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WE: N TR (Amorphophallus konjac) T 5 B IR AR RFIE X 38 [ 5 B R4 X 3500 16 BE 4 Hh 77 F s gk A7 R, FUA
SSR ARIC M HT T BEAA (I8 A% 22 FEVERIE AL 0 A0 A R o S5 SRR B, R E BRI AL Z R, B R LR R O
0.995~2.545, Shannon 15 RIGECH 0.304~0.964, FMAE ERTIAL A B TN 0.652 F 0.476, (HEHAA 45 7
AR, “F¥1790.090, EAERNIFEAE 7540 5 e 5 ) i DGR ARG . 3 W] R 5 88 3 SRR 1o A o 1 o 0 8 32 T 2K
SRBMNICEFRE L PR S, 52 ME AR T OIS — 8. BRREEEN TG /A SN 3 MHER N —
K, IXATRE S AR DX R ERFC A M X AT KRB I Rh A AT K o 2B SN AR T S R AL D RS2 T iR 2%
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Genetic Diversity Analysis of Amorphophallus konjac Germplasm Resources
in China Based on SSR Markers

YIN Si, GAO Yutong, XIE Jiaobo, GAO Yong"

(College of Biological Resource and Food Engineering, Qujing Normal University, Qujing 655011, Yunnan, China)

Abstract: In order to understand the genetic characteristics of Amorphophallus konjac germplasm resources, local
germplasm samples were collected from intact cultivation areas in China. The genetic diversity and genetic
differentiation patterns of 4. konjac population were analyzed by using SSR markers. The results showed that the
genetic diversity among populations was high, the number of effective alleles was 0.995-2.545, the Shannon
information index was 0.304-0.964, and the average apparent heterozygosity and expected heterozygosity were
0.652 and 0.476, respectively. However, the genetic differentiation between populations was low, with an average
0f 0.090, and the correlation between genetic differentiation and geographical distance was very low, which might
be related to the exchange of germplasm resources during cultivation. Yunnan Province had the highest genetic
diversity of A. konjac, which was consistent with the theory that Yunnan province was the center of cultivation
origin. The analysis of population genetic structure showed that three populations in western Yunnan were
grouped into one cluster, which might be related to the lack of large-scale germplasm exchange between this
region and other regions. So, these would provide theoretical reference for rational utilization and genetic

improvement of 4. konjac.
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1€ JBE 2 (Amorphophallus  konjac) /& K ¥ /2 Fl
(Araceae)EF B L F AR HEAMEY), BABRM N2
FOSpR I R0, R E S 3 R 25 & T v R e A
Y H R T, A NARBRIMAR . FRIRE . IR SEER
HAEWBMEEN, 2—Maa@iEanll. ERY
AR ), FeBE-FAETRIE (1 335 I 52 T 8 i 2
A B EE ENEL, YRrERE MR
DA RS 44 T 0 Ly DX g S b XA K T AR AR 8

P ] (14 JBE = PR M A7 AE — S g ARl i ke 1) )
fan, EARAEEEFEFRE 2, (H S E 1L 5
TRV A, R0 SR AT e B
LR, = ZGMEM TIE. R, BTHRZHK
JEIRSER R, B ERE I T B N
B2 INEENS, BYFEELMR R, FEAREN
ANVIGK A, SRR TTRR AR FHIAE I 30%32 5 2
50%!9), NHESAEBEE R s — 0 ke, TRE
I b R R FET Ik, R (A A BT IR AT
SEREE, GG ARG S H R BT TR AT VR
i, RBENRIANREZ—.

P DO BE - H R 0 78 32 A T TR T
P AT T . IR BESERI DU S AL B
PORL, 8 E R A AN A B A A T U
T TFEES FAEYEIM, B SE0HR A
cpDNA J7 BOW 6 AN JBEF J& B AL Mtk 47 1 it AL 2 4%
PR RGRE T, AABES 8 B A 1 4% 2

R AEHEF M TT I GRSt PO AT

PR R 8 Fr BOK B 2 45 M (amplified frag-
ment length polymorphism, AFLP). f&] .5 & 75
(simple sequence repeat, SSR)ZF 7 F-Fric T BA B A4
TEBE AT R AL A 7180, AR R A
ol 1) SRR 55 ot o ] (016 250K AR B AL 1 R4 012,

