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Abstract Leymus chinensis (Leymus chinensis (Trin.) Tzvel.) is a good perennial forage with good palatability,
high yield and high feeding value. In addition, because of its strong resistance, Leymus chinensis can improve the
disadvantaged environment such as poor land, and it is an important species to protect grassland ecology in China.
Therefore, in order to promote the germination of leymus chinensis seeds and explore the mechanism of
Germination, this study used sterile water treatment of leymus chinensis seeds as control, exogenous GA3 as
treatment conditions. Based on the analysis of pre-transcriptome data, it was determined that PGM and SUS genes in
sucrose and starch metabolic pathways play a significant role in seed Germination. Members identification,

conserved domains, and evolutionary trees were analyzed for both gene families using the bioinformatics method.
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The expression pattern of PGM and SUS genes were analyzed with FPKM value. The results showed that 7 members
were selected from each of the the PGM and SUS families based on the data of Leymus Chinensis seeds
transcriptome. The molecular weight of PGM genes ranged from 15 471.3 to 67 912.9 Da, and the isoelectric point
value ranged from 4.45 to 6.31, showing weak acidity. PGM family in Leymus Chinensis seeds are hydrophilic stable
proteins. The molecular weight of SUS genes ranged from 30 421.5 to 110 262.9 Da. The isoelectric point of SUS
genes were neutral except LcSUS1,5 and 7, while the other four genes were weak acidic. LcSUS4,6 were stable
hydrophilic proteins, the rest were unstable hydrophilic proteins. The PGM and SUS gene families in Leymus
chinensis seeds play an enzyme role in promoting sucrose and starch synthesis in sucrose and starch metabolism
pathways. The expression pattern analysis of Leymus chinensis seeds showed that the genes of PGM and SUS gene

families in GA3-treated Leymus chinensis seeds promoted the germination of Leymus chinensis seeds by regulating

the sucrose and starch pathways with different expression levels.
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781 2] WE % FR A% 7 I (phosphoglucomutase, PGM)
JE IR CUWE A2 A7 B 0 8 it . — (Egli et al., 2010;
Stray-Pedersen et al., 2014; Weyler and Heinzle,
2015)0 A 74 61 47 0E —1- B R & B -6
P I RR ELA A, 30— 0 i 1 7 ) i 1 5 1 FLAE A
YR ) ZAE - AT Th B8 (Uematsu et al., 2012b;
Chauton et al., 2013). [l (b 7 8 B R0 3 Hp J0 i Hh k
HIEREER, Z 5 Y4 A RS DL E R 1)
& ¥ (Paparelli et al., 2013; Pal et al., 2013), M\ 11 =
HEYWAEKKE SR EED T, PGM Kk
A 53 72 AL 40 5 A BB A 72 A5 (pPGM) R 52 ir
20 A 53 B A5 5 57 (cPGIM) P 4 48 i 5 57 A [7] 1Y)
2 (Herbert et al., 1979). PGM 3 ZAE AT =M
B —6- BERR Th AR ATRE -1 BRI . R AT -1
BERRRE AT LLE S R b WS N, AT BAAE
HIRA L Pl s S EH A AR T Z PGM %
(Rl % ) A Bt 95, Malinova 45(2014) 18 it it
FLak K cPGM ¥ 14 (1) $L /e I (A rabidopsis thaliana),
RI T HAA 32 B0, A S ORI B4
Fettke %5 (2012) A i i B 78 sk = 5 8 & (Solanum
tuberosum L)PGM FVE M2 KL, HAMEEESE
WO EEARRERIE /DN, R R >S5 X sk
pPGM 4% 1] H AR (Lotus corniculatus L)FEAC U H
WFFER I, BT M A BB AR R IE R, AT 32
ASBEME YL (71(Vriet et al., 2010). Kl AF I EL= PGM
R R 2 R KR D 1 I Py A 4 B R UE A A
o Tt 1% PGM A A 2he i@ T k0 145 B, Uematsu
25(2012a) 8 M1 H (Nicotiana tabacum L)W it RiA
pPGM, HHXF T BF A= RURE AR 7, L pPGM H3 1
FERFE IR ARl h A i, JF Higk i 2
PR 2 & 3 f%(Vriet et al., 2010), X & B pPGM 7ETE

