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Genetic Mapping of an Awn Mutant Gene cal-d in Barley

ZHAO Xuefang, ZHANG Renxu, GAO Ainong ,ZHANG Jing, WANG Chunchao
(Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/National Crop Gene Bank, Beijing 100081)

Abstract: Awn is an important part of spikes in crops such as wheat and barley, and plays a crucial role in
improving grain yield, seed dispersal, and resistance to pests. Several awn mutants have been reported in barley,
and its diploid characteristics make it an ideal genetic model for the morphological formation of awns in Triticeae
crops. This study reported the genetic mapping of the gene cal-d of barley calcaroides awn-type mutant. The
mutant belonged to base-hooked awn with a hooked-like structure between the top of lemma and the base of
awn, and displayed a reduction significantly in plant height, spike and awn length, grain number per spike, and
the delayed heading date. Genetic segregation analysis revealed that the trait of cal-d was controlled by a
recessive gene. Firstly, the cal-d gene was preliminarily mapped to chromosome 3H, using the cal-d
introgression line derived from a cross between BW106 and Bowman to combine the F, population through
genotyping by sequencing (GBS). With genotyping a total of 13,000 F, , plants derived from F, heterozygous
plants to fine-map the gene, cal-d was delimited ultimately between 153-329 Mb, where the meager
recombination rate was observed. Nine candidate genes were identified by transcriptome sequencing analysis in
combination with the barley genome and expression profile resource database. Collectively, the results lay the
foundation for the cloning and functional verification of the cal-d gene in barley mutant, and have important
significance for analyzing the function of awn in Triticeae crops.
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K2 (Hordeum vulgare L.) PR AR K ) 3@ v P
GV BUAR S N | o e N N Do 1 RS o0 W AN
SEARTIT B A BT AR GE ), 2 AR AR P ) SR
AR FERIE R AR P TSR TR R
LUl 86 AT REE D/ PN NN 1 R A = R 2/
MEEVERRE MR OR B > IR AR P51
TE 25 il e oo T AU 22 2 VE W & Fh A A= 72 g
AEAEEZ L,

KERA 5 F T e, RIESFEZH
SR EEARYE RS E B N B A TS
KBTS H S HEAORLTE , Tom A 2 , A ) 1 4 55
WE =B o B S R M 2 A | — e S 4
i — 2 I 0 ) BN 4 S TR R i BRI B JE 9 5
THGIW =X KEZ calcaroides 587 E 1A
T WA K FE Foma 28 X GFREAR 77 AL () — R A 1 Y
AR A —Fp, HeAw 208 THi T 3 calear, $1 3%
J RIS AR AR AR, T MR T
HEm R Z S8 kB MBS e R,
J& TP — B B ERER A . SRR AR
R 5 T P A B A Sz, N 5 AR SR A T i
SERKRIURERL /i A C . HAT%E hm
calcaroides R "KL 45 cal-a . cal-b . cal-C . cal-d 5
cal-23 5 SPPIEAL B i N AR A%, MARA A 2R
AR SR HRGE Y Hp cal-d (SN LR d4 . d14
5 d22" ) Castiglioni 2% cal-d £: [N i€ 1 3 3H
ek b R BLZSER AR & B WM 2k
S, ALFEAR S AR PR D AR 4 5

KREFE LK E T REWERET RIERZIR,
AR/ DROE R ek, A= SE ] HvKnox3'™ Ji
I Lks2' 05 T2 5L R HVRAWT™S B A /Nl 3k
| N AR 1 111 1o a3 i i< N7t o9, 2 VA
GE T R A DG DR I Bl R LA FR LR, X T A b
YIRS AR AL S R B AL A MR
o ARWFEHE IS calcaroides TRAFE T AN Z BW106
5 Bowman 24 3¢ B AL AR R RE IR, 456 0 Fhmic
WEAT T I T 36 cal-d BB AR FARic E DL,
FERI TR G o3 A1 5% 5641 53 BT (BSR , bulked segregant
RNA-seq) (RIS WI TR & T IR . ABF5E
H cal-d LR va B T HeAy, it — 2 b KAz
T B RS REE B LR A

