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Phylogenetic trees are grouped in 6 PDF files (Online Resources 2 — 7).

Online Resource 2. Phylogenetic trees of enzymes involved in chloroplast lipid biosynthesis.
This PDF file includes phylogenetic trees of the following enzymes: MDGI, monogalactosyl
diacylglycerol synthase in plants/algae; DGD1, digalactosyl diacylglycerol synthase in plants/algae;
MgdA, monoglucosyl diacylglycerol synthase in cyanobacteria; monoglucosyl diacylglycerol
epimerase in cyanobacteria; DgdA, digalactosyl diacylglycerol synthase in cyanobacteria; CDS,
CDP diacylglycerol synthase; PGPS, phosphatidylglycerol phosphate synthase (including
eukaryotic CLS, cardiolipin synthase); PGPPI1, phosphatidylglycerol phosphate phosphatase;
SqdB/SQD1, UDP sulfoquinovose synthase; SqdX/SQD2, sulfoquinovosyl diacylglycerol synthase.
Locate the enzymes in the biosynthetic pathway in Fig. 1 panels B and C.

Three types of phylogenetic methods were tested depending on enzymes: BI, Bayesian Inference
method by MrBayes version 3.2.6 with LG model; PB, Bayesian Inference method by PhyloBayes
version 4.1 with CAT model; ML, Maximum Likelihood method by PhyML version 4 with LG
model. A combination of numbers on each major branch indicates branch support values. For
simplicity, support values are not shown for minor branches. "1.00" was shown as "1" for short.
Taxa are consistently color-coded according to the color scheme in the FigTree software throughout
this paper (the original RGB intensities are shown in each parenthesis): Green (or Spring) (0, 255,
0), land plants; Sea Foam (0, 255, 128), green algae and Paulinella; Lime(128, 255, 0),
Cyanophora; Salmon (255, 102, 102), red algae; Cantaloupe (255, 204, 102), diatoms; Red (or
Maraschino) (255, 0, 0), a-proteobacteria; Tangerine (255, 128, 0), B-proteobacteria; Grape (128, 0,
255), y-proteobacteria; Cyan (or Turquoise) (0, 255, 255), cyanobacteria; Clover (0, 128, 0), green
bacteria; Midnight (0, 0, 128), Firmicutes; Aluminum (153, 153, 153), Archaea; Mocha (128, 64, 0),
actinobacteria; Steel (102, 102, 102), protists; Black (0, 0, 0), other bacteria and animals. This color

code is used in all subsequent phylogenetic trees in Online Resources.
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9_Roseiflexus ¢ caslenho\zll DSM13941_Rcas_0344
339 Chloroflexus Y_400_fl_Chy40
339_Chloroflexus_aurantiacus_J. 10 ﬂ Caul 1190
339_Chloroflexus._aggregans_DSMJ485,_( for a09_2
339 | Lep(osé"(rg Imerroqins S(Zrovar Lai_str. 56501 _LA2001_pgsA2

Green
bacteria

0.87/0.75
0.98/0.99

339 _|
SSQ,Hergelosmﬁon aurantiacus_ATCC23779_Haur_2-
39_Roseiflexus cgstenholzl\RgSMWSQM Rcas 1944
o

i | a_SH_1_|
ﬂo%ﬂf{e?um 1 osie Hiéﬂ @d’527460 pgsA3 . .
reptomyces_coelicolol
mn 339 Frankia_alni_ ACN14a_FRAAL5733 pgsA A b
339_Frankia_sp._Ccl3_| Franccl3 3539 -9 Ctlno aCte rla

w4 . Green algae

\cimarinus
39 Selaginella moeHsndorM 78503
39 Lotus japonicus MG-20 13_20 nd

[JOUUH’\ LJ\M(\Lh on_Bradi1g65950_2
ys_B73_GRMZM2G1
339 Smumm Sicglor BIne2_406raor
339_Oryza_sativa_Os03t0283600_0
39_Arabidopsis_thaliana__AT3G
9 Arabidopsis. thalia
a0l Vnrar 5

