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1 atggggaatttgetgataaaaaactetgacgatactecteccetetgecatatecatgtacggggteteteattettttettttteccaca
91 t t tacaga aaccc t t tcttettcttttgactctttgcacactcattcectetectetttattccatattctacceccccttgtetetetettt
181 ctgttatecctettteatattecctgacceogetiticaagacacacctatatateccatticeccatattatagaacgeacaatigeacagac
271 cragtttettgattetecttgttttgecatagetagttecaccatttgatatteccattttacagatticaagattttetecatgtteteag
361 gacaatgaatgctltattgeccatcaaaaaccatttcttgttattgtagattgtagatttttactecccaatttagecatcagataatcaaga
451 aaaaaacaaaaccaac
467 GACAAGCACCGTAGATGGACATATTCAATAACGAAACTTGTTTTCTGGACAACCCTTTTTGCAGGTACCCTTCTTTTCATATGTTTC

1

557  CAAAACTCTCCTCCATCTAATAATGCTCATCTCAAGGTGATCAAACGGGGTAGTAGTACTAACAGTCGTAGTAGCCCCGAATGGGAAAAA
31

647 CGTGTCAAATTATCTGCCCGTTCCGGTCATTTCTCCATCCTCGTCACCGGTGCAGCCGGTTTCGTTGGGTCCCACGTCTCCGCTGCCCTC
61 A G F V A L
737 AAACTCCGTGGTGACGGAGTCGTTGGCCTCGACAACTTCAACAGCTATTACGACATTTCATTAAAAAGAGCCCGTCAGAAACTGTTGGAA
or Kk L (WG ¢ v v 6 L o N F N TEKEEEE S R A R Q K L L E
827 AATAATGGAGTTTTTGTCATTGAAGGTGATATAAATGACAATCATTTGCTAAAAAAGCTTTTTGATATTGTGAAATTTACACACGTAGTG
1220 N N G V F V I E G D | N D N H L L K K L F D | V KF T H V.V
917  CATTTAGCTGCACAGGCAGGTGTTCGTTACGCAATGAAGAACCCTGGTTCTTATGTCCATAGTAATATTGCAGGCCTCGTTAGTCTTTTC
151 _H L A A Q A G V R Y A M K NP G S Y V H S N 1 A G L v G
1007 GAGGCCTGCAAATCAGCTAATCCACAGCCTGCAATTGTGTGGGCATCATCTAGTTCTGTTTATGGGCTTAATACCAAAGTACCCTTCTCG
181 @ A C K S A NP QP A IV W A S S S SV Y G L NT KV P F @
1097 GAAAAAGATCGAACGGATCAACCAGCAAGTCTATATGCTGCTACTAAGAAGGCTGGTGAAGAGATTGCACATACATATAACCATATCTAT

21 MR R T D o P A S L vy A A THBRK A G E E I AH T Y NHIY

1187 GGGCTTTCAATTACAGGGTTGAGATTCTTCACTGTTTATGGACCCTGGGGACGGCCTGATATGGCGTATTTCTTTTTTACGAAGGACATA
241 6 L S I T 6 L R F F T V Y G P W G R P D M A Y F F F T K D
1277 CTGAAAGGAAAGCCGATTTCACTGTTTCAAGGTTCCAATAATAGAAGTGTAGCAAGGGATTTTACCTACATTGATGATATAGTGAAGGGT
2717 _L K G K P I S L F Q G S N A R D F D IV K

1367 TGTTTAGGGGCTTTGGATACAGCAGAAAAGAGCACAGGAAGTGGTGGAAAGAAGAAAAAGAATGCACAATTAAGAGTTTTTAATTTGGGG
301 € L6 A LD T A E K ST G s M K KN A QL RV FNTLG
1457  AATACTTCACCTGTTCCTGTTACTAAGCTAGTTAGCATATTGGAGAAATTGCTTAAAGTAAAGGCTAAAAGAAATGTCTTGCCATTGCCA

331 N T s P v P v T k L v GENEMME kK L L KV K A K RNV L P L P
1547 AGAAATGGGGATGTTATGTTTACTCATGCTAATATCAGTTATGCTCAGAAGGAATTTGGATATAAAGCCACAACGGAT

'

CAGATGGGG
361 RN G D v M F T H A WIS A~ o Kk E F G Y K A T T D L Q M G
1637 TTACAGAAATTTGTTAATTGGTATCTTGATTACTATTCAATAAGTGAAAAGAAGAATTCTTGG

91 _ L QKFV NWYLDYYENNEEE kN s w *

1703 cctiattgatggagletagetagelgatcaagtagacglitacccagaacagaaaacaggaglglgtglggtittecacgaggaatgeat
1793 caaacgetigtataggeatitigattititaatggacgaagtitc