1 MBETE

1.1 R R S EREAE
AW 5E 0 K 32 15 B R ARAK cal-d HE RS Fh

Foma £ X S 21727 4 , 546 B A Bowman 4 7
ZA I 22 A5G 5] S5 R R BW 106 , HAEFR R 2 R
598715 K cal-d—%5r . BW106 5 Bowman 2454 7
SENLER , SEAR S 2R F, K F, BRI T AR
FHEBAE DR # O i AR B 37, 1 mAT K, 247 15
Pk, 1y FH ) 48 B[] 3 DR A R A 7 Tl % R b
MR B F, 22 G R F, o o3 BREIA, B3 2RI 1 8k
B JE 75 5% BRR AR 1 A (o ] 200 B A R O B2
0.1 cm) Wi pk & S IR HRER R, &R Z2AEIR
I 232 R T BT B DA R LTS RN B R AR v )
FHH ] SPSS Statistics v19 # AT (A5 34T
1.2 Cal-d EREENL

TEYH =0, BEEUF, 23 25 AR 1 370 A F bk
S 7% Bowman . BW106 f ' 7+, 1| H] i & CTAB
PLUSPLEO L4 DNA , 20t i Bode 5 K 4lifb by
LK 4 90 ¥ (GBS, genotyping by sequencing) 3C
J% , 2£F Tllumina NovaSeq 6000 - & 5E Bl Fy . fi
FH fastp (v0.23.2) B4 58 G 5 reads 8 545 (S H0CH
“ --detect_adapter for pe -q 30 --length required
100”) , fi F BWA (v0.7.17-r1188) B {445 Jot 44 I 14
reads LU X} £ K F Morex V1 =% KK 4 | (https://
ftp. ensemblgenomes. ebi. ac. uk/pub/plants/current/
fasta/hordeumvulgare/dna/) (Z#h “bwa mem -M” ) ,
F] Fl GATK (v4.1.2) (/) HaplotypeCaller 1 e i 17715
SERGI , ) FH VariantFiltration #5155 I8 1 5 1 2% 55
(Z %~ “QD < 20 || FS > 60.0" ) . #|
WinQTLCart(v2.5) 8B FHE i e ARl . FIH] WASP
1 28 W 3 (http ://bioinfo. biotec. or. th/ WASP) #3 &
SNP i 5 [ T i 45 60 bp J7 4115211 KASP 514 (3%
D) K MEA R 22850 . RS pL i PCR P 1 14
%, Hp 2.5 uL 2xKASP Master Mix,0.07 uL Primer
Mix, 1.18 uL ddH,O. 1.25 uL DNA. #]H Applied
Biosystems® Veriti® 384-Well Thermal Cycler i 17
PCR [ i, KASP PCR W FE/¥H 94 CHUE M 15
min; 94 “CAEYE20 5,61 Cil Kk FE(H 1 min, £ 6
IR EREAR 0.6 C, 2L 10 MG ;94 CAEE 20 s,
55 CiR K AL 1 min, 34 AN ;4 CLRAE. 37
17 Wy il g S 9¢ Ot & & PCR X Applied
Biosystems 7900 HT £ Wl 2% % {5 5, &% J& #l H
Kluster caller™# {4 X} SNP /3 B 25 A 74011, 456
RAVPATEB AT . KASP™EER 3 BU Y H AR Ty
% 2 % LGC Genomics M % (http://www.
lgcgenomics. com/genotyping/kasp-genotyping-
reagents/) . 718 PCR A& Z R 40 pL i ik &, H
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120 uL 2xTaq PCR Master Mix .17 pL ddH,0.1 pL
Forword primer, 1 uL Reverse primer, 1 pL & 4t
DNA, i PCR Jz i F2)J¥ 4 94 C Wi ZE 14 5 min;
94 °C 130,56 CiR K 50,72 CHEfH 1 min, 5
52 33MEER ;72 CHEFH 10 mins4 CLR-F o

