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Figure S1. Uni-gene length distribution.
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Figure S2. Functional annotation of assembled uni-genes in Aurantiochytrium sp. SK4. (A)

GO classification, (B) COG classification, (C) KEGG pathway.
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Figure S3. KEGG pathway enrichment analysis of differentially expressed genes (DEGS).
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Figure S4. Genes encoding enzymes of the polyketide synthase (PKS pathway) in
Aurantiochytrium sp.SK4. Dark gray areas indicate proposed enzymatic domains. KS, 3-
ketoacyl synthase; KR, 3-ketoacyl-ACP reductase; ER, enoyl reducatase; DH,
dehydrase/isomerase; PPTase, phosphopantetheine transferase; MAT, malonyl-CoA:ACP

acyltransferase. aa, amino acid.
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Figure S5. The growth curve of Aurantiochytrium sp.SK4 of Figure 1 and Figure 2.
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Name Accession Description Interval E-value
[#] crtl_fam TIGR02734  phytoene desaturase; Phytoene is converted to lycopene by desalurallon at fuur (two .. 55.551 1.36e-87
[+] COG1233 C0G1233 Phytoene dehydrogs lated protein y , transport and .. 50-553 7.44e-61
[+ SQs_PSY pfam00494 Squa\ene/pnytuene synthase; 597-856  2.57e-52
[+ Trans_IPPS_HH cd00683 Trans-Isoprenyl Diphosphate Synthases, head-to-head; These trans-Isoprenyl Diphosphate ... 590-857 8.87e-50
[+] ERGS COG1562  Phy qualene [Lipid port and 1 597865  7.36e-45
[+] HpnD TIGR03465  squalene synthase HpnD; The genes of this family are often found in the same genetic locus ... 610-860  1.12e-33
[+ PLNO2632 PLN02632 phytoene synthase 587-861 1.68e-27
[+] Amino_oxidase pfam01593 Flavin containing amine oxidoreductase; This family consists of various amine oxidases, ... 61-546 3.38e-23
[+ CarR_dom_SF  TIGR03462  lycopene cyclase domain; This domain is often repeated twice within the same polypeptide, as .. 910-1004  9.66e-17
[+] CarR_dom_SF TIGRO3462  lycopene cyclase domain; This domain is often repeated twice within the same polypeptide, as ... 1051-1141  2.98e-12
[+ PRK07233 PRK07233 hypothetical protein; Provisional 52.97 2.05e-07
