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Abstract: Objective To screen and analyze MADS-box gene family bioinformatics of Angelica sinensis, clone the SOC1-4 gene
and perform bioinformatic analysis. Methods The MADS-box gene family was screened based on the full-length transcriptomes of
A. sinensis, the bioinformatics was analyzed using the online tools, and the expression levels of SOC1-4 gene in different materials
were validated by qRT-PCR. Results A total of 29 MADS-box gene family members were identified from A. sinensis, with 10
subfamily classified and six motifs included; the sequence length of MADS-box proteins ranged from 49 to 422 aa, the relative
molecular mass ranges from 5 697.56 to 49 624.90, and the isoelectric point ranged from 5.06 to 11.00; the sub-cellular results
showed that the members of the A. sinensis MADS-box gene family was located in the chloroplast, nucleus, cytoplasm and
mitochondria; and secondary structure prediction and 3D modeling indicated that there was a similar structure for the same
subfamily. The cloned fragment of the SOC1-4 gene was consistent with the full-length transcript. The SOC1-4 gene were
over-expressed with the extension of seedlings vernalization and plants development, as well as in bolted plants, stems and leaves,
respectively; while down-regulated in the seedlings with frozen-avoided vernalization. Conclusion There are 29 MADS-box gene
family members in A. sinensis, and certain differences exist in physical and chemical properties and structure among the 29 members;
the expression levels of SOC1-4 gene are in accordance with the physiological regulation of bolting and flowering of A. sinensis, The
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results will provide theoretical basis of MADS-box gene family for regulating bolting and flowering of A. sinensis.
Key words: Angelica sinensis (Oliv.) Diels; MADS-box; bioinformatics; SOC1-4; gene clone; bolting and flowering
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T3 (—3 C. 125 d; fRIAEEFFIL) ] ARZET 73
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R AR e R AR R B RIS E N
JH A. sinensis (Oliv.) Diels.
12 {435

A aEEE O (HE[E SORVAL AF); ABI
QuantStudio 5 SEif 5 tE & PCR X (EHE ABI 2
A @B R (R s TER AR A TR
VALIDR
2 FHE
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2.2 MADS-box RikR St 4 BT
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nih.gov) &FAE AU E I+ Arabidopsis thaliana
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LA R AR PR A I ASE FH A sl 20 6O T (Micro
Drop, FilgE THERFEAGRERATR D SR
FH First-Strand cDNA Synthesis SuperMix (It H %
ARG R AR 453 cDNA; FH NCBI
Primer-BLAST ( https://www.ncbi.nlm.nih.gov/tools/
primer-blast/) ¥t SOC1-4 K[ 541 F %1, forward:
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5°-CTGTTTCGACATCGGAAT-3"; 34 /= ¥ F F
1% TAE B IR WHBEIRZ B DK BEAT A0 5 JB2 =S fsf FH 3 i
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AR A R A, FAR B SR 58 J 5% A I BR
Fho PR ve A P A 0 ve B 7T & pHANDY ®-
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T 1B R e B E =2 N R S R DR AR R
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FERIFREMRL: (1) WV 15 PR AR R B
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Un-EB) EFRMAIIIR GEA 1: 1), ffkAKR
BEARE SRS VEANE BN Li 55081 (2) RIA 1
SEAFEARAERKRKER (S1: EHRAKM, S2:
BRI K. S3: MEYIM. S4:
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(3) URIH 1 SAFFEMI (T1, T2 F1 T3) PR
T 3 AR 2 (D URIE 1 5 i = R M R (“1.17
i T2: 0 °C, 60 d il FAL, FrE#aRAK 60d)
AFEEZEE R, 2. 1.

