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Online Resource 3. Phylogenetic trees of enzymes involved in chloroplast fatty acid synthesis.

AccA, B, C, and D, subunits of acetyl-CoA carboxylase; ACP, acyl carrier protein; FabBF,
3-oxoacyl-ACP synthase KAS I/II; FabD, malonyl transferase; FabG, 3-oxoacyl-ACP reductase;
Fabl, enoyl-ACP reductase; FabZ, 3-hydroxylacyl-ACP dehydratase; FadA, palmitoyl
phosphatidylglycerol 3-trans desaturase; KAS III, 3-oxoacyl-ACP synthase acting in the initial
step; SAD, stearoyl-ACP desaturase. An additional tree of desaturases, which was reconstructed
using the data in Sato and Moriyama (2007), is also presented at the end of file. Locate the enzymes

in the biosynthetic pathway in Fig. 1 panels A and B.
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Lotus_japonicus_MG-20_6gLjT41B02_90_nd
1/1 ——— Lotus_japonicus_MG-20_6gLjT41B02_160_nd
— Oryza_sativa_0s08t0187900_00
Sorghum_bicolor_BTx623_5044309
‘l__E Zea_mays_B73_GRMZM2G097509_P01
Zea_mays_B73_GRMZM2G175401_PO01
—— Brachypodium_distachyon_Bradi3g15300_1
Klebsormidium_flaccidum_kfl00756_0050
Physcomitrella_patens_25795
[ Selaginella_moellendorffii_77032
Selaginella_moellendorffii_82516
—— Micromonas_pusilla_CCMP1545_7923

11 T Micromonas_commoda_RCC299_3953
[ | _| I: Ostreococcus_lucimarinus_CCE9901_35130

Al

0.99/1

Mesostigma_viride_NIES995_fad4
0.84/ E Mesostigma_viride_NIES296_Fad4

1 0.87 Chlamydomonas_reinhardtii_Cre16.9g672900.t1.3
Chlamydomonas_reinhardtii_g16665.t1

Porphyridium_purpurea_2161.1

Porphyridium_purpurea_2494.24

Galdieria_sulphuraria_ EME27656
l Galdieria_sulphuraria_ EME29834

Galdieria_sulphuraria_ EME30642

Homo_sapiens_TMEM189-UBE2V1

Outgroup: ubiquitin ligating enzyme E2

0.4

Plants

Ostreococcus_tauri OTTH095 OTH95_ RCC745-2001_5033

Red algae

Green algae



SAD (BI/ML)

0.95/0.80

1

1

Populus_trichocarpa__ 770129
Populus_trichocarpa__ 775515
Populus_trichocarpa__770126
Populus_trichocarpa_ 803352
Arabidopsis_thaliana__AT3G02610.1
Arabidopsis_thaliana__ AT3G02620.1
— Arabidopsis_thaliana__AT5G16230.1
Arabidopsis_thaliana__AT3G02630.1

— Arabidopsis_thaliana__AT5G16240.1
Vitis_vinifera_225467751
Vitis_vinifera_225469077
“Vitis_vinifera_225434118

Vitis V|n|fera72254734124

Vitis_vinifera_22543412
Populus_trichocarpa__582749
edicago_truncatula_Medtr4g128410_1
Medicago_truncatula_Medtr59024070 1
Lotus_japonicus_MG-20_4gCM0432_40
Arabidopsis_thaliana__ AT2G43710.2 _SSI2
Zea_mays_B73_GRMZM2G026793_P01
Sorghum’_bicolor_BTx623 4760608
Zea_mays_B73_AC215690.3 FGP002
Oryza_sativa_0s04t0379900_01
rachypodium_distachyon_Bradi5g07410_1
Zea_mays_B73_GRMZM2G027673_P01
Sorghum_bicolor BTx623_144400
Brachypodium_distachyon_Bradi3g43920_1
Zea_mays_B73_GRMZM2G064056_P01
Sorghum_bicolor_BTx623_148401
Brachypodlumj|stach¥onfBrad|295893071
Oryza_sativa_0s01t0919900_01

Zea_mays_B73_GRMZM2G119305_P01
Sorghum_bicolor_BTx623_4840365
BrachygodTum dlstachg?nfBradl3g1767071

Oryza_sativa )