A skd CrelBY “MARRASRPVAAVVVVLVVVASACCHQAAADVADAQGARA PGRES DGDRAKKR TAVLGAGY CELSRPGHEVVVLEKNDY “ADN 'S (QEFYQLERLDPAYRT SS 1S VDRL
B A_FCC131L MARRASRLVAA IVVVLVVVAPACCRAARADVADAGGARGPGAES DGGRAKKRT AVLGAGYAGLSAACELSRLGHEVVVLEKNDYVGGRAHQFEVEA SHY GRTVGEFYQLERLDPAYR SEAFMSWARQHN-—GDARLVIRL
A _KH105 CrelBY1 VLYY \CC AVLGAGYAGL \CELSRLGHEVVVLEKNDY' ADN 'S QEFYQLERLDPAYR] SSEAFMS VDRL
AKHLO5 CreIBY2 -NARRASRLVAATVIVLVY mctreommAmwkcmasmmmlmcm-\cLsaactL*RLr ERNDYVGGRAHQFEVEADY ¥ CRTVGEFYQLERLDPAYRI S~ TVDVPGASS ARGUY-~GDARLVDRL
- IMSHYTV? VAVAVAT GELVDALGPTKKVAVLGAGYAGLAAACELRKLGHEVVVLEL ZASN 'S EFYTLERLDPAYRI' S TSGDGRL
57CCTOC 209059 WARRASRLGAAVVVLYYY qsamwam\ mucmm&smmmmm AGYAGLSAACELSRLGHEYVVLERNAVYGGRAHQFEVEADNGRTFKFDAGP Y GRTVGEFYQLERLDPAYRI SEAFMSWARQLN-~GDARLVDRL
TATCC 26185 MAMDISMVTV VAVA REGELYDALGPTKKVAVLGAGYAGLAACELRKLGHEVVVLE] SN 2 DEFYTLERLDPAVRI SEE! TSGDGRL ¥
A_sk4 CrtIBY  KWIWHPMVSWWEMIDLNLVRAALQYDMFNSFVAHLGRY ISSDTLLMILKWPVTFLGASPNGAPALYSYMTYGGHALGTFYPTGGLSRPYVA TAELAKDLGYD IQUDAEVTSFRFDE ¥ VDGYV. LLPPELRRVES JAQYNSPSCVLFYLGFDHR1QGLTHHTFFFDRDLDAR
AFOCI31L KW TMHPMYSHVEM] DLNLVRAALQYIMENSFVAHLQKY ISSDTLLUILKWPV TFLGASPNGAPALYSYNTYGGHALGTFYPTGGLARPYVA T AELAKDLGYD TQLDAEVTSE mem,\@amww YDGHY: VEQTLLPPDLI VLFYLGFDHRI QGLTHHTFFFDRDLDAR
A_KH105_Cre1BY1 KWIMHPMVSWWEMTDLNLVRAALQYDMFNSFVAHLQKY TSSDTLLMILKWPV TFLGASPNGAPALYSUMTYGGHALGTFYPTGGLARPVVA TAELAKDLGVD TQLDAEVTSFRFDETG VI Vs LLPPEL i A ISPSCVLFYLGFDHRTQGL THHTFFFDRDLDAR
A_KHI05_Cr1BY2 KW IMHPMYSAVEMIDLSLVRAALQYDMNSFVAHLQKY ISSDTLLUILKWPV 1FLGASPNGAPALYSUMTYGGHALGTYVPTGGLARPVVA LAELAKDLGYD IQLDAEVTSFRFDETGRGYQAVCTRNDRCEAVDGHY: LLPPDL CVLFYLGFDHR]GGLTHHTFFFDRDLDAR
A_T66 KWIMHPMY SFREMVDVNLARAALQYDMFNGFVAHLQRY [SSEALLMVLEWPV [ FLGASPNSAPALY SMMTYGGHALGTFYPSGGMSRPYTATAELAESLGVE IRLDAEVTELRLDESSRGVKAVY DAFDGYY; 1PPHL i 'SCLLFYLGFDHR 1 EGLMHHTFFFDRDLDDH
S CCTOC M200050. KWIMHPUVSWVEMDLNLARAALQYDUFNSFVAHLGRY [SSDTLLMILKWPV IFLGASPNGAPALYSYMTYGGHALGTFYPTGGLARPVVATAELAKDLGVD IQLDAEV TRNDRC VEQTLLPPEL] CVLFYLGFDHRIQGLTHHTFFFDRDLDAN
T_ATCC_26185 KW IMHPMYSFREMVDVNLARAALQYDMFNGFVAHLOQRY [SSEALLMVLEWPY I FLGASPNSAPALY SUMTY GGHALGTFY] MSRPVTATAELAESLGVE IRLDAEVTELRLDESSRGVK DAFDGYV, VLLPPHI. i 'SCLLFYLGFDHR T EGLMHHTFFFDRDLDDH

