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Abstract Beta—amylase (BAM) plays a central role in the complete degradation of starch tometabolisable or fermentable sugars
during the germination or maltingof cereal grains. It was found to be involved in the abiotic stress responsesof crops. A genome—wide
survey of BAM genes in 5 grass species was performed, including rice, maize, sorghum, Setaria, and Brachypodium, by describing
their phylogenetic relationships, functional divergence, and adaptive evolution. The phylogeny classified the gramineous BAM genes
into 10 clusters of orthologous genes (COGs), and the genes in the same COG shared the syntenic region. Functional divergence
analysis provided statistical evidence that both the shift in the evolutionary rate pattern and cluster—specific alterations of amino acid
physiochemical properties contributed to COG-specific functional evolution of BAM genes in grasses. In addition, 3 COGs were found
to be influenced by positive selection through maximum likelihood analysis. The expression patterns of rice BAM genes were
investigated, and the resultsrevealed that they were differentially expressed under the treatments of abiotic stresses. These
observations may provide useful references for further functional detection of BAM genes in grasses.
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Table 1 Summary of 54 BAM genes identified in 5 gramineous genomes

Yy HEA G EHFF WETHHE Qi fr'e
Oryza sativa OsBAM1 LOC_0s01g13550 566 3 1 7578091~7582923
Oryza sativa OsBAM2 LOC_0s02g03690 680 10 2 1539488~1548149
Oryza sativa OsBAM3 LOC_0s03g04770 557 3 3 2272965~2276401
Oryza sativa OsBAM4 LOC_0s03222790 524 1 3 13161913~13164014
Oryza sativa OsBAMS LOC_0s07g35880 600 5 7 21471055~21473327
Oryza sativa OsBAM6 LOC_0s07g35940 488 6 7 21503815~21506356
Oryza sativa OsBAM7 LOC_0s07g47120 523 3 7 28178236~28181579
Oryza sativa OsBAMS LOC_0s09g39570 533 8 9 22713280 - 22717110
Oryza sativa OsBAM9 LOC_0s10g32810 535 3 10 17180757~17183465
Oryza sativa OsBAM10 LOC_0s10g41550 544 3 10 22324198~22327665
Zea mays ZmBAM1 GRMZM2G450125 573 2 1 9057041~9060022
Zea mays ZmBAM?2 GRMZM2G347708 509 2 1 60022740~60024593
Zea mays ZmBAM3 GRMZM2G082034 537 1 1 60087923~60089930
Zea mays ZmBAM4 GRMZM2G007939 551 3 1 95188932~95192571
Zea mays ZmBAMS GRMZM5G803981 595 6 2 204170827~204173732
Zea mays ZmBAM6 GRMZM2G175218 539 3 3 1536020~1540295
Zea mays ZmBAM7 GRMZM2G069486 651 9 4 239081202~239093194
Zea mays ZmBAMS8 GRMZM2G025833 544 2 5 30775043~30777461
Zea mays ZmBAM9 GRMZM2G058310 488 6 7 155357370~155360570
Zea mays ZmBAM10  GRMZM2G181284 531 2 7 171860442~171862785
Zea mays ZmBAM11 ~ GRMZM2G446515 679 9 7 62300598~62305837
Zea mays ZmBAM12 ~ GRMZM2G077202 537 3 8 29211106~29216116
Zea mays ZmBAM13 ~ GRMZM2G035749 553 3 9 114176716~114179596
Brachypodium distachyon BdBAM1 Bradilg18390 537 2 1 14765285~14767168
Brachypodium distachyon BdBAM?2 Bradilg25440 488 6 1 20669626~20672534
Brachypodium distachyon BdBAM3 Bradilg25447 580 4 1 20674474~20676627
Brachypodium distachyon BdBAMA4 Bradilg62400 518 1 1 61645584~61647544
Brachypodium distachyon BdBAMS5 Bradilg75610 573 1 1 72493249~72496562
Brachypodium distachyon BdBAM6 Bradi2g00824 499 10 2 508715~513118
Brachypodium distachyon BdBAM7 Bradi2g08187 556 3 2 6579347~6586085
Brachypodium distachyon BdBAMS Bradi3g02800 659 9 3 1756675~1762544
Brachypodium distachyon BdBAM9 Bradi3g28210 534 3 3 29556156~29558022
Brachypodium distachyon BdBAM10 Bradi3g33730 548 1 3 36109354~36111917
Brachypodium distachyon BdBAM11 Bradi4g38630 677 8 4 43459903~43464924
Sorghum bicolor SbBAM1 Sh01g019850 547 0 1 21751511~21753698
Sorghum bicolor SbBAM?2 Sh01¢028700 557 3 1 50104773~50107537
Sorghum bicolor SbBAM3 Sh01g035370 529 1 1 58904172~58906158
Sorghum bicolor SbBAM4 Sh01g047500 564 2 1 70592880~70595781
Sorghum bicolor SbBAMS Sh02¢012320 469 8 2 20582813~20592033
Sorghum bicolor SbBAM6 Sh02¢035590 604 6 2 69981839~69984625
Sorghum bicolor SbBAMT Sh02¢035600 488 6 2 69991535~69994435
Sorghum bicolor SbBAMS8 Sh02g042220 531 1 2 75926839~75928531
Sorghum bicolor SbBAM9 Sh03000480 442 3 3 332927~336164
Sorghum bicolor SbBAM10 Sh042002450 566 7 4 2235466~2239975
Setaria italica SiBAM1 Si016592m 655 9 1 8672419~8678661
Setaria italica SiBAM?2 Si028957m 810 9 2 15516601~15521488
Setaria italica SiBAM3 Si029378m 563 3 2 42485434~ 42487777
Setaria italica SiBAM4 Si033152m 531 7 2 42511222~42514352
Setaria italica SiBAMS Si032033m 524 1 2 47690524~47692184
Setaria italica SiBAM6 Si000924m 544 3 4 302114~306028
Setaria italica SiBAM7 Si035044m 543 2 9 17299082~17301322
Setaria italica SiBAM8 Si034983m 557 3 9 36577745~36580943
Setaria italica SiBAM9 Si034947m 563 1 9 46359875~6362007
Setaria italica SiBAM10 Si034946m 563 2 9 56513552~56516833
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Fig. 1 Phylogenetic tree of gramineous BAM genes and their exon/intron structures
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COG7 simaml : RFFLNW HEQVLSLATLA TLVKE RS T HAAELTAGF YNFENRDGYSPVLEML a EACRDPE VA 441
BABAME : RFFLNWYSQUMPHEOQVLSLATLAFBGHEIVVKEES T HAAELTAGFYNHENRDGYSPVFRILKKHSV EArRDPE GUMNA : 441
OsBAM2 : REFLNWYSQUUEPHEOQVLSLATLA TUVKJ S T HAAELTAGF YNHENRDGYSPVFRMLKKHS V] EAFBDPEGHEWCVMNA : 441