0.1_PGPS2
301 P

0.69/--

11

Plants

2
duw <HUO 58_0180
EbN1 _ebA5549 pgsA

GHIT000 ﬂch’z PgsA Beta

ay
h TM‘SM BAH i

2 .
e ATCC. 25344 BH pgsA
e A o proteobacteria
opulus_trichocarpa_ 294263

1 _Ghromobacterium.violaceum ATCC_124 /D)C:?OOO Pnsopjm A 022 ash

seudomonas syringae pv fomalo_str. s

339_Xylella_f ytast?mosg 9a5 XF -Pg Gamma

330 Yersinia pesiis YPO1867 poeA
0.60/- 339_Escherichia_coli_K-12, MG1 5.

b1912 .
e Oter e e ens proteobacteria
—_—

Cyanidioschyzon_merolae_CMJ134C

11
e Ghondrus crispus. CDF41084. Red algae

Porphyrididm.purpurea 2246
— 51 'eécses"'gss%ksss%c R
e ena __pomeroyi
% e 028 Rsph17029 2734
339 Rhodobacter_sphaeroides_KD131 HSKD1 | 2
11 339_Rhodobacter_sphaeroides 2 4 1 RSP_1073
339_Rhodobacter_sphaeroides_ATCC_17025 Rsph17025 2860
339_Rickettsia_prowazekii_str, Madrid_E_RP049
339_Erythrobacter_litoralis_HTCC2594 ELT_03945
339_Rhodospirillum_centenum SW_RC1_1886_p: ESA
339_Rhodospirillum_rubrum_ ATCC 11170_Rru_A2221
xydans_62TH_GOX2274
339 Me(hlylobac(er\um ex(orquens —AM1_MexAM1 META1p3082 pasA
lobacterium_nodulans_ORS_2060_Mnod

q 0.57/0.56

ella_patel
Kh'hburmmmu flac
m

0.58/--

L_p
mal

0.96/0.99

0.94/--

1n

g )_Rhodopseudomonas_palustris_TIE1_Rpal 1361
339_Rhodopsudomonas_palustris_CGA009. RPA1170 )_pgsA
339 Fhodopseudomonas_palustrs_ BisES | RP
339_Rhodopseudomonas_palustris_HaA2 | HFB 11
339_Rhodopseudomonas_palustris_| B\SB18 RPC_0902
339_Bradyrhizobium_sp._BTAi1_BBta_1726
339 im_sp._ORS_278 BRADOGOS ;J
339 Brad'lrh\zob\umJapomcum USDA 110 b|r74 1_pgsA

S alustris_BisA53_RPE_0f

C. 3967

0.87/--

0.57/0.98

Alpha
proteobacteria

19
ium_s| NGR234 NGF? 009190 pg SA
339_Sinorhizobium_medicae_WSM_419_Smed 0781
3397S|n0rhlzoblum meliloti_T021_SMc00601_pgsA
339 Agrobacteri umelaclens sr csa Cereon Atu1|28 _pgsA
339_Rhizobium 2_RHI (?%
339_Rhizobium_ eﬂl CIAT 652 RHECIAT CH 1546_pgs
339_Rhizobium_leguminosarum_bv_viciae_3841_RL1586_pgsA
339 Rhizobium_leguminosarum_bv_trifoli_WSM1325_Rleg_1231
9_Rhizobium_leguminosarum | bvstrlf%\\\QWSMZSOA Rleg2_1085

Bt L irmi
acillus_subtilis_Marburg F t
e e irmicutes

/1

0.98/1 |E

Paulinella_sp._DL-2016a_CHF Pgs .
Pat mm r\ omatophora R
il .— o GPIC_ CCAQ0B22 pgsA PaU“ne”a
Cﬁlamydla achomatis DIUW-J1CX. CT707 bOSA 2
[ 330 Leplosplra mterrogans serovar_Lai_str._56601 EA1139§ SAT (U
'339_Chlorobium_phaeobactéroides_DSM266. CphazGG 0669 ——
9 Chiorobium_chlorochromfii_Cab3 Cag cC '
b e BN -54s Gimora”
335, Prost e N o1 P 1688 (O]
339 _Clorobium_tepidum_CT0335_px g q) —
339 Chiorobaculum_parvum_NCIB8327_ Cpar. Jeog O
339_Chlorobium phaeobacleroldes 881 Coh 828 —
339_Chloroherpeton, | 10 Ctﬁa 0852 (D (]
L 555 Prosthecocmons vibrioformis._| DSM265 @vm 856 o]
339_| H37Rv_Rv1822_pgsA2

1 coelicolor_A3_SCO1389
n '—|_L339 R ank iy A T 5A PORAL 2264 pOSA
359 Frankia_sp_Cal3.Franceis 1462

0.t1.3

- Tamydomg

0.87/-- 535 Arabiopas tharans A SG048701 008 wn

39 Lolus_laponicus G20 SaoNi0130 770 nd
339_Vitis_vinif "E

3 im_distachyon_Bradi2g52180_2
0.67/0-60 539 Onjza_saiva gt laq 00 01
339 mays B73_GRMZM2G127053_PO1 ©
0.59/0.94) 9 Soraham. bicolor BTx623. 5053830 —_—
9_Klebsormidium_fl u kmomo, 0140 D_
0.53/0.85, 330 Physsomielia, oot
110.99 0.93/0.98 - 339 45-2001_36513 <;reen algae

. 0.61/0.63 Chm'mm s é‘”” vm-ro\ g R d |
Eukary0t|c CLS Pov%))'v\’/rd\um ;?IL F)Llrea 44187 . ed a gae

