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Abstract : Isoflavonoids are important secondary metabolites of soybean and involved in the interactions with pathogens.
2-hydroxyisoflavanone dehydratase (HID) catalyzes the dehydration of 2-hydroxyisoflavanones to the formation of stable isofla-
vonoids. HID belongs to the Abhydrolase_3 gene family, which is involved in plenty of functions. To study the evolutionary
patterns of Abhydrolase_3 gene family in soybean, 62 Abhydrolase_3 genes were identified from soybean genome. Tandem and
segmental duplications are the primary duplicated patterns of this gene family. Based on the phylogenetic relationships, eight
subfamilies were classified. Subfamily I contains the largest number of genes, in which several times of gene duplications oc-
cur. Genes in different subfamilies were characterized by distinct patterns of motif combinations. Genetic polymorphic analysis
showed homologous genes in subfamilies I, III and V possess a higher level of nucleotide diversity, and experience a relaxed
selection pressure. The expression analysis showed that genes in most subfamilies except II and IV show high levels of expres-
sion in different tissues, and the expression levels of genes in subfamilies I, III, IV, V and VI were induced by pathogens.
The results showed that gene expansion and functional divergence exist in subfamily I, which contains HID, and that genes in-
volved in the interaction with pathogens possess higher levels of genetic diversity and the expressions are induced by patho-
gens.
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75 (Vitis vinifera) T (Arabidopsis thaliana) ,2 4>
BT A : 7K ( Oryza sativa) 75 32 ( Sorghum bi-
color) HL X, %858 HAL & 1Y Abhydrolase 3 H:[R itk
BUBT o B 2H 8 FAH R B T B 28 H - phytozome
( https ;//phytozome. jgi. doe. gov/pz/portal. html ) ,
{F 0T Ik 2852 Abhydrolase_3 FER G . 1
5E, LA Abhydrolase _3 45 14 35k 1) &2 & R — #0751
(Pfam: PFO7859) VE Ay [0l 1 741 , 75 AH I F) S R 4 v
YEfT BLASTP,E (5% % % 1. 0, SR J5, 7 PFAM
HMMs X} 8 [ F 5047 43, 1.3 VL BE Abhydrolase 3
ZER IR R RS AR
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X} Abhydrolase _3 J PR 58 1 i 5% 7 HE R 20 1 1Y
FLE AT A, BRI I E A ARAR 1Y Abhydrolase_
3 JEPE]BE <200 kb B AT ) R DA A e R
H FAE Y 5 R 41 52 8508 2 ( Plant Genome Duplica-
tion Database PGDD; http://chibba. agtec. uga. edu/
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JE A0
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{#i F§ MEME ( multiple expectation-maximization
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14 A2 RNA-Seq $idls , 05 3 MEFRAL(R
FIARSES ) A1 11 A [R) & & I 0T A AR 5 AR 1 2H 21
(A6 EFPp¥-) o BEPITEA[A) 2H 20 e 5A 5 2
HEALAL B, BV 33K 4 (reads) /K JE (kb)/F 7 (mil-
lion) (reads/kb/million, RPKM ) £ log,, %% 1k, a0
RPKM =0, I log, {Hi% N -3, KREUBHIATRIE
Bt A ) 3¢ 35 5015 2 (plant expression database,
http ; //www. plexdb. org) T 7§ (% GM2) , %Ik
I FH R G R R 2 26345085 A (genechip soybean genome
arrays , Affymetrix) , 82 & Rpp2 iR K &
BUmAE R P1230970 FUA S Rpp2 i A 1 B
THAR Embrapa-48 , 7£ 85 I ( Phakopsora pachyrhizi ) 12
Yefg 7 d B 10 SRR AS (6, 12, 18, 24, 36,
48,72, 96, 120, 168 h) , RYLHIRIZ LR EIM
BN FIXFZAL, og, GRIRA/ X IRAH) 1 =1 1Y
JEPRBA N 3k i I A R 1R
YL J5 fHEA B TUAS I ] g b 2R 58 i A B i
SRR Ry 32 BN T B K AN 2 75 R B D N TR B TR
YL T ATART — A B[] i 5 PR e A s AR K AR W i
s, FiAEE L A Cluster 3.0 I Java TreeView
116 B LAAA DR 202 B, H v 20 48 Fn & 6,53 )