FIF NCBI Primer-BLAST #it SOC1-4 %:[X

gRT-PCR %it5|%), forward: 5-CGAAACGGCGA-
AATGGACTG-3’#ll reverse: 5-CTGAATGTCTTG-
CCCAGCAG-3’, 5I¥& i Fifg e TAY) TR+
RIS HRAFEM. Lh Actin /5P S F: K12,
Wit sl Y75, forward: 5-TGGTATTGTGCTG-
GATTCTGGT-3’ #1 reverse: 5-TGAGATCACCA-
CCAGCAAGG-3>, #| il Fastking cDNA Kit
(KR116, RIRAEMUEHAR AT H 1 cDNA; H)
Fi SuperReal PreMix Plus (SYBR Green) 4T
qRT-PCR Harill, BoAd e Ak 5 e 564 Wi B 4. F
F 27250t 35 SOC1-4 JiE A A M X ik /K 121,
25 Bitoth
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Fz1 HY3 MADS-box EE KRR B RIFER T MAAE L
Table 1 Protein characteristic and subcellular location of MADS-box gene family in A. sinensis

F5 A [FJRIE A CDS KfE/bp HEAFAK/Maa XD THE SHA V21 i e 2
1  AGL14-1 AT5G59890.3 189 63 7 160.35 11.00 M1k
2 AGL14-2 AT5G14740.9 651 217 24 768.39 9.16  4fiutx
3  AGL16 AT1G34460.4 663 221 24 926.41 6.87  ZfutZ
4  AGL19-1 AT5G53280.1 639 213 24 661.17 6.88  4fiutx
5  AGL19-2 AT1G68010.1 639 213 24721.31 9.24 %
6 AGL27 AT5G55990.2 649 216 24 570.04 558  ZfutZ
7  AGL31-1 AT5G55990.2 432 144 16 133.41 8.66  Afiutx
8 AGL31-2 AT5G55990.2 648 216 24 695.12 6.46 iUt
9 AGL65 AT5G64630.1 954 318 36 406.77 528  ZfutZ
10 AGLS AT1G20450.2 723 241 27 846.49 6.22 %
11 AP1-1 AT5G05090.1 147 49 5 697.56 8.35  Zufux. UM
12 AP1-2 AT1G77230.1 1215 405 44 790.06 8.40 i
13 AP1-3 AT1G20450.2 723 241 27 846.49 6.22 %
14  At3g28050-1  AT1G80060.4 768 256 28 381.08 6.37  ZHi)E
15  At3g28050-2  AT3G28130.6 834 278 29 881.93 8.82 Mk
16  At5g65490-1  AT4G31073.1 1266 422 49 624.90 955  mhERAR. AT
17  At5g65490-2  AT4G11780.1 1101 367 12 146.37 9.93 iR
18 FLC AT5G55990.2 651 217 24 839.14 6.25 %
19 J AT1G34460.4 477 159 17 539.96 5.06  4ufUEZ. KR
20 MADSS8 AT3G54480.2 534 178 20 651.51 8.97 %
21 SCM1 AT2G01540.1 210 70 8 095.52 9.86 iM%
22 SOC1-1 AT5G14740.9 651 217 24 768.39 9.16 A%
23 SOC1-2 AT3G02470.4 558 186 21 447.56 9.13  ZHfiu%
24  SOC1-3 AT4G22950.2 651 217 24 939.61 9.28  ZHfu%
25 SOC1l-4 AT1G72860.1 627 209 23861.12 591 Y%
26 SOK2 AT1G80790.3 1089 363 40 264.47 7.78  YUHOAZ. AP
27  SVP AT1G07705.1 690 230 24 845.24 9.77 BRIk
28  TM6-1 AT3G29770.2 537 179 20 962.83 9.05  ZHfui%
29  TM6-2 AT3G29770.2 675 225 26 200.86 9.31 4t
# 2 HJ3 MADS-box ERFEREE AR KL
Table 2 Secondary structure of MADS-box gene family in A. sinensis
75 HH o WEiE % i fEAE HE/% B 7 E/% ToH S #h i Eb/%
1 AGL14-1 131 76.16 18 10.47 9 5.23 14 8.14
2  AGL14-2 139 60.70 24 10.48 12 5.24 54 23.58
3 AGLl6 130 59.09 27 12.27 8 3.64 55 25.00
4  AGL19-1 132 64.08 27 13.11 8 3.88 39 18.93
5  AGL19-2 83 50.00 19 11.45 10 6.02 54 3253
6  AGL27 140 62.50 30 13.39 8 3.57 46 20.54
7  AGL31-1 107 63.69 23 13.69 10 5.95 28 16.67
8  AGL31-2 128 62.75 24 11.76 13 6.37 39 19.12
9  AGL65 43 16.93 35 13.78 13 5.12 163 64.17
10 AGLS8 113 50.00 24 10.62 10 4.42 79 34.96
11 AP1-1 128 96.24 0 0.00 1 0.75 4 3.01
12 AP1-2 123 29.64 95 22.89 34 8.19 163 39.28
13  AP1-3 118 51.08 24 10.39 10 4.33 79 34.20
14  At3g28050-1 144 51.99 46 16.61 20 7.22 67 24.19
15  At3g28050-2 53 24.88 62 29.11 9 4.23 89 41.78
16  At5g65490-1 134 3252 74 17.96 34 8.25 170 41.26
17 At5g65490-2 100 67.11 16 10.74 7 4.70 26 17.45
18 FLC 109 56.77 26 13.54 10 5.21 47 24.48
19 J 22 28.95 15 19.74 7 9.21 32 4211
20 MADS8 127 64.80 21 10.71 10 5.10 38 19.39
21 SCM1 120 71.43 27 16.07 7 4.17 14 8.33
22  SOC1-1 141 61.04 24 10.39 12 5.19 54 23.38
23 SOC1-2 128 65.98 18 9.28 8 412 40 20.62
24  SOC1-3 70 47.95 20 13.70 9 6.16 47 32.19
25  SOC1-4 138 63.01 18 8.22 12 5.48 51 23.29
26 SOK2 108 26.93 53 13.22 28 6.98 212 52.87
27  SVP 131 61.50 19 8.92 13 6.10 50 23.47
28 TM6-1 108 60.34 19 10.61 1 6.15 41 22.91
29  TM6-2 131 58.22 32 14.22 20 8.89 42 18.67
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Fig. 1 Tertiary structure of MADS-box gene family in A. sinensis