Ay ME — RE K 55 R H SR OB B R W S T
6 JBE 12 I E BT A g M 2 AR, R E
REAT « A bk Z S5 DR 3R 7™ S A £ 1 AR b 0 i
KRBT A 0 3 78 B AR X 45k 1 A B -
17 RAE, FIH SSR ARic#HAT BB EE R 402, 4
ol 2R PR 8 AL 2 AR L 3B AR A AR X R 3 )
AR Ry, AT 3 A BRI AT b o R PR AR AL
R -

1 MR

1.1 A EAe

T 2020—2022 456 H [ = 2R TE B AE AR R X
BOHAT T HU O PR SR, s v,
Wb HRE 10 M. . BIRX. EEUGFEA
DARS B 55 A 2 i R0 [l P R AR AR oy 2, 3
RAEE 23 MR 230 BRFEARGR 1) FAMEARELZ
1 g MR RA7ET-20 CUKHH, RAMEYREF 4 DNA
FERURA BRI, AE)IEIFEA DNA, FHH 1%
(17 B AR B 5 i FELUKAS ) DNA TR &

Table 1 Geographic information of Amorphophallus konjac populations collected from China

R FEAE K (B) ZHEE (N) HhPEAE

Population Sample number Longitude Latitude Location
LuoP 8 104°15'37" 24°52'36" =M% FLL Luoping County, Yunnan
HUIZE 5 103°32'11" 26°25'7" ZF 2 H Huize County, Yunnan
FUY 8 104°5'32" 25°35'36" Z M & R E: Fuyuan County, Yunnan
WENSHAN 5 104°17'37" 23°3824" ZEMILE Yanshan County, Yunnan
HTXG 7 100°3'56" 27°1'49" ZHER AT Xianggelila City, Yunnan
LLDSJ 6 98°50/58" 24°48'44" = M P L Longling County, Yunnan
MDNJ 19 100°43'7" 24°58'56" ZRAYRIEE Midu County, Yunnan
GSWX 10 105°2439" 32°46"27" Hifi 3 E Wen County, Gansu
GXGL 7 110°2929" 25°22129" ] #iR)I1E Lingchuan County, Guangxi
GZDZ 4 107°3529" 28°53'15" BtJN1E F L Daozhen County, Guizhou
GZDS 7 106°25'59" 25°201" S AL £ Dushan County, Guizhou
GZXW 8 106°35'13" 26°48'41" BB CE Xiuwen County, Guizhou
HBXF 20 109°03'32" 29°38'6" AR FE Xianfeng County, Hubei
HBXE 12 109°24'18" 29°56'33" WAL E R Xuanyi County, Hubei
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4J:3% (Continued)
A FEAE K (B) HE (N) B ALY
Population Sample number Longitude Latitude Location
HBBD 29 110°19'18" 30°54'51" WAL E 4 B Badong County, Hubei
HBSNJ 10 110°26'35" 31°26'19" WAL AR 4L Shennongjia, Hubei
HNTD 6 109°45'1" 26°278'47" IR iMIEE Tongdao County, Hunan
IXCY 12 115°48'44" 24°56'94" LPGF5E Xunwu County, Jiangxi
SXYX 10 107°40'46" 33°24'43" Be7hEE Yang County, Shaanxi
SCYA 11 102°47'57" 30°20'40" PO )11 FE 24 E Baoxing County, Sichuan
SCEM 8 103°16'35" 29°3421" PO )1 JE 1 Emei County, Sichuan
SCDC 12 102°10'15" 27°22'58" PUJil4#E 5 £ Dechang County, Sichuan
JFSSMG 6 107°12'48" 29°827" LMl Jinfoshan, Chongging

