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Study on Key Enzyme Activities of Photosynthetic Carbon Metabolism in
Soybean Varieties of Different Evolutionary Types
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Abstract: Photosynthetic carbon metabolism is the basic physiological metabolic pathway in soybean growth and development,
which has an important impact on its own yield and quality. In order to study the photosynthetic characteristics and the
activities of key enzymes of photosynthetic carbon metabolism in different evolutionary types of soybeans, we used wild, semi-
wild, semi-cultivated and cultivated soybean varieties as experimental materials. The changes of photosynthetic characteristics
and the evolution trend of carbon metabolism in the evolution of soybean varieties provided theoretical basis for breeding and
utilization of high photosynthetic efficiency of soybeans. The results showed that the net photosynthetic rate, stomatal
conductance, transpiration rate, RuBP carboxylase activity and chlorophyll content showed a single peak curve in all types of
soybean varieties. The maximum net photosynthetic rate, chlorophyll content and RuBP carboxylase activity of the cultivated

type was 24.2 pmol +m ™2

+s7",99.9 mg-g™" and 4.5 pmol - g™ min~", respectively. The activity of sucrose synthase,
sucrose phosphate synthase, starch synthase, ADPG pyrophosphorylase and UDPG pyrophosphorylase were significantly higher
than those of more wild, semi-wild, semi-cultivated varieties at R2 stage, which were 203.4% , 67.8% , 49.2% and 192.5% ,
142.4% , 131. 1% respectively. The activities of enzymes related to carbon metabolism in leaves of all types of soybean
showed significant or extremely significant positive correlation with Pn at V2 and R2 stages, but no significant or negative
correlation with Pn at R4, R6 and R8 stages, with the evolution of soybean varieties, the photosynthetic carbon assimilation
ability of leaves was improved, and the activities of RuBP carboxylase, sucrose synthase and ADPG pyrophosphorylase were
enhanced to a higher extent. The results can provide a theoretical basis for soybean breeding and high light efficiency
utilization.
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Table 1 Soybean for the experiment

eI i HEH W eI H A HEEHM
Variety type Variety Growth period/d Variety type Variety Growth period/d

LN 7yd02164 135 B NG 258742 5 Cha wild soybeans 136
Wild soybeans zyd00655 132 Semi-cultivated H R EP A H Qingpi wild soybeans 135
2yd03174 130 soybeans )12 BFH E Boli semi-wild soybeans 140

HFERTT 7\ 5004 Gong5004 140 IR FH A4 16 Jinong 16 132
Semi-wild soybeans 2\ 546 Gong546 143 Cultivated soybeans TR 41 Jinong 41 129
2\ 504 Gong504 145 4% 48 Jinong 48 124

1.2 REngit
I T 2022 45 5—10 AERKFE iSOl K
FHCFERMIT R D (43.53°N, 125, 1°E) i#ff7, 3%
RN+ b 1H45]  pH6. 9, 4045 26.9 g-kg AL
Ji.1.64 g-kg ' 4%.0.86 g-kg ' £ 120 mg-kg '
A% L 161 mg-kg ™" HUSWEF 122 mg-kg ™" HEH
KA R R LXK iRk, 1R 3 K, B
SR FPRIRE 5 ATVEN 1T ASNX A7 S m, 175 0. 65 m,
N TS, H R0 A 1 B R S H (R 48 B8, 40 0l 7
HII(V2) B (R2) 45340 (R4) (BRI (R6)
U (R) BUEE Rk I B, & T A+, il =
- 80 CUKFEE& M, A 3 EE 5, Pk 3 4
KA A A SCHE bR BT 31

1.3 MEIERFE
1.3.1 k&K% R EA9:00—11:00,

fHH 1i-6800 fH# XA (£ Li-Cor 24 H]) , ik
BRGIREM BB e &R (P) AL TE
(Gs) JHIE] CO, ¥R (Ci) FMZRIEHR (Tr) , W E G

54 1200 pmol+m >+,

1.3.2 RuBP #ACEEEE  FRELO.5 g BEE, IA
2 mLISERE LY, Ml B0, A1 K& 4 RS
i ug  JE T 20 000 remin ™' 4 C B 15 min, B
VA, BIEERL PR, RN AR R AE 340 nm K Ab
H R G BB R 3 E M E 8 0.1 mL RuBP AYMEIR —
SENE A R b, SE 2 R AT, A 30 s D i
1k, B 3 ming, AR O ~ 1 min BIEENDHY
AAXHE B,

1.3.3 vFzZ&  FRELO.1 g AR, SR 58 Hoilt A
10 mL 95% [ LIErh  PRRFIZHE 12 h, LA B KRR
PET 4 HITE 665,649 F1470 nm P, {# H
95% L BEAE RS TIOR8 TR e R

G
1.3.4 2R AR £ BT EEMES B (SS) .

