |C24H300 289(100), , 451(24), 452(5), 477(4)
-0. [C2aH2401 273(100), 274(11), 297(5). 315(9). 339(5), 381(8), 485(7), 503(14), 504(3) 290, 366 | ]
-0.32 |C24H2401. 273(100), 274(12), 297(3), 315(4), 339(2), 381(3), 485(2) 366 1 | ]
-0.34 JC24H24014 I 89(100), 290(10), 313(7). 331(14), 355(7). 383(4), 397(8), 501(11), 519(19) 284 [ ]
N 303(100), 304(13), 327(5), 345(10), 369(5), 383(4), 401(3), 411(7), 515(9), -
0.06 fcasHzeo1a | o T asaca) 268, 358
-0.72 JC24H290 S[273(100). 274(15), 315(2), 394(2), 435(55), 436(10) 286 |
-0.43 |C24H29012NS|273(100), 274(7), 284(9), 297(1), 394(49), 399(1), 417(2), 435(14) 286 |
-0.35 JC24H29012NS|273(100), 274(11), 315(2), 394(3). 435(85), 436(10) 3282 [ 1]
-0.06 JC24H29012NS|273(100), 274(12). 315(1). 394(2). 417(2). 435(7). 436(1) 286
567.1711 567.1708 | 0.54 Jc26H30014 _ |273(100), 315(4), 399(3), 417(11), 435(19) 366 ]
572.1430 572.1432 | -0.48 |C24H29013NS|289(100 292 | ] | ]
s81.1864 ss1.18650 -0.14 lca7hzzoia ggg)oc», 314(2), 315(4), 383(4), 401(5), 417(7), 419(13), 435(24), 527(2), 370 - - -
595.1660 595.1657 0.34 JC27H30015 __|287(100), 433(2). 449(25) 266, 348
611.1608 611.1607 0.29 JC27H30016 03(100). 397(1). 448(3). 449(1), 465(27) 256, 354
611.1605 611.1607 | -0.32 Jc27H30016 287(29), 365(5), 368(4), 397(35), 436(4), 448(56), 449(100), 450(10), 577(8) | 268, 330 | ] | ]
614.2082 614.2080 0.40 JC27H35015N_|273(100), 435(66), 436(4), 597(7) 286 | | ]
627.1555 627.1556 | -0.12 Jc27H30017 _ |303(24), 465(100), 466(9) 258, 356 [ ] [ ]
630.2032 630.2032 0.52 Jc27H36016N _[|289(49), 451(100), 452(3), 586(5), 612(8), 613(29) 284 | ]
642.1517 642.1512 0.70 le23H31020n é;ggg 274(8), 315(6), 339(2), 381(3), 485(4), 503(8), 504(3), 521(100), 284 - -
683.1816 683.1818 | -0.28 |C30H34018 __|273(12), 297(3). 315(7), 381(4). 485(6), 503(28), 521(100). 665(4) 280 | |
743.2026 7432029 | -0.44 JC32H38020 _ |303(100), 435(2), 449(3), 465(13), 597(6), 611(38) 256, 354
727.2074 727.2080 | _-0.83 |C32H38019 __ |287(100). 4 4). 449(23), 581(6). 595(57) 266, 352
757.2185 7 186 | -0.09 fC33H40020 (48), 43 00), 595(36), 611(66), 612(2) 226,354 | | ] | ]
773.2133 7 135 -0.24 fC33H40021 (58), 44 0).611(36), 627(59) 258, 356 [ [ [
773.2135 7 135 0.02 JC33H40021 1), 465(100), 610(55), 611(48 284 | [ | |
811.2659 811.2655 0.50 JC37H46020 5(5), 433(4), 449(11), 503(2), 595(5). 665(6) 666(2) 680(5). weak - - -
~ 303(100), 331(4), 449(4), 465(9), 505(3), 611(5), 667(13), 680(15), 681(5), - - -
35.83) 613.2444| 8513.2448] -0.53 JC36HA4021  |753(4), 737(32), 752(5), 789(7), 794(3), BO2(4), BO3(26) weak