L. chinensis, PGM and SUS gene families, Health and credit analysis, Expression analysis

¥y BRI AR R 2 1R E

JEEWHALE JRERE AN Ay B A B rh 2 — Fh %
BRI BEREABERE A S B, R
B3 i A T VE VRN A e 2 5 R o5 AR AR
TSR . HEHEA A (Sucrose Synthase, SUS) & —
VE IR DR I R rh RO BR H) il (WRFE S, 2019).
AT, X2 SUS BEF KRN AR Z, F
K, T 27 AR T AR S ) rh S e KR, BB
TE M (Capsicum annuum L.) (BRHEAF%E, 2019), 34
(Pyrus spp) (B 1A%, 2018) Jokf Z A (Honey pomelo)
(RETHESE, 2018)5FHE W) vh HEAT %578 , 7E K E.(Glycine
max (Linn.) Merr )75, KB T SUS 2 K 50 %
RBAELRIER e, 905 H RS Rl R AR
A K F A AR 70 B, SUS 3 R il 7% 5 4R 93 B
[ 088 Sy IR b, AR A SUS 2 R B M 22 5 81050
o HAHPB I R (SR EHESF, 2018). T SUS nl i
(1) 7K i T Bl Maria 5 (2019) A\ X3 Fifi (Lycopersicon
esculentum ML) 70 R B, SUST A5 1) 7] 156 JFE Bl 7K
AN SRS T 2 457 7K SR B R R S B 2 T
i, X T HARE A A B P AT R OCE S, Da
nyu Z5(2019) ARG TH1 B BB A ) SUS J& PR 5K
BATWIFURIN, SUSY2 AL T K B H A7 1 IR FL A
VA T G At 0 2 DR B FE AN [E) 3B A7 A B, e L HE I
SUS H: K k2 5 3)9) l M s diAs g A . i
PGM [ SUS 5 [RIAN e 8 1425 e 0 A 5 by F A5 A
A, L Re S AL RERERIVE R 1) & BN 53 ik, 75 JRERE
TER ARSI T A B Z R T RE .

FrRHAAREFFER RIR A, BT R A R
s A H L HIAE R, NI PR o [ 2 R AR S 3
B (X AFERITE &M, 2004). X EH PGM K SUS i
DR 5K IR - 40 45 5 A 23 T BT8R 0 R 1 R AL
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il DRI AR T 9000 £ B TR PGM J SUSS & (R 5K ik
(WA BEAT b . AR ULA I IR R
(GA3) AbFRIEFLRh -SRI LA T e s 2 7
BT S NN P B E i £ ot PGM I SUS R K
RIEAT %558 , FEHEAT OR~F 85 38000 M ) 2 gk A v DA
KFak o, AR IRAI 5T EHE PGM J SUS
BRI KR D RE I i 3 B E R B S .

1ER50H

L1FEEFFH PGM X SUS EEFKEHEE

ST BRI A blast 2%, HE3R1E 10 4%
PGM J¥%1], &3k CDD 752854k & ke & i & »
A3 7 A PGM EEEFAIEE 1), AFRHHTLL
E i, 74 LePGM ZE K 4t & LR 1A 5 153-60 1,
Gt 2 A R 2 TR KN 15 471.3~67 912.9 Da,
T 368 3 %6 452 L, P AR 20 BT R B, 7 A LePGM 3[R 452
RBUE K /NE 4.45~6.31 2 (8], ~“FHEUETE 5.67 /&
A, R B SRR M AN RIS R E . AR
S RBUTN R DL, BUE /T 40, BRI AT DUAE i 3K
FOEE A MK KRBT 0, ULBHZ 7 4

R 1 LePGM 2[R 53 Al 57 S A BRAK 1 I 56 5

RERMEARETEAMEEA. HELPRR,7 R
LcPGM 25 [ 76 T 2 36 R 7 41 K FE DA Je B (1 #EAL
W 7 T A 22 5, HED LePGM 2B B & A H ]
(1) A 5 R

[F] LcPGM 2[R R IR1S 7 15— HE, I B AE A Hh
SRR S B PR AR 3RAR 7 2% SUS BRI EE H T
B 2), 7 N EER gt 2 LR 12 H 2 268~991 4,
T 4 5 2 Ak R 1) B89 73 1 8 () R /N FE 30 421.5~
110 262.9 Da Z [a] . i 55 S0 4T K I, LeSUST
5.7 BARTEm R PER RS R BIE T, AR 4 A
SR K] DUl 533 PR A o S AR R BTN R B, LeSUS4.. 6
BI/NT 40, #HEN AR B B A, T H AR KT 40, 4
MAAFREE A X SRR KRB TR I, BUES /N T
0, Kl 7 N A K B E o B AT BLERE,
7 ANSERTEFEAREA R E A 2 5, RTEA Y2
FEME EEEAFIER.