*1 BFREEEMHSFHRIERES

Table1 The sequences of molecular markers for cal-d

mapping
Fric EIL/EA SIMFSI(5"-3")
Marker  Primer name Primer sequence(5’-3")
Mil FAM-F CGCTGCTCCATAGTTTTGGGGGGT
HEX-F CGCTGCTCCATAGTTTTGGGGGGG
Common-R GTACATATATGGTGTCCTTTGCG
M2 FAM-F CGCACGCACGCCATAATTGGTCGC
HEX-F CGCACGCACGCCATAATTGGTCGT
Common-R CCGGCGACCGCGTCGGCGTC
M3 FAM-F TCATAAAGCGACTGACAATGCCGAC
HEX-F TCATAAAGCGACTGACAATGCCGAT
Common-R TTACTTGGTGAACACAAGACC
M4 FAM-F CAACCCCAACTGCATGAATGCACTA
HEX-F CAACCCCAACTGCATGAATGCACTG
Common-R ATCCGGAGCGCCTGAGCTTAAA
M5 FAM-F TCAGGCGGCTTAATATACATTG
HEX-F TCAGGCGGCTTAATATACATTA
Common-R ATCAAAACCGTTTTCCAGTA
M6 FAM-F TGGTGGCAGGGAGATATTTTTTTTTT
HEX-F TGGTGGCAGGGAGATATTTTTTTTTG
Common-R AATAACGCATCACCAGCTGGTGC
M8 FAM-F TGGATGGATGCTATCAACACTTGC
HEX-F TGGATGGATGCTATCAACACTTGG
Common-R TCTGCCAGAGAATACTAACTAC
M9 FAM-F TCGACGTTGTTTTGCTGACATTTCG
HEX-F TCGACGTTGTTTTGCTGACATTTCA
Common-R TTGGTATGGAAATCGAGGCAGG
MI10 Forward GATTTCTTTGGGAGGGACGG
Reverse TTTGGAGGCCTCTTGTCAGT

1.3 RSNE FHKNE

FE F, 38 48 B Hh 43 391 26 JBCH A T v SR R RO
BT cal-d 5378 F %5 5 DNA, % A /5l &
B — 2 A8 0P 3 AT o e B A R b A A
BW106 Bo 1 69.BW106 Bo 2 16 .BW106 Bo 3
4. BW106 Bo 3 44, BW106 Bo 5 18 Fl BW106

Bo 5 75, %7 B 45 BW106 Bo 1 3 . BW106_
Bo 2 47. BWI106 Bo 2 48, BW106 Bo 4 26 i
BW106 Bo 5 21 (B A= 7Yl F1 5 A AU 3t 1) g 5y
B2 PR+ F S+ RT 5 ) o B IAR R
Ah I 2 A R S0y 20, AR | BT A A
BW106 24 DNA F 7 3C 2 A4y A1 Ah S 5~ 21 4 3
M
1.4 FRERMNF

NARAFIEAL I cal-d B AL AR 5+, PR F, AN
KB LA TR ST . 43I T
AR A 0.4 cm 0.6 cm 1.2 cm 1.5 cm #13.0 cm,
RAFRKEHR0.6 cm 0.8 cm 1.2 cm 1.5 cm F13.0 cm
BT e ) R, A ] B A B 8 A2 AR & S — RS
FFHEEURNA, 2R Trizol ¥ 2 U RNA SR 5
AT mRNA 2l A6 I 5% s A cDNA SO AN A
FE W A AR A & B IR A, 2 T 1llumina NovaSeq
6000 °F- 15 58 B ¥ {8 FH fastp (v0.23.2) #1758 i
I )Y reads 119 JiT 45 ( S 5Ch “ --detect_adapter_for_pe
-q 30 --length_required 100" ) , i FH§ STAR (v2.7.5a)
2-pass B i J5 1) reads L X £ K32 Morex V1 &%
FLR L {# F GATK (v4.1.2) i) HaplotypeCaller £5
He A 748 SR, ) FH VariantFiltration #5511 841K
Ji AR S (SO “QD < 2.0 || FS > 60.0”) . F
SnpEff(v4.3t) T H 17748 RO RET R . 2T KE
Morex V1 S5 5L R R R SR, 256 AN R 4 4UR
BF 1 114 4> 5 5] 4 3% 35 435 (https: //ics. hutton. ac. uk/
barleyrtd/index.html) , %I H % IX_[6] A 1Y 2] g 42 S5 ik
BRI LA — 2510 0 cal-d B IERE A

2 HER59H

2.1 RESH

5517 4= 7 Bowman ) HL 1240 E , 28728 1K cal-d )
PRI BLAT ST RS AL R4t b, PR R L3 4
PRI I A KB TR, 28 A PR AR 4E R |
PR A AR 25 G T B AR A (8] ID~F,
F2), XEMRAIEN cal-d W BEHA L8 7R
Tl R A2 12 3 g [ Bsf, ok w8 L B R AR Bt A —
TE AR
22 BESTESENL

