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Abstract: In this study, we explored the differences in condensed tannin (CT) synthesis and accumulation between
alfalfa (Medicago sativa) and sainfoin (Onobrychis viciifolia). Stems and leaves of the alfalfa cultivars ‘Gannong
No. 37, ‘Gannong No. 7’ , and ‘Elite’ , and the sainfoin ‘Gansu’ were sampled across six growth stages from
seedling to maturity. The contents of total phenolics, total flavonoids, CTs, and secondary metabolites (rutin,
gallic acid, epicatechin gallate, epicatechin, catechin) were determined. In addition, to decipher the regulatory
mechanism of condensed tannin synthesis, we measured the activities of key enzymes in the phenylpropanoid
metabolic pathway (phenylalanine ammonia-lyase, PALj; 4-coumarate-CoA ligase, 4CL; cinnamate 4-hydroxylase,

C4H) and the flavonoid pathway (anthocyanidin reductase, ANR and leucoanthocyanidin reductase, LAR). The
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results show that: 1) The condensed tannin content varied significantly among growth stages, peaking at the bud
stage in O. wviciifolia ‘Gansu’ and the pod-setting stage in M. sativa, while the condensed tannin content was
generally higher in leaves than in stems. 2) The trends in the contents of total flavonoids and rutin were analogous to
those of condensed tannins. 3) The activities of 4CL, ANR, PAL, LAR, and C4H significantly increased at the
bud stage of O. wviciifolia *Gansu’ and the pod-setting stage of M. sativa, indicative of enhanced metabolic flow of
the phenylpropanoid pathway towards condensed tannin synthesis. Among the alfalfa varieties, M. sativa ‘ Gannong
No. 3’ exhibited significantly higher condensed tannin content at the pod-setting stage (P<C0.05) , suggesting
stronger tannin synthesis potential. The results of this study clarify the dynamic correlations between key CT
synthesis enzymes and metabolites, providing a theoretical basis for metabolic regulation of CT in forage crops and
for breeding high-tannin varieties.
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Table 2 Calibration curve analysis of flavonoid compounds by ultra performance liquid chromatography (UPLC)

L& {7 B2 B 1] ml = 7 7 R REL
Compound Retention time (min) Calibration curve equation Determination coefficient (R?)
7T Rutin 20.911 y=6072. 9x+3. 537 1.0000
BT M Gallic acid 7.043 y=30842. 0x—157055. 000 0.9999
F LR R W& THRFE Epicatechin gallate 21.957 y=16244. 0x—60958. 000 0.9994
# LA F Epicatechin 16. 745 y=7278. 50—4627. 600 1.0000

JLZ5 % Eatechin 13.979 y="7794. 4x—25134. 000 0.9993
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> 20 min, iR A BEMLIEBOR A T E 4CL G M. RN ARG H 5 mmol- L' X & GHL , 2 mmol- L~ =R R4
(adenosine triphosphate, ATP), 1 mmol-L ' #fiff A(coenzyme A, CoA), 5 mmol-L. ' MgCl,, 0. 1 mol-L "' Tris-
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W T ANRIEME . R AR &R AL 4G 5 mmol-L 'K 445 %K .1 mmol- L "4 NADPH 0. 5 mmol- L' Hi 4K Ifil iR
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Z A5 5 mmol- L' R .1 mmol-L "4 NADPH.0. 1 mol-L ' Tris-HCL (pH 7. 5) 28 mlv i 28 i, , 52 i if
JNEEE 0. 1 mL, 30 “C/K ¥ K 30 min J& , 76 310 nm &b & WG .

