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Supplementary Fig. 1 Phylogenetic tree of AGPases. The protein sequences of AGPase in 73 plant species were divided into two clades, represented as AGPLS and AGPSS.



[image: E:\撰写文章\Article2\Scientific Reports Revisted\Supplementary Fig. 3 Three-dimensional modeled structures of AGPase subunits for maize.tif]Supplementary Fig. 2 Motif logo of AGPase subunits. 
Supplementary Fig. 3 Three-dimensional modelled structures of AGPase subunits in maize. Α, B, C, D, E, F, G and H show the crystal structures of AGPLS1-4 and AGPSS1-4, respectively. In the cartoon structure of these AGPase subunits, an α-helix is coloured red, and a β-fold is coloured yellow.


Supplementary Fig. 4 Active sites of AGPase subunits. Red indicates amino acid residues that represent active sites in AGPase subunits.
[image: E:\撰写文章\Article2\Scientific Reports Revisted\Supplementary Fig. 6 Cartoon representing the secondary structure organizations of SS isoforms.tif]Supplementary Fig. 5 Phylogenetic tree of SSs. The protein sequences of SS in 74 plant species were divided into six clades. Clade I, clade II, clade III, clade IV, clade V and clade VI represent SSII, SSI, SSIV, SSIII, SSV and GBSS, respectively.
Supplementary Fig. 6 Cartoon representing the secondary structural organization of SS isoforms. Α-K show the overall structures of SSI, SSIIa, SSIIb, SSIIc, SSIIIa, SSIIIb-a, SSIIIb-b, SSIV, SSV, GBSSI and GBSSIIa, respectively. Meanwhile, α-helixes are coloured red, and β-folds are coloured yellow.




Supplementary Fig. 7 Motif logo of SS isoforms.
Supplementary Fig. 8 Protein sequence alignment of maize SS isoforms, barley SSI and Escherichia coli glycogen synthase. Red indicates amino acid residues that represent active sites in maize AGPase isoforms.




Supplementary Fig. 9 Protein sequence alignment of maize GBSS isoforms, rice GBSSI, A. tumefaciens glycogen synthase and Escherichia coli glycogen synthase. Red indicates amino acid residues that represent active sites in maize GBSS isoforms.
[image: E:\撰写文章\Article2\Scientific Reports Revisted\Supplementary Fig. 11 Three-dimensional modeled structures of SBE isoforms.tif]Supplementary Fig. 10 Phylogenetic tree of SBEs. The protein sequences of SBE in 74 plant species were divided into three clades. Clade I, clade II and clade III represent SBEI, SBEII and SBEIII, respectively.
Supplementary Fig. 11 Three-dimensional modelled structures of SBE isoforms.

A-D show the secondary structures of SBEI, SBEIIa, SBEIIb and SBEIII, respectively. Additionally, α-helixes are coloured red, and β-folds are coloured yellow.

Supplementary Fig. 12 Motif logo of SBE isoforms.

Supplementary Fig. 13 Active site alignment of maize SBE isoforms, rice BEI and Escherichia coli glycogen branching enzyme. Amino acid residues shown in different colours represent different active sites.
[image: E:\撰写文章\Article2\Scientific Reports Revisted\Supplementary Fig. 15 Cartoon representing the secondary structure organizations of DBE isoforms.tif]Supplementary Fig. 14 Phylogenetic tree of DBEs. Protein sequences of DBE in 74 plant species were divided into four clades. Clade I, clade II, clade III and clade IV represent ISAIII, ISAI, ISAII and PUL, respectively.

Supplementary Fig. 15 Cartoon representing the secondary structural organizations of DBE isoforms. Α-E represent the overall structure of su1, ISAII, ISAIIIb, ISAIIIa and PUL, respectively. α-helixes are coloured red, and β-folds are coloured yellow.

Supplementary Fig. 16 Motif logo of DBE isoforms.