N 303(100), 304(11), 327(5), 345(10), 369(5), 383(4), 401(3), 411(7), 515(9),
38.33] 827.2604 827.2604 0.04 fcazrasoz1r |2 lo Tl o) Baaca 256, 356
38.78] 831.2341 831.2342 | -0.15 Jc39H42020 gg;g;’m' 288(3), 365(4), 383(4), 433(3), 449(12), 523(3). 595(6), 669(3), 290, 336 - - -
24.39 843.2186 843.2190 -0.43 |C36H42023 287(12), 535(100), 681(5), 697(10) 284 [
303(100), 30492), 365(3), 383(3), 449(4), 465(11), 539(4), 563(2), 581(3).
36.66 847.2289 847.2291 -0.43 C39H42021 611(7), 683(2), 685(6), 701(11), 801(2), 811(2), 827(2), 828(2), 829(2), 268,352
830(2)
~ 287(100), 389(5), 407(4), 425(16), 433(4), 441(2), 449(21), 565(4), 579(3), - -
35.55] 873.2443 873.2448 056 fcainaqo21 5080 T ) rhe (@), 727 284, 370
- 303(100), 345(4), 389(3), 407(4), 425(13), 449(7), 465(25), 581(7), 611(8), - - -
33.50] 889.2388 889.2397 101 fearnasozz  |ooo oo T 7a3013) 288, 394
287(100), 291(11), 309(a), 329(4), 419(5), 433(3), 437(2), 449(31), 454(6),
35.24] 903.2552 903.2553 | -0.17 JcazH4a6022  [a55(14), 471(4), 595(12), 705(2), 721(4), 741(4), 757(9), 883(5), 884(7), 328
885(3)
N 303(52), 308(20), 309(3), 345(3), 435(10), 449(8), 465(100), 470(3), 580(5), - - -
171 )| ©052551) 905.2557] -0.71JC3BHABO25 I5o7(14), 611(37). 613(4). 627(39), 742(35), 743(16), 759(6). 773(87), 775(4) weak
- 303(100), 309(4), 345(3), 419(4), 449(5), 455(12), 465(30), 471(4), 611(14), - - -
33.37] 919.2495 919.2503 0.83 [cazHac023 | rn i ie i 7oy, 772(2). 773(9), 001(3) 290, 348
35.71] 923.2822 923.2816 0.66 Jca2H51023 32?5;;30;73?;(3) 423(3), 441(3), 449(5), 456(9), 465(24), 611(4), 615(6), 282, 384 - - -
B 287(100), 303(4), 321(16), 339(7), 353(3), 433(3), 449(40), 485(21), 501(3), -
33.98] 933.2651 933.2659 0.89 Jca3Ha80o23 o 0 ot D O Ty 7aviaa 284, 336
N 275(3), 303(100), 321(13), 339(5), 345(3), 449(11), 465(28), 485(16), 501(3), - -
32 949.2604 949.2608 045 JC43HA8024  |611(8). 641(4), 787(8). 803(14), 870(2), 887(27), 888(8), 929(3 332
B 287(100), 303(3), 321(5), 339(4), 357(5), 433(5), 449(37), 467(6), 485(13), - - - -
34.72| 951.3120) 9513129 -0.91 JC44HSA023 |499(6), 503(18). 517(5), 595(8), 643(7), 647(3), 789(3), BOS(9), 932(3) 282,378
37.78] 955.2550 955.2503 Ca5H46023 _ [|273(24), 435(100), 521(29), 907(6), 908(16), 909(4) 366 [ 1 | | | ] ]
303(100), 321(3), 339(3), 357(4), 449(7), 465(25), 467(4), 485(10), 502(3), - - -
32.905] 967.3139 967.3137 0.26 fcazhsgozo |22 01T 7) ena(s). Bosiay 821(9) weak
17.4 977.3071 977.3074 01 -026 IcaoH52021 1303(5). 465(18), 611(12). 627(11). 773(100 270.35a 0 | 0 I  ° I 1 ]