E2 COG1#1COG7 BB R LbXT

Fig. 2 Alignment of BAM
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Table 2 Detection of positive selection under site—specific models for each BAM COG in grasses
e MO 2Al 2Al 2Al - s .
i M I'N & L e Y=t
R T g (M3MO)  (M3/MT7)  (M8/MSa) 8B T SHATHE LEHEHFA
COG1 0.0747  146.0849" 1.8371 0.1605 A(0.2377,2.5970), NAN
' ' : ' P, =0.0143,0 =1.6720
COG2 171.2139™ 7677 16 A(0.2494,2.3429), NAN
0.0930 2139 0. 0.00 P =0.037L. = 10000
o063 00066 1547483 44181 1010 B(0.2544,1.9785), 21K, 46A, 498, 53A, 54T, 60E, 690,
' ' ' ' P,=0.0047,0 = 13.5839 70Q, 174P, 327H 388D
COG4 0.1480  25.1146™ 1.1673 0.0019 A(1.0438.7.2711), NAN
: : : : P,=0.0388, = 1.0000
COG5 0.1905  110.1256"  3.5924 2.6080 A(0.1528,0.6507) NAN
: : : : P, =0.0182,0=2.9248
COG6 01257  101.8675"  7.9661° 73097 p(0.3731,2.1066), 16A, 17T, 31P, 34F**, 275M, 358G,
' ' ' : P,=0.0031,w =394.8958 546V
2K, 6Q, 7R, 8D*, 10E, 11P, 125, 180,
COG7 02014  129.7076"  6.1525" 3.6122° A(0.2631,1.2559) 24F, 27T, 318, 105N, 114L, 115H
: : : ‘ P,=0.0393,0=2.2291 PO ’ ’ ’
117V, 191M, 193S, 2931, 2971, 560E
Cocs o1 1343305 5.0508 T B(0.1220,0.8892), 3P, 4V*, 5A, 6E, 8A*, 9A, 13P, 114V,
' ’ ’ ’ P,=0.0198,0=2.9347 221N, 224R, 246M, 2651, 394S, 395K
C0co 00871 2179850" 236633 16.8038" B(0.3497,3.0064), 8S, 14Q, 18A, 9P*, 21G, 22R, 30P,
’ ’ ’ ’ P,=0.0159,0 =9.5580 505N**, 506T, 507R
. ) B(0.4022,1.7130), 24R, 37V, 448, 68T, 2230, 2320,
COGIO  0.1951 1725371 0.7926 5.0585

P, =0.0731,0=1.1122

448A, 463P
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10 A T oA 6 4S7E M8/M8a [ ISA LU AS 36 T 46 ) 32 5]
IE S BEAE H 2 M M8/M7 T HA TN 1 34~ (COG6, COGT Al
COGY) ., FAb, BT 75 M8/M7 T (446 Il 45 5 Y 7F M8/M8a
BT ARG Y o o sl B I e B F W R AR BAM
SRR 2D 3A RGP R R EZEM . b T EE X
S [] Y5 Hp 2 D7 A R AR T AL A, 7E M8 AR T i T D
s s R A T, RS AGE I, iX 3 A RV AE A A
7,20 F1 1045 B LR KT 50% 1Y B IERR AV A5, , X — 25 R H W
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FERERE . 45 R R, KRS BAM JEF Y A8 32 2 Ak

Il 34

P WRTIEBRMER T 5%, Y ATEBBEER T 99%,

A= aa R R AN R R AR DA B AR e A5 (B13) .
TSR s FEAS R0 A BN 7K RS BAM K& R 1515
KZERER, Fln, 74P AT, OsBAM4A F1 OsBAM10
FEP FR ik HBWT 5 1 OsBAM3 SR ZEAR IR AL IR L3Rk I
PR 1T OsBAMO BEPAAE T RN Eh A T 3Rk i Bl 1
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