0.60 mL WK Z % 0. 15 mL 200 mmol - L.™" Tris-
HCI(pH7.0) .0. 15 mL 40 mmol-L_lMgCl2 .0.15 mL
40 mmol -L ™" 54# 0. 15 mL 12 mmol - L' UDPG, il
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A—E =K ,30 C/AKIBFY 10 min, A 0.20 mL #RIFHIEE A= SEEF2E FI2E AR B R 95 102.9% |
2 mol - L™ NaOH, ¥ /K ¥ 10 min, ¥ 1, F 0 A 72.5% f125.4% (K 1D),
2.8 mL 30% HCI %% 0.8 mL 0. 1% [~ ,80 C/K ] . - .
1410 min 75 480 nm 3 KAEWEBOLIE ™ e o femid
HEHN £ U (SPS ) A 2 L 2 3 e T
Z™,40 mmol - L' F-6-P # B4 40 mmol - L ™" 5
B, H A I 5 Tk 34 ) R il
ADPG £ FR LB ( AGPase) ﬁ(HXIJ‘I‘H“ 0.2 g,
SRIGHFELA 10 mL SRR  WFES £ 510K R I
1£ 10 000 r+min " B5.0> 10 min, 153014 5B AARRD K
FHBG . K5 550 wL AHEGHIN A 100 WL B 5 W
o AR A TR Y 20 min, PO WR R EVE TR

0

47\

72!

HAE A
Net photosynthetic rate/
(umol CO, m?s)

L s

v~~~ /3

Lo A

2 7

500 L, 100 pL KW ,30 °C S 10 min, 2R 5 R2 ¢§3¢;@ R6 RS
fJﬂf\%YﬁF@Z mL,Tj—: 340 nm (ﬁﬁ&i(ﬂﬂﬁ"z%ﬁ‘ﬁf?{m o Growth stages
TEM B U (GBSS) BRI 75 ] ADPG £E M 081 B
AL, 76 180 pl SRR HIA 100 wL HEEHE , 3 07 ?
7£30 °CF RN 10 min J5 T K & 1k U, 44, §% 061
E LSRIKR A 100 L. SR SEHh AR R R BEE 001 0 :
BID, SRR UL W 350 wL, B 300 wL R L, SLENNEE I 3
30 °C 10 min J&5 , ITAZE & 2 mL, 7F 340 nm g% 0:2_ § §
KA I 52 WG RE N § §
UDPG A5 fLA (UGPase )  FRIUH 1+ 0.2 g, 44 o LA M
JEINA 10 mL 5922 W 7553 WS 7E 12 000 1+ min ™' R2 ﬁzg:j‘ﬂﬁ R6 RS
%‘E‘&) min J:/jﬁz{& Eﬂj‘j*ﬂ@ﬁ{&o 0 0.05 mL E'J*ﬂ Growth stages
B T RS A W, SR 5 0 0. 05 mL (14 :gg ¢

BRERAR , 7F 340 nm AR EWOGEE
1.4 HIESH
{6 1 Excel 2016 F1 Origin 2018 %K {4 4% J %5 4

350 17
300
250 1

HalElCO, ik e
Intercellular CO, concentration/
(umol CO, mol™)

L e

KIVEEIF2 35 SPSS 26 #4740 314347, K Bl LSD 200 1 | %
WA TS 5% 5 19 2 109 5 HE 25 o0 |
o
2 BEREHH oL I\
R2 R4 R6
2.1 AEHUEBEAERMITAAGESHNESR B
B e 7 3BT , A A 2 K i o p vt
Pr SRS I 1L RO TE R ), B/ 7] ;
Eri\ﬂéﬂzin%nﬁinﬁﬂu#j17.2,19.9,21.0%11 LA N
242 yumol -+~ bt B BB B set 5] | f
%ﬂﬂéaﬁkimm.ﬁj 40.6% 21. 6% F115.2% , %4k ggg 414 c
FEIRE S P TS, 5 T R 22 5 3 (A w22 Il
TA) 4 FEAUKSL R Gs LIS Po AL, 2 20 |1
AU FAE R2 0] FERE A T ) G I M gl

AL < AREPAERY < APORIE R < RSB TE R2 \R6 HI 2
RS 1A 192 52035 (1 1) o ALt fL GEH

b Cp 3R H =P o
SELAnFRAY Ci sz%f%ﬁﬁsﬁ%‘ R4 ’ﬁﬁﬁ VA /NG BRI IE 0.05 KT 225t B, T,
/ﬂi& ,R2 R4 1 R8 Eﬁxﬁ%ﬂﬁﬂnnﬁ'aéﬁﬁ‘% Note: Different lowercase letters indicate that there are significant
( Fé—] IC) ° T /l\éEﬁﬁ}q W Tr E@ %’Hﬁ%ﬁhj‘j%iﬂ differences at 0. 05 level in the same stage. The same below.