AR IR A
2 HREHH

2.1 Abhydrolase 3 EFFREHLE

1T HID 20K 57 S5 B A 38 (i vy o L]
J&F Abhydrolase_3 FE N ZE0% , N LT 56 #F K5 ( Gly-
cine max ) P 4T Abhydrolase_3 RN F G K E ., TF
KA E H 62 4~ Abhydrolase_3 LK, H i 30 4~
FEA (48.4% ) & Wk & 7 A, 43 A B
(69.4% )t B S il Ao S 7 5 H B HE,
TESCTL VE A L #4  UE IT K R A e v g )
E H 39,46,38,23,69 F1 66 > Abhydrolase_3 F:[H
UEAZ B e e Y bWk A4 T R [ R
AUFERYHE (R 1) o HE— LR AE
YRy SR LM, R EMY TP A
30.4% ~71. 0% H)FEIN i B RS 77 4, A 19. 6%
~38. 5% Ry A o1 R BeS il ARy . mT L, HRER
SN R Be S il S A ) Hh Abhydrolase _3 K PR 58 T
P 2y b 7R R b e B R
Py, REm R BER P ERERRZ, XS
Z RIS —55 7 AT BRSOk T I A A T A g
N A e

*1 AEHFh Abhydrolase 3 EEREMNEESE

Table 1 Number of Abhydrolase_3 genes in different species

. KA ERICEHIECE (Lo fl) R B E I ()

Species Number of gene Number ( percent) of Number ( percent) of

tandem duplication segmental duplication
KH Glycine max 62 30 (48.4%) 43 (69.4%)
32 . Phaseolus vulgaris 39 21 (53.8%) 15 (38.5%)
B %5 Medicago truncatula 46 29 (63.0% ) 9 (19.6% )
W% Vitis vinifera 38 21 (55.3%) 9 (23.7%)
URGTT Arabidopsis thaliana 23 7 (30.4% ) 8 (34.8% )
IKAG Oryza sativa 69 49 (71.0% ) 15(21.7% )
FE % Sorghum bicolor 66 44 (66.7% ) 21(31.8%)
JE B Total 343 201(58.6% ) 118(34.4% )
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R RE PRI R T — A SR R AE 5, PRI M 50 A K A IR
BORFR NG R .y T 25 A I S5 R TR A
SR, 0 N G I S 5 R A R B2
MBI o ANER 2 AT LI Y, A M2 SR A0 25 %
IS Y B 0B A2 1 0 B A il R IR, HG R TR
FlRZ 505 T A5 A3 1552 ) AR B A2 i i A
WIRZ PRI 14 R 13 AR BT SR I TR
Fr B
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Fig. 1 Phylogenetic tree of Abhydrolase_3 gene family in soybean
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Table 2 Gene number in 8 subfamilies of soybean KGR G R & ,*@@T 7 ALY Abhydrolase_
S eI A A [ 3L RGEAAM (K 2) o RG] UL,
WETE umber  Number of tandem  Number of segmentad 7 7T IIHE R R SRR — B0, Y HE 8 AW
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T 70% ;XA Re 5K L PR ER KR ERA
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I 4 0 4 Horp D ARERRT A (R S E A A
AR TT) 533, M AR B 7~ AR ) (KRR 3 ) 4
Ko ATLAIE 8 AN G5 14 A 5 B A ) R XL
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M) ORFEANE ) o
D: Dicotyledon ( Glycine max, Phaseolus vulgaris, Medicago
truncatula, Vitis vinifera and Arabidopsis thaliana) ; M: Monocot-
yledon ( Oryza sativa and Sorghum bicolor) .
2 7 ¥4 Abhydrolase_3 & [F K ik R i L i
Fig.2 Phylogenetic tree of Abhydrolase_3 gene