1.2 LcPGM X LceSUS EEHRTEF ST

I AR 2R B AR LePGM Az LeSUS & [ {5
5F Motif FEAT 0 AT 2 BL(E 1), 7Ll i LePGM % Le-
SUS Z ABIEH 10 MAF FIERSF Motif, AN [F

Table 1 Identification of basic physical and chemical properties of LcPGM gene family members

H B LS TR, EARKE(aa) 77 E(Da) R ARERE BRI ARH TERKR

Gene Transcriptome code  Protein length Molecular Isoelectric  Instability Aliphatic Grand average
(aa) weight (Da)  point index index of hydropathicity

LePGMI  TRINITY_DNI12586 606 67912.9 6.31 36.62 85.38 -0.333

LePGM2  TRINITY_DN20225 336 36995.7 5.62 26.64 79.82 -0.192

LePGM3  TRINITY_DN28535 598 67374.8 5.24 38.52 86.62 -0.328

LePGM4  TRINITY_DN33918 583 62823.7 6.70 33.22 93.91 -0.165

LePGM5  TRINITY_DN35067 153 15471.3 4.45 29.72 91.37 -0.246

LePGM6  TRINITY_DN36197 565 61766.1 5.94 26.49 77.31 -0.317

LePGM7  TRINITY_DN42222 602 64876.9 5.42 28.36 82.46 -0.145

R 2 LeSUS J [R5 R 573 56 A% BAL % 57 46 5

Table 2 Identification of basic physical and chemical properties of LcSUS gene family members

F A e A o5 AP KZE(aa) 77 (Da)  SFHA Mg R FHRKRE

Gene Transcriptome code Protein length Molecular Isoelectric  Instability Aliphatic Grand average
(aa) weight (Da)  point index index of hydropathicity

LeSUSI TRINITY_DN09823 419 46390.2 6.87 44.81 79.47 -0.474

LeSUS2  TRINITY_DN27621 507 58237.1 6.56 40.53 85.17 -0.304

LeSUS3  TRINITY_DN48483 799 89074.9 5.89 43.61 86.78 -0.429

LeSUS4  TRINITY_DN49067 268 30421.5 4.79 25.75 100.04 -0.144

LeSUS5  TRINITY_DNS0791 991 110262.9 6.82 45.72 85.02 -0.404

LeSUS6  TRINITY_DNS50996 559 63702.0 5.28 36.01 93.85 -0.231

LeSUS7  TRINITY_DN52189 499 56418.9 7.28 42.81 85.63 -0.446
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Figure 1 Conserved motifs of LcPGM and LcSUS proteins

LR R R 53 P T AL () Motif tH 8- A KA, Hdh 78
LcPGM 2[R 1, Motif 3 7E Bk LcPGM 2 FH 42 (1) 3 [A]
TS B, T LePGM6.7 FELS A IEN R Motif 4514
H &6 8 H 8% K Motif, (HFTEAL s ENASAHF . [H]
Ff, LePGM1 .4 &4 /0 1) Motif #i&, U8 1 A4,
[ FEAE AL S AN AR E] o 1777 LeSUS 2 A H R B,
Motifl 7E 7 M 1 254 I, Motif 7 7EBR LeSUSI
HhFAD 6 ANFER I HBL, LeSUSS 8 T 9 4
AN SRR, A S E I 2 A T
LeSUS4 IUA 3 B EA SR S Mtk . R itk mT DAHE W
A Ti] 32 IR S B AN [ 35 TR i 0, 2 1) 685 A 38 A [
R R B A =D Re i A E B ZE R,
AN Al LePGM K LeSUS Fir £ & 1 2 =7 58 )7 3R B
PGM J% SUS ZZ I i 04 AT e 2 A AR 1 A= 04k 2
HERAEY2ETRE