1.2 PCR #"1¥  SSR F=#) B4 B3k

BETHIN AT KR HEF(A. albus)
FAPEAH JBE2F (A. paeoniifolius)I¥] SSR 5149, fiiitth 8
X2 S RIS TR BEF B R FE AR T 1Y
(F 2)BIOBL iSO bRE B A AN R B B, HF
R ARALH =514 PCR § 1 7304, 154
AL 5% 0 M13 J2 E(5'-CACGACGTTGTAAAAC-
GAC-3IRE S IE IR 5170 5 7 B 1m) 51 A0 A 7R
Fehric i@ H 2 M13 51 #3(5-CACGACGTTGTAA-
AACGAC-3"). PCR¥ 473 8 2 %, BHRETIE,
S A S5 0 145 3] SSR 7R, 5 2 BRI O
FRIC I M3 51 W ) 5] P04 386 45 24 5 R i
BP0 o 1% 7SR i M13 2 B 1E 1) 51 47 FH 2 B
FATRKRIAEIE 1/4 LLE, 1 M13 5140 H &
L5 [ 6 51 IARAEN4, PCR N SRR A 25 ul, £
% 10 ng/uL BEH DNA 1 uL, 2xPCR 2 I T Vi ¥
(GenStar, Jb5%) 12.5 uL, 0.5 uL i1 M13 E K IE A 5|

2 SSR TS

Table 2 Primers used in SSR amplification

¥)(1 umol/L), 1 uL Jill 5’ 6-FAM %Yt Hric i M13 5
P1(10 umol/L), 1 uL IH5143(10 umol/L), #h78K
B ddH,O F 24K,

SSR " #4314 F] (£ 7% PCR 2% (touchdown PCR):
94 CTALEME 4 min; #8)5 94 CA1% 30, 60 Cik
k30, 72 ‘CiEtfd 30 s, FHEIBKEER 1 C,
SAME; B LA 54 CIB KR FEHAT 30 MIEFE; i
J& 72 “CHEA# 7 min. %F PCR P25 FH 2% Bt g o
HEI R VKIEAT R, SR S5 3% g AR TAE R AR IR
AFMEH ABI 3730 Ml FAGHEAT BAIE HIK, H Gene
Marker V2.2 X} J5i 46106 B34 21T SSR 414 v B
4374 (Applied Biosystems).
1.3 HHE

TEAC B o3 O R R B A 5 A% 2 R D7 T, A
H Genalex V6.5 APl & FEAR 1135 S5 67 F2E R 2
(Na)~ ﬁxﬁ£1¢ﬁ.§ﬁ(AR) Shannon 15 B8 40(D).
LI 24 FEF(HO) HIRA }JA(HE) Jﬁx?ﬁ(ﬂs)

SR S (5-3) TSI EXHTE (C) FrBOR
Primer sequence Repeat motif Annealing temperature Allele size (bp)

AySSR71 F: GGCCTTGGGTGTGTATTGAT (TTC)s 60~54 245~299
R: AATGCCTTTGCTGCATGTTT

AaSSR3 F: GTTGCTGCACAATGATGGTT (GA), 60~54 290~324
R: TGTGCATTGGCATGAAGATT

AaSSRI118 F: GCCACCGTTGACCATTTAGT (GA); 60~54 182~218
R: ATAAGCCCCCGTAATCCATC

AkKSSR27 F: AAATAGGGCACCGAATTGTG (TTCA)s 60~54 262~289
R: CCATTGTCAAGCAGAGACGA

AKSSR15 F: CCATGTTAACAGCAGGGTCA (GA)s 60~54 147~165
R: CATTGTGTGTACCGCTCGTC

AKSSR156 F: TTGATGGACACGGAGAAACA (AG); 60~54 218~250
R: GTTACTGCCTAGCCCAGGTG

AkSSR284 F: CAAGAGTGAGCCTGGTCTCC (AG)y 60~54 220~242
R: TGAAGGAGGTGAAGAATGGG

AkSSR232 F: CTGGTGGTGGGGGTAGTG (TGC)s 60~54 216~237

R: ATAGGTCGCCGGTACATGG
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SR, JAL, KGR AR BT R (4
17%055, FH Genalex or il %48 0y G AL ZFEIESHL
Ja, KH Genalex tFHEFBHRRIM PN Fsr i, I
F Arlequin V3.5 3247 1 000 JKASALIZ HEAIFAG HEAAK A]
DAt e A G