Plants

°0s08t0200100
Zea_mays_B73_GRMZM2G003368_P01
_|i80rg1aum7b|,co|or BTx623 4869689
Oryza_sativa_0s08t0199400_01
ZM2G073540 _PO1

Zea_mays_B73_GRM
Sorghum_bicolor BTx623 4858253
Sorghum_bicolor_BTx623_4788986
11 Brachypodium_distachyon_Bradi4g32120_1

1

0.52/--

Brachypodium_distachyon_Bradi1g25010_1
_‘__|:So_rghum7blcolor:BTx62371 23686
Oryza_sativa_0s03t0423300 01

— Zea_mays_B73_GRMZM2G 143625 P01

L— Sorghum_bicolor_BTx623 4743229

Medicago_truncatula_Medtr3g125150_1

Medicago_truncatula_Medir3g125190_1

- Medicago_truncatula_Medtr3g125200_1

- Lotus_japonicus” MG-20_1gLjT10H09~20_nc

Vitis_vinifera_225457781
Arabidopsis_thaliana__AT1G43800.1

Populus_trichocarpa 47

Plants

il

11

7 Zea_mays_B73_GRMZM2G316362_P01
E'E Sorghum_bicolor_BTx623_143875

Oryza_sativa_0s01t0880800_01
Bradi2g56850_1

) rachypodium_distachyon
Selaginella_moelléndorffii 231587
Selaginella_moellendorffii_233160
Selaginella_moellendorffii_108612

elaginella_moellendorffii_272030
Physcomitrella_patens_110588
Phxscom|t_reIIa7paten57232858

Physcomitrella_patens_87393
Physcomitrella_patens_89338

11 Physcomitrella_patens_100583
Phgscomltrella patens_153909
hyscomitrella_patens_85372
Sélaginella_moellendorffii_411132
Selaginella_moellendorffii_418294

11 [ Selaginella_moellendorffii_270679

Selaginella_moellendorffii_82227
Klebsormidium_flaccidum_kfl00471_0080

Klebsormidium_flaccidum_kfl00471_0020

— =

Klebsormidium_flaccidum_kfl00134_0040
Chlamydomonas_reinhardtii_Cre17.9701700.11.2

11

0.73/

Chlamydomonas_reinhardtii_g15201.t1 Green algae

Ostreococcus_lucimarinus_CCE9901_1571
Algoriphagus chordae_PZX53296
Algoriphagus ratkowskyi_PZX60114
— Algoriphagus ornithinivorans_SFN98511
Belliella baltica DSM 15883 AFL83358 .
Rhodonellum_WP_019599408 Bacteroidetes

Lunatimonas lonarensis_ EON77668

11 Micromonas_pusilla_CCMP1545 9098
Micromonas_commoda_RCC299 7673
Ostreococcus_tauri OTTHOQS?OTH9571R10C745—2001722819

0.99

n r Elizabethkingia meninﬁos_eptica WP_016198659
— L Elizabethkingia anophelis NUHP1_AIL46395
Haliscomenobacter hydrossis_WP_013768852

Luteitalea pratensis_ WP_110173346 i i
I| | Luteitalea ppl)'atensis_—AMYi 1831 Acidobacteria

0.69/0.99

Singullthaera acidiphila DSM 18658_AGA27858 +Planctomycetes

Ignavibacteria bacterium__OGU71363 .
Ignavibacteriales bacterium_PIW69552 Bacteroidetes

0.87/0.45

Elusimicrobia bacterium OGR80119
Verrucomicrobiaceae bacterium TMED76_0UU85455 (metagenome)

Fibrisoma limi BUZ 3_CCH54049

Dyadobacter psychrophilus_ WP_082213061

- Flammeovirgaceae bacterium 311_WP_061991606 .
Arcicella aurantiaca_WP_109741541 Bacteroidetes

Flavobacteriaceae bacterium MAR_2010_188_WP_091389146

11 Flavobacteriaceae bacterium_P1V94293
Gelidibacter algens_WP_066432446

Flavobacterium sp. F52_WP_008465705

0.3



Desaturases
(BI/ML)

Vernicia fordii_o3c_AAF12821.1 AF200717
Glycine max_fd3c_P48621_FD3C_SOY!