R TN B TR fifk S Tt (P AL 6 1 0 5 < R F R N &8 e k™ . B0 5 g Z2 47 MBS 200K, A 0.5 g R &
A5 WL 1 42 B (polyvinylpyrrolidone , PVP) , B A B 0. 1 mol- L' MR ZE wi [ pH 8. 8, 10 mmol-L ' $i¥ 2
B A1 50 mmol- L' Z % PU Z /g — 4l (ethylenediaminetetraacetic acid disodium salt, EDTA-Na.) |,4 “CF 12000
remin B0 20 min, bW VR N BERL B BOR A T E PAL WM. W RS H 0.1 mol- L MR 2% wh i (pH 8. 8) ,
20 mmol L~ L2 N & BRI W 4 i, S i i % 0. 1 mL, 37 “C/K ¥ K2 ¥ 30 min, 290 nm ) & W G 1H
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PVP 5 ABOAE MO0, 1 mol- L' B2 2% vh ik (pH 8. 8) ,iRA) )5 , ## & 10 min,4 °C 8500 r-min ', B> 10 min, B
EVE L ECON MBS . AR R 445 0. 82 mmol- L7 NADPH+Na,, 0. 1 mol-L " Tris-HCI (pH 7.7), 0. 024 mmol-
L' &M R #E 65 CF M 1 hs FiinA 8% HCI-H [, 6% i #ifs-H B, 78 65 'C R M 1 h (3 i) AS W 4% 56
WA ) s W S5 55 T 500 nm 40 I 2 W61 .
1.6 K ¥EHH
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0 T (176,492 pg-g ') (P<C0. 05) , I 3 58 46 1 45 o Rl 25800 2 T & i v TR, FLHEA, SR AE E 7 25
MR T R A R e, H R A TR SRR N, PORTE, T S R A ] S e . GN3-L
BT S s (72,064 pgeg ), BE R T HAL S A (P<<0.05) . MT B, S E k3 T & 28y
WoEZEIGE LT HN AR T EEER LT,
2.1.2 ARIAEKBISEEREM H 4 ofmEe FRe & SE B, 25 ah Fl i & IR & B ARUIK, Hh
ALF-E-L (% & F R & a5 (79.993 pgrg 1), 3 & T Br GN3-L Ah iy HA f F (P<<0. 05) , it s 30 it 3 95 £
TR i T 25 . BREM B TR & BAEE LTS, BURH & 7 & agks b, B
S 8 & B T 2580 . FLE, & & RiE b E 2 R b s S (. PO I, R [A) S R A I & 1R & it
oAb R B SR AR A A R 2RI R R A AR, W IR T (P<<0.05) s ALF-E-L(103. 503 pg-
g ') .GN7-L(99.955 pg-g )M GN3-L(98.054 pg-g D&, MTHH A EHEABHEETFRETEYT
R, HR 20 G i A e (B 2) o
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Fig. 1 Rutin content in M. sativa and O. viciifolia ‘ Gansu’ at different growth stages

1 Seedling; BR: 23 4% ] Branching; BU: #l# ] Budding; FL: JF £ Flowering; PO: 25321 Podding; MT ﬁii?ftﬁﬂ Maturity. GN3: ‘ H
£ 357 Gannong No.3; GN7: “H 4 75 Gannong No.7; ALF-E: 32 H % ‘K2 Alfalfa ‘Elite” ; GSHD: “ Hilf 4L G % O. viciifolia * Gansu’.
S: 2% Stem; L: M Leaf. GN7-S:  H4& 745" 25#8 {7 Gannong No.7 stem; GN7-L: ‘ [ 4 745 1 &4 Gannong No.7 leaf; GN3-S: & 345" 253
fii Gannong No.3 stem; GN3-L:  H4¢ 35 - f Gannong No.3 leaf; ALF-E-S: 45 1715 K598 X3 AL Alfalfa ‘Elite” stem; ALF-E-L: %461
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‘Gansu’ leaf. T4 $dl #-47T 2 & HL &S, A [l /NG S8 3 R AN TR) S AR W) 38 47 [A] — B 48] 22 % |8 3% (P<<0.05) 5 T [A] . Statistical analysis: All data were
subjected to multiple comparison tests. Different lowercase letters indicate significant differences (P<Z0.05) among cultivars and plant parts within the