B N-glycosylation site
cAMP-and cGMP-dependent protein kinase phosphorylation site
[ protein kinase C phosphorylation site
l Casein kinase II phosphorylation site
I N-myristoylation site
. Amidation site
B Cell attachment sequence
B TonB-dependent receptor proteins signature 1
__Domain is underlined

90
180
270

360

466
556
30
646
60
736
90
826
120
916
150
1006
180
1096
210
1186

300
1456
330
1546
360
1636
390
1702
411
1792
1837



(b)

1 @GCATCAACTTTGCCACTGCTGCTATGGTGCTGCTTGTGTTTCTGTC'TAGCTACGACGACCTTTGCTCGGCCCCAGCCTCGAAATCTG 90
Signal peptide

1 M A S T L P L L L W C C L CF CL A TTTE AR P Q P R N L 30

91  ATCGTTGATTCAAACTCCACAGCCAACGCGTTCATCCGCAGAAGCCTTTTGGGCAATGGCCTTGGCGGAACTCCTCAAATGGGATGGAGC 180

31 1 v D s INENSHEREN N A F 1 R R s I ILIGINTGIIINGIGIT P O M G W S 60

181 AGCTGGAACCATTTTGGTTGCAATATTGAGGAGAATATGATAAGGGAAATAGCTGATGCAATGGTATCTACTGGGCTTTICTTICTCTTGGA 270

61SWNHFGCNIEENM]REIADAMVSTGLSSLlQO

271 TATGAATACATCAATTTAGATGACTGTTGGGCCGAACTCAACAGAGACTCTAAGGG AAATATGGTTGCTAAAGGTTCAACTTTTCCTTCT 360
91 G S T F P S 120
361 GGGATTAAAGCACTAGCAGATTATGTTCACAGCAAAGGGTTGAAGCTCGGAATTTATTCTGATGCTGGGACTCAGACGTGTAGTAACACA 450
121 6 1 K A L A D Y V H s KIGIEITRKIDTGIIIY s b AIGITIONTICTS N T 150
451 ATGCCAGGTTCATTAGGACATGAATACCAAGATGCAAAAACCTTTGCTGACTGGGGGGTTGATTACTTGAAGTATGATAACTGTAACAAC 540
151 M P G S L G H E Y o0 D A KNENEFW Vv G VvV D Y L K Y D N C N N 180
541 GAGAAACGAAGTCCAAGAGAAAGGTATCCCATAATGAGCAAAGCTTTACAGAATTCTGGAAGGGCTATATTTTATTCCCTATGTGAATGG 630
181 E_K R R_Y P I M S K A L O NISUGER A 1 r YI NS v 210
631 GGAGATGACGATCCTGCTACTTGGGCTTCCTCTGTTGCGAATAGTTGGAGAACTACTGGAGATATTTCTGATGATTGGAACAGCATGACT 720
211 G_D D D P A T W A S S V. A NFEIUWIRNEEE | s D D W N s MB 240
721 TCTCGGGCAGATATGAATGACAAATGGGCGTCTTATGCTGGTCCAGGTGGCTGGAATGATCCGGACATGTTAGAAGTTGGAAATGGAGGA 810
2 S M N D K W A S Y A G P G G W N D P DM L E NV G N GLIG 27
811 ATGACCTTTGGAGAATACCGTTCCCATTTCAGCATTTGGGCATTAGCAAAAGCTCCTCTAATAATTGGCTGTGATTTACGATCGATGGAT 900
271 M vy R S H F S I W A L A K A P L 1 1 G C D L R _S M _D_ 300
911 CAAACTGCACATGACATCCTAAGCAACACAGAGGTTATTGCAGTTAATCAAGATAAACTTGGAGTTCAAGGTAAAAAAGTAAAGCAATAT 990
300 o NNNNETENY | ESTENENE v 0 A v N o D K L G V INENCENSNY Vv K O Y 330
991 GGAGACTTGGAGGTATGGGCAGGGCCTTTAAGTGGAAACAGAGTAGCAGTGGTGCTATGGAATAGAGGATCAGACAAGGCTGATATTACT 1080
331 G D L E V W A G P L S G N R V¥V AV V L W N R G 0" ® A D I T 360

1081 GCTTCTTGGTCTGACATTGGCCTTGATTCGTCCACTGTTGTTAATGCACGAGATTTATGGGCTCATTCAACACGATGGTCTGTTAAAGGA 1170

361 AN 1 G LD USISOT v vV N A R D L W A H SR w SV G 390
1171 CAAATATCAGACAACATTGGATCACATGATTGCGGGATGTATGTTCTTACCCCAAAAAAATAA 1233
391 Q 1 s D N | [GISITHIDINCING! M Y V 1 NP K * 410
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1 cacacattgcagaaaactccaaagcatgecacttgticaaagaagaaagtttaataacttcaatatatcctaacaaattgeaactcccgag 90
91 atcgttgattcaaactccacagecaacgegttcatocgeagaagecttttgggeaatggecttggoggaactectecanatgggatggage 180
181 catctgacpgecacataacgecatggtttttctanttatagacccataacgataagecttacctecattaaattttanaanaagaatateat 270
271 aaaatcagtagetatccacatattataaatttoaccaatecaanacttocotgttteccetetttatattgeagecatetgetagetagatt 360
361 pgttpagaaataataagtagtaattaccaaaagaagpgaana 400