ANLLHDKLQVTANHHLLGFTLLGALLGALFLGILTLSVFSTRFVSYVEC

Askd CrUIBY  LHAAFDTHTUAEERVF YVSATSKTDPS VY Ti-——QGEALFYLYP IS YQLNGTONAARREQ LITYLTRUEENL KQPLRERI

A_FCC1311 L TSKTDPSYYS FVLYPISYQLNGTI HIVLTRMEENLKQPLREWLVYQKSYGYT \IJEUDHL%MM.AN-HANlLSEhL\LKI’\WUSLLNNL\/IA(-HL[\ILI’(v\’H’HL\\y VSANLLHDKLOVTANHHSLGFALLGALLGA FLGILALTVES TREVSYVEC
A_KH105_CrtIBYI LHA TVSATSKTDPSVTG——QGEALFVLYPLSYQLNG |m'LTRWEENLmPLumL\VQKS\nTanERDﬂ!srreo\arr\MNTL%GULKPSWDSLLNNLWAGI\LT\mPo\PP‘:[\%‘ VSANLLIDKLAVTANHHLLGFTLLGALLGALFLGILTLSVFSTRFVSYVEC
A_KH105_CreIBY2 LI ISKTDPSVYS L TVLTRMEENLKQPLREWLVYQKSYG T TDFERDFHSF RGNAFGHANTLSGSLYLKPSUDSLLNNLVFAGHLTNPGPGYPPS I ANLLDKLQVTANHL |uu.ALu.Auu.mLsu\wm VEC
A_T66 LIIMI'DWNTDEP\FH*-\T?}\TWI’\\'(A-VEL*EVNL]"« L\PIS\QLMTDQAERRHLLDS\'LLRLEV\KL'RQPLRD‘L\VS(!S\N*WE‘SDTI!STR(;\AF"\IANTL<QSI.\LKPS‘IDELL\INLVrAbI\LT\PQP(;\PPM\%T \ LSL‘«‘STRI'LS!\EC
S_CCTOC_M209059 LI ISKTDPSY! FVLYPL HIVLTRMEENLKQPLREWLYYQKSYGTTDF ERDFHSFRGNAFGHANTLSQSLVLKPSUDSLLNNLVFAGHLTNPGPGYPPS T

TATCC. 26185 LINAFDSHERTDEPVEYVSATSKTDQTVYGONEGSEGEALFY L\PISXQLMTUSA[HR[»\LL[S\'L(-RLEF\KLRWLRDEL\VSQS\F\AQIJFEQDH\SFR(J\AF(-\I.\NTLSQGUI.KPSWDSLUVNL\:[A(.HLT\NP(;\PPA[I%T ANLLIRKLAMPOARTFAASL

-\ skd Cn]m TRLLYVHGRTYFAAATLMKPMAFLDTAAMYGLFRVADDY DAFMADFWRCS TLPAL L TGEFMLPLMPDRDSLAFKQA LPHARDLGLAFQ] TNMLRDIGEDNRLGRGYTPYDACNRHGLNGKLTSHEQRG.

3 IRLLYVHGRTYFAAATLNKPMARLDTAAMYGL DAFMADFWRCS LPAT L [GEFMLPLLMPGRDSLAFKQA LPHARDLGLAFQ1 TNMLRDIGEDNRLGRQY 1PYDACKRHGLNGKLTSHEQRG
4 I\HIOE CreIBY1 IRLLYVHGRTYFAAATLMRPNAFLDTAMMYGLFRVADDY DAFMADFWRC TLPAL 1 TGEPMLPTIMPDRDSLAFKGQA TPHARDLGLAFQT TNMLRDTGEDNRLGRAYTPVDACNRHGLNGKLTSHEQPG.
A_KH105_CreTBY2 TRLLYVHGRTYFAAATINKPMAFLDTAAMYGL DAFMADFWRC LPATIES 1 TGEFMLPTIMPDRDSLAFKQA TPHARDLGLAFQTTNMLRDTGEDNRLGRQYTPYDACKRHGLNGKL TSHEQRG.
A_T66 VRLLYVHGRTYFAASTLMTPMAFLDTAAMYGLFRVADDYY DNYGDAKERQRNLDAFMADFRRCWEAGCGEY RLHPTLPAT el TGEFMLPTLMSDTTSDAYQRALPHARDLGLAFQ] INMLRDIGEDNTLGRQY 1 PVEACKRHGLOGKLTSHKQRG.
5_CCTOC_M209059 TRLLYVHGRTYFAAATLMEPUAFLDTAMYGLFRVA DAFMADFWRC LPATTES 1 IGEFMLPTIMPDRDSLAFKQAVPHARNLGLAFQ 1 TNMLRDTGEDNRLGRAYTPYDACKRHGLNGKLTSHEQPG.
T ATCC 26185 VRLLYVHCRTYFAASTLMTPMAFLDTAAMYGLFRVADDY! DAFMADFWRCWEAGCGEYRLHPTLPAT VCL VIGEFMLPTLMSDTTSDATQRALPHARDLGLAFQI TNMLRDIGEDNTLGRQY IPVEACKRHGLQGKLTSHKGPG