BRI, Horh, 1 A suppressor-like, 11 RS
$§ SOC1. TM3. DEF. MADS8. SQUA. FLC.

STMADS11. MIKC 1 SOK; %4, SOC1 5%

AL 5 /> 2419 MADS-box i 51 (SOC1-1. SOC1-2.

3.3 U3 MADS-box BERiEL B FiHaiE
SOC1-3. SOC1-4 fl AGL14-2) ([ 2),

IR 29 />4 MADS-box £ ZX e H b

61 MLLFE FF AT 55 N EHEY N MADS-box A H i it
ITRG LM, FETEARFIMLIME, 145
A~ MADS-box FH A 10 MEEKE, wl0A |

S(J(',

2 HJF. BEFMERZ [N MADS-box EBRFGHLK

Fig. 2 Phylogenetic tree of MADS-box family proteins in A. sinensis, A. thaliana and D. carota subsp. sativus
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3.4 U3 MADS-box EEZREEF DT

XL E 29 2410 MADS-box FE K 5%
. 61 MU 55 % b MADS-box &
I B AT S5 R IR P 447, 45 R 27, MADS-box
AN 10 NMEFE, 5B 2 RGHMM R —
#;, FPHIEH 6 MR AT (K 3); 243 MADS-box
] — 7. 5 M o 1 i 2 7y B s FE AR, o,
SOC1 WK &4 Motif 1~Motif 5; AN [E I 5k
AT PR E R, i, Motif 6 RAF/ET
suppressor-like Y5 0% (& 3).
35 HY3SOCL EHREEHKRZFFIELXT

I SOCL WKk 5 M kift (SOC1-1.
SOC1-2. SOC1-3. SOC1-4 fll AGL14-2) K K EH
B JF ( AINP_182090.1 ) A1 # # # |
(DcXP_017232221.1) 2 /MFh¥y SOCL [RYE & ()i
& 7 MEARBTZTAILR, 4R ER, SOCL
WK 5 N A RS MADS-domain.  1-domain.
K-domain A1 C-domain £ #4y15, H:71, MADS-domain
G s AR SF, C-domain 25 AR S PR (&
4); Bixf SOC1-1. SOCI1-2. SOC1-3. SOC1-4
HEATHE— B H, &8 SOC1-1. SOC1-3 F1 SOC1-4
HEEHBM) 4 ANERIREChE R B HRE, 1
SOC1-2 7& C-domain A 5¢ % ; HH, SOC1-1.SOC1-3
F1 SOC1-4 fIAHMIM: 9 73.27%.
3.6 Y3 SOCI1-4 HE=[E