[bookmark: _GoBack]Supplementary Fig. 17 Active site alignment of maize DBE isoforms, Chlamydomonas ISA1, PUL of K. pneumoniae and Barley. Amino acid residues shown as different colours represent different active sites that interact with maize DBE isoforms.
Supplementary Fig. 18 Expression patterns of starch synthesis-related genes in endosperm. Gene expression data are shown for four development stages of SD609 endosperm. The scale bar shows the normalized FPKM values.
image3.tiff




image4.png
Clade 117

S
il

P
P mw
T
S Wu%wmmm e !
Qs%&._ i &% -

e

A\.@nﬁﬁm\w _ww
e
ﬁwﬁ&wm% \
A

A

IA 3pED




oleObject3.bin

image5.png
CLLL L]
MIEELELT]

coooooooe

wESEE3ETS

588378882

PRy ep
Pjsppeieiivl
$88828382

sooxxzzEx
EEEEEETEH]
CLOCLLLEY
CLOCELLEY

CEBLBBLLT
Qaaaadaaa

vooooooow

PO
aaaaaaaaa
EEEELEEE

§83RLRAR

PAPQATAPAAY
ppivvppieve
jryeteieieietete
ERREARARS
Rttt
e
8SRYRRER

scaceaaas
Ereyesaeyeye
“nnnnccta
23752858
cn<varzis
Suvudmz=z





oleObject4.bin

image6.tiff




image7.png
Y o LEYEE B ETCELT

S HDVO W CHNF
35 UNWE 3 CODL @ Sve G ics pbNS

136 HDWH 160 VHNL S LNG 1% VSRLTSQK
HNE WG L VEREDYRK
HNL W VNG S 1 GREDYOK
INE WG S TEREDERK
UNT 4 VNG St 1 GREDHOK

UNT 87 UNE S5 GRDbRok
AL\ o RERAGE

INGEQGTGY

EED e VBORKERAGRGELEINES
XD R L DETT s PMEVRNG T





oleObject5.bin

image8.png
[ 1 S— s L os ——— G
LLl6v = Sor o ——t —
N —_oclilsr —_— mwT————w=__ — o w
=Ly j———— 7 [ /T Ly Ly
o <Tor —a_ X | S — 9y —— oW
oL sy KQmmv st L _EC st L sr————

[ ™ < v e ey | - -
-___= Py f— N 4 £ L_A_lC e i ——— |V
f — r_Lu_A: «_ B w_ D w

e LA e w < w v
—_ — Vo rm% p—— o o
et e e ——— 6t — —
8 | - 8¢ P — | e— ]
© LR W2 0 e e  ————
9¢ 9 B Em il B I« B
st S el e s e i —— LLIO
— S T e in T o In&__~ D
——T — e L N B € € Y G
(S ) - m
(| — 1

(@/awit
L
il
>l
il o
o KDM ;
Vs ——
mo : Ks_lerrUM — m — =111
YN&%A.W_M R_G._.W —— ] N | -I-l
N g =m0 2=
= L oG T Oz e St &
— — o <Ok e T ML i —— S
O =" X e 1
me““AIW““ =10 0 Pswnm““Az
-|Aw_ PllF.w_ GA[M_&W_. ﬁ.\.ﬂ_uw_ MW‘. LiLID
=i < LI g “aa SS2= S —m—— o
P ——) O/LLIL VI5 — p— P— el N cm— ——
Mw —————1 Iﬁ —_— Wo lllllo|-
] > 1 : gw L o c—
e e L — s == =4
T T o s y{LmVTSmwdﬂ»_ulmUu\hm_mgzM;_ulmUu\hﬂ_qw.}Nu
sng q sng n snd sng
PofF 8 §8 0 0 68 0
= = =
_ [ T ey M e =
—cch =¥ PM%W% L anlwr_._m%nommmsa
[ == VING3(s se G —— e NN L{ R B = >
=" o P e S i ——
S e e s = e
= o Ohre—=t—=i oo Po—=ut Nm
— = VSRC: . — O &l% P
=58 Ol ——=u %}m — ' o o O m%h:
L e T - S =
1 T Tolle —— = > P TP — S ——y
i e ——
e R —
f——— S X —0CZ¥ o e i N ——
L — i WT V_“,_wz . 0z VMm,_ ——n
e N o LN ne— w JUs RD.LM" ——
—=—_ C—=- ; L R e ——] :
e e — e
= W= O rAl-ﬂU%V" ————+ S e 1
=—>ly OWe VLo P — arwm_ M:Yﬁ
T ==y T § — e — e ———
L T e e
—r il ———2) o e —=— —SHI» i@n ——
TR S ———— =Sl | KT R —
=== i SHi=— S ==
—= =t SGEm — A%\lvnu e o E———s
SEEE ¢ LN Dﬁ = C ozt O mhm
Y J.%N. e = T i_ T AR '
snd g snd s n sng sng i snd
8 8 § 0 0 0 0 &
=
=