family in 7 plants

2.3 Abhydrolase 3 ERERGEEH ST

AT it FAR K T AN [R5 L Y
TRSFIF3, 18 FH MEME 50032 35 R 5% e HAT 10 2 )7
(motif) , I 43 B B 4~ 3 5 5 1) 35k 1 20 B 1 B4R
BRI T 50% P AR (K 3) . 3y
1.2 Fl 3 AR BEA 5T i A0 R 35 15 F 66. 7%
Ui B S L 7 Sk AN [R] W 58 % 8] A [R) 47 78 1 f <F 3
J¥ o Abhydrolase_3 & [N 58 J — e A0 % - 57 19 GX-
SXG I HGG 25k, 5 b —3k i &, HGG H1 GX-
SXG F 44 0 TSP 3L 2 F1 3 b, R
WA Ry . HARF (7 4 ~10) AT
BEASEHW R, MR ARG
FORENAESY WA LA IV &3P 1 ~9, 31
FE A EF BRIy 7 F 10 SMWIHEE 8 AL F, W
FEVAERET 1 ~7, EEKE VI A 5ERIET 9 Jb
HHE 9 NEF, WA G VI & 37 1 ~8 17,
W VI AL EA 1.2.3 18 pUAN3E)y, alLLFE
WS 1~ VIL RS540, 3 Hoe 250t
FE T M VI 5 HE R A A 35 5L
X5 2 AP 1~ VIL A VI K43k A [ 4340
—F P B AL, B IR IR SR B S R B LR
{ELIE 5 A HES T 76 AS )30 52 5 b AT A s

B
NS  NAVIVIVVSVIDNIYR(LRIAPEHNJRPILYJPAAY[DEIDGSWIE DJALKWIVLIAS[QH]
[NHE  KKLPILVILVIVILIYFIFHGGIGAJF CIFIIGESISIAPIFAJISWIPXY[HDINFICLINR]
[N (AGIDFSIRKIVCIFYILIAGIGDSIASIGIAGINIAHINHIVLAILVIR
[KRIVILXGLIVIILVIHQIP[F YIF[GWIGIESJEKIRPIT[GEISE

Motif5 [RKP]IVTILV[CVIVA[GEJKDLL[RKIDR
[LPJPEGX[DGIRDHPAICIAINP(FL]
VS[STIKDIVIVTIDNIXXTN[LTVISWIALIR[ILIYFILP
- [VAJE[LVIVE[YF][KE]IGD]EAIDH[VAG]F[HY]ILT]

WG  EVIVAEEDIPSIGPILILIRKIVLIYHIKSIDGRSTIVIERILP]

Motif 10 [RW]VILS]IS[NFL]ILF)KS]ILTJLA]Y[ND]J[LAJILS]RRS[ND]GT[FVINR[RE]LIAF]INE][FLJLDRK[VS]P[APIN[AP][I

AR A 2R N _E R HESIIRE , B0 3R S PP Hh BLRY AR s B - R LSRR 741, £ (AR TE GXSXG Fil HGG

SzlB

A :The arrangement of different motifs on the genes, numbers in the box indicate the occurrence frequency of a motif;

B : Motifs and the corresponding amino acid sequences, red color indicates conserved sequences of GXSXG and HGG.

3 Abhydrolase_3 B FE ZK iz A E) LK e B F AR RS

Fig.3 Motif construction and usage frequency of different subfamilies in Abhydrolase_3 gene family
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2.4 Abhydrolase_3 EF FKik 2SS

Ry TR AN [) M0 5 6 T 9 A% R 22 S M itk Ak
Bl 7, X6 K RV S R ) 4 R G 5t A S B0k T it
B 3), PR TR B b R
DA E S A BR T VI A R B
S BRI X A, A ST 3 1] H A 8 B A 45 1Y ]
FEPRIXT, W% T HA 6 X5 BEZ fil ], W 58085 1T
BA X B RN . W R FRAAAEIR K
225, WoKHE LI AV B B A B R 22 5%,

554 0. 131 ,0. 226 F1 0. 098, Hi4x W ZK Wi F iR 22
SR

) SR B[] SO 1) B (Ka/Ks ) 1]
DA St Aty o 4 W R T 32 B R e R R . Ka/Ks 4§
F 1 R RS, Ka/Ks KT 1 B /RAFFEIE 245,
i Ka/Ks /NF 1 SZHpalifbie B, K3 &/, B4
K Ka/Ks {H34/NTF 1, 60 5 26 7 52 % 52 5] 4
fepeFt. WK LI MV ) Ka/Ks {5 T HE R
FRMR, 1 B K IV SR 1 22 B IO 1) A e R T

x3 XERFBREHERARERES . BX IERXEHRE
Table 3 Nucleotide diversity, synonymous and nonsynonymous substitution rate