<
)
=

J5 TR BR R2 1, e A i WIS ) it e ) 25 5 0 Bl AE#HUEBRAERFAITRAXESENER
A Fh Tr 7E R2 ,ﬁﬁl_ﬂfij(ﬁ,;éﬁi% BpE cRET A Fig.1 Comparison of leaf photosynthetic sparameters in

TR 6.9 3.4 4.0 F15.5 mmol+m 2,1 soybean varieties of different evolutionary types
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2.2 AEHUKRBXERMHAALEHENER
TEREA A W N A [R) AR 28 LK &2 F RuBP
FRACHE TS M S g A5 1k, R2 A1 R4 1 4 Fh 2 A
()R T o ) 22 5 i 2 Bk 3% B RuBP AR AL i
PEfe s, 76 R2 W), WP A CREPA: SRR B AR B 4
WA 1.4,2.2,2.5 F14.5 pmol-g ™" ~min ", & A
FIFE R2 0, 40 I 5 9 A | B A R A % o o
221.4% ,104. 5% F1 80. 0% % ; 1¢ R4 1, 43 5l 7=
208.3% .110.5% F178.6% (K 2A) , M4t R & &
R AR, R ME Y BAE R2 3, Rk 85 i o
GERTEDER T M, 2315 85038
BpAz o WA P AR S AR 30, 7% (15, 5% F
12.2% (&1 2B)

2 ¥ 4 Wild S84 Semi-wild
B F T Semi-cultivated [T 13#83% Cultivated

51 A

RuBP# A6 B 1
Rubisco activity/(pmol-g'-min)

V2
A H

Growth stages
140 _

120 | .

100 | . L

MR EE
Chlorophyll content/(mg-g™')

R2 R4 R6
FEE

Growth stages

B2 FEBHLEBKERH RuBP RLENFE
FMHERESEMNLLER
Fig.2 Comparison of RuBP carboxylase activity and
chlorophyll content in soybean varieties

of different evolutionary types

2.3 AREBHUEBR KRS mAH 5 EENGHE K
R ER
TEREA A B W AT 2SR RS2 i SS Bk
B AR Ak, AR IS R T R, V2 R2

F1 R4 1A R IE] SS TG Mk 22 5 3 AR B AL Rh AR
BPAE R EFA AR AR R AE V2 B 40 207, 1% |
88.3% M153.7% ,R2 W43 %l 203. 4% 67. 8% Fi
49.2% R4 W50 91 175. 1% .46. 6% 1 37. 5%
(EI3A), SPS G PR i i 4 AR A ka3
Az AR B SRR T R 22 S Rk R SPS
Mg iE R . R2 R R4 AR BG 5 Fb i 3 5
B AP, R2 W10 BB B A 2 B A D R B o A e
56.2% .44. 6% F1 33. 4% , R4 W43 5% 70. 2% |
31.8% F113.7% (& 3B) .

24 wild J 84 Semi-wild
B 33 Semi-cultivated [ #2%% Cultivated
A
0.100- .

0.008 -

0.006 -

0.004 +

(mg sucrose-g™')

0.002 4

FEWE & B T
Sucrose synthetase activity/

0
V2 R2 R4 R6 RS

A4 F I3
Growth stages

V2 R2 R4 R6
AR I
Growth stages

Z B
2 0.008
Q a
# S 0.007 B
E £, 0.0061
X 52 0.005-
0o § 0004
gs3 ]
5o 0003
w2 E 0002
: 7
i 0.00117
g 0
3

3 AE#UERKE RAEES R EE
FEAEREER & AU B TE MR LL B
Fig.3 Comparison of sucrose synthetase and sucrose
phosphate synthetase activities in soybean

varieties of different evolutionary types

2.4 AREBUERXE R FiEHKBEHEXE

EENESR

A F WA RS R R 5 i A GBSS 1 14
S LR TR W BLZE R2 100, BF
Az CPEFAE AR R R SRR A3 5h 69. 6,83 4,
98.5 Fl 114.0 U-g~', AIHMA 5T A 25 W
F AR A GBSS Wit fe i o AR S A GBSS BTG
PEFE V2 09 43 0 65 BT A= | B 2 R0 AR 8 O R
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48.2% 31. 1% F1 13. 4% , R2 W43 W55 63. 7% .
36.6% 1 15. 7% , R4 733l 5 62. 2% ,30. 5% F0I
13.2% ,R6 HA4> 55 84. 1% 30. 6% 1 2. 5% , A
PP 22 5 3 (B 4A)