A_sk4_CreIBY  FRGLMEEMFAFTDNLYASADLGIIMLPEQVRDVIRVARLAYHR THDK IRAANYDIFTARRRYPLREKLT LLVDTVPRLKLARTAL TELICAALYGLSRPHIARVWIGAVWASHLERPGCSYLREHGLFVVPPLLMLARLAHQRAVADKQYPELRRAGFWTLALCYVATLY TTPRDNELV YRRVAGYPPER TLFVIGY F\
A_FCC1311 MEEMFAFTONLY ASADLGIDMLPEQVRDY IRV ARLAYHRTHDK TRAANYDTFTARRRYPLREKLT ILVDTVPRLELARTALTEL ICATLYGLSRPHIAFVW ] GAVFASHLEWPGCSVLRFHGLEV IPPLLLLARLAHQRAVADKQVPFLRRAGFWTLALCYY ATLY TTPNDNFLY YRRVAGYPPER LI
A _KH105 CreIBY1 FRELMEEMFAFTDONLYASADLGIDMLPEQVRDY IRVARLAYHR [HDK IRAANYD [FTARRRVPLREKLT [LVDTVPRLKLARTALTELICAALYGLSRPHIAFVWIGAVWASWLEWPGCSYLRFHGLFVVPPLIMLARLAHQRAVADKQVPFLRRAGPW TLALCYVATLY TTPWDNFLVYRRVRGYPPER ILFY 1GY VI F\
A_KH105_Crt1BY2 FREL AFTONLY ASADLGIDMLPEQVRDY IRVARLAYHRTHDK TRAANYDTFTARRRYPLREKLT ILVDTVPRIKLARTALTEL ICAALYGLSRPHIAFVW I GAVFASHLERPGCSYLRFHGLFV IPPLLLLARLAHQRAVADKQVPFL RRAGFWTLALCVY ATLY FTPRDNFLY YRRVWGYPPERTLFYIGYVPT
A_T66 FKDLMDEMFDFTDRLY ASADLGIDMLPEQVRDY 1RV ARRAYHR [HUK IRAADYD | FSARRRYPLREKLTLLVDTVPARKLARIAL TELACAL] YGLSRPHYVLVWLGALCAAWFEAPGCS YLREHE YFVLPPLFALGRLAYQRAVADKQVGELRRAGFW TLVLCAVATLY TTPRDNELY YRRVWGYPPER ILFY IGYVE
§_CCTCC M209059 FRELMEEMFAFTDNLYASADLGIDMLPEQURDYIRVARLAYHRIHDK IRAANYDIFTARRRYPLGEKLTILVDTVPRLKLARTALTELICATLYCLSRPHIAFVWICAVWASWLENPGCSYLRFHCLF ILPPLLMLARLAHQRAVADKQVPFLRRAGFWTVALCVWATLY TTPRDNFLVYRRVWGYPPERILFVIGYVPT
T_ATCC_26185 FTDRLY ASADLGIMLPEQVRD! AADYD L FSARRRYPLREKLTLLVDTVPARKLARTAL TELACALI YGLSRPHYVLVWLGALCAAWFEAPGCS YLREHE YFVLPPLFALGRLAYQRAVADKQVGELRRAGFUTLVLCAVATLY TTPRONELY YRRVWGYPPER ILFY 1GYVP T