401

| GTTAGCTTTGAGACATTCCTTCAACCCAATAACCCTGTTCAAAGAAAGAGTAGTGTAAAGATGGGTTATGATGTGCCTGAAGGAGTG 490
1 M vV S F E T F L QPNNU PV Q REKAL IR M ¢ Yy D VP E GV 30
491 GACATTAGGGGAAGATATGATCCTGAATTTTCCAAGATTTTGGCAAGGGATGCTTTGCAATTTGTAGCTGATTTGCAGAGG GAATTCAGG 580

31 b 1 R G R Y D P E F S K 1 L A R D A L O F V A D L O R E F R 60

581  AACCACATTAAGTATGCTATGGAGTGTAGGAAAGAGGCTAAGAAGAGGTATAATAATGGAGGTTTGCCAGGTTTTGATCCGGCAACCAAA 670

61 N_H I K Y A M E C R K E A K K R Y N NG L PG E D P A T K 9%

671 TATATTAGGGATGGTGAGTGGGTGTGTGCTCCTGTTCCGCAGGCGGTGGCTGATCGGAGGGTGGAGATTACTGGTCCAGTTGAGAGGAAG 760

99 X I R D G E W V C A P V P O A V A D R R V E 1 T G P V E R K 120

761 ATGGTCATCAATGCCCTTAATTCTGGAGCCAAGGTTTTCATGGCAGACTTTGAAGATGCACTGTCACCAAACTGGGAGAATCTAATGAGA 850

120 M V. 1 N A L N S G A K V F M A D F E D A L S§ P N W E N L M R 150

851 GGCCATGTAAATTTGAGGGATGCAGTGAATGGAACAATAACATTCCATGATCAAGCCAGAAACAAACTGTATAAACTGAATAATCAGATA 940

150 G _H V. N L R D A VvV NGNS 0 A R N K L Y K L N N O 1 180

941 GCTAAGCTATTTGTGCGTCCAAGAGGGTGGCATTTGCCAGAAGCTCACGTCTTCATTGATGGTGAGCCTGCCACTGGTTGCCTTGTTGAC 1030

18 _A K L F VvV R P R G W H L P E A H V F 1 D G E P A T G C L V D 210

1031 TTCGGTCTCTACTTTTTCCACAACTATGCCAACTTCCGCAAGACCCAAGGACAGGGCTTTGGACCCTTTTTCTATCTTCCCAAAATGGAA 1120

2 _F 6 L Y P F H N Y A N F R K T 0 G 0 G F G P F F Y L P K ME 240

1121 CACTCTAGGGAAGCTAGAATATGGAACAATGTGTTTGACAGGGCGGAGAAATGGGCTGGAATTGAGAAAGGAAGCATTAGGGCCACTGTC 1210
M1 S R _E A R I W N N V F D R A E K W AG I B K G R A 1 V270
1211 CTAATTGAAACACTTCCAGCAGTGTTTCAAATGAATGAAATTTTGTATGAACTGAGGGACCATTCTGTTGGCCTCAACTGTGGTAGATGG 1300
2 L1 E T L P A NV F O M N E 1 L Y ¢ L NG 00
1301 GATTACATCTTCAGCTATGTCAAGACTTTCCAAGCTCACCCTGATCGCCTGCTACCCGATAGGGTTCTAGTTGGCATGGGTCAGCACTTT 1390
o R s v v x T F O A H P D R L L P DRV L YV G MG O H F 330
1391 ATGAGGAGTTACTCTGACTTGCTCATCCACACTTGTCATAAGCGCGGTGTCCACGCTATGGGAGGCATGGCAGCTCAGATTCCTATCAGA 1480
3 M R FNEE L L 1 0 T C 0 K R G V H A MGG MIATATO I P 1 R 360
1481 GATGATGCAGCAGCTAATGAGGCAGCATTGGAACTTGTAAGGAAGGATAAGCTGAGAGAAGTGAAGGCAGGGCATGATGGAACATGGGCA 1570
361 D D A A A N E A A L E L V R K D K L R E V K A G _H D G T W A 390
1571 GCTCACCCTGGCCTAATCCCAGCCTGCATGGAAGTCTTCACCAGTAACATGACCAATGCACCTAACCAAATCCATTCCATGAAGCGCCAA 1660
391 JATHI P G PTATE M E Vv F T s INENSINNREN A P N o 1 H ISENNINEN R O 420

