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Abstract: In order to cultivate new soybean varieties adapted to the climate type of the Yangtze River Basin, the seeds of soy-
bean ‘Tianlong No. 1’ were mutagenized by ® Co-y ray and EMS respectively to construct a soybean mutant library. The 350
mutant lines with phenotypic variation were planted in the field for two consecutive years, and we identified the molecular
characteristics with 60 pairs of SSR markers. And then, we detected the expression of main phenylpropionic acid metabolic
pathway in mutant plants with obvious phenotype variation on seed. The results showed that the 145 mutants displayed stable
visible variation in plant height, leaf shape, flower color, seed coat color and pod habit, and the 101 lines were found to be
with at least one SSR locus difference from the wild type ‘Tianlong No. 1’ , and M,-SD-1 and M,-SD-2 have more than 10
polymorphic markers. The phenotypic variations were caused by DNA mutations that display multiple site mutations, and the
mutation loci were different from each other by SSR markers. Three mutants with seed coat color and umbilical color were de-
tected expression of key genes in the phenylpropionic acid metabolic pathway by qPCR, and those genes were significant dif-
ferent from their original patterns. This research can provide new germplasm resources for the improvement of soybean varieties
and contribute to the further study on soybean functional genomics.
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e 4 4 15 PER B I Ak 2= W) AR S g A8 50 5 =
HIYPSE R A e AR Hop £ G/ C—A/T A
BRSO R FH A S b Ak 25 A8 ) P R R 2
fig ( ethyl methane sulfonate, EMS) ") EMS fg{i 3L [
Y = N TN VB CR R N QA £
SR EMS SRR I 13,308 T A
ISR 7 AR A B AR 45 R EMS Ab FK
FAAR 94-16 , 345 T m A R G REAK,

VEAEE BRI SR AN [R) 9 5 722 7 =X D iy
H TR R B AR A O AR AR [ I 51T
W], A ] 3 DX ) A 2 e B A, 36 T A A 7 hox
K AP IR EESRANTR] , 5 26 B X A9 R &2 i e ik
AR 25 B R BE AR A IR M, g A KT
WA SRS AL R R AR PR, I I A3 K P
Oy HT AL S AR YRR AR B B, AW ST E
“ Co-y SR EMS 51 FL K VLI BRI R 19 K
TR B "5, HO 98 A8 (A R A7 2 B 48 5 F SSR 4
BT, DA B €0 R0 I €5, 58 228 18 1 R R 491, B4 57K P
BB Co-y HFER I EMS 17 78 28 748 1K A ) 78 S 4
fiEo WFFRSE SR EE R G 5L Dy Re 4 A B & Fh 2 4it
AT

1 HRET®

L1 4

KI5 2 i [ AR OE B 27 e Tl R 9 F 5
TR B YU PR A A R S A R 2 R
FEOPFHAT N 98 d, RINIKE . AL Bk E 60
em o4, ISIEEE 13,8 em, FZEN %L 13. 9 4>, Bkk
JeRN29.3 A, AR 24 ~26 g, EOFNE, B4
FEE A R, AP IE A R 5k DR AR R
MR B R E I 5T i 41t

FEA) RNA $2 0GR S 2 TAEY TR Ay
A BRA F PR AL A DNA $2 UK & RNA [ % 5%
B eDNA G855 6 DA S5 5 i it PCR ) &5 i R AR
AT R R AL
1.2 FENSH

BIO RAD /A #l 1y CFX384™ Real-Time System
qPCR Y, 176 K BB F] %) Tanon 3500 #E i KR 51
Bri o
1.3 5eigit

2016 4F 6 JA#E 1 2838 KAl 5 4 Y2 B
SIS e (E121°267177 ,N31°271") #& Fh £ 11 % Co-y
H1EMS 1548 Ah B K 5K B — 5 kR4 8 000 i,

FEATHRERD ATHE 40 em  BRFE 15 om, 10 F SRR
2017 4EFPAE M, iFASREIA, IR A 2R AT B 28
TLHRE , 2R 350 i R %I . 2018 4R 350 73 M,
BARRY BN R 6 H kA, R T d #ET—IK
FH [ PR ), 3 BTG 4 S o e U 5 i A R 2 S R
K EBRGE R M, MR AT R B R AN 737 A )7
I3