¥ %/l STRUCTURE V2.3.3 #6788 = [ B
Wi 454, STRUCTURE 384T IAH S 0l F
K=1~15, RHRAH /e 8 (admixture model), Hf
/R A R RIS (MCMO)BEAEZ B burn in Al run
length 435 ¥4 50 000 A1 100 000, HEA K {EH HEAT
10 YA is 507, fi 4l STRUCTURE Harvester V0.6
THER) AKAE, e B s L R 2RO . FIH
CLUMPP T35 BRI S A A7 TIE 2R 8K
(@), DREA—Bia 4R ] Distruct V2.1
VR AL IR M 45 R UL BN L i 20, R85,
FIH R 27 A “vegan” i1 H & £ A 7] [f] Bray-curtis
#5125 (Bray-curtis dissimilarity), ) F 25 5 4 1) A%
AR HE A2 3572 (unweighted pair-group method
with arithmetic means, UPGMA)® Ik A2, &
Jii, F R A “adegenet” X {88 2 AT A FEA AT 3 A%
5343 M7 (principal component analysis, PCA), Ff2xil
BT E R R AU E P,

W ACBE B A 4 WROBL TR S M AT X 4y, 4%
HEIRIS 1) BRI BB R AR A 3 MK AT
DT ITESH(AMOVA), VLR AR RAE SN2
RN or A . BEAh, KRR A pridktT R4, 1847
AMOVA {38 e ] B[R] A4 N
I ECE - 43177 Z AT B Arlequin V3.5 347, It
HBEAT 9 999 YR B ki i v I R E NS R T ISR
JEESE AR [A] 1545 20 2 75 5 1 PR PR 55 2 TRl A7 AE A
KM, A8 FH Genalex THR W WS AR A] FRU b BRER B AERE,
KH Mantel f30 AT 15 4% B 25 (Fsr)5 Hi 2R 2 (] 1)
KRS, 24T 1000 X B HAT I PPl 225 P

2 SRR B

2.1 TEBEF RIS L R Stk 4L

T E =M oL B IR AL ZREE W 3. FERHA
AP b, PSRRI (NA) N 1.250 (LLDST)~4.000
(HBBD), A #5547 2 K% (Ar) N 0.995 (LLDSJT)~
2.545 (HBXE), Shannon 15 E$8%1(7) 4 0.304 (LLDSJ)~
0.964 (HBXE), FMAEE(Ho)N 0.292 (LLDS))~
0.800 (HUIZE), TilA%4% EE(He) N 0.196 (LLDSJ)~

0.578 (HBXE). &84 trdkATXilsrmy, BT
JBE AR ) R & B2 St i (He=0.758) o BRI
HEEAL, 2 A AR E =P o B IR ) A% 22 4
SR N, TR UG8 BIAEJBE S B IR Hh o) £
B AR 25 A7 52 I 0FT Shannon 1H£(NVA=2.250; Ar=
2.005; 1=0.701), 1M VY )11 48 165 5 H A 2% & FE e fi
(He=0.466).

TEBE SRR IR (1 1845 2 (Fsr)3ME N 0.090, #F
PRIA] 34k 250K 0.003 (HBBD-HBX)~0.457 (GXGL-
LLDS)), RA/DEREAR20.2%)EH0 2] | 5%
FRI8 A% 43 0(P<0.05) (B 3% 1)

2.2 HEEFF R R EE LM

STRUCTURE £ 5.3&H], 7£ K=2 I AK {HikF
K, FEAETERE SRR PRI R 2 NEE R (A 1:
A)o 5 1 HEZH 2RI 3 MEAMTXG. LLDS)
AT MDNNDAHRL, 252 HEE T RE =M AR HIX L
Je A 3 1) 20 ANFEAAR, 7RG B PRI 2K
EEAEEIZ IR (K 1: B). UPGMA BRI 225 4l
X 2 (B KB PAEARIR SIS, b mE vE a0 3 A
IR AT e — AL S R Ah, HARHIX R
KRIIASGETE ST 18 A5 J KK 2) PCA 43 HT R
(K1 3), 7 3 DMERTPC)7 AR T 10.5%- 8.5%F
5.8%I1J7 %, 13T PC1 il PC2. PC1 F1 PC3 [{IFf
MU AT AR B 5 48 P MDND BER A
(R IE A S
2.3 43 F 5 Z 5 Mantel Al

FITESNTRY, sk IR AR IR R
VA0 1) 55 2 ()84 A8 5 (P<0.001), S8 18] [y g4
A b LN 12.16%; 11 SR8 B 8] 1R 77 22 70 AT A
B P=0.07); BFEANMBERR SRS, N
88.34% (P<0.001). #%HA MR/, 1654 Fh R
BEIR 2 ) AR A I 21 . 3 R 8 A5 A8 57 (P=0.40), 18tf%
AR S R B ERER N (97.13%) (K 4). XTAEBE T TE
PRI % B 5 (Fs) AT ER 2 25 8] £ Mantel #6002 B,
E AR AL FE 2 5 Hh 3 B 0 RS DU ) T DR Tk
(P=0.05), {HFI E A SMEARAK(=0.079) (& 4).