I
111111111111111111111111111111111111111111111





oleObject6.bin

image9.png
ey
TP T R e T I P M PP L
P S R TN G A A N R S T A e T

CINVERYESEME P ELKTECE ARV EAL

EGS  FGHYNGVCIVLIDARNLYDRPG i FENREDVVE AR
GRhsst HCVKRGADRYFIDAPSFLERVNGKTGEKT YGPDTGVDYKDNONRE S LLCOANLEAPRS LN FERCTYEEDVVEVEN
ZmGESS HCYKRGYDRYFVDHPLELERVNGKTEEKIYGPDAGTDYRDNQLRF S LECOAALEAPRI LSINNNPYFSGPYGEDVVEVCN
ZmGBSIIA HEY KRGYDRY FVDREME L ERVWGRTGARLYGRTTGTDYRDYOLRECLECEATLE EDVVEVAN

AQIADGYDARVLL

FEDVRREVIDIAGVY EkabTE I IR TEL
RYDOYRDALWD TS VLVEVATGDIVETVRY F

AGS  DWOAANTEVYMRYAETP- L1 E1PSLLTINNIAFQGOFGANIFSKLALT- ANAFGMEGIEYYN-DVSFLKGGLO
B BN AR N AARER 1 R AR TN LAV ERE VAN A B T 8L T SERETRELEING I QYSFLRSELY
ORGBSSL DWHTGPLASYLKNNYOPNGI YRNAKVAFCIHNTSVOGRFAFEDYPELNLS ERFRSSFDFIDGYDTFVEGRRI NWNKAGI L
ZmGESI DWHTGPLSCYIKSNVOS NG YRDAKIAFCIHNISVOGRFAFSDYPELNLPERFKS S EDFIDGYEKPVEGREL NWMKAGI L
s BT LR EV RN E L D AR LR E B TR S0 BV VEERR AR

AGS  TATALSTYSTAYAEEILT-AEFGMGLEGYI GaRAR: VL-nGI VY
BGS Y ADNITAVIETVAREITE POFANGNEGLLOORNREGRES SGVLNGVDERT N
GiGhsst EADRYITVIPVIAEELY 361 ARGCELDNINRE TS S 6T 1161 VA GUDY S £V
GBS EADRYETVSPYYAEEL]3GHARGCELDNINRET: S22 G1 2161V AGUDYS bW
ZmGBIa ESDLYETY S PRy VREL TS GPOKGYELDGYERTR: -2 FLEIGIYAGUDVYEW

TDLLLASRYTRDT. snmuuqi

MGS A EHERIDDDGE R LECY ] SRLINOKG I DLMAEAVDEIVS + - LGGRLVYLGAGDVALEGALLAAAS RIIGRYGVAT G NE
B AR R OV S R AT R R YR T G VA G L R AT ERY VS  E00E
Dbt GAEV LRV BN L IVAR CRLEEGRGEDVNAAN R OUNEATEDY 1 VEL GTCRRKE ERNENS AEEREPCRVRAVVA A A
S QA E Y LRy B S R PRV RV M B e T R
MGS  PLSHLYQAGCDATIPSREEPCCLTOLYALRYGE] PVYARTGGLADTVIDARMA- AlAskAnTGvoiriFinaLkodin
EGS  AFSHRINGGADYLVESREEDCCLTOLYGLKY GTLELYRRTGGLADTVADESLE. NLADGYAS G VFEDSNANSLLRA TR