TEIORFRLZ B AR K A B I8 A2 A R 28 28 R M-
PU4 M;-PU-5 I M;-SD-2 #4778 S gt o3 #r, Horp
M;-PU-4 F1 M,-PU-5 #R & A= Tt Jit €5 5€ 4%, M;-SD-2
AR AL Y € AN RD B2 (0K AR B 52 . 60 X
SSR GG 3 >SRN RHHE R ZH IS AR i, R
REEN IR A A AR Hh (Y 2R TN 24 R ik 2 1§ ( phenyl-
alanine ammonia lyase, PAL) | #5 %2 il - 3 — AL
(flavanone 3-hydroxylase, F3H ) #1 5% ¥ fi & % fi
(isoflavone synthase,IFS) LA 1T qPCR 4347,
Rl Hege e R T CYP SRS,
1.4 7%
141 FMiAE DIRE—FREAXIE, ERH
T ke AR Y g P AR T AR
ot Bz 0, RIS €0 DR E SRR, RS R EE— T
B . 22 5 BT SRR 7R AR, N G I (] G KB — 5
A 7 dad sl RAER R 2, S5 N R BE— S 1Y
ARG FE I AL R ARSI R SN G IE I RS
1.4.2 SSR 5 F 4l MK G HE % (ht-
tps ://www. soybase. org/ ) £ ¥ K & SSR 7 FHric,
ARG OIS T HE 3 Mrig, I 5 0 A1, AL 60
X SSR 514, FI LI SSR FRic %t HH [A] i 12 7Y
145 Bk M, #k R 7E4T SSR 7341, PCR B AR AR i e
EDC-810 %! PCR # #{X_E52 . PCR SRR & A
10 L, 435 A DNA 30 ng, iE/ 75 [#)24 0.6 plL,
2 x Taq PCR Mixture, /i ddH,0 #A5% % 10 pL. PCR
SRR R 195 °C FiAE Y 4 min;95°C A5 1 30 5,45 ~
56°C iRk 30 s,72°C L 50 s,35 PFFR;72°C HEAi
10 min, 4°C LRI, §7 5 7 W) 08 8 % 722 1 5 N 44 T
JHE RIS HEL K, FE S LR 180 VLK 2 b, S o E AR e
BRAF,
1.4.3 qPCR 247  SEHUR K 68 i (A7 W I A8 5=
()G AR PRI TR SRR AR 43 BT, B[] S0 A 92 A8 R Al
R R B2 RNA, HIE2 40 001606 BE T E 260
280 nm [ GAE , P55 RNA ¥k FE 5] 100 ng- pl.~',
IS 5845 3] cDNA . Z IR F] Y Talent qPCR
PreMix( SYBR Green) i 5] &, #£47 Real Time PCR
o FCNARZR N 20 pl, 5 & 2 x Talent qPCR
PreMix 10 L, ¢cDNA 1 L, iER[6 51945 0.6 ul,
RNase-Free ddH,0 #p 5% % 20 plL, = e b f2
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K %Y Comy M EMS iB7E K — 5" SR R RS SARAE 90 28 43 W

¥ :95C AR PE 3 min;95°C 5 5;55°C,10 5372°C L 15 s;
L 40 PR I 2N 65C THm 2 95C o i
FIARF SR 25 51 09 1 B3 A0 45, T H53 H Y S
DRL/ P92 IR AR X e B, 68 1T 2722 32 3 BT A G 2 [
FRkBERD BRI 3 AEE AR EL 3 K,

SR Primer 5 {4, INZEE CYP(NML

001354283. 1), F: 5'-GTCGATTTATGGCGCCAAGT-3', R:
5'-GTCGAGCCACTCTGTCTTCT-3, PAI2 ( GQ358921. 1),
F. 5'-CATTGATGACCCCTGCAGTG-3', R 5'-TCTTG-
CACCTTCCACTTCCT-3"; F3H ( AY669325.1),F; 5'-
TGCCTACAACGAATTCAGCG-3', R 5'-CACCGTGAT-
CAACAACCTGG-3', IFS2(NM_001251586.2) ,F: 5'-
ATAGCTCAGTGGCCATGGTT-3", R: 5'-AAG-CTCCT-
CGGTCAAGTCAA-3', qPCR JzJWi7E CFX384™ Real-Time