abundant in
the peel than
in the flesh.

lijima et al. (2008

Plant J.



Annotation for major:secondary metabolite

Glycoalkaloids

Detected bl G vyJ[o[rR[L]sTF
738.44257 | 738.442 414(11), 558(4), 576(60), 577(21), 600(4), 704(2), 720(100), 721(42)
738.44275 255(49), 273(9). 386(6). 396(40), 414(100), 576(22)

756.45313 | 756.453
4538

| 8a2.46979 |84z ae9|C
4 | 8725

“0.55
Siz.474 554(9). 412(8), 454(8). 540(11), 718(27). 750(60), BEO(1E), BE2(100Y
504(55), 412(29), 466(100). 718(18), 736(11), 750(54), B52(30), BOA(EE)
396(32° 12(12), 414(13), 542(16), 720(49), 734(8), 752(66), 884(72), 896(100)
396(18), 414(11), 456(8), 542(14), 720(35), 752(76), 884(63), 896(100)
\ 412(1), 430(1), 898(100

414(4) 432(2), 576(1), 503(1), 59B(2), 00(100)
414002, 432(5). 576(1). 593(1), 899(5), 900(100)
414(2), 432(4), 576(2), 900(100:
414(5). 432(4). 576(2). 594(2), B96(1). 50G(160
396(2), 414(5), 432(3), 576(2), 594(1), 738(2), 756(2), B82(12). 900(100), 901(53)
414(12), 432(17), 576(7), 554(6), 738(5), 756(6),500(100

a: S
398(3), 416(5), 560(2), 578(3), 740(2), 884(100), 885(44)
398(5), 416(6), 578(2), 740(1), 884(100)
392(49), 410(48), 538(17), 716(31), 778(100), O08(18), 910(42), 925(40) "
289(13). 325(7). 365(3), 383(4), 40I(14). 419(23), 487(4), 596(36). 599(100) 760(17). 761(32)
s

394(11), 412(10), 454(4), 540(6). 718(18), 780(44), 910(11), 912(1
396(14), 214(13), 542(20), 720(22), 782(66), 896(18) (80) ( )

396(17), 414(13), 5a2(9), 718(9), 720(36), 721(17), 780(8), 782(83), 896(16), O12(19), O14(71), 926(100), 927(55)
S56(5M), 4130160} 531015), 64 1 {T1]760(12), S12(T1. 626011

738(100) =
722 (90), 720(100), 576(66), 558(5), 414(10), 255(6) ________

396(3), 414(6), 456(8), 542(17), 680(80), 720(43) 324(100) 825(54)

398(2), 416(2), 710(2), 854(100)

415(2), 577(100), 709(2). 739(3), 871(5)

©14.456
496
49

olofololol

520,521

940.469
0.64

$42.485
9445
9445

S86(100)
409(20), 427(20), 445(71), 486(9), 505(100), 589(12), 607(65), 666(6)
398(5), 416(16). 560(2). 578(6). 856(4). 886(6),1000(100;

o a a a
410(2), 470(1), 867(3), 896(A), 914(100), 956(6)
412(1), 869(5), B9B(10), 916(100), 958(8;
395;51 216(11). 578(5). 842(4), 872(7). 986(L
398(7), 416(14), 530(3), 548(7), 842(4), 854 o 872(18) ,

390(3), 408(2), 426(2: 912(5), 1026(100;
410(2). 572(2). 866(1). 895(1) 914(3). 1028(100)
374(2). 376(17), 394(43) 412 2

), 868(4), 886(3), 898(3), 916(3) 1030(100)

430 g I
1048.5321 { ______| 394, 12 430(8), 574(13), 592(10;
48.56848 | 1048.57 4122 4306 592(4), 886(2), 916(4), 1030(100; [
D50.5490 7105055 1CSok (6), 432(4), 576(5), 594(4), 900(2), 918(2), 1032(100), 1033(57)
| 1050.54895 | 1050.55 |C50¢ (1) 432(1) 576(1), 594(1), 1032(100)
50.5527311050.551C50¢ (4), 432(2), 576(3), 594(2), 900(1), 1032(100)
).54871 11050.55 [C50k 3(11), 432(6), 576(8), 594(5), 900(2), 1032(100) [

| 1050.5482211050.55] 3(5

{1050.55 ] (.
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1068.56

1068.56079 C50H85023 214(1). 432(1), 576(2), 594(5), 1032(4), 1050(100)
5% |sa.030] 1068.55872| ©-°° [csomssozan 413(21), 575(40), 737(100). 869(50). 1031(17). 1033(63)
54 | 35.49 | 1090.55347 | 1000.56 |cs6HB3O20N 412(3), 472(1), 574(3), 634(3), 898(1), 1030(100), 1072(6)
55 | 36.4 |1092.56128 (1092.56 |C52H85023N 414(2), 474(1), 636(2), 576(2), 1014(1), 1032(100), 1074(5)
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PowerF T: high-through-put pipeline
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Detection of isotopic peak
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How to-compare metabolomes

2-D image of LC-FT/ICR-MS
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Alignment of metabolites with information of
Retention time, mass values, MS/MS patters on 1-D




PowerMatch: aligment software

O: peak accompanied by MS/MS data [1:peak showing single formula in KNApSAcCK/KEGG

parameters

[1:peak showing single formula O:peak accompanied with *3C isotope peak
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Links to-Metabolite' Databases
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Comparison of 38 plant metabolomes
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http://www.genome.jp/Fig/compound/C10051.gif

Metabolite annotation database KOMICS

Kazusa Omics Database
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