OGBS PLANLIMAGADVLAVESREE
miihss ALARIINAGADYLAVTSREL
GBS P EARMMFAGADF 1 1VFSREE

L CNRYGTE EXCAS TaGLVDTY | EGRT GENNGRLAVDCKYVERSDYRRVAATLR
LOGMRY GV 17183 TGOLYDTVEEGY TGERNGS FNVECE TVDPADVTAVASTVT

MGS  RTVRYYIDPKLWTOMOKLGMKS DY SWEKS AGLYAALYS QLT SKGHII: - - wnn
BB ATV IS RE S LWREVORGANAMDE SNOVAAKS VRELVYRLL - ¢ b
Orhs YA N L R NV L CE et a6 T R AR ARE VAR
ek LGV ETEAVRENY QYA RDESNRER N E VL AL VR ECRREVS BRI AT AR





oleObject7.bin

image10.png
194
[ 42.2
514

59.3

DsaSBEIIL_26-4

CzoSBEIII_24-3

GraSBEIN_32-4

CquSBEII_18-3

CquSBEII_18-4
VeaSBEI_79.,
CresBEq
Mpospryy
PpasBEyy
StaSBEyy; §

ZB:

PpyiSBEIL 559
AcomSBEII_2-3
—SpoSBEINL_63-3
75| ZmarSBEIIL_74-2
—— SmoSBEIIL_62-3
= 98 SmoSBEII_62-4
100—— MpuSBEIIL_43-2

97

€0 TIAESIN — 100
-0y IEESOIN —— |5 MrccSBEIIL 44-2
LS TIAgs0d ———— GraSBEII_32-18
70y IAGSSIN - GraSBEIII_32-14
rer AASPd —97 GhiSBEIIT 39.g
TS TAES A GraSBEIIL_3 5,
Lo TSNS GraSBEI 3, 1,
g-pg AL E
st TAESTOL
s AT

133
aSON
1-L871AES0N

172 138810

1-9¢ 1agses

1-59"1agsmg
.19 139SA1S

141 194SPD

1-LT 134S:

1-0p 13

I-1¢ 1agSnSIn

€9¢ Tagsesy





oleObject8.bin

image11.tiff




image12.png
3
S —— ¢

33333333333333333333333333333333333

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn




oleObject9.bin

image13.png
EcGBE S-MIWMSPITIES3SSNL3SOREMBINISSIW20R  -217A . - 4B3R4ABGGHIE
OWBEL 44 HE 72 W74 P 99 KF 204 HESIOWE 23R 88 W13 K S D 156D 26 H 29 Y322 H 30 S L 372 T
ZmSBEL 116 N E 144 W 146 P 171 K F 365 Q E 390 WE 394 R 160 W 195 K 206 D 227 D 98 H 101 Y 423 H 440 S L 443 T
ZmSBEIla 336 H E 364 W 366 P 391 EY S81 DT 606 WE 610 R 380 W 416 K 527 D 446 N 318 B 321 Y 639 T 656 G F 659 T
ZmSBEIIb 152 11 E 180 W 152 422 WE 426 R 196 W 232 K 243 D 262 D 134 H 137 ¥ 455 T 472 GF 415 T
ZmSBENI 112 R F 141W 143 P 173 D F 511N D $36 VD S40 H ISTW 346 R3STE - 94 F 97 D569 T 585 N Q 588 v
Maltopentaose Binding Sites Glucose Binding Site Glucose Binding Site 11