System {4 1T,
1.5 RS

i Excel 2007 4b P 5256 %045 , I FH] Sigma
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2 FHER55H
2.1 BTN

Kg—5 KRG I T2% Coy HHE A EMS 7575
J5 M, AR RACH 31% , P2 R AS , M,
fRHE RN 37. 4% , KRB AE KIAE K F PEREAL
TR MR B AR RS B AR 5
PR PESE I BITE M, AR T RAGA R 41.7% .
BB AR [ PEIR T BE 52 IR 5 I R R ik, 78 M, R
LT B RRRA, KPR 1.6 m, R I AR
11 m, {HAE M, ARBA & IR, B0 W75 78 R0 51 Y
TRV FAE G AR HE AR AR R 1AL, Sk 5 R
B
2.2 REMERTRSH

“Co-y HHLE A EMS i85 K — S M E R 248
VI S AT S 4 R A 145 A 278 B BR R AERR
TR A R R | 4 5 20 PR AR T T A R E )

Plot 10. 0 ff14.. FRAS T REMEIRFFT L5 W 1,
F1 REGERBMERSE
Table 1 Category for phenotype characters of mutants
g ZEAS MR w4 e AL ZEAR AR i AR
Position Mutant characters Name No- of mutant Position Mutant characters Name No- of mutant
plants plants
n Leaf DU 4-leaflet F4 16 3% Pod £ 3 Multi-pod MP 11
Filf 5-leaflet F5 34 /3 Less pod PL 3
#S} Narrow leaf NL 7 $5 ¢ Wide pod WP 2
41 Wrinkly leaf WL 3 A% Aborted pod AP 1
{67 Deep green DG 3 % JE Fall pod FP 1
2% Stem 4l Delicate stem DS 14 FPkE Seed FBL Bigger seed BS 13
Hil Thick stem TS 15 265% Purple umbilical PU 41
75 Tall TA 30 FFZ4 Split PS 3
4% Small SM 42 H& Others L3 Premature PM 8
2k Sprawl sp 3 i 2 Late maturing LM 16
1 Flower 246 Purple flower PF 2 JoBR 453 2P Infinite pod P 4
FLIE Flowering early FE 2 5B 4k, Semi-degeneration SD 2
W76 Flowering late FL 3 9% Rust RU 2
JCRRFER Infinite flowering IF 4 Sy Bk Fall FA 3
16 JF Inflorescence IN 1 Jc## No phenotype NP 9

(1) M- 5878  #8% Co-y HFZEFN EMS 745 i #EIAR
HAATER R LR R M 2828 . A B bR & i L X i
U, AT HIRR R IR AR B K, 5 22 10 728 53k 52
TN, ikE) T 34.4%

(2) ZEFF 275 « 761578 Ab PG J5 AR T 4 o 25 FF
RAGARE LR, FERI G  ZEFFH

AR AR o 0BRSS B bR 2R, HZEAT
3 AR T TG 73 A 1) 2 738 PR 3 Bt 2 T 2 440 ) 1
AR, DRI ZE A KL 40 R0 3 A5 K50 RT RE AT 1 — 7 FH S
PR RIS AT LA B AT B A0 R P, ZEAT B R 78
AR A 2R B A2 57, A i B3 A
R EFEARE L),
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AT IRAG B R3G CORTT AR D JR/N E OB F AT
A Late maturing; B: Premature; C:Hypogenesis; D: Dwarf; E: Branch none; F:Tall plant.
Bl S REhRD

Fig. 1 Phenotypes of some mutants

(3) AET7E « 15 P75 22 Ak BRAS 3 f) fH 44 rp 4R
AR TR RAL I B R =L
A, A WA bR PR-1 FT PR-2, M, FI M, fGHR
FIAEAS Jp 504t . A6 s R 5 A Ak, 78 e 4
VAR TGPRAE R AT T B 5 A 1A R 38 A 2B 4B T 1 5%
AR AR M, AUGHBE R 3 BRAE Y i BRAE P A8 B T 26
FERAE P SE MR, A P2 B0, UK 1Rl
5, M AUME— BT Of B 2, o Hh BN A B
503 20 RLFR T 0RO My-1F-1,