P RARK cal-d 5 1EH H 5 AP Bowman 2442,
F fEAR I T, R MR o R R AR
F,370 #RAF AR b, LT g 2 0 4 1 PR 1 EE 1
283:87, R J7 () MK (52=0.44 , 3205, =3.84) F B 1%
PERBALAT A 3 L CRAE BB I E R B
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PR WT cal-d
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Spike length

PFHER WT cal-d

kL
Grain number of spike

JE

SR WT cal-d

PRI WT cal-d

A ~ C: o BB HE RS SR cal-d (R RE AR AR LA ++30RTE P<0.01 /K- 22 53 3%

A-C: Comparison of whole plant, spike and awn phenotypes between WT and mutant cal-d ,respectivery; ** indicates the difference is

extremely significant at the level of P<0.01; WT: Wild type, the same as below

B1 BEBMRTE cal-d IRBLL R

Fig.1 Phenotypic comparison between WT and mutant cal-d

x2 BERMRTE cal-d RS R FERIEUER
Table2 Plant height, spike length and grain number per
spike of wild type and mutant cal-d

e Lgcp ZRAF T P{H
Phenotype Wild type cal-d P value
P (em) 71.91+1.19 63.50+2.99 0.00753
K (em) 9.01+0.15 8.33+0.41 0.0477
LT R 20.81%0.36 16.06+1.54 2.24E-05

PRI 370 4K F,BARRFE R 2] DNA, FI R AL 3L R
LNy S BE TR R 255 R AVTF R B b, 4% cal-d
FE LT 3H YA A1) 85 ~ 438 Mb X [A] (] 2) .
23 cal-dBEEBHEEN

48 2 A 784 by 1Y A= 78 Y SNP-index 45
fifi 1k R 2 700 A 2 2854 SNP FRic, E— T
STHRRAERI(EI3A) o R R B 5 50 FhRicd 4
B K cal-d 2 I 7 T 3H 4 & {k E G101-73
(chr3H:101733471) 5 G438-30(chr3H : 438300262 )
Pric Z 8], 32 X A T 35 22 60 [ O, a5t A5 PR 2o 4
cM. FEZ X[ N IF & 54> SNP FRric M1 M2,
M3 M4 FIMS5, i3 8 g4 fibk:1.3.1.69.2 1.
2 14.2 48.4 4.3 4415 75, 2B Mr¥s cal-d
SEREMFM2 5MAZ ], A TR AEN cal-d 5
, i — 2 AE % X [E] N JF & 4 4> KASP FR 12 M6 .
M8 . M9 HI MI10, %f F, ;£ 13000 K 20 kk E 47 H Y

(OcM ) chr3H_ 28000836
chr3H_28000839
6 chr3H 31532862
10\ [ // chr3H_ 33168384
13 l chr3H_33558620
15~\&// chr3H_34960132
21\\/ s chr3H_37832241
29\ F /; chr3H_40051823
37\\L| chr3H_ 54876943
39 I chr3H 85564069
40\ \Y //; chr3H_101733471
13 \B//,|chr3H_288617884
=)/ /| Cal_a
44 -\\&/ - chr3H_438300262
46 ~N=/~ chr3H_481648061
51~ chr3H_497824367
52 ~ =/ chr3H_498961647
54 —}—F— chr3H_501569164
56 — N~ chr3H_507870739
chr3H_514094251
57 chr3H_514095507
chr3H_514095441
88 chr3H_597777503
89 chr3H 597864130
91 chr3H_599124733
93 chr3H_599409830
=/ |che3H_599765157
94 ~ N/ chr3H_599765145
— |chr3H_599765198
97 = /N> chr3H_604498678
98 /AN chr3H_605209381
101 chr3H_607683547
102 chr3H_608262573

2 cal-d EfEEEE

Fig.2 Genetic map for mapping of cal-d
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X [0] 4 A& RS 5E , T8 2 2 A RS e bk .
LN cal-d F R FE L AE M6 F1M10 Frid Z [6] 4 cM
Y5 AL HE B Y, X K 32 Morex V1 Y #) B E 17

By R M 153 Mb Fl1 329 Mb, 5 M3 #54c (chr3H :
288617884 ) 58 4= i 4l (1K1 3B) o %6 FiZ% X [A] M I
(1 20 A2 2, HED % L DR T 25 220 X 3