Capsicum annuum_o03_AAF27933.1_AF222989_1
Nicotiana tabacum_fad7_T03029
Perilla frutescens_o3b_AAB39387
Ricinus communis OSF P48619 FDSC RICCO
Arabidopsis_thaliana_fad8_ATHFAD8A

5829_Arabidopsis_thaliana. ATSG1117O FAD7
Brassica juncea_o3p_CAB85467
Brassica napus_o3p_P48618 FD3C BRANA
Petroselinum crispum Pcr_o3p AAB72241.1

Nicotiana tabacum_o3m_P48626 FD3E TOBAC
Glycine max_fd3e_P48625 FD3E_SOY!
Vigna radiata_o3m_P32291_FD3E PHAAU

P G‘\‘yc;ne e Osmii BAA%}D%1537544 1

erilla frutescens_o3a
Vernicia fordii_o3a_AAC98967.1 Delta1 5
Pelargonium x hortorum_o03_AAC16443.1
Arabidopsis_thaliana_fad3_ ATHFAD3 Chloroplast
Brassica napus BNAFAD3A ER
Brassica napus_o3m_P48624_FD32 BRANA
Oryza sativa Osa_03 D78506 1 BAA11397.1
[— Vernicia fordii_o3b_AAD13527.1
1/1 _:Zea mays_fad7__T01697

Triticum aestivum_o3p_BAA07785.2

Plants

11

11

0.9911 — |imnanthes douglasii_d15_AAA86690.1
11 Picea abies_o3p_CAC18722.1
0.93/0.97
n
0.99/
0.72/0.72 Chlamydomonas sp. W80_o6_BAA83822.1
0.99/0.99 : 476_Klebsormidium_flaccidum_kfl00430_0070
— Spinacia oleracea_o6p_P48629 FDGC SPIOL
Glycine max_fd6c_P48628_FD6C_S

11

rassica napus_o6p_P48627_FD6C BRANA
Arabidopsis_thaliana_fdéc_P46312_FD6C_ARATH

1/1

Caenorhabditis elegans_unknown_CAB60965.1
Caenorhabditis elegans_fad_AAAE73!
Tetrahymena thermophila SB210__ XP_001023477

76_Micromonas_commoda_RCC29
4/6 Ostreococcus_tauri_OTTHO095 OTH‘M RCC745-2001_27084
476_Cyanidioschyzon_merolae_CMK291C

476_ Klebsormld\um flaccidum_kfl00096_0060

Calendula officinalis_fdX1_AAG42259.1_AF310155

Calendula officinalis_811 _CAB64256.1

Crepis alpina_d12_CAA76158.2

repis palaestina_d12_CAA76156.1

Petroselinum crispum_7.1_AAG23923.1_AF239827

Daucus carota_OH AAK302061 AF349965 1

Impatiens balsamina_d12_AAFO05

Momordica charantia_d12like AAF059161 _AF182521_1

Glycine max_fd62_P48631_FD62_SOYBN
Physaria fendleri_d120H_AAC32755.1
476_Arabidopsis_thaliana__AT3G12120_FAD2
Brassica napua_d12_AAF78778.1
Brassica carinata_d12_AAD19742.1
Brassica juncea_o6m_Q39287_FD6E_BRAJU
ESesamum indicum_o6_AAF80560.1 AF192486 1
Solanum commersonii Sco_d12 CAA63
L— Borago officinalis_d12_AAC31698.1

3336_Micromonas_commoda_RCC299_3671

7128_Chlamydomonas_reinhardtii_Cre10.9g453600.t1.2
Tetrahymena thermophila SB210_XP_001019835

98/0.97 ||
0.96/1

Tetrahymena thermophila SB210_XP_001017649
3306_Porphyridium_purpurea_2612.6

3306_Arabidopsis_thaliana__AT2G46210_SLD2

4138_Micromonas_commoda_RCC299 976
6866_Klebsormidium_flaccidum_kfl00021_0130

O.98/O.97I

— 1644_Micromonas_commoda_RCC299_7343
1

0.97/0.97

1 10.99 L ¢ 644_Klebsormidium flaccidum_kfl00388_0080
| :Tetrahymena thermophila SB210_XP_001025371
Tetrahymena thermophila SB210_XP_007017500

Tetrahymena thermophila SB210_XP_001016398
Tetrahymena thermophila SB210_XP_001012648