(4) 532578 < A0 W Rl i A2 4k P14 21 19 J5 AURE
A Z e S MRk . RILNAT FR &S 3E ) 1

REAS R TCRREEIE 2] M, AN JEAR Wi IE LA T FE H AL
WL, a0 M,-MP-1 #k 22 H A 25 32 2 (multi-pod )
FIPEIR (B 22 IRLSE R 3 H 5 P53

(5) KFRLZRAE 76 PRI 7E A A B A B AR
FPREAY 2875 55 B Bk o 4 B €4 ( purple umbilical )
LR ZR M;-PUA Fffi €5 iy 50K 9748 €6 (TE )
AR R 0 L ST T SR . M, -SD-2 Bk R AT
AR /N FLAS iy, P ot B B 548 AR £ (11 2)
M;- PU-5 Bk & A9 FF 0L B 28 K HL A B 8 28 745 A
M,

B2 HHABRTASHERNFRMMERILR

Fig. 2 Umbilical color and seed coat color of seed color mutants and wild type

(6) HB A8 AR P Fh 528 A FRAS B A FE A4
AR 22 5, AR R T b L9 5. 7% , W 3
PRAN A7 11. 4% , Horp i 24 (late maturing ) P4 4R B
F M,-LM-2 BPAE RIE A 22 d,

A Witk 1B 1k ( semi-degeneration ) B Z€ 725 #f £
S M,-SD-1 it M,-SD-2, H.dr M,-SD-2 Hi £
FRRPAE R LR, S5 AR, TR AR G, JE/0N, B R R A
M€, 5 1M M;-SD-1 Bk 7 LB Hz 3 K —5 H IR |
- AR RN BT A R A, S84, Bl Rzt S AR £ (1
2)s

JE S ik & M,-SD-2 M,-PU4 Fl M,-PU-5
HEATRAVEIRFN 5 FARiC 45 FAH PR 5E . I8
Gy IR A5 FAaC %, BB oY

2.3 ST
2.3.1 SSR 4FArieteml 60 X%t SSR 5| ¥4+
PRic Rl 45 5 s « 76 53 F i kI 25 2R rh A 7E 22
S0 2B AR ARG 32 R AR I AT 1 2 AR Ak
W M, -NP-1; [R] i, R BUAELE b 3 25 e 1 5 AR (R AE T
356 () SSR o7 pi, b AR V& A A 21 2 28 M, A M-
IF-1,

XFGEAR A B 2278 S5 (1% SSR AV s A 44 AL
2% 2. Satt359 Satt346 Satt308 Fl Sattl181 FF >3448
PRZA PRI 22 5, A8 S IR (EOAR [ Y
SRARR A RGN E Y SSR AR T o7 i Kl 22 A
KA B AR PR A i H A8 S 7 i, 24 101 A~
PRZR KL SSR AR FAv 14
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&2 “Co-y # EMS FEREURMEA SSR L RMHE
Table 2 Number of polymorphic SSR among some soybean mutants induced by “ Co-y and EMS

SSR #Ric AR FRAFI (Ht)

SSR marker Number of mutant plant Mutant characters( No. )
Satt359 51 MR (27) M (19) FJ(T)
Satt346 49 MR (29) M (12) SMEE(S)
Satt308 48 S (16) FAH(10) ZEFF EAZ(8)
Satt181 47 MR (22) ZERFEAR(13) EME(15) AEWI(2)
Satt185 4 FiH1(2)

Satt237 4 FiHA(2) B (2)
Salt194 4 BB (2)
Satt309 4 PIRM(2) HETTE(L)
Sat292 4 FiRA(2) B (2)
Satt590 3 IR (2) R (1)
Satt002 3 IR (2) H53EAIE(2)

PAGE 45 L i 7R 98B (AR 1) SSR Jk i A £ Fh A8
b, R TR B R AR IR
R 2) o L Sati346 § 18 55 Ay fhi], 5225 1A M, -TS-
6 (thick stalk) DLz M,-SD-2 [ 457 F By K B FL B AR
U/, e B 2 AR AT I 7 45 %2 2= DNA 751 (14 A sk
(F 3) ; RA54K M,-SM-1 ( small) #1 M;-NP-1(no phe-
notype ) 57F Sattl81 [1) 2k B JE LB AR ALK,
TR AR E A 5 % A DNA FPHI 4R A .