A B
1.07] G101-73 G438-30
0.8 3 Chr3H : 1o n=370
b4 227 Teealg
0.6 1 $ . ..._!_ 3 R I
o ceeslp® Tl 32 % s £ | fEiCMarkes  MIM2 M4 M5
a 0.4 4 -.® - F 4 = e = - ‘ igﬂﬁ L T T n=8
5 . ‘:-: o’ S22, % = No.recombinations 3 ,2 s ~2
g% £2q &33 ‘-'-. < k s . [ $ ’/M6 M10 M~8~Nf9\
- L] o
=y 0 o.'.'.!..i‘.&. Se %700 ek gzﬁgarkers f — n=13000
.o | T T | T T T 2]
?ﬁ % 1.0 No.recombinations ll 1 23
P 0.5 Hibk Individual | ! 7 Phenotype
5 1.69 | | ; | WpAEA WT
< 067 214 [ | | WA WT
I
044 21 | ! I | SR cal d
0.2 4.4 R WT
0 153 Mb 329 Mb
T T T T
100 200 300 400

GBS WU DX )y B BRIE AL E (Mb )
Physical map position of GBS mapping interval

A G RN A B 55 185138 (SNP-index ) , £L AT k878 74 cal-d M5 SNP, AT Sc 8 ik It 46 /N F, B 20 1 19 8 07 X5
B: cal-d JEFURE A E (L, n 378 TAAMAEL, T4 B RN S S bk 9 45 H
A Allele frequency difference (SNP-index) of cal-d mutant pool and WT pool, the red arrow indicated that 7 correlation SNPs have

N R WT [ 2457 Heterozygous [ 8487 cal d

the priority to be validated and used for narrow down the mapping region of F, recombinants; B: Fine mapping of cal-d,

n represents the population size of offspring, and No. recombinations is the number of swapping individuals

&3

cal-d EEEfL

Fig.3 Gene mapping of cal-d

2.4 cal-d&EE R TN

P UL 22 X 1) F A A2 A i), AS KT R
T 3 7 e AT e BARK TE R cal-d FEDH, BT AR S s 44
DU 4R A7 72 S 0 06 DT &4 /08 A 6 56 IR1 7 91
I P 2 3 AL VR S O 4 L 6 Y DX J] PN 0 &)
644 P AL AR 5 A1 45 565 4 SNP F179 /> InDel , X}
AR ST DR TN, 5 % 80 AR S A N (L FE
67 1~ SNP Fl 13 4~ InDel ) & 5% 1 3 A 4t ih 24 It iR
YRS, A R LA BRI BT U R AR RS
575 D) R B SR A & 0k

X 80 ™ 4 3 AR S A A AE 62 NI I 2
B R E AV SURE 5 R R i B2 38, e B
WO AL FE R B ALY A sl AN FE op B B
RKiL(E4), )& cal-d MR RN . 31X 9 4%
VRS R b st (A S FR A LA IS i 5 7L
52 Gt 5 2 11 IE B (R 3) A R NG 2L
YL cal-d B KA Hoas A% 7 F AL $e 27

3 e

R RAZA cal-d W57 S5 B 1, i .

HEEIE 5N LU SRR H 5 AR
AR AR L, 2ok A AR RIS 22 ] ol X 2 20
SO S5 BB ISR TR A LT R A
()4 A B WL T A v WA A R . H 5T
Uiy B 15 R R [R] 9 2, RABAA cal-d v ETE 54k
HAURSTE AN /NE . SRR L, 2848 K
cal-d R T - RASB AR T KA 0 T 172, Bk R R
V4 Fh BRI AR — F A A KRR /)N, TR0 o R
13,0 B2 il B 4 0, 25 50R T B, ok 50D .
AT L, Btk 2 A8 BE IR cal-d AU R A2 22 B
AN, R A MR A F A 2 E
AL

Nils Stein 285 JH EST #iic , i i o3 — Mt
M7 BB /NBY F, BE AR Morex x BW106, ¥ cal-d F&
IR 43 28 7E A5 i GBM 1413 F1 IP7125 22 [A] 1.5 ¢M )
BE 25, GBM1413 F1 IP7125 #5043 HI 75 K 22 Morex
V1 27 JE R 20 3H G4 A K1) 169 Mb Fi1430 Mb (1%
SIBHRR K)o X—EE R BIRK T A KT
cal-d 3[R 8 A K 3 3H Y B 1K 153 ~ 329 Mb /Y
X [i]
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1 1 log, FPKM
.L..g‘ . HORVU3Hr1G037280 9 10
Bl BRI sorvuskniGossoo 6.00
............... HORVU3Hr1G045410 5.00
.. . ‘ ..‘ 1 HORVU3Hr1G038870 4.00
{ BN D | HORVU3Hr1G040750 3.00
... . ........ HORVU3Hr1G035880 ?'gg
T N | || ] ] HORVU3Hr1 G035840 N
HORVU3Hr1G032750
HORVU3Hr1 G047040
& 6% R Y @@ R
& *? W B egy K5 RS
é‘o§~ V\Q?y QQO&OQQ)’&Q» 4%\ O § Q)i\:g;\%