A ska CrolBY  EEYMFFTLETULVAAVNLQVFQITILQA NLASLGLYWIAGLSCLASEQSLY IGLILTUAMPVL ILQRSLGAHYLTTHAKPVLTTIVSATAYLCVADARALRHG] WRINPANLY LEMGKYALPLEEALFFLVTS INCTHGLTLAMYLUGKP IGLAVGYGTWARPPRPGRTQL I TCGAVLY LS ISHPALFK
A FCC1311 EEY! L\M\WI.QWI'QP’I'TL,O»\D\(-PRLKGGML‘«L-\SLLLN\IALLQC].M QSLYIGLILTWAMPVLILGRSLGAHVLTTHAKPVLMT IVSATAYL-VADARATRHGI WRINPANLVLPMGKYALPLEEALFFLVTS IMCTWGLTLAMVLUGKPIGLAVGVGTWARPPRPGRSQLI TCGAVLVLS ISHPALFK
A_KH105_Cre1BY1 146 LYIGLILTUAMPVL ILQRSLGAHVL TTHAKPVLTTIVSATAYLCVADARALRHG MR INPANLY LPMGKYALPLEEALFFLVTS INCTHGLTLAMVLUGKPIGLAVGYGTRARPPRPGRTQL 1 TCGAVLYLSISHPALEK
A_KIL0G Cre1BY2 E[\MT]TLI:TWL\AA\WLQWFQHTLQAE\LPRL;KE(:ML‘«L-\SL&LN\IA{-LGCLA QSLYIGLILTUAMPYL LQRSLGAHYLTTHARE VLT IVSATAYLOVADARATRIIGT VR INPANLYLEMGKHALPLEEALFFLYTS INCTHGLTL AMVLNGKPTGLAVGNGTWARPPRPGRSUL T TCGAVLYLS ISHPALFK
A_T66 EEYMFFTLETLLVAAVNLQVEKS TTLQAEVPPP-RGGF LV LCALALYWAGLSCLYAERTLYLGLILSUATPVLMLORSLGAHYLLRHAWPVATTLASATLYLCVADARALRHGI FHENPANLAVEM 3

S_CCTOC_ M209059 FEYMFFTLETHLVAAVWLQVFQPTTLOAEVGPRGKGGNLVLASLGLVWV AGLSCLASEQSLY IGLILSWSMPVL ILGRSLGAHVLTTHARPVLTTIVSATAYLCVADEWATRHGIMRINPANLYLPM A LFT
TATCC. 26185 FEVMFFTLETLLVAAVHLQVERSTTLGAEVPPP-ROGF TVLCALALVRY AGLSCLYAERTLYLGLTESUATPVLMLGRSLGAHVLLRRARP VAT T EASATLYLCVADARATRRIG T WHINPANLAYEMGROSLPAEEALFFMITS CTHGL TLAALGKPLGLATTLGRSS RPITIPARARLYGLGVVLVTS ISHPALYK

Ask4 CroIBY  MVPALVVTIMRFGEWACALMAGVIIL PARGRVLEARAVVATSCAPAAL APLLAGTVLVGTLGGRHTRDRDITLPLYKNA
A_FCC1311 MVPALVYTIHREGEWACALMAGVHLPARGRVLFVAAVVATSCAPAALAPLLAGTVLVGTLGGYHTRDREDTLPLYKDA
A_KH105_CrtIBY1 MVPALVVTIMRFGEWACALMAGVIIL PARGRVLFAAAVVATSCAPAAL APLLAGTVLVGTLGGRHTRDRDITLPLYKNA
A _KH105 CreIBY2 MVPALVYTIMRFGFWACALMAGVHLPARGRVLFVAAVVATSCAPAALAPLLAGTVLVGTLGGNHTRDREDTLPLYKNA
A_T66 FVPGALVTGLREAFWGCAVSAMLEL TPRGRLEFAATAAATACVPHAS AALATCAVVLLLRRPRRIRN——F APMLKNA
S_CCTOC_M209059 MVPALVYTIMRFGEWACTLMAGVHLPARGRILFVAAVVATSCAPTALAPLLAGAVLYVSLGGVHTRGRDDTLPLYKNA
TATCC 26185 FYPGALYTGLRFAFWGCAVSAMLELTPRGRLEFAATAAAT ACVPHAS AALATCAVVLLLRWPWRHRN-—-F APMLKNA

Figure S6. The conserved domains of CrtIBY and alignment of amino acid sequences of different CrtIBY. The
conserved domains of CrtIBY from Aurantiochytrium sp.SK4 were analyzed by CDD/SPARCLE (A) and
alignment of amino acid sequences of possible trifunctional B-carotene synthases, CrtIBY (B). Sequences of
CrtIBY of Aurantiochytrium sp. SK4 are compared with those of Aurantiochytrium sp. FCC1311,
Aurantiochytrium sp. KH105, Schizochytrium sp. CCTCC M209059, Aurantiochytrium sp. T66, and

Thraustochytrium sp. ATCC 26185.



Table S1

Comparison of Aurantiochytrium sp. SK4 genome statistics to other five algae and the

Arabidopsis thaliana genome.