500 bp

400 bp

300 bp

200 bp

150 bp

PP IRIL Bt R 5 KBE— ST 24> SSR pric i
SRS Hip My-PF-1 I M,-PF-2 7 Satt181
Satt346 ,Satt309 L7 & H B A B M ek, T M, -1F-1
AXAE Satt181 o7 s 11 25 5

Satt185 | Satt181, Satt216, Satt346 ., Satt194 F
Satt309 3 6 % SSR 5|4 P18 45 B AE SD-2 \PU4 |
PU-5 [AfFE2E 5 (£ 3) .

1 bRl 525 P AR 5224 i R0 288, Forh 10 JKGE g M;-SD-2,24 JKIE Sy M;-TS-6,
1. Ladder marker; 25: WT; 224 Mutants; 10; M;-SD-2; 24 M;-TS-6.
E 3 Satt346 3| ¥FEER 5> R R EI Y 1E

Fig. 3 Amplification of Satt346 primers among some soybean mutants
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&3 SD-2,PU4 #1 PU-5 R R ZE 5 SSR £Rrid
Table 3 Number of polymorphic SSR loci among
SD-2 . PU-4 #1 PU-5 mutants

SSR #Ric
SSR marker

SD-2 PU-5 pU4

Satt185

Satt181

Satt216

Satt346

< <L
|
|

Satt194

Satt309 — — Vv

VA PCR 4 ;—: 54 PCR 4,
V/ :With PCR bands; —: Without PCR bands.

1.8

1.4
1.2
1.0
0.8

0.4
0.2

AHXT R B B
Relative expression

2.5
2.0 T
1.5
1.0

AAXT R B B
Relative expression

0.5

WT SD-2 PU-4 PU-5

A:PAL2; B:F3H; C.IFS2; D FfhiR & "

2.3.2  FRRE FAELAROR IR R Bk R AX AR K B 5 AT

SD-2 . PU-4 PU-5 Il WT f qPCR #6145 5 ¢ 1,
PAL2 [)Fik 75 SD-2 . PU4 Fl PU-S ¥R R X E T
WT (B HAT PU-S 5% B A i 3 25 5 (1] 4A)
IFS2 [y ¢k 7E SD-2 #1 PU4 h 5 WT 22 54l B
% ,PU-5 LT WT H2: 5 0 2 (|81 4C) 1 F3H 1Y
FIRLERHE IFS2 iz (K 4B) , F3H [ # ik B 7E
PU-5 F1 SD-2 g+ WT Jf H 22 F i i 3, PU4 f
W& T WTH o % 25 5%, SD-2 . PU4 PU-5 5 WT
PRV E  FPRL I B A A B B 22 5 (& 4D) .
il fe €8, 5 J5% 45 5 46 T R A BLE 12 % YT AH OC, Fl
o Bt R A 58 A8, OR FE TN R AR I A2 v O g
PRI 2R3k & A W 28 1 A28 Ak, R ) 2 2R TR 2 T o 2 il ik
R ikt s T WT s,

iEDUESry
Relative expression

w A W
(== =}

FPRIEE A
S

Protein content in seed/%

—
=)

o

SE S MR EER.
A.PAL2; B.F3H; C.IFS2; D:Content of protein; * : Significant difference;

** . Extremely significant difference.

E 4 SD-2,PU4.PU-5 f1 WT ZERBERFEEPXBERNREMIFHNEARSE
Fig. 4 Key genes expression of phenylpropanoid pathway and protein content
in SD-2, PU4, PU-5 and WT

3 i

Py BN 27 A N A7 28 J7 125 RE A% 7 I Ik ] Y
ARPOETC R R AL I A, S — MRS B R BT AY
FREE, © Comy STERBERL RS BB 1R, TN
JEZRTRERIRT , & B T B T 5 HE 14
B, LA 5 e A TR 2R, AT 3 i TR 21 5 o s e
KA ARSI FAE Y . EMS B AR K A%
AR AT RE S BUC LRE IR AL FE LR, il
FHI EMS 1™ Co-y 5575 1 RE 2 A AR 20 IR B4 52
FEIFT S 7 A H AR ols A4 078 1) R R AR R . Bl
& DIRESE IR 20 27 1) & Joe LA KON ik RIS B ER A, 4