B PEAER (1~1.5 cm) s FPRLS KB P AUFPRL(BER 5 d) s M2 AR (B2 28 d) 5 73 BE 5 =

TR B RIEE;

AR HIETAYHR (10 cm 925 I01) s D125 - A ETHYZF (10 e BYZFI0D) s B -4 d BRI PR 15 - R BORPRE (5283 15 d)
INF2: Developing inflorescences (1-1.5 cm) ; CARS: Developing grain (5 days after pollination) ; LEM: Lemma; PAL: Palea; LOD: Lodicule;
RAC: Rachis; ROO2: Roots (28 days after pollination) ; NOD: Developing tillers in the third internode; ETI: Etiolated seedling;
EPI: Epidermal strips; SEN: Senescing leaves; ROO1: Roots from seedlings (10 cm shoot stage) ; LEA: Shoots from seedlings
(10 cm shoot stage) ; EMB: 4-day embryos; CAR15: Developing grain (15 days after pollination).

4 XiEPRREREERIEHRE

Fig.4 Expression profile of candidate genes in the interval

R3 TMNEEEEREERMAS

Table 3 The predicted candidate genes and variants

ErSiSEe BRI LR RASRS P AR ST
Gene ID Confidence Gene annotation cal-d Wild type Variant type
HORVU3Hr1G032750  HC_ U FKHhe GGCCGGT G FEhdEH A
HORVU3Hr1G035840  HC_G EER R G G C g LR
HORVU3Hr1G035880  HC_G WEARHE AL-IT A s L RAR
HORVU3Hr1G037280  HC G RNAZEGHEA 1 A G it SLGRAR
HORVU3Hr1G038870  HC_G W IR 1 C G i LA
HORVU3Hr1G039400  HC G T2 T i 2 3T 5 A AACAAT #1287 /M A5 5T Y]
HORVU3Hr1G040750  HC U RANNAE T A i LA
HORVU3Hr1G045410 ~ HC G 2-%UHAJMETRTE (20G ) FIEk (LD MOy i 4 i A 1 1 T G i LA
HORVU3Hr1G047040  HC G HASTY 151 T C i LG
FENE o 2t Fe v et i g 2 J LR I X et g 2 b B, DRl 2 A% 49 1 2 o7 vk v e

B A sS4 L g e Al X 2 AE R 2 B Fh
FRRIFFEAIE S, X R A A ] 5 P e e PR R/ N AL
FRPETCRS ) AEAZ e 3B 2R IR (9 TR X B
K, ﬁif%éé*i&ﬁﬂiE@Eéﬁiiﬁ&%&ﬁmﬂ H
LA ) DX A A fef A — S I I ) v R AR A5
BRI LT AR R, 41/ N2 Fhb5 BRI, Qrgw-
cb. 54", Pm6™ FI K3 Hv-NAM1/Gpe-1°" . R It
I TG S 2H 00 7 \RN AL SE S 1] 388 % 27 T BT e 2k
R e A9 B BB iR 1R . T cal-d R F

PRI LB N M . ST R S A 1 AR A B
A E PRI 22 SR AN P AN R R A B B
By BT T s AL S b, TRl 45 G R R Rk
B IR SRR e S PRI, 25 ) T ises AR
A e PR A TN 45 SR, Sl O Jre Az 28 S5 R AL DA 241 4
Wy 22 R X I D RESRE IR E (7 5 ve BRI T 2%

4 Z5ig
ABFFARIE T 14 B B [ cal-d #5110
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R TR RARM R RAR T KA R, Hs o
TR FPIR AN T AR AR S5 40, R R AR IR K48
F BRI EOE D R A AR R AL, R
BW106 (cal-d) x Bowman 73 & BRI TR E 07,
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