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Abstract: The activity of acid phosphatase in root tips is an important index for screening phosphorus
efficiency of soybean varieties. Mining for candidate genes with acid phosphatase activity and exploiting their
functional markers will bring great significance for identifying the phosphorus-efficient genes, unlocking the
molecular mechanism of phosphorus utilization as well as breeding for new phosphorus-efficient soybean
varieties. In this study, two DNA libraries with bulked pools of segregants from a F,, recombination inbred line
population were constructed for next generation sequencing. 268 significant SNPs were obtained by SLAF-BSA
technique. That included 12 gene-based non-synonymous mutations, seven of which were found between parents
and five of which were found between offspring pools. Particularly, two candidate regions were identified,
where 79 acid phosphatase-related genes were resided. Four genes are allocated from 20138271 to 20268154 on
chromosome 3 and 75 genes are allocated from 1436648 to 15526449 on chromosome 17. Furthermore, a genetic
marker GMsnp-B, which targets to the non-synonymous mutation gene Glyma.17G166200.1, was developed and
tested using 169 soybean cultivars. The coincidence rate with phenotype activities in root tips was 82.8%.
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Table 1 Sequence of SNP marker

4200 45 TR T 7 AR 4 45 07 i ) GmBADH2 4
WK 10 bp A% R 41, AR R PN 2 Sk oAt
A TFRRIC, FEIF LT 0] LUX A AR R 55 B Ak
Y 3 fE R iC Gmbadh2-1 1 Gmbadh2-2, Bachleda
2R R T NBT-2122-4 i % BRI AR i R 2 e 1Y
FLH FATBla, M6 HAE SL R AL X IR A5 8., FF A&
PCHREFMCIFIE Fy 23 B AR SIE

i LR, BEXT R G AE R A B 2 XEZ, M
SLAF-BSA A & Jli i ey 556 A T & H I RE bRl
X AT BT R GAE R R B AR L S E
W A A B OCH 2, ST I, AR LT SLAF-
BSA H A, FI I 2 A SEAF RIL #EAAR Fyp 2 A4 i
PRI I DNA SCPE X R G TR PR R il 175 1 A 7 5%
AT, ARA S B M 1 il 15 P A DGR DR 1) {2 DX
5 Aok 3 I DR Ty i v R R A 43 AT T i R 1)
fE; FIH & I8 i D e 56 4, JF & Lo ighs e F % H:
SRS T . ST 45 SN K i = o F AL
R = &) e = (L Wres 2 7w 17 i S i
1 MBE5FE
1.1 RIew

LI #1512 ( APA 0.0197 pumol/ug - min) K
A%, 3 NF58 ( APA 0.1777 pumol/ug - min) kA8 7K #4)
s 28 R Fop BEAR (R A6 2 R KB 2 Be H
TR L), £ 5 133 4Bk R, 43 il 3 B H: 35 4>
FLAT 155 APA FIIR APA (1) B AR 41 A% 2 4T, T
R T P O T T D K A 1 B PR RN 43 F i, AR i
fie & J PX] Glyma.17G166200.1 J7 1| ¥ 11 51 4 ( I {if
5] %15 '-TTGGACTCTATTGCCTTGCC-3 ', F i 5l
) 5'-AGGCTTCAATTTCCCGATTT-3" ) ; 1R iz It
Glyma.17G166200.1 f4 137 £ 15166211bp Frict GMsnp01
(T) {37 15 15166218bp Frict GMsnp02 ( C ) ¥ 2= ik
TH3XG 1. Bt s s (5 1), FIH 169 4~

it 5141 51 BARE(T) S (o) 74 (bp)
Marker Primer Sequence Temperature Length Product
GMsnp01(T)  GMsnp-A 5'-CCAGATGATAGTTATATCTC-3’ 59.83 20 140
GMsnp02(C) 5.GTGCCGTACACATCACTTGG-3'
GMsnp-B 5'-CCAGATGATAGTTATATCTC-3’ 59.96 20 217
5-GGACAACAACACTGATCATC-3'
GMsnp-C 5'-CCAGATGATAGTTATATCTC-3’ 59.93 20 109

5-TATTTGCGTTTGGACCATCA-3’
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FEM A RIR A AU Fyp IS R ( BL IR, 45 R
B1) ; K 35 i R PR Wl 2 1l 15 14 H Bk DNA R i &5
IR, AR Frp 5 PRt ( B2 R, 454 B2) ;
[F] Fof 4 B AC AR B2 NF58 (4t 5o P ) FIEEAR 3L 15 12
(45 A M) (LR ZH DNA.