" : s_lact
3 da VEA\Z\ LB&138 LAQLU\CS 84g

Animals+protists

la_r
Phyfophthora_ramorum
Phytophthora_sojae._1
339_C

elegans F23H11 9 71984834
anannus 1496409
-339 Homo _sapiens_CRLS1

irillum_rubrum, ATCC 11170_Rru_A2165

e 339 Rhodosp\rlllum centenum_SW_RC1

lesorhizobium_sp._BNCT_ Meso 1955
339 Mesorhizobium_loti_MAFF303099 mlr7964
339_Azorhizobium_caulinodans_ORS _571_AZC 0937

»339_Bradyrhizobium_sp._BTAI1 BB 3851 Alpha
39_Bradyrhizobium_sp._ORS 278 BRADO3343
33Rh Edradyrh\éob\um Japor‘HCI{lm _L#%I%ARﬁ(I) ;?4'1'3624 t b t .
odopseudomonas_palustris al
ggg,mod??sudomonas pg\uslms CGAODQDF!PAISOSO pro eo aC erla
339_Rhodopseudomonas_palustris_BisB5_RPD_2954
9 1as_palustris_HaA2 RPB 2490

9_Rhodopseudomonas_palustris_BisB18_RPC_2327

339 _Rhodopseudomonas_palustris_BisA53_RPE_3283

n

I

0.5



PGPP1 (BI/ML)
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SQD1/SqdB (BI/ML)
Similar splitting of green and red lineages in PhyloBayes, CAT, GTR
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909_Chloroflexus_aurantiacus_J_10_fl_Caur_3443

90970¥anothecefPCC74257Cyan742573727
— 2161_Chlorobium_phaeobacteroides_BS1_Cphamni_2115
5181 -Chiorobium ohatobasioraides DINMBaR Cpnazes 2155 Green bacter
_Chlorobium_phaeobacteroides_ _Cpha266_.

_[52161_ProsthecochIoris_vibrioformis_DSM265_Cvib_0365 reen bacleria
2161_Chlorobium_luteolum_DSM273_Plut_0304

L — 2161_Erythrobacter_litoralis_ HTCC2594 ELI_01950

19580_Caulobacter_crescentus_CB15_CC_0756
—— 2161_Aromatoleum_aromaticum__EbN1_ebA5581

L—————— 19580_Aromatoleum_aromaticum__EbN1_ebA6942_gtrB

— 2161_Bordetella_pertussis_Tohama_|_BP3069

2161_Erythrobacter_litoralis_ HTCC2594_ELI_13200

2161_Caulobacter_crescentus_CB15_CC_3345

2161_Rhodospirillum_rubrum_ATCC_11170_Rru_A0133

2161_Rhodospirillum_rubrum_ATCC_11170_Rru_A0579

2161_Rhodospirillum_centenum_SW_RC1_2250

2161_Rhodospirillum_centenum_SW_RC1_2303

0.96/1/0.99]

1/1/0.97|

0.99/0.99/0.99
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2161_Chromobacterium_violaceum_ATCC_12472_CV_0889 Beta
. 2161_Ralstonia_solanacearum_GMI1000_RSc2084 .
SqdX-like 2161 Cupriavidus_taiwanensis_RALTA_A7012 proteobacteria

2161_Burkholderia_phymatum_STM815_Bphy_2028
2161_Burkholderia_mallei_ATCC_23344_BMA1855
— 2161_Agrobacterium_tumefaciens_str._C58_Cereon_Atu2297
2161_Rhizobium_leguminosarum_bv_trifolii_ WSM1325_Rleg_3112
2161_Rhizobium_leguminosarum_bv_viciae_3841_RL3550
2161_Rhizobium_etli_CIAT_652_RHECIAT_CH0003264
2161_Rhizobium_etli_ CFN_42_RHE_CHO03105
2161_Rhizobium_leguminosarum_bv_trifolii_WSM2304_Rleg2_2843
2161_Mesorhizobium_loti_ MAFF303099_mIr2668
2161_Bradyrhizobium_japonicum_USDA_110_blI81 63_5;;rA
2161_Methylobacterium_nodulans_ORS_2060_Mnod_4972
2161_Methylobacterium_extorquens_ AM1_MexAM1_META1p1724
2161_Azorhizobium_caulinodans_ ORS_571_AZC_2300
2161_Bradyrhizobium_sp._ORS_278 BRADO5697
2161_Bradyrhizobium_sp._BTAi1_BBta_6212
2161_Bradyrhizobium_japonicum_USDA_110_blI5903
2161_Rhodopsudomonas_palustris_ CGA009_RPA3968
2161_Rhodopseudomonas_palustris_TIE1_Rpal_4490
2161_Rhodopseudomonas_palustris_HaA2_RPB_1622
2161_Rhodopseudomonas_palustris_BisB5_RPD_1631
2161_Rhodopseudomonas_palustris_BisB18_RPC_1446
2161_Rhodopseudomonas_palustris_BisA53_RPE_1466

glycosyltransferases

Alpha
proteobacteria

6.0E-4
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