N T RIER KA 2 24 )9 SOC1-4 Jk (A hig Jk
FEANHER T, HE T KSR SOCL-4 [k
BRI G 514, DLRYE 15 ZhREM A RNA
RT3 cDNA AR, 347 SOC1-4 FE[H o
B . BRI B bk S, SOC1-4 LRy 16 A BEK
/INTE 500~750 bp (& 5); F=#lalii 5 i34 I 7 &
7, SOCL-4 FE[A v K FE o 585 bp; il 5 &K
SR P 3R SOCL-4 AT AR, HR¥E 51
Wit TR b s 5 MY 741 5-590 bp AHALE R
100% (& 6).

3.7 HYF SOC1-4 EEFRIEDH

N Tt BIRAE SOC1-4 JE A A=Y hfg,
AT VAR FE AR SOCL-4 FER R IE KT
AT 7 qRT-PCR £l 57047 25 R Eow, FLELHEk
FERTHE L R MR, SOC1-4 JLpH Fik & L 6.42 %,
AN A=K IR MR T, SOCL-4 J5E R 2232 7K~ i 5 it (1]
FEK BB, S2. S3 M1 S4 IHHIAEN T S1
iFH 2 380 2,16 2.31 F15.79 £i%; AN A FAL HAFH
AR ZE T o AR rp, B HFGER (T2) b
X RFBWAER (T1) SOC1-4 FEFFEKTE
P 3.39 fEmiaRiA, MEARILIER (T3) ABEAEXT
T T1 A3 SOC1-4 FE PR R /K1 2 30 0.48 i [
AEZE S, ZFIAER TR SOC1-4 KR FikK
o L 9.23 A1 4.90 5 (K 7).
4 g

HAT, HEEREBRAR B AREN 2152 H
PIAAE= TR RS PR T B A, AR
RIL, MVAHEE AL Z B NAE (i, B WA
HR/NEED RIAME (Wi MR+ 5R4%) 2
BRI sz 22, thah, IR0y “ARiEt H A7
YD, BRI FE 5 A R N A 5 A A 0 20 [ B il
ARARIRBFAE K H 2, REmRRN,
MADS-box JE K 55,  JEH & AE 4 i K FLC Al
G SOCL, fEMYNAERAS B 7 AL AIFF AL (7] 1
AT T E B QTR AL, R4E MADS-box 2
DR K TG AE A AR AU, B T S F At R A 5 AR
TER ST TIRABIEFL, SRR 2 IR 4 Vb )
VDRI i WARIE . AR T RIS A 4K
BN E, RIA 29 4~ MADS-box &K 434 T
10 /MR, P E BT 505 H 6 MRSF T,
Hrb, WHEGEA 5 M 55k, &% SOC1-4 J
RIEAT 1 B RIS A, NESHRIT SOCL #£24
A EE T AL 5 TR0 5T BE e T Rt

A EEIF A DEF. STMADS11 Al
TM3-like %5 12 4~ MADS-box W55, L2

#*3 MADS-box ZEBH R 6 MRFEFREFT
Table 3 Six motifs and their conserved sequences of MADS-box proteins

27 K& /aa R5F 751
Motif 1 50 IKRIENKTNRQVTFSKRRNGLLKKAFELSVLCDAEVALIIFSSRGKLYEF
Motif 2 29 SLSIEELQQLEQQLETSLKQIRARKTQLM
Motif 3 29 QQHLKLETAKLKKKIELLZRSKRKLLGEG
Motif 4 29 MEQIEZLQEKEKLLQEENKRLRKKIKERE
Motif 5 21 SSSSMEKIJERYQKYTKDDRS
Motif 6 50 WTLPIFHANGWSYPWGIAAVGGTNVCLRKFDAPLIYRLIRDHGVTHMCGA
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Fig. 3 Conserved sequences of MADS-box proteins in A. sinensis, A. thaliana and D. carota subsp. sativus
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