AL F WK AN ADPG £EBERR (LB 15 1
Fm T HE MR, g 28K G5 R ADPG BT
PRt 4, 76 R2 WA B & KAE, BF 4 R
A AR BT RN AR BE A Bl AGPase 15143 WA 52. 6,
63.5,66.6 f1153.9 U-g~', #k¥5KE AGPase B
P 2 TR AR KRS 7E V2 R2 R4 R6 Al RS 143
SIE 152, 2% . 194. 1% . 217. 4% . 151. 1% #i
169.7% (K1 4B) .

AL F W UDPG fERERR AL RS MR R 258
T T RS AL, AR 55 Fh UDPG BRI fL BTG 1 5
Bk SRR CEAREEA W 225, 7E R2 A R
B gk BE FARRE S AP UGPase 151437110 85.9,
104.5,105.2 f1151.0 U-g ', R4 HAHR & & Fh B 2
o T S A At B A | Rk 5 AT AR
5 72.4% 78.0% F196.9% (& 4C) ,

22 %14 Wild EI4 ¥4 Semi-wild
B 303 Semi-cultivatedT 1 #2235 Cultivated

160 |
140 |
120 |
100 |

60 | b
40 |
20 |f

ADPGEEBE R AL B 1k

AGPase activity/(U-g™)

DI e

AN
Growth stages

160 - .
140 -
120 -
100 A
80 -
60
40 -

20 1
17

o

UDPG =B FR {0 BT 14

UGPase activity/(U-g™!)

D200 e

AT
L
AIIIITINNNe

ZWN

R2

N

<
)

R6
E LR

Growth stages

4 AEFHEEB KRS ®mMIENSREE ADPG £
BV EEFN UDPG BB L BBiE R LL &

Fig.4 Comparison of activities of granule-bound starch

= A
‘3 120 4 a synthetase, ADPG pyrophosphorylase and UDPG
2 100 pyrophosphorylase in soybean varieties of
= _§ . : different evolutionary types
E5_ % A d g : 2.5 FREBLEB K SRR EE PSS E
S 7 7 sy e y
EES o0 §§ N A ¥ TR AR 5 S A 3 E
2 ool BT 2 N 2
3 0 / 0 N Y _— e
: Ll AP P 52 R R A 709109 1 503 B 0 (P <
2 N m\n . e, VAR
© L L o-oon, s e 3 w3
© V2 R2 R4 R6 RS Bl M 5 VG B B R AZ S RN Y S R (P < 0. 05)
CALE T B WIS (P <0. 001) , —#XEOLE
Growth stages L .
AR HAEH R E (P <0.01),
R2 AEBFHERKXZNARREEF X E S E RN EHE KB Z T 20
Table 2 Interactive effects of different evolutionary types of soybean and different growth stages on
Pn and enzymes related to carbon metabolism
WH
df SS SPS GBSS AGPase UGPase Pn
Ttem
Al Variety 2 191.975*** 238.193* "~ 162.402***  5505.409 " ** 2021.193" "~ 3.742°
HFH W Growth period 2 463.705* " * 61.303" " 1257.888 """ 1090.256* ** 1999.480 " * * 37.460 " * *
AP x £ F W Variety x Growth period 2 6.966 " * " 13.936 " * * 77.571* " 198.759 " * * 148.026 " * * 2.802" "

W RPEEE R FAE, R R TE P< 0.05.P < 0.01 Fl P< 0.001 /KAF7E i sl i g 3 BLpE

Note ; Data in the table are F values; *, ** and * " *

respectively.

indicate significant or extremely significant interactions at P <0. 05, P <0.01 1P <0.001,
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2.6 MRESXEERSHABIHEXENHEXE
R 3 PR e V2 ], e A 2R s et
WA A OGR4 S Pr B IEASE, 75 R2 1S
Pn BB E EMI EF M SS S Pn 2
TOAHDE B S 3 B A 2 9 A K G A AR B e
WA DG B IE M S Po BORH DGR AR B3 Ak B