AR R AR O AR M, © Co-y Ha
REFFRFE] TR BB, 25 AR IR R
FLE R AR R i g AR R R
EMS b ~a 528 50035 A8 R S f 1, 254 1l R & &,
AEI L MR IR 0 S AR IR AR SR
EMS F1® Co-y WP J7 sCAb R &R ME— 5, 7E575
RS AR PAT T FERR s i e B A,
Foft K 0 SRR 8 78 S ) AR A, AR R A T
LD UDiiel g8

FEALAAS PR (AR AN ST LA B M SR U, B
FAIE RAC PRI A, 1T HL AT L 2 R D RE Y
AR . ABEFERAG T — L8k HHE E
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N N A AL A DN X NS B TN R 5
LERATRZ MM, R X s PRS2 H AR R 5 & 58
ARG ABIRSE K BRI A A PR, B A K
WPHE58AE  JCPRE, I 2 P98 AE B ¥ B 2878 , 1X S8 58
ASERRE S TE 2 10 % LA SSR K I v # £ 45 25 St
2B R A S AR R 1 & B Bl T X R G AR R L
PRFEATHIFSY 3 AL 28728 LA Ko o BR 45 32 3] 1 9 728
BT R GAE R T H LI, & e A AT,
ABEXT 98 35 K T AE & B AL L H e JL Al ik gt
GEAB N R LI RIS e BB,

FHAE T S S 52 A8 SEAFAE SR R, TR R © Co-y Al
EMS 28 PAL 2= FBrifs R 8RR 2 2 Fa ki, K
T A AR XE B IR AT DL R A L, A
MAF KL, WA SSR U TILLING %5 4 R F Bk
Y g SR AR R EMS 778 Al i Bl 1 5 A
AR/ BE DNA B | fi] o 51 4 381 14 Bl 2 s
FO 4, TR AL SR IT T L B EMS 5728 i 15
RARPRAE T R LB 2 BE R, 5
FSSR ZPERY A AW 60 X SSR B
Pyt ® Co-y I EMS 5 5 14 2 A8 (A BEA T AR, T %
LAY SSR AR AR IEBEML &AM . REZHSr Thrid
Rl A 22 S B SR AR IR Y 2 BEMER 5 T A A
IFA W3 AR EAEARAE AL, 40 M, -NP-1; [A] B, %
SR B 3 R Y SR AR AR TE BT O A Y SSR A7
s E A R R 2 &R, I M-IF-1, £ Zuo
SERO IS of % BRL, Satt308 5 5 JE 41 3R 1 i
B ( VRPT) #HC, T A58 HHAE Satt308 77 7F 25 57 1)
TR R RBH 1E B B ZE AT AR A 45 R R L 1
ZE7E AE S 0 08 P o AT L 22 R R T X B R AR bR R
JE 55 0 A 30 R R v (B A A G B . Comy A
EMS i A& 1 58 A8 76 5 R 4] A2 REHIL 2 A 19, 7R 28 48
HAhch, RO H R R R R MR A R, B
DNA 7P AR AT REAFAE 2 A RAE A4 . G
WY Co-y iR EMS i 577 A (2878, #08 nl BiE
G N DN L | o A PR R N VR A N ]
FEOF K LA 42 5 W 2 A5k, 4k i e 2k
){j‘(%@;:ﬁ&}] .

KT S S v ) 2 R 0 i 2 ) ok A Al
FEYIZ — TR 28 S AN A6 A Rt A T
FIEN AR A A T Ui, A FE e B 3 ANl
o B0 R AR 2 AR B AR, R ) L R 1 R 2 AR
AR ORI PR B 2R 38, R IR AR AR CR L N IR 2%
AR A v S I Y A i Rk BB AR, B8
A A AR S XS R AT FH T XA SR AR A AL
FRAGHIEST o

" G AR AR ) 4T 523
4 # it

FIFH® Co-y 54k A1 EMS 7575 4b B33 B K T3
SFPAE A R G A R —5 M T 350 Mk
R GRARREE | 0 R R RRAE JE AT 7 S AE 9 42
Vo0, A4S TR HR AT D e R AR e AR S 19 145 A58
RKR R, I3 AE 20 SR (iR /) 60 Xt
SSR ARiciE AT 045, Hor 101 AR Rk R 7E
DNA JKF-RGM E] T 5848 1, o IR B2 o i (. %
H AR 3 ASM B, qPCR AN & B8R FE N RIS it
AR O S I i Rk kR AL, SR
SR

S 3k
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