same growth stage. The same below.
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Fig. 2 Gallic acid content in M. sativa and O. viciifolia ‘ Gansu’ at different growth stages
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2.1.3 AFEAKBEEEEM TN AURRILEREEFRES®  SENM,GSHD-LIWERILERKE
TG & s (64. 034 pgeg ), 3w T HAL A A (P<C0. 05) , B it ) 30 26 L 25 R W& T R G & 1 3% 0 5 T
ZEH8. BRI, RILER W E FRREE & & U B, 3o dh A K38 i, GSHD-S iy R LA R IR F B IR 7 i fix
5 (306. 830 pg-g '), & @ T A HoAb & R (P<<0.05). BU B, RILA R E FRRAR & AR TREE,
(B 53 it b AT 24 15 5 s /K P o GSHD-S 19 3R L2 R IR 1 MR IR & 5 KA e i (255. 308 pg-g ') (HAH L BR
WA BT R B (P<<0.05), FLIFHI, RILEZRBEE FIREE S |t — L T B, PO, RILEREE FIRES &
TEAS [R) 5 b 18] 4 80 404kt 5, Hod GSHD-S B9 %5 i fie i (94. 692 pg-g '), H g & @ T HoAb 5 Fh (P<<0.05) , GN7-
L(80.743 pg-g )M GN3-L(78.179 pug-g DR ILFRE B FIREE & =R BE . MTHR, RILEREE T
T2 g e A 52 R R a9 (181 3) o
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Fig. 3 Temporal variation in epicatechin gallate content of alfalfa cultivars and O. viciifolia ‘ Gansu’ during distinct growth stages
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Fig. 4 Epicatechin content in M. sativa and O. viciifolia ‘ Gansu’ at different growth stages
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Fig.5 Catechin content in M. sativa and O. viciifolia ‘ Gansu’ at different growth stages
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N3 T A 5 R (P<<0. 05) s Hik o GN7-L (10.783 mg-g ') I GN3-L (8.640 mg-g '), BRI, i & it
AR TFRE . BURHN SR E TS S & BBIA TR AU RS 8T m . FLE, S & &7 4 I J, GSHD-L #23k
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Fig. 6 Total phenolic content in M. sativa and O. viciifolia ‘ Gansu’ at different growth stages

2.2.2 HEETARFEAERKIELE R SR H RN 2005w R S 5 s A& A SE W, GSHD-L 41 43 1 £ 55 il
S (12,485 mg-g '), 35w T HAL & A (P<<0.05) . BRI, 58 B & 2 K R f, GSHD-L AR M e
(7.767 mg-g ") (P<C0.05); AL E 4 M A b ALF-E-L (1. 312 mg-g DA . BURHY, B8 i & kg w7,
EAEF SE W], GSHD-L M@ (10. 479 mg-g ') . FLEHY S 6 H 78 BOH & 8P 6 07, GSHD-L A BF F
R AR Ry e (7. 682 mg-g ) ;GN3-L(1. 789 mg+g ') I GN7-L(1.654 mg-g ). PO B, &8 i 5 i if
— B b, MT B, B BB & R A B TF i, GSHD-L AR e 5 (7. 460 mg-g ). 461 75 4% & Fh b ALF-
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Fig.7 Total flavonoid content in M. sativa and O. viciifolia ‘ Gansu’ at different growth stages
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Fig. 8 Condensed tannins content in M. sativa and O. viciifolia ‘ Gansu’ at different growth stages
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Fig. 10  Analysis of phenolic and flavonoid compound contents in the stems of M. sativa and O. viciifolia ‘Gansu’ at different

growth stages
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growth stages
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Fig. 12 Analysis of phenolic, flavonoid compounds and enzyme activities in M. sativa and O. viciifolia ‘ Gansu’
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