Al Tetrahymena thermopfilla SB210 XP_001026571
02759

e Tetrahymena thermophila SB210_XP_001
Tetra@rymena thermophila SB210_XP_001020063
n =T ahymena thergwo h”‘ipSBzy%gXP 001020064

|_:Telrah ymena thermophila SB210_XP_00
Tetrahymena thermophila SB210_XP_001032273

440_Klebsormidium_flaccidum_kfl00345_0150

n

11

ﬁ

Amylomyces rouxii_ste AA882294 1
—| E Mortierella’alpina_ste2_CAB38
Mortierella alpina_ste1 CABSBW771

:Tetrahymena pyriformis_d9_BAA20463.1
Tetrahymena thermophilis_d9_BAA11924.1 De|t89

440_Micromonas_pusilla_CCMP1545 3722

440 K\ebsorm\dlum flaccidum_kfl00324_0
Timnanthes douglasii_d5CoA AA(3285991 AF247133_1

————— Rosa hybrid cultivar d9a_AAB50679.1 Plant
440, Arab\dopsws théhana AT3G15850_FAD5 S

0_Arabidopsis_thaliana__ AT1G06350_ADS4
Arab\dopsm thaliana_d9a_AAF80133.1_AC024174

440_Paulinella_sp._DL-2016a_CHR_PCKR_365

Cyanidioschyzon merolae_d9_BAA28834.1
Ogataea angusta_d9_BAA75902.1
QOgataea angusta_ste__JC6180
Saccharomyces kluyveri_d9_BAB20

Saccharomyces cere\nswae YGL055W OLE1

Protists
Fungi

Drosophila melanogaster_fdm_AAF57022.2

0.99/0.99 Drosophila melanogaster_fdk_, AAFS 020.1
Bombyx mori_des1_AAF80355.1 15762
Helicoverpa zea_d11CoA_AAF81787.1_ 723
Trichoplusia ni d11CoA AAD037 75.1

.97/1
7 09

7

Acheta domesticus_d9.1 K25796.1 84
Drosophila melano aster_| Td2a _AAF50118.1
Drosophila melanogaster_fd2b_BAB21537.1
Drosophila melanogaster_fdg_CAB52474.1
Drosophlla melanogaster_fde_AAB17283.1

Bombyx mori_des2_AAG16902.1_AF182406
Helicoverpa zea_d9b AAF817902 —_AF272345
Trichoplusia ni_d9CoA_AAB92
Planotortrix octo_d9CoA_, AAF730731 AF268275 1
Argyrotaenia velutinana_t dQCo AAF44709.1_AF243046_1
Ostrinia nubilalis_ d9CoA_AAF44710.1_AF243047_1
Helicoverpa zea_d9a_AAF81788.1_AF272343
Drosophila melanogaster_fdj_AAF54920.1
Amblyomma americanum_steCoA AA8864991
Cyprinus carpio_ste_ AAB03857..

yprinus carpio_des2. CABS 58.1
Ctenopharyngodon idella_d9_CAB53008.1
Chionodraco hamatus_CoA_CAB56151.1

Gallus gallus_d9_CAA42997.
Homo sapiens_ste1_XP 0057192
Homo sapiens_ste3_NP_ 0!
Capra hircus_ste2 AAK618621 AF339909
Capra hircus_ste1 "AAK
Ovis aries_steCoA_| 062849 ACOD SHEEP
Bos taurus_steCoA_Q9TT94_ACOD_BOVIN
Sus scrofa_ste_002858 ACOD_PIG
Mus musculus_ste1_AAH07474.1_AAH074
Rattus norwegicus_steCoA_P07308_ACOD T
Mesocricetus auratus. steCoA Q 4420 ACOD_MESAU
Mus musculus_ste3_NP_0331
Rattus norwegicus_steCoA2_| NP 1140291

Insects

Vertebrates

0.5

[—— Helianthus annuus Han_d12 XP. 022005851 1 [%2]
Glycine max_fd61_P48630_FD&1_SOY! "E
EArach\S hypogaea_d12_AAK67829.1 &
Gossypium hirsutum Goshi_des CAA65744 1 = Delta 1 2
[— Gossypium hirsutum Ghi_o6 CAA71 o
Vernonia galamensis_d12a AAFO40931 AF188263 Chl |
Calendula officinalis_d12 AAK266331 _AF343065 oroplast
Crepis palaestina_d72_CAA76 ER
Petroselinum crispum Pcr_o06 AA880696 1

Delta6

Protists
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