1.3 PGM X SUS ERE KRR

1E PGM FJEH, BN R 5 N,
H Groupl Wik H 4 LePGMT7, H5/NE(Triticum
aestivum L.) ) PGM R B A S 1 [EJEM:, e
Group4 1 &4 —4 LcPGM4, FIRELE Groups H & HIL
T /> LePGMS, T H Ay =AML Hh A R I, 3%
B B AN TE R — S, AEATS A B 9 TR R M (B 2)
MAE SUS S, 3645 12 NI w4 ok, F 5
i 1) SUS 5 R 4% 1l 23 2 AN [5] 0 fg o, G o
Groupl L% LeSUS2, 5/h# TaSUS6.12.20 B A
B EYERME « LeSUS4.6 #i k4> 2 % Group3 1,
5% K(Zea mays Linn. Sp.)«7XF&(Oryza sativa L.)~ 7]
# B AR FEVENE, LeSUS4 5 ZmSUS6 ¥ & B A
BHERPERAR. MK Grouplo.11.12 A& T

LcSUS5.3. 1.7, 5 1 3¢ (Brassica napus L)~ K 7K
T8 AR I N A AN R BE B0 TR , Herh LeSUSI
B TaSUSS A HEFPATE. AT n] LA H A
A IFJRYER PGM Jz SUS 25 [K 75 2h g BRI AR AL,
A AR C 20 5E RO A AR D e 15 B R HE
b7 L 2 PR SR AE = SR i R AR R AR A E
WA

14FEEMF PGM K SUS KEEREMNRIZEX D

NT A HTERFR T AMNE GA3 /b3 5 & & A
R IEHEE,  FRATR A = B A% s 2 00 5 B R ) R
BB AT IE I HIE (B 3), LePGM1,3 2[RI 7E GA3
Ah PR AR R R RIS R, TR IR AT
A Rk H IR R R E R AR & 42, LePGMS,6,7
AT () 18 B [RIREAS [R] R R8I 8 428 5 TR R AR 47 1)
A %, T LePGM2,4 TU7E GA3 4B 4514 T 2% iR
EHIER, Kb LePGM4 RiE & NG E . £/
PR AR O FE R, GAS JEFEEME R, SRR T
LcSUSS BA e (Rik &, DRI TE & BE o 72
Wt £ B AIMER M LeSUSL,7,3,4 fE X R &
ik B, fEACER A ) B IR A E N, L Le-
SUS3 7% B 2H A i A5 3 B 1Y) 15 4% 8 B 5 R A
Mo SRS, GA3 4bFELH R PGM % SUS 3 [K 7
FERE ANy B A A R A A R I SO AR
DA SR AR 1 T 1

2 1Tie

H T 24 A B DL AR R BOR
DB AL AR BRI ST R, DRI K AN ) ) RE
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Figure 2 PGM and SUS gene family evolutionary development tree
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Figure 3 Heat map of PGM and SUS genes under GA3 treatment and sterile water treatment in Leymus chinensis seeds

P 32 TR X T A A T 42 90 L R, 50 T S DR SR I 25 08
T A A B PR 2 2 R S 2K K 5 0E , AT
Fu i FH 30 (0 B R 56 T 5% S K- %F PGM I SUS
BRI KRB AT % 0E o T 24 AR PGM SR IK 73 1 8%
b TR 2 T 9 A 2 ) b R 3R AT 32 I e, 1 4
Tauberger %5 (2000) A Xt + 5 W PeM FE K HIHF 5% o
TEATE ST, 43 24 PE Blast 5 K 31, =€ PGM
A 16 MER, NESH 124 PoM £,
M F R AR oy 7 A, Hoh 25 /N AE
[ — P b B B ) R . AR IR (2015) i@ i
Xt R Z (Ganoderma Lucidum(Leyss. ex Fr.) Karst.) !

PGM 2 (K #EAT T BR 3R 1A SE 56 15 PGM 2 [R T Bk
2 3 BUREBE AN B A 8 B8 S 2 B 1 ASHIE A TR
TP A 7 A R b J6 i v R LU TR R
T 8 B R SR e 1 £ B Th g, X 5w Fu 45 R —
o AT EIEFREH A 153~606 47, 77T
N 15~67 KD A7, X 52 hell5 55 (2015) A ffi il
— 3. SUS BN K225 m S I pE AT 72
Hh i T RE B A BRI B R R KR, AE X SUS A
FEa MR, KOV 2R S Ex T 7%
E, BIINESFHEREH T 9 A BENEA 5 F
(E&E =5, 2017), & — /NI R B 50, Btk i &
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1t Gle-6-P 1 Gle-1-P 2 [] [ AH B30 % A%, , 33 1 g i3t
TR R A5 R, DR G T 4 R R R AR
Mk AR B T B OCE B AMEA . SUS A& REREAR
T S B A ) — P T e I, LS M T DL R A A
A RTERE IR ARE ST . BERE A B TEAE YR 5> N
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