1.2.2 SLAF XEMHE AR5 E 1Y 5ol il )
D7 %8 XKL B A% 1) 45 K i SE R 2 DNA 43 88 7
Mg b, X5 2] A EEY) B BE (SLAF bR ) #5417 3
Uit A 4b B % 4 Dual-index I J¥ 4% 3k . PCR
gl TRFE OISR E W B, SO R A A%
J&i F NluminaHiSeqTM, PE125bp #F 17 5. A 1
Ak BGEUTD 52 360 0 HE B 1, 35 FH L RS S 12 4 S X IR
( Control ) HATINIF . HATH reads 5 HFLH A LL
Xt E AR IF & SLAF bR, T3 AFEA
HAFTE Z B YER) SLAF A28 FIAT reads 78 5 X k7Y
SNP. SNP (6 32 %2 i i GATK ™ e ff T HA
SCEL, A S E Y SLAF BRI SNP ARic AL s XF
KGRI W PR G M A7 A, SRR 5 =2

B BRI S
123 B4 # 3@ EX G 2 (ED, euclidean

distance ) #3221 PRI 5 $000E -4k 8 1o £ 76 i
F2E 51 SNP LA, et 4 A BREAE AN [RITR b H Y
I, IR A0S ED {H, DL PP, S5 PR OCEE
DAk R JH SNPNUM J5 ¥ AR [A] — A5 Qe A A

R2 BHRNFEETLMES SLAF fR&E51

04 A SNP-index {H BEATIIA 2, S HE 1K B (L)
I IR S PR A S A DX Ja 27,

124 REXBHSNPIMEEINGETE WH
BLAST "2 ¢ e 45 16 X 18] P F) 4 b 36 PR 047 %2
AR FE (NR'®, Swiss-Prot, GO'®' | KEGG ¥/,
COG'*®") IR FE

125 RERFIERXRTEREERICHFAL
FIH Primer Premier 5.0 3k {4, AR H53F [F] L5848 5547
FEH R S 25 S e e | W, R vy AT SR AR A
169 1~ H SR MR BE I 2H DNA #8475 PCR ¢T84, FIH
TR EEASE PCR MR AR MR , SR IR W BE I
KON A RS TIRERR I C I LS 1

2 HBRESH

2.1 SLAF #3%70 SNP #RiZF &

£ Illumina HiSeq TM 2500 il 5 F & 3 17 Il
FE, XA (P ) VBEAR (M) ARG PE (BL) A i
(B2) (1) SLAF SR 5 I 7 554 19 reads %50 U
¥ 5t & {8 ( Q30 ) #i1 GC ( guanine and cytosine ) &
TSI, $ AR5 2 442.18 T reads %4, Bk
S5 UL 2, Q30 S PPAG 1R E i I ) B A S A 1R
R AR AR, I IO R R G N 1) i i )
R AR, ASAIF 5 o I 5 2 Q30 113 Rl 7E
83.529%~85.74% , i il - Bl LA D 1K, i AR 4
B MIFIRISF-35 GC o0 39.54% , 15 Ak F)
MPEER

FIH R G R4, 2 3% 2 v 1, AR BF 52 3T
% 156730 i~ SLAF F1%5, SLAF #5325 25 AR 240
TREE (CCEY4EAS SLAF X SR A B9 reads %% )
“h 55.845 , IR th - 5 I ) R BE (OF- #1454~ SLAF |
XoF 7 TR HRE & R reads £50) R 59.075,

SNP (RGN 3= i B GATK A4 T HAL SR,
B T Y SNP 7 B B R 48 11 45 SR 375 3] 136473

Table 2 Statistics of sample sequencing data assessment and SLAF tag

. . AR/ Y il WU e o HE 0B P 43 L GC i (%) e UFEBIREE PR
BRSS  WEM reads B 0 ¥ I FR(%) o e e R TR