3 WAL

184 22 FEVE 2 B 2 B o LR R A0 B S I A AR
P AE 2 REE B s, 1. Ho A1 He 739914 0.786
0.652 1 0.476, =Tk X RN 2 e b [X 7 A= AL g
PRI AL 2 AR, ML 2 RE M T AR AR
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Table 3 Genetic diversity indexes of Amorphophallus konjac populations

Prof]ince Pofflzi:ion N Na Ar ! Ho He Fis
Z P4 Yunnan 58 6.625 3.023 1.207 0.588 0.587 0.004
LUOP 8 3.125 2215 0.842 0.584 0.484 —0.171
HUIZE 5 2.750 2.346 0.897 0.800 0.560 —0.428
FUY 8 2375 1.880 0.624 0.638 0.389 -0.561
WENSHAN 5 3.000 2.320 0.916 0.731 0.553 -0.369
HTXG 7 2.125 1.678 0.506 0.384 0.307 -0.201
LLDSJ 6 1.250 0.995 0.304 0.292 0.196 —0.414
MDNJ 19 3.500 2.109 0.833 0.508 0.460 —0.068
H7l Gansu 10 3.500 2.260 0.912 0.638 0.520 -0.195
GSWX 10 3.500 2.260 0.912 0.638 0.520 -0.195
" 75 Guangxi 7 2.250 2.005 0.701 0.726 0.469 -0.523
GXGL 7 2250 2.005 0.701 0.726 0.469 -0.523
M Guizhou 19 3.625 2.443 0.933 0.686 0.537 —0.278
GZDZ 4 1.875 1.645 0.511 0.625 0.352 ~0.660
GZDS 7 3.000 2.460 0.948 0.643 0.571 -0.133
GZXW 8 3.250 2431 0.911 0.776 0.534 —0.466
14t Hubei 71 4.750 2.388 0.944 0.726 0.540 -0.356
HBXF 20 3.750 2298 0.911 0.685 0.522 -0.316
HBXE 12 3.250 2.545 0.964 0.797 0.578 —0.424
HBBD 29 4.000 2.295 0.889 0.718 0.509 -0.393
HBSNJ 10 2.875 2.305 0.872 0.744 0.541 -0.389
51F4 Hunan 6 2.625 2.086 0.781 0.667 0.490 -0.252
HNTD 6 2.625 2.086 0.781 0.667 0.490 -0.252
VL7 Jiangxi 12 3.250 2.242 0.861 0.727 0.513 —0.362
JIXCY 12 3.250 2.242 0.861 0.727 0.513 —0.362
kPt Shaanxi 10 2.875 2.144 0.800 0.718 0.494 -0.410
SXYX 10 2.875 2.144 0.800 0.718 0.494 —0.410
V91| Sichuan 31 3.625 2.195 0.808 0.614 0.466 —0.268
SCYA 11 2375 1.988 0.670 0.598 0.426 -0.381
SCEM 8 3.000 2239 0.862 0.575 0.506 -0.119
SCDC 12 2.875 2.137 0.754 0.656 0.453 -0.439
K Chongging 6 2.500 2.192 0.806 0.758 0.518 —0.404
JFSSMG 6 2.500 2.192 0.806 0.758 0.518 —0.404

N: FEAH; Ny ST R B Ar: A RS R B I Shannon 15 BB HL Ho: BUAEE; He: TIIREGE; Fig: IEX R %L
N: Number of individuals; Nx: Average number of alleles; 4r: Average number of effective alleles; I: Shannoninformation index; Ho: Observed heterozygosity;

Hjg: Expected heterozygosity; Fis: Inbreeding coefficient.