L300 ¥ 335 D 340 H 403 R 408 D 458 E 25 H 301 0 3701 $26 D 28 V 254 RR 576 R S63 S L DWH 0 £

V33V 270D 275 342 R34 D 399 E 467 H 254 1309 W 468 D 470 S 192 GE - SSWIDFP S E

V306V 341D 346 H 413 R 4IS D 470 E $38 H 307 1 3803 S0 D S48 263 GE - 608 W I DF P 612 E

V25 Y 560 D S6S 629 R 631 D 686 E 783 H 526 H 96 W 754 D 756 A 482 S b S2W 0D F P K P
ZmSBEIIb 477 V 341 ¥ 376 D 381 H 445 R 447 D $02 E 69 H 342 1 412 W 70 D 572 A 208 S b 437 W I DF P 654 P
ZmSBEIIL 590 K 55y 490 D 495 ¥ 559 S61 H 615 E 681 H 456 K 526 W 652 N 684 8 412 G5 HSKVEF PSP

Catalyte resducs e € Binding Site 1

EcGBE 537D S46 K S9SWH 468 RP 475 LGFWSIS N 189 K 201 L 211 Q 215 £ 542 b 544 WQ 659 P 661 P 659 5
OSBEL 493 L SOSK SISV 409 RP 416V SUMF 148 AISIP S04 1506 L Q66 P69 T 647 H
ZmSBEL S64 L 59K 617 S Y 480 R P 487V C196F219A S P S5 1 STTLQET P 0T TIS H
ZmSBEIla 779 D 794 K 85 S 696 1P 03V D175 M0 PP 790 192 LHOIIWOIG S 944 F
ZmSBEIIb $95 D $10 K 650 S ¥ 512 L p 510 v 133V IS6 P20 P 606 1 SUS LH TN C S T60 F
ZmSBEIIL 707 D 718 K 756 S F 625 E P 632 LG FN 73 N 336 V347V 371 E 375§ 714 S 716 L L 824 P 827 S 855 C

CD Binding Site 11 CD Binding Site

EcGBE 505D 505 TF S11 1L @28 W 255 R 259 NNFW
OSBEL 446 E 449 QT 42 TN S0 1 W3 E197VS - -
ZmSBEL SI7E 20 HT S35 TN 661 1 264 E268 VS -

ZmSBEIla 732 1 735 17 73 TN 887y 43P 487 1N -

ZmSBEUD S35 D SS1HT 554 TN 703 Y 299 P 303 1N

ZmSBEIIL 662 K 665 K V 668 V S 798 N 413 S 417 V'S
CD Binding Site VI CD Binding Site VII

CD Binding Site V




oleObject10.bin

image14.png
eb Ty,
b IIVSIndy

Fb Ivspaay. |IL.§
0L TTIVS IR ——

L-sSTTIIVSTIAG — o0

9-9€_TIVSI®S T

S-9€ IIVSITS T

Au.a.muu.m.uu_mu
21885 % E T T T
SEEEEEEEEE PR i
ssssnmmmmwma;s%fua;fr;,,.1.17
MMMwmmmmmmmmmmn,wmmmmm«um(siu@m11
z i _pommcmwmmmmmwmm%,&m%zz
iE ~
W || R L L EH RIS
K EN 5595 P8R
= 2 w_ = = J szs.nsm.w%%\v\f\nke
= 5 bs Pn.hmhoﬂl\fzul
2 T & p%%:%%@k:
5 & &Y S A
g 2 3 g r..r«.%%as%%ev
2 & r&%«.&ﬁuqzl&:
$
m R RS EEESEE,
= ¥ 9 &c@(&.f Ty
* 3 %%«4@%
, SONBIIIAS
] B SIES,
3 S >
5 e
: S &
8 )
$
S (N
S/ © S
s S . pés
$
i SN %
g $ 5 N
B
. Q
& 3
% Q
S \
3
3 \
(3