Aurantioc  Arabidops Chlamydo Chlorella Ch“’”?o" Coccomyxa  Monorap
. - - monas hloris . 0T L
Organism hytrium is reinhardti sp.NC64 sofingiens subellipsoid hidium
sp. SK4 thaliana i A ig ea C-169 neglectum
Sequenced genome size 49Mbp 119Mbp 107Mbp 42Mbp 58Mbp 49Mbp 67Mbp
Percent G+C in N o o 0 0 0 0
sequenced genome 56.7% 36% 64% 67% 51% 53% 65%
Coding sequence in 0 0 0 0 0 0 0
sequenced genome 63.0% 28% 37% 32% 39% 25% 26%
Percent G+Cincoding 55 99, 44% 70% 69% 53% 61% 70%
sequence
Average number of exons 24 5.2 8.5 8.3 5.0 8.1 5.0
Average exon length 903nt 237nt 261nt 166nt 291nt 159nt 207nt
Percentage transcript 55.5% 76% 92% 98% 82% 949% 82%

with at least one intron




Table S2

The expression of genes associated with carotenoids and fatty acid biosynthesis in

transcriptome.

h RPKM
Pathway Gene 2ah 96h
HMGS 293.68 2.67
HMGR 141.10 1.42
MK 194.72 10.42
Astaxanthin pathway PMK 21.56 12.61
PPMD 60.02 1.11
IDI 29.57 1.29
CrtiBY 9.10 19.95
CrtZ 3.87 12.66
CrtO 14.94 28.95
Type 1 fatty acid synthase 613.72 247.47
A 12 desaturase 3774 2.0
A5 desaturase 18.2 29.1
FAS w-3 desaturase 0 0.6
pathway A4 desaturase 114.4 19.7
A6 desaturase 0.7 0
A9 desaturase 1.08 0
PKS PKS pfaA 754.56 1.95
pathway PKS pfaB 193.79 9.46
PKS pfaC 381.54 4.38




Table S3

Contents of squalene in wild-type SK4 and the transformant AT26 at different stages.

Sampling time SK4 AT26
48h 10.98+£0.13 0.34+0.02
Squalene content (mg x g™t DW) 72h 21.08+0.06 0.41+0.06
96h 13.18 £+0.05 0.64 +0.07

Data are shown as mean + SD, n = 3.
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Table S4

Primers Used for qRT-PCR and the detection of the p—VHb-ble-2A-IDI-2A-GPS (VBIG).

Primer Sequence

gRT-pcr-Actin-F GAGGCCATGTTTCAGACCAT
qRT-pcr-Actin-R ACGAGAGCCGTCATTTCTGT
gRT-pcr-HMGS-F CGCCGGCGTCGACAGCAT
gRT-pcr-HMGS-R GGGCACGGCGGGCAAGAC
gRT-pcr-HMGR-F CCGGCGCAAAATGTCGAGTCT
gRT-pcr-HMGR-R CCGCCGACAGTGCCAACCTC
qRT-pcr-MK-F CCGCAACCACGAAATCCTCCAAAA
gRT-pcr-MK-R CGAGAGCGCCGGCAGACTTG
qRT-pcr-PMK-F GCCGTCTTTGCAGTTGTTGTTGATTC
gRT-pcr-PMK-R GCCGCCGATCTTCACTCAGCAA
gRT-pcr-crtIBY-F TGGTGACCTCGATCATGTGT
gRT-pcr-crtIBY-R CGGCTCTACAGGTAATGAGT
qRT-pcr-FAS [ -R GAGAACGTCAGCACCTTTGC
qRT-pcr-FAS [ -F AGGCTCGAGAGAGCCTTGAC
gRT-pcr-pfaA-F TGATCCCTTCGTGAATGACC
gRT-pcr-pfaA-R GCTCGTTGTGGAACTGAAGG

gRT-pcr-pfaB-F GTCATTCTGCCCCTCATCATCAACC
gRT-pcr-pfaB-R GACTGCTTGGCGACCTGGTTCAC

gRT-pcr-pfaC-F CCGCCCCATCCACGTCATCCTC

gRT-pcr-pfaC-R CCGGACTGCTTGGCGACCTGGTT
VBIGF GGCTTTGGCGATGACGGTATTG
VBIGR CCCCTCCTCATCTCGTCCCTGT
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