1661  GATGCATCGGTCCTAGTTGAAGAAGACCTGCTGCAGAGGCCGAGAGGGGTCCGAACCATGGAGGGTCTCCGGCTGAACACCCGAGTGGGA 1750

420 D A S8 V L V E E D L L O R P R _G V R T M E G L R L N T R V_G 450

1751 ATCCAGTACTTAGCAGCCTGGCTGACTGGGGCTGGTTCTGTCCCACTTTACAACCTCATGGAAGATGCCGCAACAGCTGAGATTAGTAGA 1840

451 IL_ O Y L A A W L T G A G S V P L Y N L M ED A A T A E 1 S R 480

1841 GTCCAGAACTGGCAGTGGCTGAAATATGGAGTGGAATTGGATGGAGATGGACTTGGGGTGAAGGTGAACTTGGACCTGTTTGGAAGAGTG 1930

481 V. O N W O W L K Y G V E LD G D G LGV KV NIEL D L F G RV S0

1931 GTTGAAGAAGAAATGGCTAGGATTGAGAGAGAAGTGGGAAAGGAGAAATTCAAGAAAGGAATGTACAAGGAGGCATGCAAGTTATTCACA 2020

s v _ B E E M A R 1 E R E V G K E K ¥ K K G M Y K E A C K L T T 540

2021 AGGCAATGCACTGCACCAGTCTTGGATGACTTTCTGACTCTTGATGCCTACAATAACATTGTCATGCATCATCCTATTGGATTGTCCCGG 2110

S4l R_Q _C T A P V L D D F L T L D A Y N N IV M H H P 1 G I KN 570
2111 c1dTAA] 2116
s L ¢

2117 atttegeagettttgetgtaagataaategggtgtetetatattgtgactagtgetatettcectgeaataatgataggaaatggaagtt 2206
2207 cgcectttgaggagatagttgattateccaaaggetetgttttttcagetgtgettttcaatecaatetgttatttgtatttgtgagtactge 2296

2297 tatetttecctlgltaatlaatanaggeaattgtteattttattgtectacttittccaatlacatacgaacctelecatitecaacgtgeatatat 2386

2387 glactigl ggctatgg 2449



Figure S1. Complete nucleotide and deduced amino acid sequence of cDNA of gene
LBGAE (Lycium barbarum UDP-glucuronate 4-epimerase) (a), LBGALA (Lycium
barbarum alpha-galactosidase) (b), and LBMS (Lycium barbarum malate synthase) (c).
The amino acid residues are represented by one-letter symbols. The open reading
frame (ORF), from the initiation codon ATG to the termination codon TAA is to be
uppercase. The domain is defined by a straight blue line. Motif-scan predictive protein
site, different colors represent different protein sites, including casein kinase II
phosphorylation sites, N-glycosylation sites, cAMP-and cGMP-dependent protein
kinase phosphorylation sites, protein kinase C phosphorylation sites, N-
myristoylation sites, Amidation site, cell attachment sequence, andTonB-dependent

receptor proteins signature.
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Figure S2 Prediction of protein secondary structure of LBGAE (a), LBGALA(b) and
LBMS(c) sequences. The secondary structure of the three genes is mainly composed of

Alpha helix (a), Random coil (R) and Extended strand(E).
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Figure S3 Multiple sequence alignment of LBGAE (a), LBGALA (b) and LBMS (c)amino

acid sequences with other known species.



Table S1 Primer sequences for ORF sequences cloning and qPCR

Primer .
Gene name Primer sequence (5-3’) RACE
name

™ (°C)

GSP1 GACTTGCTGGTTGATCCGTTCGAT

LBGAE
GSP2 CCACGAGGAATGCATCAAACGCTTG
GSP1 GATTCGTCCACTGTTGTTAATGCACG
LBGALA
GSP2 CCCAAAAGGCTTCTGCGGATGAACG
F2 ATGGACAAGCACCGTAGATGGAC
LBGAE R? TCACCAAGAATTCTTCTTTTCACTTATT
G
LBGALA F2 GCCACGTCTAGTCTGCCCTTTCACT
R2 CCTTCAGCAATGTAGTATTTTTCAC
Actin F CCATCTACGAGGGTTACGCTITTG
R AGTCAAGAGCCACATAGGCAAGC
LBGAE F3 CGGCCTGATATGGCGTATTT
R3 TCCCTTGCTACACTTCTATTATTGG
LBGALA F4 CAATATGGAGACTTGGAGGTATGG
R4 CAGCCTTGTCTGATCCTCTATTC
LBMS F5 GCTGGTTCTGTCCCACTTTA

R5 TCCATCCAATTCCACTCCATATT

58

58

61

64
60

55

60
55
62
62
62
62
62
62
62
62