ST
RSt
S L300
N
RO
& PSS
[k
SR A
AN
< R,
(.%o«w £
e WL
R
P WMa»m.vv\ &,
9 SN
N e
™ AV e Tn
» m.%«%v(,%
S . w
o) oa,wv K¢ o
b S ash
BN ety a6
rw&w RS 26>
® s vm‘:}
% NSET d
70 Aowvw Va\ e
P 5}
ASAYS
WS S
fihar) ey
W caSM
100 casM ATy
Zamv—\?a
96! Zs—mi\w.
ayisaLSY
10 90 Bs 1S 7—\vv|v
n:._m!\pf,
EL 2 CarISAL15-
0 poaisAL 28
5L BratSAL10-L
. e TpriSAL 6L
MO Vsl 4s-
GmalSAI31-1

100
VumISAI_71-1

9
55l PvuISAT_S6-1





oleObject11.bin

image15.tiff




image16.png
ssssssssssssssssssss

snd snd suq snd

1111111111111111111111111
snq




oleObject12.bin

image17.png
Chlamydomonas 228 TW  3I3EYY 329W
sul 200CW  24EYF  205W
IOl 25SAV  32KGP -
SOl BEK 29ELK 234W
Chlamydomonas 527 E 6I9HD  GHE
sul 4T3E S45HD SO E
ISOIl 494D S64N S -
ISOII 394 E 466HD  48TE
K.pneumoniae PUL 467 S 471V 596G 481D L
BarleyPUL 2865 200L 391G 300H F
MaizePUL 3745 378L 470G 388QF
Ca* Binding Site I
K.pneumoniae PUL 633 £ 639 £ 7120 714D R
BarleyPUL 28D 4346 SISE SITAR
Maize PUL 506D SI2E 5036 5954 E
Ca™ Binding Site IV
K. pneumoniae PUL 642 T C C 675 R 677D 706 E
BarleyPUL  437AAM 470R 412D S09E
MaizePUL  SISAAV 548R 550D 587E

331Y  382H 387N 389 R
297Y  3M7H 3N 34K
M45Y  32H 397G IWE
26Y  284H 289D 291V
Maltoheptaose Binding Sites
04N 06Y  TSTW 76T W
60N 62Y  683W 693 W
637T  69Y  G89W 699 W
SSIN 53 Y 64w -
Maltotriose I
485V 48TE S8 E 550 A
34V 316D 365K 347 Q
v D MK 45Q
Ca™ Binding Site 1T
994D 1001S 103D 1006V
82D 812Q 814D BITF
880D 890 Q 892D 8§95 F
Ca** Binding Site V
8WD 734D TR MG
51 WD 540D 53R 550N
589 WN 618D 621R 6285

Sugar Moieties Binding Sites

746 F
552 F
630 F

452 D
417 D
457 1
357D

856 W
778 Y
787 H
685 Y

893D
699N

417G 450 R
382G 415 R
216G 455 C
MG R
62W 794 H
S8W 720 H
S86W 73S E
49W 68 E

Maltotriose II
S3D 555 Y
D WY
428D 430 Y

Ca** Binding Site 111
1070Q 559 YD 607H
883 R 356 YN 402H
961 R 434 YN 481H

778D

6408
438N
S13N

83HDN 889 RD
640HDN 696 R D

7ISHDN 774R D




oleObject13.bin

image18.png
Date
AGrsst

sy

ssip

seem
Sstitb-b.

Isatila
st
s
SeElla
AceLs:
s
AGPLSs
ssv
Gassi
PuL
st
AGrLst
s
N
'
seel
wut

n

Date
100ap

[ s
20ap
soar

Clade
chster 1

1 o2

chster3

GeneType





oleObject14.bin

image1.png




oleObject1.bin

image2.png
0s
oF ¥
— o .
LY
I — == 3
a7y —d— v <
-M--l“|YNv OO st
TAQ- -
-| el 4
I X Ir - - -QmN
o
%Ym
8¢
it YTL:
9¢
3 07

1111111111111111

111111111

87 87
P —
s
v

1
111111111111111111111111111111
na snd




oleObject2.bin