R 4 TEHEFR BRI T O Z

Table 4 Analyses of molecular variance (AMOVA) of Amorphophallus konjac germplasms

H T 22 A2y BRANH

ﬁﬁei Sourij?fi\iﬁaﬁon Degree of Sum of Variance % o.f P
freedom square component variation

BRI L[ Among clusters 1 3.328 0.029 12.16 <0.001

Genetic RN BRI Among populations within cluster 21 3.884 -0.001 -0.50 0.070

cluster #EA N Within population 437 90.846 0.208 88.34 <0.001

By 443 [8] Among provinces 9 24.113 0.008 0.47 0.398

Province B B E] Among populations within province 13 31.012 0.039 2.40 <0.001

B4 Within population 437 697.988 1.597 97.13 <0.001
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Fig. 1 STRUCTURE analysis of Amorphophallus konjac populations. A: AK posterior probability distribution; B: Population genetic cluster map. Population

abbreviation see Table 1. The same below

[ 2 TEJBEEATR BRI UPGMA T2 M

Fig. 2 UPGMA cluster tree of Amorphophallus konjac resources
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Fig. 3 PCA analysis of Amorphophallus konjac individuals
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Fig. 4 Mantel test between genetic distance (Fst) and geographic distance of

Amorphophallus konjac population pairs

ZE5E, HRT RS IEIN D T AR ICA K, Pan S5
I AFLP bRic, ANREARUX 7> A5 R 2i &
MAREIRE . Beoh, BTAKREN B AR AR A RS

BROCEEFIRE 3~20 DMREA)S ), SREEA T8 7 7T REF
T XA L ZFEE RV . AEERE VORI L2
FEVE R RS2 BRI AT AL OB IA B . BH R4
LR A NI0R 2, WL TR E, %
M I BE T N RS R (AR KRB AL T2,
ATV A T BEIC AR T AR AT RE, i AR A
PRI AL B BN B —,  IX T RE AR AR M 5T BE U
WA Z RN BRI R R 2 — R R K b, =
8 IR BRI A% 2 RE kB, XA RSCRE T
o ] AR B AR BRI T 2 i A A A O
—2E U FERHAOKT L, WL ) HBXE RHAES
ML FESHRG N R R E, X 5EREPIN
TG B 2 A P 1) 0 A% 2 FEVEACT B R ORI U 45
BB HIEn] WL, LR BT A SRS X R e
R ETEBET BRI 53— AR L

FH T BT A A B A A I 2 sy 7T B g A% 2
H(Fst 9 0.162)1), AHIT FCIIAEBE T BRI 7] 1388
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FE A ARAR (Fst N 0.090),  H. K 3843 B A 1] 46 0]
URECIRTE A Bu:g 37 X A O SR )l TR o S o S 72
FRAELE R, TR 38 % BE 2 S b B P TR
Mantel A6 5% 25 1 LUSAR o 300 4 SR 2 77 ol ) ikt
RIEGIE T TEREFFh T 1) USR8, X 7] BE A2 &
AP R ACE B AL MR R 2 — o S A5 B
B, AFFRACKRA T 8 XF SSR 514, BIYIAE
S 7 55 (1 DR 2H Y R 2 B R . B R FOAAED)
(BT AN R I B 15 5 R T 5 R 4 1 2>
Xk, SRA LA SSR ARIC AT BETCTF A I H A4 JBE
B TR 2 1) R 3 1 A o i SR AT 5T 12K FH 2
DRI 7 55 F B, A 85 DR A 4 i R0 R B MR
Mr, FREAEYIE AL o AR I RS A FE 1230

BARACBETAE P [E 47 3 2000 £E U551 FH I o,
{RLEE LA KB MfE . STRCUTURE
BAE L NT L AT PCA 43 45 H = B4 78 E
3 A BERAR R AR A B A B R R, B A
FARRIRSAE TR, 1T X 3 AN S AR R 2 ]
RER LI 21 5225 (AL 704 . = B PE AN 8 TR
I ARSI, 1 ik S s LR AR T R
VRIIAS IR, X SO T B R RF A i AR AR b T (14353
fERE SV FEHATRBE A58 B PP Sk, vl DA
SeiE UL HL X BEAARAE SR A . 998 B T AW 58 1
A AR AR TR, fAERFEA ST RIERE, 5
ST BN A RO R IR AT SR R b, DAsE—2P
PEA 12 DX 30 TR 525 AR A A

ZE b, ARWFFCFIA 8 A~ SSR Aric X Hh [E e X
BETEBE R THREAT T s 2R E . 45
KH, TRBEF AN L Z AR, (AR A
[ B AT AL A . IX T e 5 B ARk 1 72
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