T ERAL (%) Guanine and Total depth of  Average depth
Sample ID Clean_reads . SLAF number

Clean_base  The percentage of Q30  cytosine content sequence of sequence

N 10908819 2179494610 84.63 38.92 150760 8852443 58.72
AR M 10467438 2091194012 83.52 40.56 149234 7904962 52.97
s B1 11585919 2314419934 85.48 39.22 154939 9517970 61.43
Gt B2 11255795 2247167080 85.74 39.47 155484 8818299 56.72
41l Total 44217971 2208068909 84.84 39.54 156730 35093674 57.46
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Fig.2 The integrated map of the distribution of ED association values on chromosome
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Table 3 Information table of association area

REESE  RGRE KR (ﬁ’;‘) PR
Chromosome_ID Start End Size Gene_number
Chr.02 10769072 13792035  3.02 349
Chr.03 19492903 23684087  4.19 87
Chr.09 5377858 7048565  1.67 175
Chr.09 26935629 29455875  2.52 80
Chr.09 30002545 31362349 1.36 38
Chr.09 49764885 50072564  0.31 47
Chr.13 28512724 30195760  1.68 261
Chr.14 10890557 13971841  3.08 155
Chr.15 50881356 51739708  0.86 90
Chr.17 11361908 17778751  6.42 496
Chr.19 37471924 39552267  2.08 234
&1 Total — — — 2,012

222 SNPISHIAEXRBSMW UG YE BL &G
P B2 P 5 AQ TR 43 0l 19 SNP $5 %%, DL &R H
SNPNUM J5 i X%t A SNP 48 #4714 J5 A SNP
FEBCH A3 A 1 LI 3, AR LB S e 2
gE I MR O 0.90 B, 2 S B X s 07 B LA
J& ASNP FEEUE TR GEIT LR Lk, R0 T4 3 %5

ASNPIEHL

ASNP-index

U P S S

PO N
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LLAMZAR B 0.99 MYBIHEL, i (LAY LASREFE N 0.95 HY{EL, SO RIZAFE L 0.90 HIEI{EZ
The color points represent A SNP-index values, and the black lines are fitted A SNP-index. B1-B2 bulk is the distribution map of A SNP-index
value with low-activity mixing pool and high-activity mixing pool, where the red line represents the threshold line of confidence 0.99, the blue line

PR 17 Sk [, SRR 1.29 Mb, 3t
5 79 AR Hrh AR R] O EEA 2 A4~
223 XKEKRERXIEIFIE X ED 1 SNP 45 £
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5 268 > SNP (55 4), 3145 2 AN JCHRIX I8, 40343 A 7
55 35 YL {1, 14 1Y 20138271~20268154 H. 1% & 0.13 Mb
) DX 38k FITER 17 5 YL £ {4 () 14368648~15526449 H. 15
J& 1.158 Mb [ X, HARAF 794N, Hh 55 3 5
Yo RGO XS N AT 4 D6 56 17 S YL iRy
KHRIXIRNA 75 A, 2 NER] AR R #AL T
55 17 5 G 8 (R IR X I P, 4145 Glyma.17G165600.1
i F 15082556~15084107 1) [X 3, FE [ < Ji& 1551bp,
Glyma.17G166200.1 {3 F- 15165279~15168381 1] [X. 11,
FEH KB 3103bp, 4547 B, SLAF-BSA F 5 il K
TR IR IS R SR e N SR 3 S Y kAR
17 Sk b,
23 XBEREREIETREESE

SEARTA] S AR ) 7 i IX sl P 7 SNP T3 %,
BT SRR IR LA, K BRSEAR RN [R) L 28748
() SNP 3 7 4>, Je AR TR il 8] 5 4~ SNP A7 7E 3 [R] L 28
A5 A 2 A T A 1Y, X 2 SNP R T g 5K
R IR TR T B A O RE B TR g . A
BLAST B e IX 18] P4 F A DR A 7 22
i 2 (NR'®/ Swiss-Prot, GO'*' KEGG'¥', COG'®")
MITRBETE R A T A R, PR e fe e A
e X3 A e 3] 78 NI, Herp e s ARl A7 AR
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represents the threshold line of confidence 0.95, and the green line represents the threshold line of confidence 0.90
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Fig.3 The distribution and integration of A SNP-index association values on chromosome
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241 BEBREREXEKEEREMERNTE
EEHNERDH FEARMAEAEIER L5 AR R
Glyma.17G165600.1 1 Glyma.17G166200.1, 43