in segmentally duplicated genes of Glycine max

S 5 I [ SRR EHERE IR 7 S5 R SO LU (e
NIZ 3 BERXE BHR2ESR .- .
) Synonymous substitution Non-synonymous Ratios of non-synonymous
Subfamily Pairs No. Nucleotide diversity
rate/Ks substitution rate/Ka to synonymous substitutions ( Ka/Ks)
1 6 0.131 0.275 0.094 0.358
I 2 0.063 0.135 0.042 0.317
11 1 0.226 0.455 0.166 0.365
v 3 0.086 0.218 0.049 0.222
\ 2 0.098 0.159 0.080 0.487
VI 3 0.071 0.204 0.034 0.149
vii 2 0.059 0.153 0.031 0.203

2.5 ERERESH

T %€ K5 Abhydrolase _3 F R Z % i £H 41
FEEAE AR RNA I 8588 0 AT EA17E 14 A4
GUh ) R IR . 62 /) Abhydrolase _3 F& R i A
58 NPT AR B R IABHE (R 4, K 4A) , Hrp
30 PNEERE SR s AU A R ARk i, J) 4h 28
AT PRILE R 0 2H 2 rp R A ) 381 3 Gk Bl R ik R

i SESEHE T,V VI AT VI f ik R AT 2LAS 0 3]
PR AR, R LI N AR R e A R A
B A A7 SO R 7 R 70 2 2 R A I 3 3% 3k
A AR, AR VIL ) 5L PR 72 R 43 4121
AR . WS LIV A R R B3 7 KB 434
AG PN Rl EAIE SN T Syt €l 398

x4 ARIERRAR[MFSTEEN

Table 4 Expression patterns of different subfamilies in different tissues and in response to pathogens

e . =
F kit WEZE M5 Subfamily B
Expression pattern I I I v % VI VII VII Total
213K Tissue expression 21 4 3 5 8 11 4 2 58
1 #¢3K High expression 13 0 1 0 4 7 4 1 30
k23X Low expression 8 4 2 5 4 4 0 1 28
WRFIA
12 0 2 4 4 4 2 2 30
Expression under pathogen infection
Z %55 Induced 7 0 2 1 2 2 0 0 14
NS Non-induced 5 0 0 3 2 2 2 2 16
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CL 1 Abhydrolase 3 JE[N K 16 2 5 HE Y AL A=
YIHAE, A K G Abhydrolase_3 3 D<A ¥y iy iet
a1 B85 B8 ( Phakopsora pachyrhizi) {2 4% K &
Je B 2R B8R A A B AT s D T 5 5 e B 3R A A
AP, FEFTIA A 62 AN K T Abhydrolase _3 FE [
1,30 A IEPRA IR, i 2 BR RDOE A BRI K R
AN HE R TR (K4, B 4B) o DI AL
(1) Actin &[5 2 8, Actin FERIAE5 5 J5 ik 248
AR 2, B AN 21 3R 58 . WA 1.

Glyma.04G041100_I —
Glyma.11G004200_|
Glyma.02G134000_1
Glyma.04G037400_|
Glyma.19G040900_ViIl
Glyma.106275900_II
Glyma.206113800_Il
Glyma.07G211200_1
1 Glyma.016239400_|
Glyma.07G138600_|
Glyma.08G364100_II
Glyma.18G298000_Il
Glyma.04G128600_lII
Glyma.036020500_V
Glyma.07G082400_V
Glyma.09G149300_V
Glyma.09G157800_VI
Glyma.03G205400_IV

Glyma.19G202900_IV
Glyma.16G208200_VI
Glyma.12G096400_IV

Glyma.106087500_IV
Glyma.016239300_1
Glyma.16G208300_VI
Glyma.13G189800_lIl
Glyma.06G308500_IV
Glyma.106022900_VI
Glyma.206153300_V —
Glyma.176243700_1  —
Glyma.02G133900_1
Glyma.07G082500_V
Glyma.07G211100_|
Glyma.106250300_|
Glyma.09G157700_VI
Glyma.06G310100_lII
Glyma.02G134200_1
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Fig.4 Expression levels of Abhydrolase_3 genes in various tissues (A)

and in response to pathogens (B)
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