KGRACH A BTG ETE R4 W15 Pn MOAHSCPER
BF EAFIEDY GBSS AGPase . UGPase Vi1 5 Pn
H A 78 V2 FI R2 3 3R R SS it S
Pn 524 25 B 1 3 IEAH G 7€ R4 R6 Fil RS ],
SPS .GBSS ,AGPase ,UGPase 1§ 1:¥) 5 Pn 5 B & 5%
M 2 TE AR G

R3 TRBAEXBXERMHMHAFHBAGHEXBSSLEERNXR

Table 3 Relationship between leaf carbon metabolism-related enzymes and net photosynthetic rate

of soybean varieties of different evolutionary types

r AR A AEW
Variety type Grouth period SS SPS GBSS AGPase UGPase
UZ P NISA V2 0.683 " 0.734* 0.681* 0.576* 0.581"
Wild soybeans R2 0.736* * 0.821" " 0.731"* 0.722"* 0.785"*
R4 0.711 0.561 0.658 0.693 0.636
R6 -0.495 0.338 0.436 0.648 0.558
R8 -0.605 0.268 0.592 0.702 0.706
REPAE IR T V2 0.654* 0.648* 0.593* 0.598 * 0.649*
Semi-wild soybeans R2 0.678" * 0.867"* 0.845"* 0.884"* 0.802"*
R4 0.626 0.513" 0.627 0.614 0.623
R6 -0.421 0.457 0.568 0.633 0.586
RS -0.5% 0.615 0. 645 0.573 0.648
R #: NI V2 0.612* 0.682* 0.728 " 0.683 " 0.715"
Semi-cultivated soybeans R2 0.732** 0.755" 0.824"* 0.856"* 0.831"*
R4 0.575 0.534 0.603 0.771 0.686
R6 -0.824 0. 662 0.526 " 0.635" 0.718"
R8 -0.632 0.742 0.661 " 0.582* 0.726 "
FeIERIR 5L V2 0.715* 0.685* 0.503 * 0.784* 0.684 "
Cultivated soybeans R2 0.863" 0.924* " 0.915" " 0.926" 0.915"*
R4 0.752 0.843 " 0.726* 0.751"* 0.744
R6 -0.463 0.552* " 0.704"* 0.637"* 0.697
R8 -0.525 0.634" " 0.581* " 0.702* 0.592**

e A A3 IERRTE 0.05 F10. 01 /KSFA7 b 25 FIb B 25 AH 1

Note: * and ™~

3 i

JeE VR Y™ A B, R e
RN LU A O AR L A RCR R R T
BOr i S ks, R R SR Aot S e
SIEMSES SALE A 1R e H
4, Gs B2 58 K CO, E A KA Wy PR 40 i Y BEL
S G AE T RO B 1,5- T BERR
BB R AR , & A LRERS ] CO, B[ %E | L REFR
il B Z 18] Calvin JEIR MG AR ER 89 707, HLI
(3R 55 B TOGA 2 FEARR s B

indicate significant and extremely significant correlations at 0.05 and 0. 01 levels, respectively.

EET MR, K Gl Pn RuBP RAGHEIE M2
S ETHE T RER A, R2 1 HAT 35058 A ik [A] 1k, 1X
AT RE R e A B A K AR K AL A s P RuBP &
BGPTSR B, AT B2 K I LS i
HiZHiEE, FEOCA TR, TRoRBEE EF
FERW, AN E K E A SRR RuBP 32 AL RS 1 A7
2 BV ERCE RN BB A VR R 55
ZM R Gs Tr FEHRF RS ERE Y AR RN,
BIE KGR oG R e E & i RuBP R
AT T35 A A6 14 T U B B R L R R A o
AT Bk, e A e ), ARG

ap4
HETS
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FEWI GG VR ™ A= 0% B 2 TR A 7 3 301 4 i o
T 3 S TR G R 1 AR A Y BORERE  HE R
H R B2 (0 TR G SRR 3 i BAR R ROk R R 7R N
it BERRR Rl s D e AR, S EuE AR AR K
k220!, SPS RN SS i b A, AT LA O E RS A
TFHB BB A7 25 B %, LAk Wl i A A 1
AR TR FEAE Y B A R Yt
WS R A A1 4 S E S SRt i SS SPS 1
PRI AR S T AR A A A [R) S 70 R 3 o
P G TG R 24 A 22 5 . FEARWEFE Y, ARl AL
FEHNK G A Pr B A AR SC BTG PEER7E R2 1)
KB RAE, S 2 R RS, SS Fi SPS 1S Pn
HEWFEEME, AN EN R2 KT T4 A
1 S B e A5 R G Tl P = A R R A
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