R4 FEXEBE SNP Git
Table 4 Statistics of SNP in candidate regions

S T3 RS 2 PR L ) S AR () 3R [R] SR AR 1Y 7 A~
PR SNP, 5 E IR E] A [R] L2 A8 /Y 5 A8
Bt SNP L XT, ££7E 2 A~ AH [A] () SNP (3% 6 ). Ui B
FEAR K e AR R L S R 14 4 15 35 BRI 4 1Y) 2 A4 A ]
SNP 55 P 1 PR T 06 12 v A1 LA G, IR Y FE R
Glyma.17G166200.1 |-,

SEARALAE I DX Ik P X I 119 SNP 4K
Number of SNPs in the associated area
between the parents

SNP JIrE X 27
Type of SNP regions

S A QIR ) K X3k PR XoF 7 1 SNP 45
Number of SNPs in the associated area
between the descendant pools

JL[ AT 5’ %% Utr_5_Prime 1 1
FEP -7 X 3k (5 K LAY ) Upstream 24 22
eI X 427 Non_Synonymous_Coding 7 5
& ¥ Intron 5 4
PN (JEHeAME B ) Intergenic 99 54
LR T #IX 38, (5 K LAY ) Downsteream 29 17
LB Al 165 103
x5 RIEAKFNEFEDREERER ST
Table 5 Statistical results of gene function annotation in candidate regions
A TR I BB DX IR TR R Ao DA P I ) SO AR 1 PR

DlAE RS €L

Annotated_databases

Number of candidate region genes with
annotation information

Number of genes with non synonymous
mutations in candidate regions

TR E AR E NR

JEICA DNA JFFEEEE NT

RS IRE R 732 R GBI Pfam
i3 JoT ik 1Y) 2 L8 R SwiissProt
FEAMIS I REEE GO

AR P R KEGG

H MBI IR BRI COG

EL AR AR 1 R EEE R KOG
11 Total

76
74
60
52
46
32
24
30
78

2

N P O O N N -

®6 FARBREHNKXEKIIFFINKERER SNP RELRBE FHAE

Table 6 The non synonymous mutation gene SNP and its position on chromosome in the mixed pool of parents and offspring

Z25(37 5 Mutation site

UGN R AT

AR TR Lo AR HEA "
Position on

Non synonymous mutation gene
Chromosome

AR

Maternal

(AR
Low activity
progeny

[EACREI=HAM
Highly active
progeny

A

Paternal

15083449
15166089
15166091
15166100
15166102
15166211
15166218

Glyma.17G165600.1

Glyma.17G166200.1

O 4 0 >» O 4 ®

4 00 60 >» 0 o0
|




170 7/

O e R 21 4%

il o © A H br 3t A Glyma17G166200.1 )7
G it 51 P E e S 5 -TTGGACTCTATTG-
CCTTGCC-3', T i 51 5" -AGGCTTCAATTTC-
CCGATTT-3" ), 43 I 3 NF58 FIHE t7 12 (A ) b
BLHEATY 19, 41574 3557bp, S U IR 4
Iof S ARRE SR GE DY P45 R H AR R Y
H1) 1%, Glyma.17G166200.1 fit) 3k K /Bt 4 3103bp,
{#3IF Glyma.17G166200.1 KL vafi it IE i 524
3 [H Glyma.17G166200.1 fi) DNA J¥ 51 |
k1 3103bp, 45 212 bp B9 5 JE #H#F IX ( Untraslated
region, UTR ) 1 359bp 1y 3" 4k B % X, 0 % — 1>
2532bp f4 4 1% ¥ %1 ( CDS, coding sequence ), 1 />
AN Tl X 3 NF58 FISE 5 12 (192587 51 iF
17 e, H  Glyma.17G166200.1 75 3 NF58 1 i)
A5 FE PR F A FR A Glyma.17G166200.1b, 7EFE 7 12
Hh I S5 A3 3 PR B R O Glyma 17G166200.1a, fH
K 4 AT, 32 NF58 7 17 5 e (0 /A 4 15166089bp
15166100bp.15166102bp.15166211bp #i
15166218bp &Jﬁ“ﬂ’ﬂﬁﬁ@q C.A.G.G.CHIT,3%
12 78 17 5 e 8 R 55 15166089bp . 15166100bp
15166102bp . 15166211bp F1 15166218bp Ak XF K 1Y
BE R T .G A C. T M C, H&AE 7 5 7 H:

Glyma.17G166200.1b.seq
Glyma.17G166200.1a.seq

Glyma.17G166200.1b.seq
Glyma.17G166200.1a.seq

Glyma.17G166200.1b.seq
Glyma.17G166200.1a.seq

Glyma.17G166200.1b.seq
Glyma.17G166200.1a.seq

Glyma.17G166200.1b.seq
Glyma.17G166200.1a.seq

Glyma.17G166200.1b.seq
Glyma.17G166200.1a.seq

Glyma.17G166200.1b.seq
Glyma.17G166200.1a.seq

Glyma.17G166200.1b.seq
Glyma.17G166200.1a.seq

i A I, Ias SRS 3 6 SEARSCER B AR ] L5 A
FEH SNP R AEYL ik b 7 & —5, s — 20 LA
SEAR B S AR T b G 3 114 i 18 35 R I 310 14 2 4 A [
SNP {ENHFFEEE 1 o

242 BERMERSEREREMEXBEEE Glyma.17G166200.1
hEEFRICHF X SIIE WL PCR K4S R, i it
Sy e 5 IR R Z B 1 B iR KR
WM PCR HL K &5 R e e AR B AL A . A Y 1
FER) R 3G P AR A T M Wl T G PR A5 5 TR 3
FEY K S PR IR IR MR W IR S 1 . 2848 PCR

PG, 3 X5 WA REREYHE 2ty AR 2 B W] 5%
PR E B PMC AT |9, GMsnp-B fEY 4 H

P S PR 22 V5 B 45 217bp (325 12), RS Y
ZE 4 e @ ENPR S BRIt &R
R PR It % i D BEAR IC GMsnp-B, Hirh 453
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Blue and white markers appeared in sequences of Glyma.17G166200.1a and Glyma.17G166200.1b as non-synonymous mutation SNP, the sequence of the

forward primer and complementary sequence of the reverse primer for being used to develop Glyma. 17G166200.1functional marker were redly boxed
4 Glyma. 17G166200.1a( 2= 12 ) 5 Glyma. 17G166200.1b ( 2 NF58 ) FF 5L Xt ( E843 )
Fig.4 Alignment of partial DNA sequences of Glyma.17G166200.1a( JD12 ) and Glyma.17G166200.1b ( NF58 )
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9: "P i 15; 10: A 2 55 11 W7 11 55 12 HfE J5044; 13: 5732 03-9; 14: /1 H570; 15: # & 29; 16: 3¢ NF58
M: DNA ladder DL2000, 1: TieFengNo.3, 2: ZhongZuo04-717, 3:JinYi55, 4: Han6147, 5: JiDoul2, 6; Zheng92116, 7: 09B7, 8: DongDou99-11,
9: ZhongHuang15, 10: WuXingNo.2, 11: ShanDongShanNingNo.11, 12: ZhongZuoJ5044, 13: QiJiao03-9, 14: ShiH570, 15: YuDou29, 16: JINF58
B 5 IhEEFRIE GMsnp-B Xf 8 MK AP FHEMEIAN 8 15 AP iE MM RIS ERE T
Fig.5 Polymorphic test of PCR fragments amplified by GMsnp-B in 8 cultivars
with lower AP activity and 8 cultivars with higher AP activity
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Fig.6 Association between PCR profile and root AP
activity in 169 soybean cultivars tested with GMsnp-B
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